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SECTION 6 Microscopic World

Multipfe-Cholce Questions
CE_05
Hydrogen chloride has a low boiling point because
A, weak covalent bonds exist between hydrogen chioride molecules,
B.  weak covalent bonds exist between hydrogen atoms and chlorine atoms,
C.  weak van der Waals' forces sxist between hydrogen chloride motecules.
D.  weak van der Waals’ forces exist between hydrogen ions and chloride jons.

Remarks:

Directions: Decide whether each of the fio statements is true or false: if both are true, then decide whether
or not the second statement is a correct explanation of the first statement. Then select one option from A to
D according to the following table:

Al Both statements are true and the 2nd statement is correct explanation of the Misstatement.

Both statements are true but the 2nd statement is NOT a correct expl ion of the Ist

B.
C.  The Ist statement is false but the 2nd statement is true.
D

Both statements are false.

ALOS(I)_03
! Which of the follewing best represents the reaction of (CHa)sN with BF) to form (CH3sNBRs?
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ASLOB(T) 05
Which one of the following molecules has a zero dipale moment?
A. BR B. PHy
C. 80 D. HCI
ASLI2(T)_03
Which of the following specics is NOT planar?
ow Ao Boron trifluoride - . B, Nimate(Vyion - e
C.  Phosphorus trichloride D.  Phenylethene
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DSEI2PP_02

Which of the speoies sliown betow doos NOT follow the “octet rule’?
A, NaxO B. MgO

¢ PCh D, 8Cl
DSEI2PP_16

Which of the following molccules is non-potar?

A.  BeCh B. NH;

C. H0 D. Hcl
DSE12PP_17

Amimonia Is very soluble in water, Wihich of the following statements best accounts for this
phenomenon?

A. Bath amimonia molecule and water molecule are polar,

B. Ammonia molecule aud water molecule are of comparable sizes.

C. Awmmonia undergoes fonization in water.

D, Ammonia forms hydrogen bond with water,

DSEl2_05

Which of the following molecules is polar?

A. BF: B, Ce

C. NHi D. SF
DSEL2 12

Which of the fotlowinpg melecules Is planar?

A, BFs B. NH3

C. CH; D. PCh
DSE13_23

To which of the following molecules isfare the *octet rule’ NOT appticable?
(1} Of

(2) NG

3 Cs:

A (D)only B. (2)only

C. (f)and 3)only D. (2)and (3) only
DSEI3_24

P statement 2™ statement

The hoiling point of hydrogen chloride is
higher (han that of hydrogen Muoride.

The moleculer size of hydrogen chloride is
grenter (han that of iydrogen flucride.

DSEl4_22
Which of the following molecules have non-octet struetures?

(i) NO;

2} PBn

{3) BCh

A, (D and (2)only B. {({yand 3)only
C.  (2)and (3)only D, (1), (2)and (3)
DSE14_23

When a negatively charged rod is placed near a jet of liquid runaing ot from & burette. the jet of
liquid deMects towards the rod. Which of the following may the liquid be?

(1) Water

(2) Hexane

(3) Trichloromethane

A, (f)yand (2) only B. (i)eund (3)only
C. (2)and 3)only D. (1), (2 and((3)
DSE14_24
19 statement 299 statement
All acidic gases can react with CaO(s} to All acidic gases contain hydrogen as one

form salt and water oniy. of their constituent atoms,

DSELS i1
In the species below, the underlined atom is the centeal atom, and ali non-central atoms have octet
electronic arrangement, In which of them doos the central atom NOT have octet electronic

arrangement?
A, Bk B. Ch
C. CS D. NCIs
DSEIS_24
1# statement 2™ gtatement
The boiling peint of HyO is lower than that The clectronegativity of oxygen is lower
of HF. than that of fluerine,
DSEL6_L6
Which of the following compounds has thie highest boiling point?
A, HF B. HCI
C, PH; D.  HaSe
6
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DSE16_2i
Which of the following molecules have a simitar shape?
() BCh
@ NH;
(3) PR
A. (1) and (2) only B. (1)and(3) only
C. (2 and (3) only B, (1), (@ and (3)
DSEI7_I2
Which of the following molecules is potar?
A, CO: B. PCh
C.  SiP4 D. 8B
DSEi7 24 [0OUT]
1% statement 28 statenient
Both buckminsterfullerence (Ces) and Buckminsterfullerence {Ceo) and graphite
graphite are good conductors of clectricity. are different forms of carbon.
DSE18 16
Which of the following molecules is/are nonpolar?
(1} BChL
2) PCh
(3) CHCh
A, (Donly B. (only
C.  (Hand(3)only D. (2)and (3) only
DSEI9_13
Which of the following combinations is correct?
Molecule Molecular shape
A. OF, Linear
B. CS2 V-shapd
C, NCh Trigonal planar
b. PF3 Trigonal pyramidal

- —— r—

DSE20_20

20, Refer to the sketch below :

boiling point

= == T T

‘Which of the following can explain the variation of the boiling points of the hydrogen halides 7

(4] The boiling point of HF is higher than that of HC| because the hydrogen bonds between HF
melecules are stronger than the van der Waals® forces between HCl molecules,
1#3] The boiling point of HI iz higher than that of HBr because HI molecules are more polar than HBr

moleculss,

&3] HCI has the lowest boiling point because it has the smatlest molecular size.

Howe

DSE20_22

22 Which of the following statenients concerning ice and water at € °C are correct ?

(1) only
{2) only
(1) and (3) only
{2} and (3} only

{1 ‘The density of ice iy lower than that of water because ice has an open structurs but water does not.
[#33 In ice, the hydrogen bonds bétween the molecules are weaker than the covalent bonds in the molecules.
3y In ice, each molecule links up with only two neighbouring molecules by hydrogen bonds.

A
B,
C.
D.
DSE21_10
10. Which of the following processes involves the breaking of hydrogen bonds ?

O 0w

HBr(l) - HBr(g)
CH;OH(1) - CH:OH(g)
CH;CHO(I) ~» CH:CHO(g)
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Structural Questions
ALOO()_0! {modified)

Explain why nitrogen forms only one chioride, NCls, whereas phosphorus forms two chlorides,
PCl3 and PCls.

{2 marks)

ALOO(D_01
Account for the order of boiling point for the two series of compounds below:
Hy0 > C:HsOH > C:HsOC:Hs
28 < C3H58H < C:HsS8C2Hs

(3 narks)

ALOG{I)_01
The diagrams below show the arrangement of atoms, ions or molecules in four crystalline
substances: graphite, ice, iodine and sodium chloride.
(a) Write the name of the substance of each structure in the space provided.
(b) Label, on the diagrams, the types of inleractions that are present in these substances.

}p&?o

(@) )

(6 marks)

ASLOO(IL)_09
Silicon forms a hydride with formula SiHy.
(a) Draw the three-dimensional structure of SiHa,
(1 mark)
(b}  The electronegativity values (Pauling’s scale) of H and Si are 2.1 and 1.8 respectively.
State, with explanation, whether or not SiHq is a polar molecule.

