1ATAR Chemistry  Test . : Intermolecular Forces and Gases Weighting 4%

Name:

...... /QiQ&’U Mark /

Section 1: Multiple Choice (12 marks)

Answer all questions on the separate Multiple Choice Answer Sheet.

1.

A section of the periodic table is shown below. The symbols for the elements are fictitious.

1 2 13 14 15 16 17 18
U : WY
X2
Vv

The element with the highest electronegativity is:

(ayu

(b) V N W d X

In which of the following substances would hydrogen bonding occur?

(a)
(b)
(c)
D

I HF II NH; III H, . IV HC!?
I and III only

I1, III and IV only

II and III only

I and II only

Which of the following best explains the difference in boiling points of HCE, HBr and Hi,
given their respective boiling points are -85, -67 and -35°C?

o)
(b)
(c)
(d)

The strength of dispersion forces increases as the number of electrons present
in a molecule increases.
The strength of hydrogen bonding increases as the number of electrons present
in a molecule increases.
The molecules become more polar as the number of electrons present
increases. HAUA > H& > HT 43 [o//a,/z]t

h

The strength of hydrogen bonds decreases as the numbder of electrons present
in a molecule increases.

The correct order of increasing boiling points for the substances silica (SiO5),
propane (CH;CH,CHz), ethanol (CH;CH,OH), and helium gas is:

(a)

(©)
(d)

helum < propane < silica < ethanol S)‘-O,,Z - @\/AM
helum < propane < ethanol < silica. ' rofweik
helium < ethanol <  propane < silica.

propane < helium <  ethanol <

2ansd ~ H- %

- d 4" PLLSION

silica. /’w/*y@hﬁ - doq/'.o.mon

r



10.

11.

12.
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The shapes of many simple molecules can be predicted by the valence shell electron pair
repulsion (VSEPR) theory. The VSEPR hypothesis states that:

(@) orbitals in the outer shell of an atom stay as far away from each other as possible.
(b) bonding pair electrons stay as far away from each other as possible.
() non-bonding pair electrons stay as far away from each other as possible.

M both bonding and non-bonding pair electrons stay as far away from each other as
possible.

Consider the following substances in the molten (liquid) state:

1 CioHz I NH; IHI CHsCt IV. N,

Which of the above substances have only dispersion forces between their molecules?
(@) None of the above

(o) ITandIV only

(¢) ITandMIonly

X Tand IV only

Which of the following is the weakest type of molecular force or bond?
(a) Hydrogen bond

(b) Dipole-Dipole force

» Dispersion force

(d) Covalent bond

Which of the following is not a unit of gas pressure?
(&) mmHg M N (c) atm (d) Pa

Which of the following is true?

(@) The molar volume of a gas at STP is 24.5 L.

(b) Gas volume is directly proportional to gas pressure.

(c) Temperature and gas pressure are inversely proportional.
M Gas pressure and temperature are directly proportional.

Kinetic energy of particles in a reaction is a measure of?

Temperature
(b) Pressure
(c) Volume
(d) Heat

Which of the following solutions has the lowest freezing point and the highest boiling point?

(@) 0.100 mol L™ sucrose (1) Concendi M1M7 Q;u/[(,&f = O-/10oM

X 0.050molL"CaCl, (3 = O 150
(¢) 0.050 mol L' NaCl (X _ — = O 100M
(d) Distilled water (o - - s O

A test tube contains a clear, colourless salt solution. A few drops of lead nitrate solution are
added to the solution and a yellow precipitate forms. Which one of the followmg salts was
dissolved in the original solution?



Section 2: Short answer

Answer all questions in the spaces provided

. (31 marks)
1. [

Complete the following table for the listed molecules. Include any lone pairs of electrons that
influence the shape.

(7 marks)

Electron Dot : Dominant
Molecule Diagram Shape

Intermolecular Force
()
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Briefly explain the following, using diagrams where appropriate:
(a) Some covalent bonds are polar and some are non-polar. (3 marks)

__________ /a..éw[q dopendi g ﬂachwJ d/e/ﬂﬁa/m

2.

