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CHEM 240 MIDSEMESTER EXAMINATION SEMESTER 01-2009 CONTINUED

SECTION I: Multiple Choice Questions

Select the SINGLE best alternative in each of the following cases. Indicate your answer by marking the
correspondmg letter on thc answer sheet prov1ded Use a cross (X) in soft pencil to make alterations easy. -You-

paper- There 18 a total of 20 marks for this section.

1) Oxygen is collected over water at 25°C and
775 mmHg. What is the partial pressure of oxygen

probabkly
5) Which lmnle(:fs*hows the gas with the highest boiling

in g if the vapour pressure of water is point! °
ohle mmHg at 25°C? A A

A 238 14

B 750 “':\ ¢ C

€.3751 @)D

5 E

E 799

2) Which of the following statements is NOT true
according to the kinetic theory of gases?
A molecules occupy zero volume
B~ molecules move randomly
(C_ molecules are attracted to one another
D molecules suffer elastic collisions
E the average kinetic energy of molecules is
proportional to temperature.

3) 5 cm’® of helium (RMM 4.0) effuse through a small
hole in 16 minutes. Under the same conditions of
temperature and pressure the same volume of sulfur
dioxide (RMM 64) would effuse in
A 4 minutes.

B 16 minutes.
C 32 minutes.
D > 64 minutes.
E 256 minutes.

QUESTIONS 4 TO 7 involve Graph 1 which shows
plots of PV against P for 1 mol of various gases (A, B,
C, D and E) at a certain constant temperature asd—

0 L - 1 i L

0 200 400 o600 BOO 1000le
GRAPH 1: PV against P for various gases

4) Which line shows the behaviour of an ideal gas?
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6) Gas C shows a region X in which the product PV
reaches a minimum. Which one of the following
best explains this minimum?

A The gas is behaving ideally.

B Forces of attraction between molecules are at
maximum.

C The size of the molecules is appreciable in
comparison with the spaces between them.

D The molecular motion is at a minimum.

E The size of the molecules is at a minimum.
C &%

7) Gas gshows aregion Y in which the product PV
rises as the pressure increases. Which one of the
followmg best explains this behaviour?

C/,The molecules are being pushed together
agamst forces of repulsion as pressure
increases.

B The forces of attraction between molecules are
becoming larger and larger as pressure
increases.

C The spaces between molecules are becoming
larger and larger as pressure increases.

D Both pressure and volume are increasing
simultaneously.

E The gas is behaving ideally.

$efok kbbbt ok ok

8) Whlclkg{h's wot{fﬁ%e e)'gﬁected to have the highest
average molecular speed at 300 K?

Hydrogen, H;

Methane, CH,

Ethane, Csz

Propane, C;H;g

Butane, C4H;o
9 ic

Questions 8 and 9 refer to the following diagram

30 cm -
NHj @ EC m.HCI
d
showmg a 30 cm glass tube. At one end is placed a
piece of glass wool soaked in concentrated
hydrochloric acid and at the other end a similar
piece soaked in concentrated ammonia. A white

band forms at C.

mgQwR
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CHEM 240 MIDSEMESTER EXAMINATION SEMESTER 01-2009 CONTINUED

9) The band consists of 100 r
A solid ammonia
B solid hydrogen chloride P fatn
_C. solid nitrogen trichloride
Qj/ solid ammonium chloride 30 ke
E another substance not mentioned above

10) To 2 significant figures, length d is expected to be:
A 12cm

B 15cm
(C 18 em
D 20cm
E 10cm
50 1
Question 10 to 14 involve the following graphs {7y The-critical emperaire o;:hm:gas is:
A A 13.1°C
B 215°C
y!/ = Preeme G AG1.9°C
D 32.5°C
) * E 48°C
In each of the following questions select the graph 18) Within area ABXC there exists:
which best fulfils the requirements. A Only gas.
11) y is rate of effusion and x is the square root of C PER s liquid
RMM for an ideal gas at constant pressure and 2 C_ Only liquid
temperature.

D A supercritical fluid
12)yis Pand xis 1/ for a fixed number of moles of b

an ideal gas at constant temperature.

13)}’ isz (fhe CompmSSi%faCtﬂr) and xis P fora — dokok ok dkok okok ke ok ok
fixed number of moles of a real gas at constant 19) AU, the change is internal energy of a system, is
temperature. given by:
14)y is P and x is the Celsius temperature, for an 1deal"h A g
gas at constant temperature and volume. @I\ q+w
15) y is R (the ideal gas constant) and x is P for a fixed C
mass of an ideal gas. E, D AH
E nRT

#e afe sfe ofe e ofe ofe de afe e ofe ofe ok

20) A closed system is one where:
A Neither energy nor matter is exchanged with
the surroundings.
B Matter but not energy is exchanged with the
surroundings.

16) One mole of a diatomic gas requires more heat to
raise its temperature by a given amount than for a
monatomic gas because
A diatomic molecules are smaller than

IMOBRIGTHICIONES: @ Energy but not matter is exchanged with the
B diatomic gas molecules possess energy of surroundings
rotation whereas monatomic ones do not. D Both matter and energy are exchanged with the
C diatomic gas molecules possess energy of surroundings
D) Sfbram.m whereals m?natomlc ReicH no;. E Both heat and work are exchanged with the
iatomic gas molecules possess energy of surroundings.

vibration as well as rotation whereas
monatomic ones do not.

E diatomic gases have stronger intermolecular
forces than monatomic ones.