{2 marks}

... (8} . The boiling points of 8i and SiH4 are 2628 K and 161 K respectively. Explain why the .

boiling point of Sily is much tower than that of Si.

(2 marks)

ALOI(}) 01 [Same as DSEI3_01]
Explain, in tenmns of structure and intermolecular foree, wliy water is denser (han ice.
(2 marks)

ASLOI()) 0]
A negatively charged rod was brought near a jet of water running out from a burette.  The jet of
water was deflected as shown:

watey

[ C—
() With reference fo the structure of water, explain why the jet of water was deflected,
{2 marks)
(v}  State the effect on the jet of water if the negatively charged rod is replaced by a positively
charged rod, Explain your answer,
(2 inarks)
{6)  Ifcyclohexane is used instead of water and a negatively charged rod is brought near the

Tiquid jet, would the liquid jet be deflected? Explain your answer.
i {2 motks)

ALY2()_03
€0; and 510 are oxides of Group 1V elements. Account for the faet that COq is # gas while Si0x
is a high melting solid under room temperature and atmospheric pressure.
{2 marks)

ASLO2(Iy 04
For the substances below, skotch the variations of their boiling points and account for the variations.
Hydrides of Group VI elements, H30, HiS, HaSe and HaTe
{4 marks)

ALO2(11) 01
Ampiotia (NH3) and phosphine (PH3) are hydrides of nitrogen and phosphorus respectively.
Account for each of tlie following phenomenat
(#) The bond angle between two N-H bonds in NH; (about 107°) is greater than that between
P~H bonds in PH; {aboul 94°),
(2 marks)
(b) NHs is very soluble in water but PH; is sparingly soluble.
(I mark)
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AL03(1)_01
Blemental oxygen exisls in the atmosphere in two forms, Oz and Os.
(a) Draw the electronic structure of Oy,
(1 mark)
(b) Suggest why O3 is more soluble in water than Oa.
{2 marks)

ASLO3(1) 02
Asrange the following compounds it order of increasing boiling point. Explnin your answer.
CH3(CH2):CH3, CH3{CH2)3Cl, CHa(CH:)30H, CHy(CH2):CHa
{5 marks)

ALO3ID_03
The ‘octet e’ is commeonly wsed in elementary chemistry course to account for the formation of
chemical bonds.
(@) What is the octet mile?
(1 mark)
(b) With appropriato sxamples, state two fHmitations of the octet rule.
(2 marks)

ALOA(T)_02
Consider the noble gasos, He, Ne, Ar Kr and Xe. Sketch a grapli to show the variation of boiling
point of these noble gases and account for the variation,
{2 marks)

ASLO4(I)_03
The graph below shows the variation of boiling point of four hydrogen halides.

\-—/

L 1
HF HCI HBr Hi

285
080

boiling poiut / K
=3
<

<

(&)  Account for the variation of boiling point of HCY, HBr and HL
{2 marks)
(b}  Suggest why HF has the highest boiling point among the four hydrogen halides.
{Simitar to DSEI2_02]
(2 marks)
(¢} Do you agree with the following statement? Explain your answer.
*H-F bond is more polar than H-1 bond, therefore HF{aq) is a stronger acid than Hiag)."
{2 imarks)

—rcCc o oo

ALO4(ID_01 (medificid)
A gaseous compound A has the following composition by mass:
N 216%, O 492% end F 292%

(8) Deduce the empirical formula of A,

{2 marks)
(b} Ifthe molecular mass of A is in the range of 60 to 70 and hence deduce its molecular formula.

{2 marks)
{c) Draw all possible three-dimensional steuctures of A.

(3 marks)

ALOS(l)_02

Nitrogen monoxide reacts with fluorine to form nitrosyl fluoride, FNO, according to the following
equation:

2ZNO{g) + Tag) —= 2FNO(g)

Draw the electronic structure of nitrosyl fluotide.

(1 mark}
ASLOS(T) 02
@® @ Draw a three-dimensional structure for each of the fallowing species:
PH; and WHs*
(2 marks)
(i) Which species in (i) has a larger bond angle? Explain.
(1 mark)

()  The disgram below shows part of the lattice of caesium chloride with one caesium ion
labelied with a positive (+) sign.,

(0] In this diagram, mark all caesium ions with a positive (+) sign and all chloride jons
with a negative {-) sign.

{1 mark)

()  What is the ber of t chloride surrounding each caesium fon in caesium
chioride erystai?

{1 mark)

(i)  Explain why caeslum chloride is an insulator of eleetricity in the solid state, but it
conducts electricity In the molten state,

(2 marks)
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ASLO5(1)_05
In a highly prossurized steam boller, the oxygen dissolved in water can cause corrosion to the
metallic parts of the boiler. The dissolved oxygen can be removed by adding hydrazine (NzHy) inlo
ths boiler.
{a)  Draw the clectronic diagram of a hydrazine molecule, showing clectrons in the outermost
shells onty.
{1 mark)
{b)  The reaction of hydrazine with oxygen gives nifrogen and water, Write the chemical
equation for this reaction. Hence, suggest one advaniage of using hydrazine as an
anticorrosive agent in steam boilers,
(2 marks)
(¢) A steam boliler contaius 3.2%10¢ din® of water. The dissolved oxygen in the watet is 6.4 mg
dm~%, Caleulate the wass of hydrazine required to remove all the oxygen present in the
watcr.,

{2 marks)

ALOS{IT)_02 (modified) [Similar to DSEIZ_02, DSE19_06)
Account for the following: "Sulphur dioxide possesses a overall molecular polarity while carbon
dioxide does nol.™

{3 marks})

ALOS(I)_03 [oUT]
Fullerences refer {o the class of near spherical atlotrepes of carbon including Cep, Coo and Cas. They
are made by electric arc discharge of graphite rods in an Inert atmosphere. A sample is known to
contain the above-mentioned fullerenes. Suggest an instrumental methad {o show the presence of
these fullerenes in the sample and state the expected results,

(2 marks)

ASL85(1D_09
Arrange the following compaunds B, C and I in order of increasing boiling point, and cxplain
your answer.
CHa{CH21CH; CHy(CH2):0H CHiCHCOCH;
B C b

ALOG(l)_02a
Both dismond and graphite are allalrapes of carbon,
(i}  Give the meaning of the term ‘allotrope’.
(1 mark)
(i) Draw o diagram to show the three-dimensional arrangement of carbon atoms In graphite, and
indicate the Internetions between the carbon atons.
' (2 marks)
(iiily Given:
C(dinmond) —= C{graphite) = -2 kJ mol™
Explain why the conversion of diamond into graphite will not oecur spontancously under
nommal conditions,

(1 mark)

(iv) Name two allotropes of another clement in Period 2, and draw the struefures of these
allotropes.
{2 marks)
ALDGUT) 02

(a) Explin why ico is less dense than water. [Same as DSE13_02}

(3 marks}
{b) Explain why it is possible to skate smoothly on ice at temperature befow 6 °C,

(2 marks)

ALOS(II)_02
Amtmonia and hydrogen azide (HN;) are hydrides of nitrogen, Draw a possible elecironic structure

of hydrogen azide.
(1 mark)

ALQ7_Sample Paper  [OUT]

A sample of soot obtaiited from an experiment was known fo contain fullerenes, When the sample
was treated with benzene, a red solution and a bfack residue were obtained. This solution, upon
evaporation, teft behind red crystals — a mixture containing mainly Ceo and Cre.
(8)  Suggest why Ceo and Cro are soluble in benzene, while the residue is nol.