Hrr ad Dk
iH—H O=0
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(b) The molecule boron trichloride is non-polar but nitrogen trichloride is polar. (6 marks)

:651 Yy yx ........................................ Lo e s NG Z7/44
) XX K /)’@

X

................. vl zﬁcﬂ*xvu(;g\,& \/(J.)...........ﬁz./.z.\d d;{ﬂ?él/ a/

™~
>
>
-

(c) Gases diffuse qunckly Refer to the Kinetic Theory of Gases in your answer. (3 marks)

........... %a.af...n.ts?.&.%&..l....w...4./.\......féf«.@(.../@d@{&.ﬂéﬂ L//N moho

) ladouinh. //Wxé
Rl ////(2 ..... Condainsd. . Mg

dﬂw [K//apy/\&ﬂi/@%méﬁ ................................

Consider the diagram. Semipermeable Membrane
shown. Two salt solutions of

differing concentrations are
placed on either side of a
semipermeable membrane.

T
-
BN
K\
N
)

The pressure exerted by the
different height of the
solution on the right is called
the osmotic pressure, .

(@) What is the name of the process illustrated? (1 mark)
................... OCOSIS .o

(b) On the diagram (a) show the name and the direction of movement of the liquid molecules
that selectively pass through the membrane. (2 marks)
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(c) When the osmotic pressure exerted by the different height of the solution on the right is
stable, state the concentration of the solutions. (1 mark)
%WJW&/ZMSWLZ[&%LMM(%O )= 05T el
(d) Give an application of a form of the process illustrated. (1 mark)

4. (a) Explain why water boils at only 71°C at the top of Mt Everest. (3 marks)
o B 0.CetdS.. aion. Do Vapoad picanie o e

| V%Qm%wmw/&wmﬂé/@w

7 S ' )
ol lislly A Sk, hes . bl sind...

B ovvssessrrsses @OM,W ..... W %émlﬂl/ﬂ/m
On Mt Eveiast ; U Prbn io towied Y foons V' P = _tour leay

(b)  When pure water is heated, the temperature rises until it begins to boil and the
temperature remains constant until all-the water is evaporated. When a salt solution is
heated, the temperature continues to rise even after it begins to boil. Why?

(3 marks)

...... Mes ... VL. Ao ﬂszmln,z&%zmt//’wffd

ik Bt bubblos.. Aeguiies 4. Kigled. Lemp ¥ As Lo sl
I T i S A Y bty

5. (@) Explain how folume of a gas affects pressure at a set temperature. (2 ma

S)M
........... bogles Lo .PYE conslank.. So P54 resdf
............... 4 T o dos. 8. 2..collisions of . gau(s)
.............. /@/‘zwwdkwwwqmwfm&//%
.......... KWW%Q/Z{%AM(W’L//@fl&Wk@ ,
\)l/)\’ ........ will .. Conas. 2. Con L. . on DA 4 A

N Volimt aofl i il prossaie 2guaks (L)
A ex Fespad AL ’ ’ |
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(b) Calculate the partial pressure of the oxygen when 1 mole of oxygen and 2 moles of
nitrogen are the only two gases in a container where the total pressure is 450 kPa.
(2 marks)

....... &a@wﬁﬁ&/ AJ/%@OW /wﬁyaf

PR, f

6.  The vapour pressure for water is 2.34 kPa at 20°C while the vapour pressure of acetone
(CH;COCH;3) is 24.6 kPa at 20°C. Explain what vapour pressure is and why water and acetone
have such different values. (5 marks)

941
lgod ~T7/ 7 | b Juseo. Jemp...co 4. oS 4yilir.............
..... ﬂ ﬁ/u,géllﬂézmizj(zﬂL/ﬂm/azMﬂAY@m
AT audd e Aodhi .. V... el bttt -dondmg.
..... btwitn..moboades... Acelens Asa_ dspols -depole. frvces

bodwtn mobicdha... dnslt. H-bouds. ase. ado
M&&»tiymﬁ s b W N PO < VP A aq o

Section 3: Calculations @ AIDIL 49 0 mOM L/cé//&&‘- ) (16 marks)
Answer all the questions in the spaces provided. All numerical answers should be given to
3 significant figures.

