Topics in the June 2010 Exam Paper for CHEM1901

Click on the links for resources on each topic.

2010-J-2:

e Bonding in O2, N2, CoHg, C2Hg and CH20

2010-J-3:

e Bonding in O2, N2, C2H2, C2H4 and CH20O

2010-J-4:

2010-J-5:

e Nuclear and Radiation Chemistry
e Types of Intermolecular Forces

2010-J-6:

e Lewis Structures
¢ \VSEPR

2010-J-7:
e Thermochemistry
2010-J-8:
e Chemical Equilibrium
2010-J-9:
e Chemical Equilibrium
2010-J-10:
e First and Second Law of Thermodynamics
2010-J-11:

e First and Second Law of Thermodynamics
e Band Theory - MO in Solids

e Polar Bonds

e |onic Bonding

e Lewis Structures

2010-J-12:

e Electrochemistry
e Electrolytic Cells

June 2010


https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Bonding in O<sub>2</sub>, N<sub>2</sub>, C<sub>2</sub>H<sub>2</sub>, C<sub>2</sub>H<sub>4</sub> and CH<sub>2</sub>O&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Nuclear and Radiation Chemistry&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Types of Intermolecular Forces&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Lewis Structures&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=VSEPR&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Thermochemistry&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Chemical Equilibrium&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Chemical Equilibrium&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=First and Second Law of Thermodynamics&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=First and Second Law of Thermodynamics&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Band Theory - MO in Solids&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Polar Bonds&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Ionic Bonding&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Lewis Structures&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Electrochemistry&openweb=yes
https://scilearn.sydney.edu.au/firstyear/resources/by_topic.cfm?unit=chem1901&tag=Electrolytic Cells&openweb=yes

CHEM1901/3 2010-3-2 June 2010

* The “Great Comet of 1881” was discovered by Tebfvath his observatory at
Windsor, NSW. Observations by Huggins of the césnemission spectrum
(pictured) revealed the presence of what was tetarmined to be the CN radical.

K H h G
A/ 108m 37 38 39 4ac 41 42 43 44 45

[ [ L1
CN radical C; CN radical

This emission system of CN is known as the “vighgtem”, and results from a
radical returning to the ground state as an eleatrakes a transition from a

o orbital to ac* orbital. The “red system” of CN results fromadical returning
to the ground state as an electron makes a tram$ibm ac orbital to art orbital.

On the diagram below, indicate the orbital occugansing arrow notation, of the
upper electronic states of the “violet” and “reg¢’sems of CN. Also indicate how
the excited electron relaxes when the radical elngit$ (use a curved arrow).

¥ — g%

m* TU*

8

violet system red system

Marks
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Explain in terms of bond order why the upper stdttne violet system exhibits a Marks

shorter bond length (1.15A) than the ground state7Q).

The bond order is an indication of the bond strendt and bond length. A higher
bond order leads to a strong and shorter bond. It@n be calculated as:

bond order = ¥ (humber of bonding electrons
— number of antibonding electrons)

The upper state in the violet system has 8 bondirglectrons (2 6, 4 x6* and 2 x
¢) and 1 antibonding electron (1 x6*):

bond order =% (8 — 1) = 7/2

The upper state in the red system has 7 bonding eteons (2 xe, 3 x6* and 2 x
¢) and 2 antibonding electron (2 x6*):

bond order =Y (7 — 2) = 5/2
The upper state in the violet system has a higheolnd order and this is consistent

with it having a shorter bond (i.e. it has more boding and fewer antibonding
electrons).

Also indicated in Huggin’s spectrum are the Fradahabsorption features labelled
K, H and G, which arise from calcium. Explain tqgearance of these features.
(Hint: they would also appear in the spectrum obmiight.)

Blackbody emission from the sun is absorbed by Caithe sun’s atmosphere. thg
solar spectrum is then reflected by the comet.

The Fraunhofer feature labelled ‘h’ is due to atmhydrogen. What is the electronic
transition responsible for this absorption featu(eimt: one of the energy levels
involved isn = 2.)

