2059 1NE University of Sydney

CHEM1909 - CHEMISTRY 1LIFE SCIENCESB MOLECULAR (ADVANCED)
SECOND SEMESTER EXAMINATION

CONFIDENTIAL
NOVEMBER 2002 TIME ALLOWED: THREE HOURS

GIVE THE FOLLOWING INFORMATION IN BLOCK LETTERS

FAMILY SID
NAME NUMBER
OTHER TABLE
NAMES NUMBER

OFFICIAL USE ONLY
Multiple choice section

Marks
Pages | Max Gained

INSTRUCTIONSTO CANDIDATES

All questions are to be attempted. There are

16 pages of examinable materid.
Complete the examination paper in |NK.. 28 | =
Read each question carefully. Report the Short answer section
gppropriate answer and show al relevant Marks
working in the space provided.
e | Max Gained Marker
The tota score for this paper is100. The "
possible score per page is shown in the 9 9
adjacent tables.
Each new question of the short answer section 10 10
inswitha- .
b 12 8

Electronic caculators, including
programmable calculators, may be used. 13 13

Students are warned, however, that credit

may not be given, even for a correct answer, 15 7
where there isinsufficient evidence of the 16 9
working required to obtain the solution.
Some useful formulas, a Periodic Table and 17 6
numerica vaues required for any question 18 4
may be found on a separate data sheet.

19 6

Pages 11, 14 and 20 are for rough working

only.
y Tota 72




Crcivli Lyvy ZUVUZL-IN-Z NoOveriver Zuus £409\d)

Write a baanced equation for the oxidation of glucose (CsH120¢) to carbon dioxide and M Zrk
water.
9

Given the following, caculate DH°, DS* and DG® for the reaction at 298 K.

DH° (298 K) / kdmol™ | S (298 K) / JK™ mai™
CsH 1206(8) 1274 212
O2(9) 0 205
CO4(0) -393 214
H.O() —286 69.9
DH° =
DS =
DG° =

A typica oxygen consumption for a 70 kg person at restis8.60° 107 mol minute™ at 298
K and 1 am. Suppose this amount of oxygen gas is adl used in the oxidation of glucose.
Cdlculate the enthapy production (in kJ min™) of this person at rest.

DH° =
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Consider the reaction: CO@ + HO(@ == COxg + Hy(g) M fk
Determine the equilibrium congtant (K,) for thisreaction at 25 °C. 6
Dataz  2H,O(g) == 2Hyg) + O(0) Kpe=16" 10" amat 25°C

2CO,g <= 2CO(g) + O(g) Kie=13" 10" amat 25°C

Cdculate DG for thisreaction at 25 °C.

DG* =

Trichloroacetic acid (CCLCOOH) isacorrosive acid used to precipitate proteins. The pH
of a0.050 M solution is 1.40. Calculate K.
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The pyridinium ion isawesk monoprotic acid with apK, of 5.22. A 25.0 mL sample of a
0.100 M pyridinium chloride solution was titrated with 0.0500 M NaOH.

Cdculae the pH of the solution after addition of the following amounts of sodium hydroxide
solution: 0.00 mL, 30.0 mL, 50.0 mL, 75.0 mL.

0.0mL
pH =

30.0 mL
pH =

50.0 mL
pH =

75.0 mL

pH =

Mark
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Draw the Lewis structures (including resonance structures where gppropriate) of chlorine M Zr K
pentafluoride, formate ion and dlene. Indicate the hybridisation of the underlined atom and 9
shape of the molecule or ion.

. . Hybridisation of | Shape of molecule
Species Lewisstructure underlined atom or ion
CIFs
HCO,

H,CCCH,

4

When heated, lithium atoms emit photons of red light with awaveength of 670 nm. Whet is
the energy (in kJ mol™) and frequency of this radiation?
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Cdculate the molar solubility of limestone, CaCOs, given Ky, =3.3” 10° M ™, M aék
4
Answer:
With the ad of equations, explain the effect acid rain would have on the solubility of
limestone.
3

At what temperature would a solution of iodine (0.645 g) in cyclohexane (50.0 g) freeze?
The norma melting paint of cyclohexaneis 6.6 °C and K; = 20.0 K kg mol™.