{2 marks)
(b) Suggest a method to isolate Cep and Crp from the red crystals.

(2 marks}
(v} Both Ce ond graphite are allotropes of carbon. With reference to their structures, compare

the eleetrical conducting properties of Ceo and graphite in solid state.
(2 marks)

3
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ASLOT(D_0)
Tetracthyl lead, Pb(CoHs)s, was once widely used as an anti-knock agent in petrol, This anti-
knocking function of P(CaHs)s is now conumonly performed by methyl ~-buty] ether (MTBE)
instead.
(@)  Draw the three-dimensional steucture of Pb(CaHs). (You are required to show only the
stereochemistry of the centeal atom,)
{1 mark)
(b)  Write the chemlcal equation for the complete combustion of Pb(CoHs)a.
(1 maork}
f¢)  Based on environmental consideration, suggest swo reasons why MTBE instead of
PH{CaHs)y is now used in petrol.
{2 marks)

ALO7(1)_02
Wiite the Lewis structure of 8044 and $:0:% jons, and give the oxidation state of all sulphur atoms
in each of these ions.
(4 marks)

ALO8(D_01
(a) Drow a “dol-and-cross” dingeun to show the arcangement of the outermost clectrons in the
species NH(g), and predict the shape of this species

(2 marks)

(%  Arange the H-N-H for the three species: NH:"(g), NHa(g) and NHi'(g). Explain your
ordering.

(2 marks)

ALO8(I) Ol
Both sedium and chlorine are clements in Period 3 of (he Perlodic Table, At room temperature and
atmospheric pressure, Nuz0 is a solid with a very high melting point whereas ChO is a gas. Account
for this difference in properly between Na2xQ and ChO,
{2 marks)

r—-
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ALOS(T)_04

Both diamond and graphite are allotrepes of carbon. A unit coll of diamond and a part of the
structure of graphiic are shown below:

aunit cell of diamond a part of the structure of graphite

(a) Diamond and graphite show a marked difference in electrical conductivity. Account for their
difference in electrical conductivity in terms of bonding and structure. [Similarto DSE{4_01}

(3 marks)
(%)  Buckminsterfullcrence (Ceo) is anotlier atlotrope of carbon, [ouUT}

structure of buckminsterfullerene

Suggest and explain how you would differentinte two samples of black powder, one of
buckminsterfullerene and the other of graphite by
(i)  aphysical method, and

(2 marks}
(i)} & spectroscopic method,

(2 marks)

ASLOS(E)_01 [Same as DSE13_02]
(8)  Draw the respective electronis strusture of BEy and NHs, Hence, deduce the shape of each

species.
(3 marks)
(b}  Draw the thee-dimensional structure of the product formed from the reaction of BFs with
NH;s.
(1 mark}
15
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ALOYI)_02
The compound (CN); resembles the halogen in many ways and is often described as a
“pscudohalogen”
(n) Draw the Lewis structure of (CNJa.

(1 mark)
(b) Deduce the physical state of (CN}2 at room temperature.

(¢} mark)

ASLOS(IL)_04
The table betow lists the mehting poitus and boiling point of cis-1,2-dichloroethenc and #rams-} 2~
dichloroethene.

Compound Melting point /°C Boiling paiut / °C
cis-1,2-dichloroethene -80 60
trans-1,2-dichloroethene —50 48
Explain why
(@)  cis-1,2-dichloroethene has a higher boiling point, and
(2 marks)
) frans-1,2-dichleroeticne has « higher melting point.
{2 marks)

ASL10()_04 (Madifieid)
Bath nitrogen and phosphorus are Group V clements. Phosphorus forms two chlorides, PCly and
PCls, bul nitrogen forms only one chloride, NCls.
{#) Suggest why NCls does not exist.

(2 marks)
(b} Draw the three-dimensional structure of cach of the following molecules: PCls and PCls.
{2 marks)
{¢) Suggest why phosphorus forms PI; but not Pls.
(2 matks)
ALLI{) 0}
{b) (i) Forcach of the following molecules, draw its three-dimensional struclure:
OF; and ST
{2 marks)
(ii) Suggest why SFs exists while OF¢ does nat.
(2 marks)
ALI11(T)_03 [Similar to DSE14_02]
(b)  Account for each of the following:
....... shanol is miscible sith water, but sthoxyethane Isnot, ...
{2 matks)
16
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ASL1I(I)_08
Polyacrylamide, polyacrylonitiile and polypropens are three polymeric materinls used as textile

~E—-CH2(!3H3"— —E“C“z?ﬂa;“ —E—CHZ?H-];—
N Ci,

fabrics.

QONH, 1
polyacrylamide polyacrylonitrile polypropene
Arrange these polymers in order of increasing tensile strength. Explain your artangement.
{4 marks)
ASL12(T) 01
{a) Draw a Lewls structure for thiocyanate fon, SCN™.
(1 mark)

ASLI3() 0t
Complete the table below for the three types of binary covalent compounds by giving ONE example
and stating its molecular shape for each type.
Type Example Molecular shape
XY2

(one lone par on X}
XY,

{no lone par on X}
XY:

(one lone par on X}

{3 matks)

ALI3()_61
(b) Amonge the hydrogen halide HT, HCI and HBr in increasing order of boiling point. Explain

your arrangement.

{3 marks})

DSEIISP_06
A negatively charged rod was brought near a jet of water running out from a burette. The jet of

water was dellected as shown:

water
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(a)  With reference to the structure of water, explain why the jet of water was deflected.
(2 marks)
(b) State the effect on the jet of water if' the negalively charged rod is replaced by a positively
charged rod, Explain your answer.
(2 marks)
(¢} I hexane is used instead of water and a negatively charged rod is brought near the liquid jel,
wouild the liquid jet be deflected? Explain your answer.
(2 marks)

DSEI12PP_(3
(b)  Consider the nitrogen compound NClj,
()  Draw the cleciron diagram of NCli. showlng electrons in the owtermost shells only.