The feature occurs at 41 nm. This corresponds to anergy of:

E = (hc/A) = (6.626 x 15*J s x 2.998 x 15m s*) / (41 x 16° m)
=4.85 x 13°J

The energy of a level in hydrogen is given bl, = -Er(1/n%). The transition
energy is the difference in the energies of the twevels involved:

—Ep -Egr 1 1 _
AE =—~-—5 =Er |3 — —3| whereEr is the Rydberg constant.
ng n; n; ng

Asn; =2,

1 1
AE = (2.18 x 10 )) lz—z — ?] =4.85 x 10°J which givesn; = 6.
f
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Marks
e

» Thorium is a naturally occurring metal estimatethécabout three to four times mor 11

abundant than uranium in the Earth's crust. NHyupacurring thorium is composeg
mainly of one isotop&>2Th, and is an alternative fuel for nuclear enengdpction.

232Th can absorb slow neutrons to prodée via the intermediate$°Th and***Pa.
Write balanced nuclear equations to describe #gsiential process.

Z33Th + gn - 233Th neutron absorption
233Th — 233Pa+ _Ip B decay
Z3pa - 233U+ _B B decay

When struck by a neutron, an atonf8t) can undergai-decay generating 200. MeV
of energy. What initial mass of thoriufffTh would be required to providex610' J,
Australia’s energy needs for one year?

As1eV =1.602 x 18 J,
200. MeV = (200 x 10x 1.602 x 13% J = 3.20 x 13 J.

This is the amount of energy produced by 1 decay ent so the number needed tg
generate 6 x 18 J is:

number of decay events = (6 x 18) / (3.20 x 10) = 1.87 x 16°

From the equations above, decay of orfg3Th produces one”33U so this is also
equal to the number of>32Th atoms required. This corresponds to:

number of moles of?33Th = (1.87 x 16°) / (6.022 x 16%) = 311000 mol.
Hence, the mass required is:
mass of?32Th = (232 g mot') x (311000 mol) = 7 x 10g = 70 tonne

Answer:70 tonne

232Th also undergoes a,2n) reaction to fornf>'Th, which subsequently decays to
23lpg. This side reaction is a major contributoh®lbng term radiotoxicity of spent
nuclear fuel. Calculate the activity (in Bg) 003 of each of these isotopes.

Data:| Isotope 232Th 234Th Zlpy
half life | 1.405) 18 years 25.5 hours 3.27 x fGears

For an isotope with molar masdM, the number of nuclei in 1.0 g is given by;

. Ny
number of nuclei =N = ﬁ

In2
As the activity, A, is given byA =t x N, the activity of 1.0 g is given by;
1/2

ANSWER CONTINUES ON THE NEXT PAGE
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232Th:
s In2 5 (6.022 X 1023) sarticles
(1.405 x1010 x 365.25 X 24 X 60 X 60) s 232
=4.1 x 16 Bq
24 h:
A In2 § (6.022 X 1023) sarticles
(25.5 X 60 X 60) s 231
=2.0 x 16° Bq
2lpg:
In2 6.022 x 1023 _
- (3.27 x10% x 365.25 x 24 X 60 X60) s g ( 231 ) particles
=1.8 x 10 Bq

232Th: 4.1 x 16 Bq 23Th: 2.0 x 13° Bq 2lp3:1.8 x 1 Bq
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How long does it take 1.0 g B%Th to decay to the same activity as 1.0 §8fh? | Marks

The half life of **Th is very short compared to that of>*Th. All of the **Th will
decay to?*'Pa in the time it takes for the?*'Th decay. Thus, the activity of 1.0 g
of 2*Th will actually correspond to the activity of *'Pa.

From 2010-J-4, the activity of 1.0 g of**Th is 4.1 x 16 Bq and the activity of 1.0
g of *'Pais 1.8 x 19Bq. The time,t, it takes for the activity of >*'Pa to fall from
1.8 x 10 (Ag) to 4.1 x 16 Bq (A;) needs to be calculated.