Questions 17 and 18 involve the following diagram

showing the variation of pressure with volume for a
real gas at the indicated temperatures.
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SECTION II: STRUCTURED QUESTIONS

INSTRUCTIONS: Answer ALL questions from this section in the spaces provided on the question paper. There
is a total of ** marks for this section. INDICATE NUMERICAL ANSWERS CLEARLY BY UNDERLINING.

1) This question concerns various aspects of ideal and real gases.
a) Account for the following observations in terms of the kinetic molecular theory of gases.
i) The volume of a gas can readily be reduced by increasing the applied pressure. 2)

Thee 52 onle SPaces befece. Ve ucleulee (ff
LQW dexg, werke les cau C«Ld—o;zﬁ be pué@:c(’ w_(au’_
Mi’ il c«waﬁ o-?ug’ a f’zocg/QQ V ”Qw"%- / (]

4]
ii) The pressure exerted by a gas increases as the temperature is raisedet MUW - ’ﬁxac.:_ 3)

AS Jfé& \(Uwak r-aﬁumf- 8 ﬂ-«LS&Q <Pu‘- (4% Qw@:f Wik J‘«Lﬁ ’/t
('e@,..\m € '-.) w«p@cﬁ /&;_ v&iC il /Cmu.mﬁ?“é—, ({)
oAl iMZﬂ (s rm(/Jq LLTK:; Lid@f?‘/ /ﬂ/ffpfér’(

b) This part of the question concerns the Van der Waals equation

2
(P +a ;—2)(1/' - nb)= nRT

which is sometimes used to describe the behaviour of real gases. (
i) What aspect of a real gas does parameter a account for? - — - - -

‘0 aceanh ﬁ s ot ki (?frmf befl oo
(I/uaétch(J

If' - _,,—-'—"'_"\ o ~——‘*-\ i, SR — _ __‘_"
\ 11) What aspect of a real gas does parameter b account for? . - - (\Q

[ QC‘Q:M /i //((C /h_,(,[e fuﬁtﬁ‘;‘* d/ /K (‘L
MA(Luo[Ef ///“ﬁéuc-(f&'e A\Tté'f %’E{:k /Z«u/é:m.(c!

iii) In which one of the following gases would you expect a to be the largest: He, Hy, CO;, O2, N»?
Explain your choice. (Note the boiling points of these compounds are 4, 20, 195, 90, 77 K.) (3)

CO (() & Léé/ //{’m A A/ﬁ’ J)/((dé’%f//&
/aﬁ)u/,.)( d[mﬂ/ﬁ 4»/1)/»0./'& %L m&,aw&/ az_ yéf.meL
Lee

iv) In whlch one of the following gases would you expect b to be the largest: He, CO,, NH3,
CH;CH,CH,CHs;, HCI, PH;? Explain your choice. @)

Cklcmlcn._cu_,,(")wiu e pilencles 2+% Zak
[Ty %a% C’/’
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2) This questiong concerns the Kinetic theory of gases.
a) There are various ways of expressing the speed of the molecules of a gas. The root mean square speed

\/:2: is given by ]'% . The average speed u of the molecules of a gas is given by 1}% and the

most probable speed # is given by 2:;

i) Calculate the ratio between these quantities for a given gas under the same conditions of
temperature, and so rank them in increasing order, smallest first. (Your calculation should not be

specific for any value of T or M.) ‘ _ _ - (df'J
= . T . 2 ]

| — A J3RT . 10T
R N R IEL - (1)

~ J3 A? L Jat ) (-75) /f‘i(, /4/4((/

(6%s5hi)  Keww Jzm S & >0

ii) Evaluate J:_; for oxygen gas at 100°C. = . - ! — 2 )
T B | | 19
dst = ¢ iii("r = |SXF3E “"'C-Z?-g""‘m/@): Se3qxre !
| % L0/ ? ._
¢ Q | s et A higdy,

iii) pare y ue of Vu

CO on yo < ote:
ok &

fpee=,
re b) Sketch a graph showing the Maxwell-Boltzmann distribution of speeds for the molecules of a gas at two
different temperatures on the axes below: Make sure you label your axes and indicate which line shows

the gas at the higher temperature. - o —— e (f)

Fﬁl J{’M

at- m& LMCQ'T

iy

Vi o
Speed dp wedle el ¢ [L

¢) The Maxwell-Boltzmann distribution of energies for the molecules of a gas may be written:

g
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N, _& o~ (E2=E)I(KT)
N, g

where No/N; indicates the relative populations of the energy states E and E;.
i) Explain the meaning of the terms g; and g». . _

ii) Assuming that g»/g; = 1, calculate the relat:lve populat:ons of energy states which dlﬂ'cr ﬁrstly by,
0.5kT J and secondly by 100 kT J at around room temperature. - — . _  _ . — f({l

iii) The first two electronic energy states of molecules (the ground state and the first exc:ted state) differ ‘
by about 100 kT at room temperature. What can you conclude from this about the/energy state of
the molecules in a gas at room temperature? B _ = g (( )
| elechei
o) e de nuede foprg bl shles
o e e My Lae Gt ¢bl haw !Z(
&me.cwahyﬂ Gﬁ

fo. K Wuw Ve bk i ety £,

Lls - N
N \ *-—O"gk'(_‘r:—.(() —_0:S
“) St e 2 - e = 6olS ..
" 5
| = iae ) o &G <
EL - e el ?'7’2'7((0 : (},)
2
N ¢

I"lt) ﬁ)((( %-L Cae ﬂuéuw&f DAk Crm f/"{&(/;’
Gl pafe
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