{1 mark)
(i} The shape of NCla Is similar to that of NHj. Explain why this is so.
(2 marks)
DSEI2PP_06
The table below lists some informatien about six hydroxy compounds, A, B, C, D, E and F.
Compound Strustueal formula Bolling point at { atm /°C  Density al 20 °C/ g emy?
A CHXOH 65 0.7914
B CH3;CH,OH 78 6.7893
c CH3CH,CH,OH 97 0.8035
) CHyCH(OH)CH; 82 0.7855
E HOCH;CH;CH0H 213 1.0597
F HQCH;CH(OH)CH20H 290 12613
(a) Give the syslematlc name of E,
(! mark)
(b)  Actount for the varintion in bolling points of A, B and C.
{2 marks)
(c)  Explain why the densily of C is greater than that of D.
(2 marks)
(d) Three identical steel balls are added separately to three steel balls
identical vertical glass tubes each containing the same volume / ’
of D, B and F as shown in the diagram on the right. (2} [ s

In which tube will the sicel ball take the longest time lo reach )
the bottom? Explain your answer. (You are required (o consider D]
the intermolecular attraction forcos involved.) s

(3 marks + | mark)

— e e

DSEL2_04 [Similar to ASLO4(T)_03b]
With the aid of a diagram, explain the formation of hydrogen bonding in hydrogen fluoride.
{3 marks)

DSEIL3_01 [Same as ALOG(IN_02)
Water is the most abundant compound on the Earth’s surface, It is very important to life on Barth.
(€}  Explain, for moleculatr lovel, why the density of ice is lower than that of water,

{3 marks)
DSEL3_02 {Similar to ALOS(I)_02, ASLOS(D)_01, DSEI9_06]
Both BF'3 and NH; exist as simple inolecules.
()  For each of these molecules, draw its three-dimensional structure.
(2 marks)
by  For cach of these molecules, explain whether or not it is polar.
(2 marks)
{c) BF;reacts with NHj to give FyBNHa, Describs the bond formation hetween BIFs and NH;.
€2 miarks)

DSEL4_01 [Similsr to ALOB(IL)_04(a)]
Graphite Is a form of carbon and has a layer stracture. Graphene is an individual single layer of
graphife, Their structures are shown below:

graphite graphene

(8)  Thin sheets of graphene can be easily peeled off from graphite using adhssive faps.
O] Explain why graphene can be easily pecled off.
{1 mark)
(ii)  Explain whether graphene can conduct electricity.
{1 mark)
@ii) Draw the clectron diagram for a molecule of the compound formed by camplete
combustion of graphene, showing elecirons in the outermost shells only.
) (} mark)
{b)  Based on thic fact that graphenc can be easily peeled off from graphite, a student concluded
that graphite should have a low melting point due to its layer structure. Explain whether yoy
agree with this conclusion,

{2 marks)
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(¢} Fullerene (such as Coo) is another form of carbon. Briefly deserilse the structure of Cep, and
suggest why it is soluble in some organic solvents, [OUT)

(3 marks)
DSE{4_02 [Similar to ASLI1{}}_03b]
Draw the strycture of ethanc-1,2-dial, and suggest whether it is soluble in water,
{3 marks)
DSE16_04
Consider the molecules CQO», £8z and CHBra.
(a)  For each of the following miolecules, draw its three-dimensional structure.
@ CS:
(1 mark)
(i} CHBr
(1 mark)
(b))  Identify, with explanation, the polar bond(s) in CHzBry,
(2 marks)
(¢)  Suggest why, under room temporature and pressure, COz is a gas but CSz is  liquid,
(2 marks)
DSRI7_05
Explain the following increasing order of the boiling point of these substances:
H; <F; <HF
{3 marks)
DSE18_03 [Simitar to ALI3(1)_01]
(&) Explain whether BaCh or OCl; would have a higher melting point.
(2 marks)
{b) Bxplain the following decreasing order of the hoiling points of thiree substances:
NH3 > PHa > CHa
(3 marks)
(&) Draw a three-dimensional diagram to represent the molccular shape of SFs.
{1 mark)
DSE9_06 [Similar to ALOS(I)_02, DSEI3_02]
Consider CHCly and CCly molecules
(a) Draw the three-dimensional strueture of a CH2C1; molecule.
(1 mark)
®) () Explain why CHaClz is a polar molecule but CCly is not,
(1 mark}
(i) Bxplain why CClq has a higher boiling point than CHaClz. G i
20

DSEZ0_03abii

3 {2)

Diraw a threa-dimensional dlagram to represent the shepe of sach of the Bllowing molsenles

Y
{id}
Gy

NH;
BH,

Explain why H;N8H, is 2 solid bus etbune is 2 gos # room conditions,
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9 Consider the following three compounds :

X : CH;CH2CH,CH,OH Y : HOCH,CH;OH Z : CH;COOCH;

Which of the following shows the decreasing order of their solubilities in water ?

A. X>Y>Z
B. Z>Y>X
C. Y>Z>X
D. Y>X>Z
4 (c) (i) Draw the three-dimensional structure of a SFs molecule.
(c) (11) Explain whether SFq is a polar molecule.
(d) Explain the following increasing order of the boiling points of the three compounds :

BF; < SF¢ < H,O

(2 marks)
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Section A  Industrial Chemistry
Answer ALL parts of the question.
I (a)  Answer the following short questions :

(i) Under certain conditions, ethanoic acid can be manufactured by the following reaction :
Rh, HI
CH;0H(l) + CO(g) ——  » CH3COOH(1)
(1) Suggest one reason why this reaction is considered to be green.

) Suggest one reason why this reaction is NOT considered to be green.
(2 marks)
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Marking Scheme Struetural Questions i
McqQ ALOO(L)_01 (medificd) i
CELL_05 C(75%) ALYG(H) 03 B ASLOS(1) 05 A ASLI2() 03 C Blecironic arrangement of P is 2, 8, 5, and its outermost clectron ean hold maximum 18 [} |
DSEI2PP 02 D DSEI2PP_16 A DSE12PP_17 D DSEI2 05  C(82%) electrons. Therefore, P can extend the octet structure and form 5 covalent bonds.
DSEi2_i2 A(84%) DSEI3 23 B (61%) DSEI3_24 C(54%) DSEI4_22 B (62%) in N, its outertost clectron shell can only necept 3 electrons to complete its actet. ', fean {1}
DSEI4_23 B (74%) DSEI4 24 D{51%) DSEl5_I1 B (77%) DSEIs_24 C {59%) form only 3 covalent bonds
DSRIG_16  A(63%) DSBI6 21 C(1%) DSEI712 B(Y%) DSEI724  C(77%)
DSEI8_I6  A{65%) DSEI9_I13 D ALDO(D)_01

H20 > C;HsOH > CHsOC2Hs
gggg—jg i Intermolecular attractlon in water and in alkanols is mainly Hydrogen bond. En MG, there [¥)

are two hydrogen bond per molecule.