The number of nuclei varies with time according tdn(N¢/N;) = At. As activity is
directly proportional to the number of nuclei, this can be rewritten in terms of
activities:

IN(A/AY) = At = (In2fty5) x t
Thus,
In(1.8 x 10/ 4.1 x 16) = In2/(3.27 x 16 x 365.25 x 60 x 60 s) t

t=1.93 x 16°s = 6.1 x 1®years

Answer:6.1 x 10 years

* Rationalise the order of the boiling points of thkkowing liquids in terms of their
intermolecular forces.

liquid F | HCI | HBr | HI | ClL, | HF | Bn 1,
bp.¢C) | -188| -85| -67| -35| -34 20 59 184

The boiling point reflects the strength of the intemolecular forces between the
molecules in the liquid. Strong intermolecular for@s leads to high boiling points.

(&) For the halogens, the boiling points increasa ithe order F, < Cl, < Br, < 5.
The only intermolecular force operating is dispersan. This depends on the
polarizability of the electron clouds. Down the grap, the electron clouds
gets more diffuse and are less tightly held ontohe polarizability grows and
hence the strength of the dispersion forces increasoo.

(b) For the hydrogen halides, the boiling points iarease in the order HCI < HBr
< HI for the same reason.

(c) The dispersion forces are stronger for the hafgens than for the hydrogen
halides as the former have more electrons. Note ththis is more important
for these molecules than the presence of dipole #pdle interactions in the
hydrogen halides.

(iv) The exception to the observations (b) and (e HF which has a higher
boiling point than both HCI and F,. The very high electronegativity of F
leads to the presence of substantial partial chargeon H and F in HF and
this leads to strong hydrogen bonding between HF nhecules.
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» Toosendanin (pictured) is an ingredient from traditional Chinese medicineand is
effective as an antibotulismic agent both in vitro and in vivo. The compound can
prevent death in animals suffering from botulism and help restore normal activity.
It may also help to treat Botox overdoses in humans.

Gy

O0=C

a

i o
H;C—C—O
H
© H C
Complete the table concerning the atoms a, b and ¢ indicated by the arrows.
Selected | Number of ¢-bonds associated Geometry of o-bonds about

atom with the selected atom the selected atom

a 3 trigonal planar

b 2 bent (V shaped)

c 4 tetrahedral

Comment on the actual bond angle exhibited by atom d as compared to electronically
similar atoms elsewhere in the molecule. Isthis epoxide group likely more or less
reactive than an ether? Explain.

As the oxygen atond makes 2 bonds and has 2 lone pairs, its electromips
would naturally adopt a tetrahedral arrangement tominimize repulsion. The

bond angle would then be expected to be close tatPas would the bond angles

for the ether groups in the molecule.

The geometrical constraint of the 3-membered epox&lring means that the angle

is forced to be close to 60°. The electron pairs the two C-O bonds are thus
forced to be close to one another, introducing cormerable repulsion or strain.

The epoxide group is thus likely to be considerablynore reactive than the ether

groups and the reactivity is likely to be such thabpening of the ring is achieved.

Marks
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» Calcium chloride (1.14 g) is completely dissolvadlD0.0 mL of water at 27.00 °C nMa:;kS
a ‘coffee cup’ calorimeter. The temperature ofwager after dissolution is 28.97 °C.
Calculate the standard enthalpy of solution of G&i@lkJ mof?). The density of

water at 27.0 °C is 0.997 g miland its heat capacity is 4.184 J'i§™. Ignore the

heat capacity of the CaLl

The mass of 100.0 mL of water is:
mass = density x volume = (0.997 g i) x (100.0 mL) =99.7 g

Using g = mCAT, the temperature increase of (28.97 — 27.00) °C1:97 °C = 1.97
K comes from a heat change

q=(99.7 g) x (4.184 J K g% x (1.97 K) =822 J

This is the heat change for 1.14 g. The molar mas$ CaCl, is (40.08 + 2 x 35.45)
g mol* = 110.98 g mét. Hence, 1.14 g corresponds to

number of moles = mass/molar mass = (1.14 g)/(198.g mol*) = 0.0103 mol.
The enthalpy of solution is therefore
AsolutionH® = - (822 J) / (0.0103 mol) = -80.0 kJ mibl

Note the negative sign: the enthalpy of solution ixothermic as the temperature
of the waterincreases.