X

7. What mass of solid NaOH would be required to prepare 100 mL of a 0.15 M NaOH solution?

.......................................................................................................................................



8.

7

A beaker contains 345 mL of a 1.50 mol L™ NaCt solution. If the salt solution is boiled until the
volume of the solution is 250 mL, what will the molarity of the solution be? (2 marks)

Dbudie. i A TR ARA VYISO

How much water would need to be added to 500 mL of a 2.40 mol L™ KCI solution to make a
1.0 mol L™ solution? (2 marks)

....................... de/vtm” S ENRAYY &

. /JZQQ = )/007 ..... V MM ............

What mass of carbon dioxide gas will be produced when 5.00 L of propane at STP combusts

0 in plentiful air? (5 marks)
(3.4 450 3o, + 420
................................................ $-A Mgy L 2l 5120 6
................. m'/h'd(jgm@@g
Gy Vv e 2 0220 06k ...
2271 2N
.......................... ﬂcaL«O)QOangOé&(?éWw/
........................... Nz b 5 N e
M 2.0 b.(p.(,’)é...x...(/KTQ/...*:..Z??) .................
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11.  What pressure will be exerted by 20.16 g of hydrogen gas in a 7.50 L cylinder at 20.0°C?
- (3 marks)

.............. Npro Do 20 1 5 O

e P 2T 10 A [272.0020).....
P< 33496 Abe - 3250 hin (5]

Section 4: Extended Answer
Answer all questions in the spaces provided. (71 marks)

12. (a) Write a balanced ionic chemical equation for the reaction when 0.5 mol L™ iron (lll)
sulfate solution and 0.5 mol L™ sodium hydroxide solution are mixed. State the expected
observations. (2 marks)

.................................. fezfaf)r30ﬁ(e,)“>/5e(0);@
bttt B0tn. ... Al A e colows . 2000

(b) When an excess of silver nitrate solution was added to 10.0 mL of sodium chloride
solution, 0.780 g of silver chloride was precipitated.

(i)  Write a balanced ionic chemical equation for the reaction. State the expected
observations. (2 marks)

(i)  Find the concentration of the sodium chloride solution in mol L™. (3 marks)

................................. [oad. U codoas Imd Fa” .

Ned: (s Nall. asto....cond da Lotl L gyy......

n=«¢cv . 000 -= C(IOX(O';?

C= O (4‘4‘//1\&([', - O'gﬁé/ﬂ&([/
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13. Fluorine forms compounds with many other elements.
(a) Fluorine reacts with bromine to form liquid bromine trifluoride (BrF3).
State the type of bond between Br and F in BrF; and state how this bond is formed.

Type of bond: ............ C)O l/glj&v(' .........................................................................
How bond is formed: .. (f& (/[Q'L Wlﬁ’//“é ........ ‘L/U{ ................

(2 marks)

(b) Two molecules of BrF; react to form ions as shown by the following equation.
2BrF;, —> BrfF," + BrfF4

The shape of BrF; is given where the lobes represent
lone pairs of electrons. F\O

()  Suggest the shape of BrF; - r—F
/7 é’//b@/ /Z//my ............. F
(i)  Predict its bond angle.
/120 . .‘T ......................... (2 marks)

(c) BrF4 ions are also formed when potassium fluoride dissolves in liquid BrF3to form
KBrF,. Explain in terms of bonding, why KBrF4 has a high melting point (3 marks)

....... M@yépf\ M il Las
LU jﬂf\é{yﬁw m ﬂ?/,w u(/ﬂ/l,

(d) Fluorine reacts with hydrogen to form hydrogen fluoride (HF).
(i) State the strongest type of intermolecular force between hydrogen fluoride
molecules. (1 mark)

............................. //#/éf/mém?,

(i)  Draw a diagram to show how two molecules of hydrogen fluoride are attracted to
each other by the type of intermolecular force that you stated in part (d) (i).