In C:HsOH, there is only one hydrogen bond per melecule. %]
C;Hs0C,Hs dees not form hydrogen bond. The intennolecular atraction is mainly van der  {%]
Waals® forces (tmuch weaker than hydrogen bond).

sobps HRO> GHsOH > GHS0CHs

H:S < C:HsSH < CabIs8C,Hs

Intermolecular attraction {3 van der Waals’ forces. {%]
Strength of van der Waals® forees incereases with ne. of electron in a molecule / relative  [1]
wolecular size,

Sobpe: HeS < CpHsSH < CHsSCaHe

ALS0Q) 01
)
& _
o_ o4 :
4 ™ fonic bandi 11
covalent bond(0.5) -~ P Q0 L !
o, 6P (21
B
hydrogen bond(0.5) ¢ i
Iee Sodiun: chioride 1 |
!
|
covalent bond(d.5) covalent band(0. 51 }
i
SRR
.';:..;.f‘...‘;‘." v~ van der Waals'
svan der \Vanls‘/‘v A AL force(0.5) 21
fosce(d.5) Vo |
p Wy 6 g 9, i
6‘.. 0... n:.‘ LS [
lodine Graphite 1]
[

2 22 !
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ASLOO(IT)_09
(a) H

|
Sle
H \H

(b)  The difference in electronegutiviics between Siand H=2.1 - 1.8= 03
Although each 8i~H bond Is polar, four Si-H bonds are arranged tetrahedrally,
and all bond dipole moments of Si~H bond are cancelied out. Hence, Sitx is non-
pofar,

{c) SiHy has § simple moleculor structure and they are held by weak van der Waals® force,
while Si has a giant covalent stnucture, and all Si atoms are bonded by strong covalent
bond. Large amount of energy is needed to break Si-Si bond.

d ()  Anatom of the same clement with same number of proton, but different

pumber of neytron, '

(iiy  They have simifar boiling paint and chemical properties as SiHy and SiDs
have the sante type aud strength of intermolecnlar force, and same bonding
environment,

ALDI(_01

In ice and liquid water, the intermolecular altraction Is hydrogen bond.

Bach Hz0 molecule can forax a maximum of four hydrogen bonds with its neighbou /
bond tetrahedrally with four H20 molecules. In ice, the niolecules do not have translational
motion, » fce as an epen strueture,

In liguid water, translational motion of H:0
HaO(l) has a higher density.

brings the mof

close togethet. ~

ASLOKID)_01

(a)  The structure of water is non-liner.

The dipole moments on the twe O~H bonds cannof eancel each other / water has a net
dipole moment. Hence water is a polar molecule and it would be attracted by the
electeic field.

(b)  The water jet wiil be attracted towards the rod,

Waler molecules will orlentate theniselves in alignment with the electric field so that
they will be sitracted.

(e}  The jot Is not attracted. Only a weak dipole monient is induced in hexane molecules,
The atraction between the induced diploe and the olectric field is not strong enough
to cause a deflection of the liquid jet.

OR, The fiquid jet is attracted by the electric field. In the presence of an electric
ficld, a diploe moment will be induced in the hexane molecule,

L}

(4]
i
]

tm
i

{1
i

[#]
]

{1
%)

vl
0]

f1]

[

fi]
{1]

2]
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AL02(3) 03
CO; exists as simple molecules and the intermolecular attraction is van dor Waals® forces. "
8102 has a glant covalent network structure. Attraction between CO; molecules is weak, but  {1]
attraction between St and O atoms In SiOafs) is strong.
ASLO2(})_04
4
&
&
3 m
-'—-‘-0—-4—-————
HyO HaS HiSe HiTe
H:z0 is a simple molecule and they are held by strong hydrogen bond, while other arc only  {I]
hicld by weak van der Waals® force. More energy is needed to break down strong hydrogen
bond, Henes, the bailing point of H:O are much higher than that of the rest.
Other Group V1 hydrides are simple melecule and tliey are held by weak van der Wanls®  {I]
forces, While the strength of van der Wanls’ force lucreases with the moleculnr size. Since  [1]
the size of GroupV| hydrides increases down the group, hence the boiling point of hydrides
also increases down the group.
ALOAID_01
(a3  Both NHa and PHs have a pyramidal shape m
*e »
Ny P
e H s H
H M S
H e
Electronegativity difference between N and H is greater (han that between P and M. {4]
N-~H bonds in NH3 are more polar than P-H (atmost non-peter) in PHs.
Stronger repulsion between bond pairs it NH; than in PH; cause the bond angles in  {%]
NH; to have a large value.
by  Ammonia forms hydrogen bond with water. 1]
H ‘o
\ ., \H/ \H
\ 7 >~
/ey, . \\\\\
\.N [ ]
>
g H

P-H bonds in PH; are non-polar and fone pair on.P is not readify donated.. PHyss  [1] .

only spari)igiy soluble.

24
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ALO03(1)_0!
@ v ®
O~
(& O/ X0

() Oz is non-polar; O, has a v-shaped.
The vector sum of the dipele moments of the O~O bonds in O3 is non-zero,
& Oy molecules has o net tHpole moment 7 polar, H20 molecule has a net dipole
moment / polar,
The electrostatic attraction between O3 and HaQ is stroniger than that between O; and
H20 (like dissolves like).

ASLO3([) 02

Boiling point increases in the order:

CH3(CH2).CH; < CHiy(CHzCH; < CH3(CHa:Cl < CH3(CH2»0H

Both CH3(CH:),CHy and CH3(CHa):CH; are non-polar, Their intermolecular atiraction is
weak van der Waals’ force,

The strength of van dee Woals’ foces increases with their molecular sizg.

= The boHling point of CHy{CHzCH; Is higher than the builing point of CHa(CH2):CHs.
CH3(CHy)sCl has n net dipote moment, {ts intermolecular attraction is stranger than that in
alkanes but weakcr than the intermolecuiar between the alcohol molecnles.

Stronger hydrogen-bond exist between the alcohol molecules. & CH3(CH23OH has the
highest boiling point.

ALO3(II)_03
(8)  Octet rile ~ all atoms tend to attain the stable clectronic configuration of a noble gas
{in most case an “octet™} by sharing or transfer of electrons.
{b)  Limitations of octet rule (any TWO of the following):
l. some compound cxists as radical {specics with odd no. of clectron) e.g. NO,
2. some malecules contain aloms with electren no. greater than 8, ¢.g. PCls, SBg
3. some molecules contain aioms with eleciron no. less than 8. e.g. BCl
4, clements for from the ends of a period fall to form ions with an octet structure,
¢.g. Fe forms Fe?* and Fe**, Cu forms Cu?!
5. not applicable for atoms which form a doublet structure ¢.g. H, Li, ote.

[
[t

)]
(&}

[

[

12}
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ALO4(1)_02
noble gases
0 I 1 2 s i 4
He Ne Ar Kr Xe

[5)
<.-196
k|
2
H.200
3

360

The intermoleculnr atiraction between noble gas malecules is dispersion force / van der
Waals® forces. The strength of van der Waals’ forces increases with the namber of
electrons / atomic size of the noble gas. » The bolling polnt of noble pas increases as the
group is descended.

ASLO4()_03

{a) The intermolecular attraction in HCl, HBr and HJ is predominantiy van der Waals®
forces. The strength of van der Waals® forces increases with increase in number of
slectrons {or molecular size). & boiling poing: HCI <HBr < HI

()  F is highly electroncgative and has a very smil size. The H~F bond is strongly
polarized, Hydrogen bonds are formed belween H-F molecules.