Answer:-80.0 kJ mol*

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ON LY
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» Ethanol is produced industrially by reacting etimgevith water according to the
following equation.

C:Ha(g) + HO(g) = GHsOH(g) AH° = —47.8 kJ mot

Equal masses of solid ethylene and water ice aradinced to a 1.00 L flask at 100
The flask is evacuated of air, sealed and heaté@@d. When equilibrium is
reached, the flask contains 0.098 mol of ethyleaseand the total pressure is

26.5 atm. What mass of ethylene was introducedddlask originally?

The molar mass of HO is (16.00 + 2 x 1.008) g midk= 18.016 g maéf. The molar
mass of GH4 is (2 x 12.01 + 4 x 1.008) g mbE 28.052 g mot.

If the mass of ethylene and water initially present x g, then the number of
moles of each initially present are:

number of moles of HO = ny, g initial = Mass / molar mass x/18.016 mol
number of moles of GH4 = nc,y, initia1 = X/28.052 mol

As 0.098 mol of GH, are present at equilibrium, the amount that has racted is
given by

Anczl'h = N, Hy,initial — 0.098 mol

From the stoichiometry of the reaction, this is als equal to thedecrease in the
number of moles of HO and theincrease in the number of moles of GHsOH:

nC2H4,equilibrium =0.098 mol

My, 0,equilibrium = MH,0,initial ~ ATcH, = MH,0 initial = TC;Hy i T 0-098 MO

N, 1. 0H,equilibrium = 0 T*Anc,y, =Nc,u, — 0.098 mol

The final pressure at 600. K of 26.5 atm is due tethylene, water gas and ethanol.

Using the ideal gas law, the total number of moles, is given by

Niotal = PV/RT = (26.5 atm x 1.00 L) / (0.08206 L atm Kmol™ x 600. K)
= 0.538 mol

=MN(,H, equilibrium T MH,0,equilibrium t "¢, H50H equilibrium
= (0.098 mol) +1y, 0 initial -~ Mc,Hy initial + 0.098 mol) + iy, — 0.098 mol)

X

+0.098 +——— - 0.098) mol

= (0.098 - -
18.016 28.052 28.052

= (0.098 +——) mol
18.016

Hence,x = 7.93 g.

Answer:7.93 g

ANSWER CONTINUES ON THE NEXT PAGE

Marks



CHEM1901/3 2010-3-8 June 2010

The same experiment is carried out in another flagkwith different initial masses
of ethylene and ice. At equilibrium, this flaskntains 5.81x 10° mol of H,O,

1.21x 102 mol of GHa, and 6.33«< 10" mol of ethanol. Calculate the concentratid
equilibrium constant{, at 600 K.

As the volume of the flask is 1.00 L, the equilibtim concentrations are:

[H,0(g)] =5.81 x 1¢ mol / 1.00 L =5.81 x 18L
[CoH4(g)] = 1.21 x 1G mol / 1.00 L = 1.21 x 18L
[CoHs0H(g)] = 6.33 x 10 mol / 1.00 L =6.33 x 16L

Hence, the equilibrium constant in terms of concemations, K, is:

[C;H5OH(g)] (6.33 x10~1)

°~H20(2)][C2Ha(®)] (5.81 x 1073)(1.21 x 10-2) =9.00 x 16

Answer:9.00 x 16
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Calculate the partial pressure equilibrium constégtat 600. K. Marks

The reaction involves 2 mol of gaseous reactar 1 mol of gaseous product so
the change in the number of moles of gasAn = -1.

Hence,

Kp = K(RT)*" = (9.00 x 16) x (0.08206 x 600. K) = 183

Answer:183

What is the standard entropy chaf§® (in J K> mol™) for the forward reaction
at 600 K?

