2099 1The University of Sydney

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

CONFIDENTIAL
NOVEMBER 2000 TIMEALLOWED: THREE HOURS

GIVE THE FOLLOWING INFORMATION IN BLOCK LETTERS

SURNAME OTHER
NAMES
SID FACULTY TABLE
NUMBER NUMBER
OFFICIAL USE ONLY
ultiple choice section
INSTRUCTIONSTO CANDIDATES
All questions are to be attempted. There are
17 pages of examinable materid.
Complete the examination paper in INK . ~~
Read each question carefully. Report the Short answer section
appropriate answer and show all relevant Marks
working in the space provided.
] ] Page | Max Gained Marker
Thetota scorefor this paper is100. The
possible score per page is shown in the 13 8
adjacent tables.
Each new question beginswith a - . 15 10
Electronic caculators, including 16 8
programmable caculators, may be used.
Students are warned, however, that credit 17 8
may not be given, even for a correct answer,
where thereisinsufficient evidence of the 18 8
working required to obtain the solution.
19 8
Some useful formulas, a Periodic Table and
numerica vauesrequired for any question Totd | 50
may be found on a separate data shest.
Check Total

Pages 14 and 20 are for rough working only.



CHEM1909

2000-N-2 November 2000

Copper(l) oxide may be reduced by carbon according to the equation:

Cu,O() + C(9 ® 2Cu(s) + CO(g)

Given thefollowing data, cdculaie DH°, DS’ and DG for the reaction at 298 K.

22/03(a)
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DH% (298 K) / kImol™* | < (298 K) / JK™ mol™*
Cu,0(9) -169 93
c(s 0 6.0
Cu(s 0 33
CO(g) -111 198
DH° =
DS =
DG° =

At what temperature does the reaction become spontaneous?
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Answer:
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At 25°C, CO(g) a 1 amisin equilibrium with a CO(aq) solution at a concentration of

8.50 © 10 M. Cdculate the equilibrium concentration of CO(ag) when the partid
pressure of CO(g) is 0.15 am.

22/03(a)
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Answer:

Consider the following equilibriaat 300 K.
YiINJ(g) + Y0, 0 <= NO@ K.=4.8" 107°

2NO,(9) = 2NO(g) + O,(9) K.=11" 10° M

Determinethe vaue of K, and K, a 300 K for the equilibrium:

2NO,(@ == Ny9) + 20,09

Kc=

Ko =

Lactic acid, CH;CH(OH)COOH, accumulates in the muscles during exercise.
It isamonoprotic acid with ionisstion congtant K, = 1.4~ 10# M.
What isthe pH of a0.050 M lactic acid solution?
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TheH,PO, and HPO,* ions play arolein maintaining the pH of blood. Write equations to
show how a solution containing these ions functions as a buffer.

The K, for phosphoric acid is 6.3~ 108 M. At what pH is the H,PO,~ / HPO,>~ buffer
system most effective?

pH =

Cdculate the ratio of [H,PO,] / [HPO ,*] required to give abuffer with apH of 7.68.

Answer:

THE REMAINDER OF THIS PAGE ISFOR ROUGH WORKING ONLY

Marks
8
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EDTA isaligand that forms complexes with many metas and may be used to treat heavy
metd toxicity in the body. The reaction with lead ionsis represented by the following
equilibrium.

Pb?*(aq) + EDTA*(ag) <= [PbEDTAJ]*(aq) Kep =17 108 M

If asolution has an initid concentration of Po?*(aq) of 0.001 M and EDTA* (ag) of 0.050
M, what is the concentration of uncomplexed lead ions once equilibrium has been
established?

Answer:

Cdculate the mass of copper that deposits when a current of 1.5 A is passed for
10 minutes through a solution containing CU** ions.

Answer:

Briefly describe the structure of amicelle.

Marks
4
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Ore of the key reactionsin the formation of acid rain and in the industria production of nitric
acid isthe reaction of nitric oxide with oxygen:

090 + 2NO@@ ®  2NO,9
Thefollowing data were obtained at constant temperature.

INITIAL CONCENTRATIONS INITIAL REACTION
EXPERIMENT (mal LY RATE
NUMBER [O)] [NOJ (mol L s?)
1 1.10° 107 1.30" 107 321 108
2 220" 107 1.30" 1072 6.40 " 1073
3 1.10° 107 260" 107 1287 10°°
4 3.30° 107 1.30" 1072 9.60 " 1073

Deduce the rate equation for this reaction and find the value of the rate constant.

Rate equation Rate constant

Answer: Answer:

Thereaction 2NO,(g) + F,(0) ® 2NO,F(g) ispostulated to occur in two steps, the
firg of whichisthe rate determining step

NO4g) + F,(@) ® NO,Fg) + F(9) STEP 1
NOx9g) + F(g ® NO.,HQg) STEP 2

Deduce the expected rate expression for this mechanism.