Answer:
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How long must a current of 2.0 A be applied to a pure AgNO; solution to deposit M Zrk
10gof slver? 3
Answer:

Typica concentrations of Na” and K™ in the intracdllular and extracdlular fluid are given 3
below.
Na" = 142 mM extracdlular, 10 mM intracdllular
K" =4 mM extracdlular, 140 mM intracdlular
Edimate the potentid difference between theinsde and outsde of acdl at 37 °C.
Answer:
Use the stlandard reduction potentials on the data page to cdculate the value of DG® (Gibbs 3
free energy of reaction) for the following reaction.
2H'(ag) + H.05(aq) + 2Fe’*(ag) ® 2Fe™(ag) + 2H,0
Answer:
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Which of the surfactants below would have the lowest criticd micelle concentration
(CMC)? Which one would have the highest? Why?

sodium oleate
6 @
CO, Na

sodium laurate

€] @
/\/\/\/\/\/COZ Na

sodium stearate o o
P N N N2 N N e CO2 Na

What is enzyme catdysis? List the distinctive fegtures, advantages and disadvantages of
enzyme cataysis for carrying out chemica syntheses?

Mark
S
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The rate constant for the unimolecular cydlisation of compound X triples when the M Zrk
temperature is increased from 25 °C to 45 °C. 4

Cdculate the activation energy, E,, for this reaction.

If theinitid rate of cyclisation measured in a1.0 M solution of compound X is
1.4mM s* a 25 °C, what is the half life of compound X at 25 °C?

tl/2 =

THE REMAINDER OF THISPAGE ISFOR ROUGH WORKING ONLY.
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The figure below shows the estimated abundance of each dement in the Universeon alog

scale.

Relative Abundance
5-\.

0 [H] 20 30

Explain the main festures of this curve.
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Atomic Number, Z
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00

Mark
S
3

Consider the following three isotopes of neon: **Ne, “Ne and *Ne. Which one of these
isotopesis stable? Write balanced equations for the nuclear decay undergone by each of

the ungtable nudlides.
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Physical constants
Faraday constant = F = 96485 C mol™ Speed of light =¢=2.998 " 10° ms™
Planck congtant =h = 6.626~ 10 Js Avogadro congtant = N, = 6.022 " 10% mol™

Standard atmosphere = 101 325 Pa Ided gasconstant =R = 8.314 JK™* moi™
= 760 mmHg =0.08206 L atm K™ moi™

Conversion factors
0°C=273K 1mL=103L 1L=103n? 1 mPa= 102 Pa
1kJ= 10°J 1mA=10°A 1nm=10°m 1mg=103g

Sandard Reduction Potentials at 298 K

H,O.(aq) + 2H'(ag) + 266 +— 2H,0 E°=+1.78V
Fe¥(ag) + &€ — Fe’'(aq) E° =+0.77V
Cl@ag) + 2&&¢ = Cul®® E° =+0.34V
2H'(ag) + 268 = HQ) E°=0.00V

Ni¥(ag) + 2 = Ni(9 E°=-0.24V
Fe'(eg) + 26 +— Fe(d E° =-0.44V

Useful Formulas

Thermodynamics and Equilibrium Kinetics

DG°® = DH® — TDS ty, = In2/k

DG°® = -RT InK k = Ag R

Kp = Kc (RT)™ IN[A] = INA], — kt
Colligative properties Electrochemistry

p =cRT DG° = —nFE°

p=kc E = E°—(RT/nF) InQ
DT:= Kim E° = (RT/nF) InK

Molesof e = It/F
Acids and Bases

pKy = pH + pOH =14 Quantum Chemistry
pKw = pKs + pKp =14 E =hn=hd/l
pH = pKa + log{[AT]/[HA]}

A periodic tableis printed on the other side of this data sheet.
Atomic weightsareincluded in the periodic table.






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 | O| 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 | s | P | s | c | Ar
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
19 [ 20 [ 21 [ 22 [ 23 [ 24 | 25 [ 26 [ 27 [ 28 [ 20 [ 30 | 31 | 32 | 33 | 34 | 35 | 36
K Ca | & Ti \ Cr Mn Fe Co Ni Cu Zn | Ga | Ge As Se Br Kr
39.10 40.08 44,96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.59 74.92 78.96 79.90 83.80
37 | 38 | 39 [ 40 | 41 | 42 | 43 | 44 | 45 [ 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb S Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 87.62 88.91 91.22 92.91 95.94 [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 | 8 | 84 | 8 | 86
Cs | Ba Hf | Ta W Re | Os Ir Pt Au | Hg | TI Pb Bi Po | At | Rn
13291 | 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
Fr | Ra Rf | Db | Sy | Bh | Hs | Mt
[223.0] | [226.0] [261] [262] [266] [262] [265] [266]
57 | 58 59 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
TSN La | ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
138.91 140.12 140.91 144.24 [144.9] 1504 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 174.97
89 | 90 91 92 | 93 [ 94 | 95 [ 9 | 97 | 98 [ 99 | 100 | 101 | 102 | 103
RETPE L CAc | Th Pa U | Np| Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
[227.0] | 23204 | [231.0] | 238.03 | [237.0] | [239.4] | [243.1] | [247.4] | [247.1] | [252.1] | [252.] | [257.4] | [256.4] | [259.1] | [260.1]