Using AG® = -RTInK,
AG® = -(8.314 J K* mol™Y) x (600. K) x In(183) = -2.60 x 1 mol™*
From 2010-J-8,AH° = -47.8 kJ mol*. Hence, usingAG® = AH® - TAS®:

AS® = (AH° - AG®) / T = [(-47.8 x 18 J mol™) — (2.60 x 163 mol™)] / (600. K)
=-36.3J K mol*

Answer:-36.3 J K mol?

How will the yield of ethanol be affected by théldaving changes?
The volume of the flask is increased.

The yield will decrease as the reaction will shifto the left to increase the number
of moles of gas.

The temperature is increased.

The yield will decrease as the reaction is exotheim

The walls of the flask are cooled so that onlyiligwater condenses out.

The yield will decrease as this will decrease th@rcentration of water.

A catalyst is added.

The yield will be unchanged as a catalyst does natfect the position of
equilibrium.
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Iron oxide that has been exposed to the atmospbieany length of time will
generally contain a mixture of magnetite;®g¢ and haematite, E®,. This mixture
can be converted to puresER by heating it under an excess of flowing hydrogas:

3Fe0s(s) + H(g) —» 2Fe04(s) + HO(Q) AH° = —11.0 kJ mot

If 0.364 kJ of heat is liberated during the conierof a 7.18 g sample of iron oxidg
(consisting only of magnetite and haematite) tegesO,4, what was the initial mass
percentage of haematite in the sample?

From the chemical equation, 1 mol of Hliberates 11.0 kJ of heat. Hence, the
number of moles of H that must be reacting to produce 0.0364 kJ of heas:

number of moles of B = (0.0364 / 11.0) mol = 0.00331 mol
From the chemical equation, 1 mol of Hreacts with 3 mol of FgO3 and so:
number of moles of FeO3 = (3 x 0.00331) mol = 0.00993 mol

The molar mass of FgO3 is (2 x 55.85 + 3 x 16.00) g mbE 159.7 g mot. Hence,
this amount of FeO3 corresponds to:

mass of FeOs; = number of moles x molar mass
= (0.00993 mol) x (15 ™ol') = 1.59 g

The mass percentage of KE®s in the initial 7.18 g sample is therefore:
mass percentage of H®; = (1.59/7.18) x 100% = 22.1 %

The mass percentage of haematite is therefore (100- 22.1)% = 77.9%.

Answer:77.9%

Fe;0,4 can be further reduced to FeO under flowing hydmg

FeO4(s) + H(g) — 3FeO(s) + kO(9)

Based on the following table of thermodynamic detaat is the minimum
temperature at which this would be a spontanecadion?

Fe FeO(s) FO4(s) H(9) H20(9)
AHe (kJ mol™) 272 1118 —242
S (I K mol™ 27 61 146 131 189

Using AnnH® = AfH°(products) - AsH°(reactants):

AnnH® = [3AH°(FeO) +AH°(H,0] — [AH°(Fes04)]
= ([(3 % -272) + (-242)] - [-1118]) kdol ! = 60. kJ mol*

ANSWER CONTINUES ON THE NEXT PAGE

Marks
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Using Aixn S° = S°(products) - S°(reactants):

ArxnS® = [3S°(FeO) +S°(H20] - [S°(Fes04) + S°(H2)]
= ([(3 x 61) + (189)] — [(146 + 131))K™* mol* = 95 J K* mol™*

The reaction is spontaneous IAG® < 0. ASAG® = AH° - TAS?, this condition
becomes:

AH® -TAS° <0
Hence:
(60. x 16I mol™) =T x (95 I K* mol*) < 0

T > (60. x 163 mol™) / (95 J K* mol™?)
T > 630 K

Answer:T > 630 K
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Would the resulting FeO be stable under those conditions, or would it be reduced
further to Fe metal by the following reaction?

FeO(s) + Hx(g) - Fe(s) + H0(g)
Explain, with calculations as appropriate.