Include all partial charges and all lone pairs of electrons in your diagram.

&% (3 marks)
KR \ +
APy = H=F
XX

/ a:t«-i-)(_
Xx -~ —.—F p P "?
< H iﬁé Q'}_,/> K/@}E}
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(e) The boiling points of fluorine and hydrogen fluoride are —188°C and 19.5°C respectively.
Explain, in terms of bonding, why the boiling point of fluorine is very low. (2 marks)

: lwipad.. than. e HF.!
.......... ﬂ«@éwﬁvwdldtympmé\/g/&}{?HFJd P
sy o BF fas oxed) 2 @wmﬁwfyfz/

14. The metal lead reacts with warm dilute nitric acid to produce lead (ll) nitrate, nitrogen PN S[ MVZ.
monoxide and water according to the following equation. /

3Pb(s) + 8HNOj(agq) —> 3Pb(NOj)a(aq) + 2NO(g) + 4H,0O(l)

(@) Inanexperiment, an 8.14 g sample of lead reacted completely with a 2.00 mqi_hdm'f_,
solution of nitric acid. Calculate the volume of nitric acid required for complete reaction.
' (3 marks)

(b) (i) Determine the number of moles of NO(g) expected to be produced from the
reaction of 8.14 g sample of lead in (a). (1 mark)

g e My 7 B (0:0793) 5. 0. 0263 el of O

3

[i\\%-_

(i)  The nitrogen monoxide gas produced in the reaction occupied 638 cm® at 101 kPa
and 25°C. The vapour pressure of water vapour at 25°C is 7.31 kPa. Calculate the
amount, in moles, of NO gas produced. Hence determine the percentage yield of

the reaction. (4 marks)
P=lol=73) .. P N R
< 93.[9 4p e A G LY 0 638 )
............................. O N ZRTE D 30 AL RIS

................................................................ :0024/1')\&60

............... o S yaell.. . 0:020. 00z Q)T
Y 0-023 '
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15. (a) The following table shows the boiling points of some straight-chain alkanes.

CH, CzHs CaHg CsHyp | CgHiz

Boiling point/°C -162 —88 —42 -1 36

Explain the trend in the boiling points of these straight-chain alkanes. (3 marks)

d M%/&W&\a/él/z ..... henoley. 4b...C. thaco..
willer sicsanatl. 4. adlfot. 2 it4..if ...

H
N\ _
H—C—C—C—H CH3C(CHj3),CHj;
W e H
/ [ Y /
H 5 W [ /ww/zqu
(i)  Give the IUPAC name of X. (1 mark)

(i) X has a boiling point of 9.5 °C.
Explain why the boiling point of X is lower than that of its straight-chain isomer.

................. Th.. dbapa..d.. X...r..mon.. apbecel. than.. 2
____________ .. M%Jw/@ch?ﬂﬂ%@m/u%
.............. gt mzz/&zw/zwﬂ,//m%amd,m%ﬂ/f

............. gL@m/‘)SmM@Médﬂu&Wbm
............. évmmfzmémyﬂﬂad/am(ﬁ/}
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(iii)  The following compound Y is produced when X reacts with chlorine.

Y y Ui
o ,
HUT Ha o u CHJ//C\('/H]
H ¢ H y o C
N/ WL M e oy
H—C—C—C—H —L—-C—C-—0tl ?
H/ (l: \H W \4 /C[
AR 1 ! ; C %
I T i B e
y hy Cily
Apap ,

In the space provided, draw the other position isomer/s of Y that can be formed.

Ody 1 uroms) Jossibls gorie Can, Mﬂ; st aqoudf &G

............... Y Kb bk L allached Jo. pans...C.abon..
........ i fhe. . 2. ). iy 88, pOlR... Mo

b hond.