Exlra energy is required 1o overcome the hydrogen bonds when HF(1) bols.
4 The boiting point of HF is exceptionally high as compared with the other hydrogen
halides.
(c) No.
The strength of an acid H-~X depends on the extent of the equilibrium
H-X{aq) === H'(sq}) + X(ag)
rather thant he polarity of H-X bond.
It HF(ag), H*(aq) and F(aq) form {ight ion-pairs. Thus the concentration of H*(aq)
is lower than expected,

ALG4(N)_OL (modifield)

o) 216 492 29.2
MoleratioofN: O: F STl

=1543:3.075:1.837=1:2:1
& cmpirical formula: NOF
by  Molecular formula of A : (NORF),
60 <{l4.0+160x2+19.0Mm<70
0.923 <n< 1077, u=1 {nmust be an integer)

U]

{4
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Molecular formula: NOsF [ (@) [

© ?e o F i [3] €° ° b
@& | fope °
N ;N g o

e il DKL
ALOS5{1) 02
/'{, [ ®  NHe + 05 —= Ny + 2H,0 {3
o \F The products H;0 and Na are non-corrosive, 1]
OR, Nay(g) formed will be released « No other materials will be introduced into
ASLOS(I) 02 the water,
@ o PH; NH,” @2 “ Moles of NoH, = moles of 0, present :w
. 16 % 2 (1
-3
O H Mass of hydrazine requived --.3'2x—m:6x:'TW§— X 32=2048g 1
Py - N\ H ALOS(H)_02 (modificd)
H “ H %
H .
Z5%
@) NH? 80; is of V-shape Q o i
tn NH4* alt four electron pairs are bond pairs, but in PH; there are onc lone  [1] CO; is liner, O=C=0 (13
pair and three bond pales, The repulsion between lone pair and bond pair is In 80, the vector sum of two $=0 bond polarity is non-zers. In COy, the vector sum of the {1}
stronger than that between bond pair and bond pair. » The bond angles in PH3 two C=0 bond bond polarity is zere.
are squeezed to & valug less than 109°28°,
o W ALOS(I_03
Mass spectrometry 113
Peaks of nvz ratios 726, 840 and 1008 can be found in the mass spectram 3]
m
ASLOS(IN_09
Boiling point: B<D < C [
The boiling point of a compound depends on its intermolecular attrsction.
(i) 8 ] The intermolecular attraction of B is van der Wanls® forces. This aliraction force is wenkest  [1}
(i) Insolid state, the fons liave no franslational motion. » CsCl(s) is an electricat  [1) among the three,
insulator. In molten state, the cations and anions can move under the {1} The atfraction between molecules of € is hydrogen bond which is the strongest amoug the  [1]
influence of an electric fietd, three, +~C has the highest boiling point.
ASLOS()_05 ALO6()_02a
(1] Allotrope: one of the several possible fortns of an element, which are significontly  [1]
different in physical or chemical propertics / which have different structures.
(i) Diagram + labels of interatonile atiractions: 2 marks 23
27 28
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(iv)
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jtoni jo—van der Wanls' forces
il g

covalent bond

The conversion of diamond to graphite lias very high activation energy. The reaction
is very slow under normal conditions,
Ostygen and ozone

AR

On
o=0, © 07 S0

ALOG(IT)_02

(a)

®)

The intermolecular attraction in both ice and liquid water is hydrogen-band
The directional character of ydvegen bond makes the water moleculfes in ice to
arrange tetrahedrally to form an open atruc{ure.

hydrogen bondsw

When ice melts, the open structure collapses, Molecules can be packed more closely
logether in liquid water than in ice. « Ice has a smaller density than water.
HiO{s) o= H0()
Lower density Higher density
The blade of the skale exerts a high pressure on ice, The position of the above

equilibrium shifis to the right, lce melts.
The watet formed can help reduce the friction between blade of (he skate and ice,

ALOG(H)_02

o @ .0 @ @
/N::N:N: OR ./N-«-NEN:
H H

ALO7_Sample Paper  [QUT]

(&)

The residue consists of inorganic components kike graphite that is Jusoluble in

benzene, whereas Cee and Cio are nonpolar nolecules held by dispersion forces
(van der Waals' foree) and thus are soluble in nonpolar benzene,

— r— r—

i}
{1

[

[t}
[}
1

]

{1

(1

]

L}
3]
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{b)  Heat (he red crysials in vacnun: or In an atmosphere of noble gas. 1Ll
Cuo and Cro will sublime out at a temperalure of 400 500 °C, depositing to form o [%4]
brown er graylsh layer of powdery molecular crystals. %}

(c)  Like graphite, fulterenes ean conduct electricity. 4
due to the presence of deloeslized electrons. ]

ASLOT(D) 01

(a) ?zﬂs
Phnc 1 n
-~ 285
CaHs \czns
(b)  Any ONE of the following: I

2Pb(CsHs)s + 270 — 2PLO + 16C0O: + 20H0
IPB(CaHsy + 410 —— Pb:0s + 24C0; + 30H0
Pu(CoHs)s + 140, — PbOy; + 8CO; + 10H,0
(¢)  Any TWO of the following: 2]
Combustion of tetraethy! tead(TEL) gives lead componnds which are highly toxic.
Leaded pefrol cannot be used in cars equipped with catalytic converier.
MTBE is an oxygen-coniaining compound. it can enhance the complete combustion

of petrol.
ALOT(H_02
o 1% s 2
0—§—0 0—§—0
i I 2
(6]
8008, of S=-+6 f1l
803 0.8, of central 8 atom = +4; [¥1
0.8. of the otlier S aton =0 [Ya}
ALOZ()_0l
® . 0 QL
[H:Nm] or (N,@ i1}
H 'H
v-shaped [
tb)  Bond angle: NH4'(g) > NHa(g) > NHx (g) 0]

In the outetmost electron shell of the N atom in the three species. the numbess of
lone-pairs and bond-pairs are as follow:
[ Species 1 No. of bond-pairs I No. of lone-pairs

36
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NHi*(g) 4 0
NH:{g) 3 i
NH:(g) 2 2

Tn each of the three species, the electron pairs in the outermost shell of N arc
agranged tetrahedrally.

The repulsion belween the clectron paits is in the order:

Lene pait-lone pair repulsion > Lone pair-bond pair repulsion > bond pair « bond
pair repulsion .

Bond angles in the species are: NH¢? 109.5 ©, NH;3 107.5%, NHy~ 104,5°

ALOB(IL)_04

Naz0 is an lonle solid in glant {onic structure, The stvong attraction between the cations
and anfons makes it a high meliing point sofid.

ChO exists as simple molecules. The luternﬁxglecular attraction jg weak van der Wanls'
foree. Jt is much weaker than jonic bond in NaxO.