For this reaction, usingAnnH® = A{H°(products) - AH°(reactants):

ArnH® = [AfHo(Hzo] - [AfHo(FEO)]
= ([-242] - [-272]) kJ ma! = 30. kJ mol*

Using AixnS° = S°(products) - S°(reactants):

AxnS® = [S°(Fe) +S°(H20] - [S°(FeO) +S°(Hy)]
= ([27 + 189] — [61 + 131]) JKmol™* = 24 J K* mol™

At 630 K,
AG® = AH® - TAS® = (30. x 16) — (630 K) x (24 J K* mol™) = 15000 J mot

As AG° > 0, the reaction isnot spontaneous and FeO is stable.

Describe the nature of the bonding in (i) FeO(s), (ii) H2(g) and (iii) Fe(s).

FeO(s)
lonic bonding between the F& and O* ions. The ions are positioned regularly
within a stable crystal lattice.

H2(9)

Covalent bonding between the H atoms in the fHmolecule. No bonding
interactions between the H molecules.

Fe(s)
Metallic bonding between the Fe atoms - the electns are largely delocalised
over many atoms.

Marks
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» Avoltaic cell is set up at 298 K based on thedwihg reaction

Cr'(aq) + Al(s) = Cr(s) + Al(aq)

Express the overall reaction in voltaic cell naiati

Al(s) | AI**(aq) || Cr**(aq) | Cr(s)

Calculate the cell potential at 298 K when the emt@tion of Ct'(aq) is 0.213 M
and the concentration of &(aq) is 0.078 M.

The two half cell reactions and standard potentialsre:

Cri'(ag) + 3¢ > Cr(s)  E°requciion = -0.74 V
Al > Al*'(aq) + 3e E°oxidation = +1.68 V

Hence, the standard cell potential is:
E° = E°oxidation + E°reduction = (+1.68 — 0.74) V = +0.94 V

At the non-standard concentrations, the Nernst equ#on can be used to work out
the potential for this 3-electron process:

. RT
Ecel =E° - E InQ
8314] K 1mol~1)(298K) (0.078
( ) ) ) n( ) = +0.95 V
(3)(96485 C mol—1) (0.213)

= (+0.94 V) -

Answer:+0.95 V

Calculate the equilibrium constant at 298 K.

Using E° RTI K
sin =—|nK,
9 nF

(8.314J K~ 1 mol~1)(298 K)
+0.94 V = m
(3)(96485 Cmol—1)

InK

K=4.9x 14§’

Answer:4.9 x 10’

ANSWER CONTINUES ON THE NEXT PAGE

Marks
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How long (in seconds) would it take for all thedjtd be plated out of 55.0 mL of a
2.34x 10 mol L™ solution of Ai*(aq), using a current of 0.75 A?

The number of moles of Ad*(aq) to be reduced is:

number of moles of A" = concentration x volume
=(2.34 x I®mol L™) x (0.0550 L) = 0.000129 mol

The reduction of each Ad* ion requires 3 electrons so the number of moles of
electrons required is:

number of moles of electrons = 3 x 0.000129 mol000386 mol
A current | passing for a timet deliverslit / F moles of electrons. Hence:

t = number of moles of electrons xKH /)
= (0.000386 mol) x (96485 C md)/ (0.75 C &) =50. s

Answer:50. s
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« The aluminium-air battery, in which aluminium megbxidised to Al and Q is Marks

reduced to OH is being considered as a power source in cargflfBcompare the
relative merits of such a battery with those ofi@l tell for such applications.

Fuel cells use H(g) and O,(g) as the reactants.

Disadvantages: H is highly flammable and a severe explosion hazashould the
car be involved in a crash. It’s likely cars wouldneed to be heavier to prevent
rupture of tanks. There are also handling difficuties as it's a gas.

Advantages: The only product of a fuel cell is watr, so they are non-polluting.
High efficiency.

Aluminium air battery uses Al(s) and O, as reactants.

Advantages: The fuel (Al) is not explosive and caeasily be replaced when it is
exhausted. Aluminium is very light metal and 3 eletrons lost in its oxidation to
Al**, so a lot of energy generated per g of fuel. Aluimum is very plentiful and
cheap. Steady voltage as [Al] and [€)do not vary.

Disadvantages: The AI(OH} product needs to be recycled. Conversion back to
Al metal involves large amounts of electricity andassociated CQ output.