Describe and explain the trend in the boiling points/@f these position isomers of Y.

szfoﬂ@/zvk%/wywﬂaﬂmﬂéfﬂc@/éd%wvf

........ L)MU/M//&\C?%MD&'M@&ZOAJIAM&Z/Q

..... Mmﬁ/mXﬂA/;mm(/fomlmﬂ/’%Xwﬂ ke 6%*/

16. The following diagram shows a Lid
chromatography technique. |
(a) Chromatography separates components (g@
of a mixture. I .-
Explain the basic principals involved. Silica Gel-————— Sfoans
(3 marks) LS front
— Solvent

Ao Ous.. mm/m\m{:.m ..... LU S/Mwm //@u .....................
A S0l w{»fw\/wl& ..... mOAj//m ..... Lubath...
el DA oo Bt CAANLS... e 2t boS 0 ... 010 74’[@ ................
............. s /M@mz //W
B Qg{/u&j ..... anadytes.. 2oasd..al @//ﬂlzé/um//m
A/ﬂm,lﬁ/@/ﬂ/u d%a&\/mwghwﬂdd{@/f;

.............. m/f%ﬁz&»/[lﬁdwxw}ﬂw§miﬂfjaﬁ@%ﬁ/&w



18
(b)  What is the name of the chromatography technique shown in the diagram above? Give

an example of the type of molecule which is suitable for this type of chromatography
marks)

........... 77»&7\, sz/»//w/pz Wy 0. [0 L’/v/am
o TG it ﬂcw/aﬂ&é\/a? /fﬁlw/&ww,&u/x //ﬂ/jﬂé

.............. //é%/ /”/MZL/?V(L//(

(c) Two different food dye samples, W and Z were compared using thin layer
chromatography as shown below.

---------------------------------- le—— final solvent level
--------------------------------- le—— final solvent leve
8.0cm ,
9.1cm
53cm 6.0cm
O 20cm
T1 Ocm
25cm] | 0000 |ececescccccaccalacaccacaccionaa je—— O
........................... ‘-..----..4_‘_ ongin A B C +— samples
W Z <+«— samples
(i)  Calculate the R; value of W and Z (3 marks)

(i)  Which dye, W or Z, is more strongly adsorbed? (1 mark)

.......... 2//)1/“7“/4/001 by adsoithed . guma.. il .. move. M

(i)  Explain how dyes W and Z can be identified? (2 marks)

......... 7@/{ o Slh... 0 e G0l L Bt RO L 2 SOt
Congentiahan i Tle.... 4/ mlcm Ohlaetd....ax.. wﬂwmd.....@....@%m.&
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(iv) On the right is another chromatogram of a food substance containing food dye.
ls dye “W’ present? Explain. (3 marks)

............... Wfﬁﬁﬂ;;%_;off

..................... Afﬁw%m/zf%uyfic
......... KfMA&M&W/’(?”LZZéMyMAMMQM | . Lome

............ ﬁdmﬁimwm/amm 4. A CALONRL

e By
Kf W weed /r\;%d fk/ama/%'//?yyy HPLC
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17.  Consider the following Figure 1. It shows the standard retention time for a set of various
substances passed through a gas chromatography process.

1.2e+007 | H, carrier, 2.5 mL/min constant flow, 60 cm/sec at 50°C
50°C (1 min), 30°C/min to 300°C (0.7 min)
a-BHC :
5m x 0.53mm IP Deact Retention Gap
L | 30m x 0.25mm x 0.25um Rtx-CLPesticides
B-BHC  Heptachlor , 10 gL CSR-LVSI
Cis-
5-BHC - Chl
yeBEG i, g e VR <10
8e+006 - Tomx Chlordane Endosulfan | :
DDE min
Heptachlor o
i Dieldrin DDD
poxide in / Endosulfanll Endosulfan
Endrin | En M i sulfate
6e+006 ethoxychlor
Endin Endrin e
aldehyde ketone 209
DDT
4e+006 -
v
2e+006 -
S | N | N I O Y Y 10 L_JdJ LJL
I T T I 1 T i 1 T
Time (s) 375 400 425 450 475 500 525 550 575
Figure 1

The following Figure 2 shows the gas chromatograph of a tested sample.

| &)VH/L/ f

hom min B ec

N

] : 7 | A l; 2 zs 35
4ag|  BHOmemm40 1630
18] f _Figure 2
~ L
(a) Use Figures 1 and 2 to identify one substance in the sample. Show your working clearly.