ALOS(II)_04
(8)  Dismond is covalen! crystal, Ench carbon form four (single) bonds and the
electrons are loealized / no delocalized clcefrans.
« Diamond is a poor conductor / Insulator of electricity.
Lit graphite, each carbion atom is covalently bonded to only three sther carbon
ntems i ifs Iayer, one outer clectron of each carbon is free / delocalized. These
“free” electrons are delocalized and moved i the direction of an electric field /
within the layers. -~ Graphite is an elecitical conductor,
) (i)  Adding an organic sobvent {e.g. benzene), Ceo is soluble but graphite powder
is not,
Explanation: Cso exists as simple molecules snd is non-polar. It is sofuble in
non-polar solvents. Graphife Is a covalent crystal, It is not soluble i most

solvents.

OR Packing of powder to form a solid mass. Graphite eonducts
eleetricity but the other does not.

OR Check mup. / b.p, Ceo sublines but the otlier does not.

(i) Mass spectrometry: Cso gives a peak of m/z = 720 for the molecutar fon.
Explonation: Csp exists as simple molecules and its relative molecular mass is

726,
ASLoS()_ 01
@ }i«“ s
N
B »NF
BN ks

For BFj, there arc 3 bond-pair (o lone-pair) In the outennost shell of B. To minfmize
clevironiv tepulsion, the 3 bond-paits in BF; will be amanged in & trigonal planar
shape.
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i

{1

e
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£
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For NF, thete are 3 bond-pairs and 1 lone-pair in the outermost shell in N, The [}
elcctron pairs in NF3 will also be areanged tetrahiedrally. The molecule is trigonal
pyramidal in shape. The bond angle < 109° as repulsion betsveen Ione-pair and bond-

pair is stronger than that between bond-pair and bond-pair.

® oy P
\+ - foF
/N ~=B [
wd O\
H
AL09 (1)_02
8) {N=C—C=N} 2}
(b)) (CN)z exists as aimple molecules. Hs relative molecular mass is smaller than that of  [4]
Cl,.
{CN)y is a gas. [}
ASLO9{IT) 04
(a})  The boiling point of a campound depends on its intermolecular aftraction. mn

For frans-isomer, the dipole moments of the C-Cl bonds canee! each other. thus  [%]
resulting in weak intermolecular attraction.
H- fC!
\C—C/
/ \
Cl 54
For cls-isomer, the vector sum of the two dipole mements gives rise (o a net dipole
moment, The intermolecular atteaction is stronger.

H
/

=0
o \o

(b)  Inaddition to intenmolecular attraction, the melting point of & compound dependsalse  [I]
on the degree of compectness of mocleutes in the solid state.
The cfs-isomer has a lower symmetry. It fits into a crystailine lattice relatively poorly  [i]
nud therefore has a lower melting point,

%)

ASL10{l)_04 (Modifieid)

{a)  Electronic configuration ef N: 2, 5 13
In N, its outermost eleciron shelf can only accept 3 clectrons to complets ils octet, & [1)
Il ean form only 3 covalent bonds.
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(c)  The size of I is much smaller than that of Cl,
The repulsion between P~T bonds is greater than that of P—C1 bonds, and destabilize
the Pl structure.

ASL11(I)_01

®»  ® _
Q 0 Fo;‘ :: P
O F* ] °F
R F
(ii) 5 is 8 Period 3 eloment, 1t can expand its octet structure by using

the 3% electron shell.
O is a Period 2 element. lts 2™ cfectron shelf cannot expand its
oclet struclure,

ASLLL()_03

(b)  Forwater, the intermolecular attraction is hydrogen bond.
Ethoxyethanc molecules are weakly polar, and the intermoleculnr atteaction is van der
Waals’ force.
Ethano! has an ~OH group which enablgs its molecules to form hydrogen bond with
wafter,
Bihanol molecule interact strongly with water molecules, but cthoxyethane
molecuies do not,
OR, The interaction between propane and water molecules Is so weak that it

canuot overcome lhe hydrogen bond between water molecules.

ASL11(11}_08

Tensile strength; polypropene < polyacrylonitrile < polyacrylamide

Explanation:

Polyacrylamide containg both C=0 group and NH2 group. The attraction between polymer
chains in predominntely hydrogen bond,

Polyacrylonitrile containg polar C=N group. The atiraction between polymer chains is van
der Waals’ force which is weaker than hydrogen bond,

2

{1
(1

2]
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4]
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L

(1
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Polypropens is non-polar and (he attraction between polymer chains in PP is van der Waals
force which is the weakest,

ASL1I2(1)_01

(n) 16O ST se
INZC—§% / IN=C=S!

ASL13(1) 0]

Type Example Molecular shape

ox 80,/ 8nCh V-shape / bent
(one fone par on X)

XY2 .

CO2/BeChy Lincar

{no lone par on X)

XY

} BR/S0; Trigonal planar
(one lone par on X)
AL13(D_0I

(s}  Boiling point: HCI < HBr <HF
All three hydrogen halides are polar molecules,
In HBr and HCI, the intermolecular attraction force is van der Waals® force, while van
der Wrals’ foree is stronget for molecules with more electrons / larger molecular size.
4 b.p. of HBr > b.p. of HCI
F has a very smiall size and is highly clectronegative,
Hydrogen bonds are formed between HF molecules, and hydrogen bond is stronger
than van der Waals' force.
« HE as the highest b.p.

DSELISP_06

(a)  The structure of water is non-liner.

The dipole monents on the two O~H bonds cannot cancel cach other / water has s net
dipoic moment. Hence water is a polar molecule and it wouid be aliracted by the
electdie field,

(b)  The water jet will be attracted towards the rod.

Water molecules will orientate themselves in afignment with the electrio ficld so that
they wili be attracted,

(¢)  The jet is not atiracted. Only a weak dipole moment is induced in hexane molecules.
The sttraction between the induced diplos and the electrie field is not strong enough
to cause a deflection of (he liquid jet.

OR, The liquid jet is altracted by the electric fictd. In the presence of an electiic
field, a diploe moment will be induced in the hexane molecule.

DSEI2PP_03
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(i) The nitrogen in NCl; and that in NI both have the sume aunber of
electron hond-pairs and lone electron pairs / have three electron-pairs
and onc lene slectron pair in thelr outernmost shells.

The repulsion between these eleciron palrs causes both NCh and NH; to
adopt a trigonal pyramidal shape.

DSE12PP_06

(=)
(O]

©@

Propane-1,3-diol / 1,3-propanediol

All thieo compounds have & hydroxy! group / are monohydric aleshols. The boiling

point of these compounds depends on the strength of van der Waals’ forces between

molecules.

The strength of van der Waals' forces jn alcohol increnses with the carbon chain lengih

/ moleeutar size, Boiling point increases in the order: A<B < C

Far isomerle compounds with the same functional group, the strength of

infermolecular force is affected by the shape of the mofecules.