Sketch an energy diagram to represent a reaction in which DH = -40 kJ mol™
and E, = 40 kmol™.

Marks
4
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|dentify the element to which each of the following statements refers. M "j ks
Important metd in Vitamin B,.

Dietary deficiency causes goitre.

Used in the treetment of manic depression patients.

Retained in the body in Menke' s syndrome and in Wilson' s disease.

Thaassemia, agenetic blood disorder, resultsin the toxic accumulation of iron in the body. 4

It might be treated by adminigtration of EDTA (ethylenediaminetetraacetic acid) or 3
hydroxypyridin-4-one.

0
H
| | HOOCCH CH>COOH
N N—CHo>—CH>—N
||_| HOOCCHz/ CH>COOH
3-hydroxypyridin-4-one EDTA

Briefly describe the chemicd basis for the use of these agents in the trestment of
thalassemia

Giving your reasons, state which of EDTA and 3- hydroxypyridin-4-one would be the agent
of choice in this trestment, based on the data in the following table which gives the
logarithms of complex formation congtants between selected metds and EDTA and 3
hydroxypyridin-4-one.

lon EDTA 3-hydroxypyridin-4-one
Fe(l1l) 25 37
Cu(ll) 18 17
Zn(I) 16 12.5




CHEM1909 2000-N-12 November 2000 22/03(a)




22/03(b) November 2000

The University of Sydney

CHEM1909 - CHEMISTRY 1LIFE SCIENCESB MOLECULAR (ADVANCED)

Faraday constant = F = 96485 coulomb mole™
Avogadro constart = N, = 6.022" 10% mde™
Standard atmosphere = 101 325 pascad = 760 mmHg
Ideal gascongant = R = 8.314 joule kelvin? mde
= 0.08206 litre amosphere kelvin™ mde™

Conversion factors
0 degree Cdsius = 273 kelvin 1 mL =1 millilitre= 102 litre
1kJ=1kilojoule=10* joue 1 mA = 1 milliampere = 10~ ampere

1L =1litre= 102 metre’

Sandard Reduction Potentials at 298 K
Cui(ag) + 260 = Cul® P =+034
Niz*ag) + 2¢¢ = Ni(9 FE=-024
2H(ag) + 2¢¢ = HJ[(Q FE=0.00
¥0,(g) + 2H'(ag) + 26¢ =— H,0 B =+1.23

Useful Formulas

Thermodynamics and Equilibrium Kinetics
DG® = DH° — TDS ty, = IN2k
° = —RT InK k = AeERT

K, = Ks (R)™ IN[A] = IN[A], — kt

Solution properties Electrochemistry

p =CcRT DG° = —nFE°

p=kc E = P—-RI/nFIQ
E° = RThFInK

Adds and Bases Molesof e = It/F

pKy = pH + pOH =14
PKw = PKa + pK, =14
pH = pK, + log{ [base] / [acid] }
A periodic tableis printed on the other sde of this data shest.
Atomic weights areincluded in the periodic table....
2
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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 C N O F Ne
6.941 | 9.012 10.81 | 1201 1401 | 1600 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na Mg Al S P S Cl Ar
2299 | 2431 2698 | 2809 3097 | 3207 | 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 \Y Cr Mn Fe Co Ni Cu Zn Ga | Ge As Se Br Kr
39.10 | 40.08 | 4496 47.88 | 5094 | 52.00 | 54.94 | 5585 | 5893 | 5869 | 6355 | 65.39 | 69.72 | 7259 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 S Y Zr Nb Mo Tc Ru | Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 8891 9122 | 9291 | 9594 | [9891] | 101.07 | 10291 | 1064 | 107.87 | 11240 | 11482 | 11869 12175 | 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 T Pb Bi Po At Rn
13291 | 137.34 17849 | 180.95 | 18385 | 1862 | 100.2 | 19222 | 19509 | 196.97 | 20059 | 20437 | 207.2 20898 | [210.0] | [210.0] | [222.0]
87 88 (89103 104 | 105 | 106 | 107 | 108 | 109
Fr Ra Rf Db S 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
TSR la | ce Pr Nd | Pm | sm | Eu Gd | To | Dy | Ho | Er | Tm | Yb | Lu
13891 | 14012 | 14091 | 14424 | [1449] | 1504 | 15196 15725 | 15893 | 16250 | 16493 | 167.26 | 16893 | 17304 | 17497
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
S "™ | Ac | Th | Pa U | Np | Pu | Am cm | Bk | o | Es | Fm | Md | No | Lr
N [227.0] | 23204 | [231.0] | 23803 | [237.0] | [239.4] | [243.1] [247.] | [247.0] | [252.4] | [252.1] | [257.1] | [256.4] | [259.1] | [260.1]