........... Oly... 2. paaks.. thown. ass. wddio Lo /Wm Sange”

Vig 22 (okbuds (0. shoainsy. Re 2. 8: 15 mn 2.0 V255 V.
K// ....... &ﬂ«AMM ...... AM(/H/Z/J&AQ ........ cg\dow/ﬂ/«,ﬁuf/d’
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(b) The following Figure 3 shows the Calibration curve of absorbance vs concentration for
the substance found in (a).

1.0
1 /
N /
- A. - A
O & 0.8 ’ {
x E e
.»//

o A
Q /
- 0.6} ’
g /’
P o
v
c
o
£ ,
g 04f /_3’
2 )
< P

0.2 R e

0.0 o 1 L 1 1

0 2 4 6 8 10

Concentration (uM)

Figure 3

The following Figure 4 shows the enlarged and measured peak of the substance found in

(a).
h=23.2 mm

w1 !2= 3.5 mm

Figure 4

Use Figures 3 and 4 to determine the concentration of the substance in the sample.

Show your working clearly. (3 marks)
............... /‘?otwa//zkﬁ/g gl = AbrR 2 2 28 An
........................................... = 3>x107232>=’0-‘3”/32 O m




18.

17

P caffeme concentration (ppm)

Caffeine is a stimulant drug that is found in coffee, tea, energy drinks and some soft drinks.
The concentration of caffeine can be determined using HPLC. Four caffeine solutions
containing 50 ppm, 100 ppm, 150 ppm and 200 ppm were prepared. 25 microliters of each
sample was injected into the HPLC column. The peak areas were measured and used to
construct the calibration graph below. The chromatograms of the standard solution each
produced a single peak at a retention time of 96 seconds.
Graph: Peak area of caffeine standard solutions: retention time = 96 seconds
A
20
19
18 A
17
16
15
14
13
B > /
11 A
peak area |g //
(x1000) 4 /
V
8 /
y
7 A
6
5 ¥
4
3
2
1
0 d
0 50 100 150 200

25 micro-litre samples of various drinks thought to contain caffeine were then separately
passed through the HPLC column. The results are shown below.

Sample Retention time of Peak area of largest
major peak (seconds) peak
Soft drink A 96 12000
Soft drink B 32 8 500
Espresso coffee 96 211000
(a) Determine the caffeine content in ppm for drink A. (1 mark)
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The chromatographs of the various drinks thought to contain caffeine are shown below.

Chromatograms of S0 ppm standard caffeine solution,
soft drink A, soft drink B and espresso coffee

standard (50 ppm) 4

peak area '~
(- 1000) o

) JU

L] v ¥ ¥ T ¥ ¥ ¥ L] A 4 ] L :tm’le(‘})
10 20 30 40 SO 60 70 SO 90 100 110120
soft drink A 4
20 1
peak area 157
(+1000) 10 -
5-
N\ N
» tine (s)
10 20 30 40 50 60 70 80 90 100 110120
soft drink B 4
20 4
peak area 157
(~1000) g A
5 4
Y Y Y Y 13 ~t Y T T T T Y ;tilne(s)
10 20 30 40 SO 60 70 80 90 100 110 120
espresso .
coffee
20 4
peak area 1%
(+1000) 0 -
1T U JIN

e e e S NS Zune S S e e e » time (s)
10 20 30 40 50 60 70 80 90 100 110 120

(b) What evidence is presented in the chromatogram that supports the conclusion that soft
drink B does not contain any caffeine? (2 marks)
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(c) Explain why the caffeine content of the espresso coffee sample cannot be reliably
determined usmg the information provided. (2 marks)

Lém/wm ﬂ/ﬁ 0/ WWQ-/ ............
e W M/ﬁ@ acculale 4/17@’

(d) Describe what can be done to the espresso coffee sample so that its caffeine content
can be reliably determined using the information provided. (2 marks)

O/ﬂ//yﬂ. % /ZZe ca&é/m ac/\/e