The steucture of CHyCH2CH2OH allows e molecules to have a greater arca of

contact than those of CHiCH(OH)CH3, « CHCH:CH;OH has o greater density,

OR, The structure of CH;CH(OH)CH3 makes the formation of Hydrogen bonds
Jess offective, ~ CEhCH(OH)CH; has a smaller density,

F

The rate at which the steef balls drop depends on the viscosity of the liquid / the

resistauce (frictional foree) cxperienced by the ball. This is related to the

intermolecular altraction of the liquids,

Tn the three compounds, the intermoleculer atitaction is predominately hydrogen

bonds. "The no. of liydrogen honds former per molecule is $iu P2 i Eand 3 in

. F forms the greatest number of hydrogen bonds per molecule. .~ ¥ is the most viscog

and the ball wilt drop most slowly,

OR, ¥ has the highest boiling point g the three compounds. Its
intermolecular attraction is strongest. » The ball will drop most stowly in
F.

Fifective communication (Avard ¥ indrk if candidates can b&pfc-és theiv ileas ulcdrly.)
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DSEI2_04

AL N NN

&

I'
™ ¥
oy \\ a O
H\\ H\\N\ \ AN

'/l; ”1
Yy, %,
//F/ ty

‘the drawing should show at least TWO HF molecules.
Should show complete HF molecules,

Should indicate the hydrogen bands by dashed lines.

Eaoli H atom can only fonm one hydrogen bond,

F-~H-¥ angle not necessary be drawn as 180° in the drawing.

Fluorine / F is 2 highly olectronegative slement.
The 1-F covalent bond is very Aighly polar / The H-F molecule is highly polarized.

DSE13_01

©

The atiraction between water molecules is predominately hydrogen bond.
Hydrogen bond is directional. In iee, the HxO molecules have a (etrahedral
arrangement/ are packed in an apen stracture,

I liguid water, the HyO molecules have relative motion and this leads to the collapse
of the open structuro. The malecules become ntore closely packed. ~ liquid water
has higher density than ice.

DSE13 02
() B NHa
i 0
/1!3\ e
F i H
(®)  BF3 is a non-polar molecule. The three polar B~F bonds sire synunetrically

©

arranged on the same plane / dipole moments cancel out / net dipole moment is 0.
NHs is & polar molecule. The molecule has a Jone palr in its owtermost shell and thus
the three polar N-H bonds are not on fhe same plane / diploe moments cannot
cancel out / net dipole moment is not .

In BPs, there e three (bond) electron pairs / there Is 2 vacant site / 6 eleetrons only /
electron deficient in the outermost shell of the B atom.

By accepting the lone pair of electrons from the nitrogen atom of NH; / forming dative
bond with N, boron attains the stable efectronic configumtion of neon {a noble gas).
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@ o Layers of graphite arc held together by van der Wasls' forces / weak

intermolecular forces only.

(i)  Yes, graphenc has delocalized electrons / clectrons in graphene are not
localized / mobile electrans £ electrons will flow:

. s
o .':O’;‘C ;O: {Accept any symbols of electrons, ignore shape)
Not aceepted: Showing electrons in the inner shells.

(b}  No, Graphene layers are made up of a ginnt cavatent stracture.
A large amount of energy is needed ducing melting to destroy the large amonnt of
strong covalent bonds between atoms,

(¢)  Cso has a sphevical shape (ball) / and with strong covalent bonds between atoms,
C» has & simplo malecular structure,
Tlie van der Waals' forees / attractive forces between Cgo molecules are of comparable
/ similar strengtl: as thoss in erganic solvent.

DSEL4_02
Moo
HO—?-—(E—OH HO_"~oh HOCH,CH,0H
H H

{Accept condensed or sketetal structural formula)
[t has a smatler molecular size. / It is a spiatl molecule, / It has & short carbon chain.
The hydroxyl groups in it can form hydrogen bonds with water,

DSE16_04
® 0 §=C=§
[¢5) B»I'-
Br” C‘;:" H
H

(b)  C—H and C—Br bonds are polar.
{Accept if only either one of C-H or C-Br bond is mentioned}
C and H / C and Br have different electronegativities.
C Is more electron-withdrawing than H / Br is more slectron-withdrawing then C.
{Aceept if only cither C/H or C/ Br is menlloned)

(¢)  The intermolecular forces between CSz, CO, molecules are van der Waals® forces.
As C8; lips greater molecular size than COy, the van der Wasls' forces bejween CS2
molecules are stronger than those between CGa molecules.

DSEL7 05
Both motecules of Hz and K2 are held by weak vaa der Waals' forces.
The van der Waals’ forces between Fa are stronger that those between H because Inrger
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size of s than Hz.  (Accept: Fa molecule has mare electrons than Hz molecule; Not
Accept: Fa has a higher molecufar mass than iz}

Hydrogen bond exists among HF molceales and hydrogen bond is stronger than van der
Waals’ forces.

DSE{8_03

(@)  The electrostatic atlraction between Ba* and €I~ in BaCh is ionic bond. while
intermolecular attraction between OCI: molecules are van der Waals’ forces.
OR, BaClz is an fonfe compound, while OClz has & simple moteenlay structure.

As ionic bond is much stronger than van der Waals™ forees / intermolecular forces
between OCl molecules, BaCl: would have a higher melting point than OCh.
)  Both molecules of PH and CHq are hield by van der Wanls® farces / intermelecutar
forces.
The van der Waals’ forces between PHj are stronger than those between CHa because
of the larger riolecular size of PH; than CHa,
{Accept: PHa molecule has more electrons than CHd)
OR, Intermotecular forces behween PH3 molecules are stronger than that
between CHs molecules as PH; is pofar while CHg is non-polar.
Hydrogen bond exists among NH» melecules that is stronger than van der Waals”

forces.
© F
FU,, I .‘\\F
]:( I\l:
F
DSEL9_06
@) H
!
P e
N
Cl
() () The poladties of bonds in CCls cancel owt each other while those in CHaClz

do not,
{Accept drawings with suitable runotations.)
iy  CCls has a larger molecular size (than CHaCh, therefore
it has larger van der Waals® forces between moleeules / intermolecular forees,
and hence it has a highier boiling point.
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3. @ ) v 1

H/ Nl”"’H

{hout showing the fons-paie clectians)
(i) 1;[ 1
B
7Ny
H H

by @) = B-N is the dative covalent bond. ]

(i)

(iiiy

. The lone electron pair on nitrogen atom of NH; is donated (o form a dative covalent I
bond with the boros atom of BHs.

. Both are van der Waals® forces between their respective molecules. 1

. As HiNBH; is polar but ethane is not, the van der Waals® forces between H;NBH; i
molecules are stronger than those between ethane molecules. )
(Only the 2% mark will be gives if the candidate answered in ferms of
“intermblecalar forces” instead ofvan der Waals® forces)

N—B N—B
L N_ /N
/N "ol T
— N—B s ) N—B
\N—B/ \N— N/ N
N—BR N—
/ N/ /N 7
N—B N—B
/ 0\ / N\

HEOHE

ON ®3B ON [B:}

{1 mack for showing alternuting N and B sioms)
{Ignore the double bonds in the structure}
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