Year 12 IB Chemistry
Targeted Skills Worksheet

Intermolecular and Intramolecular Bonding

Question 1
Identify the following molecules as covalent, ionic or containing both:
Brz, NaCl, Mg(OH)z, PCls, HF, SiO2, Al203, P4+O1o, Li2O, NaF, NHs, MgSOs4, NazPO4
£ | B c e ¢ T B T T & 3 B
Question 2
Arrange the following sets of substances in order of increasing boiling point (volatility):
a) NaCl, SiCls, CCl4, HCI el CC\y, Wwey ) Mot
b) Brz, HBr, CaBr2, PBrs ¢, , P&z, WRr calfy
c) CaH1o, CsH7OH, CsHs, CH3CH2COOH, CsHyOH, CaVWg, C M0 Cg“-,oq) Cy \-\QOU) CHJCH,@’
d) S02Si02,CO2 €225+, SiO, 4 /
e) CH3CH2CHs, CH3OCHs, CH3CH20H  \~ actar
f) CHsCOOH, (CHs)oCHOH, (CH3):CO  (cuad2c@, W), choY, ek ecad
g) CH3CH2CH2CH2CHs, CH3CH(CH3)CH2CHs, C(CHa)s CCC“‘))\-( i CHCY(Cc ") ¢ H, CH3/CFH(—‘

Question 3
Arrang}e the followipg sets of substances in order of solubility in watey (least soluble fjrst):

a)? NaCl, CeH1z, CsH11OH ** c) CHsCH.CHO, CH:COOH,"

b) CHsCl, CaClz, CHs4 CH3CH2CH2CH3s

Zs 3. ¥ I

Question 4
Arrange the following sets in order of increasing melting point (lowest first): Al

a) Na,LiK | ¥, Pe L b) Al,Mg,Na o 0N,
Question 5
Arrange the following compounds in order of increasing C-C bond lengths: C2Hs, C2Ha, C2Hz, CsHs A—

CI,HL C‘f‘/‘ C-l,fl(/ (;//7, - = = g T

Question 6 ud #
Which species has the longest C-O bond length? CCHaCOz', H2CO3
Question 7

True or False? _
a) The C-O bond lengths are equal in propanoic acid, C2HsCOOH. &
b) The C-O bond length in carbon dioxide, CO, is longer than the C-O bond length in
methanol, CH3OH
¢) The C-O bond length in carbon dioxide, CO2 is longer than the C—O bond length in carbon
monoxide, CO. ~T
d) The C-O bond lengths are equal in ethyl ethanoat&a, CH3COOC:zHs.

Question 8 C=o “&=Cc=0; .;_é‘_-ou

a) Draw the Lewis structures for carbon monoxide, CB, carbon dioxide, CO2 and
methanol, CH3zOH.

b) List, with an explanation, the three compounds in order of increasing carbon to oxygen bond
length (shortest first). co Caspley , CO5 (dhotde) , S¥ oM (v

c) List, with an explanation the three compounds in order of increasing boiling point (lowest first).

COz Cvomplar) | co (potar) | CHLCM Crorea W-Gaooly)
dpote

Question 9 Londan
In terms of structure and bonding, explain the electrical conductivity of: "
mo: AN~ \a)‘molten'ﬁl'aio and P4O16° - covaany ) Chlorine gas and Na €7t ™o~y <
clnorped b) Gra@ite and diamond ,. d) Solid sodium chloride and molten
oMM’ Gee po— = P feer tAO~ sodium chloride .
P b/n \ooy N C\arged (S v See MO%V% \a~3
Question 10
The electronegativity values of four elements are ¢ N o F
given. 2.6 3.0 34 4.0

What is the order of increasing polarity of the bonds in the following compounds?

A. CO < OF2<NO < CF4

.CF4<CO<O0OF2<NO

v’ NO < OF2 < CO < CF4 o-g  o-b
D.CF4<NO<OF2<CO "

" l-"-\'
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Question 11
Urea, (H2N)2CO, is excreted by mammals and can be used as a fertilizer. H
a) Calculate the percentage by mass of nitrogen in urea to two decimal |
places using section 6 of the data booklet. «6.¢5 7. 0
b) The structural formula of urea is shown. H Ne?
c) Predict the electron domain and molecular geometries at the nitrogen |
and carbon atoms, applying the VSEPR theory. H/N\H
Electron domain geometry Molecular geometry
Nitrogen | ... .. (-C ML(OV~( ..... 5 M@‘ S leamida/
Carbon e Plam' ......... trigonal planar
d) Suggest one reason why urea is a solid and ammonia a gas at room temperature. lee Avarie s
e) Sketch two different hydrogen bonding interactions between ammonia and water. .88 enges
f) The combustion of urea produces water, carbon dioxide and nitrogen. Formulate a
balanced equation for the reaction.
Question 12 2661, ML+ ge"'(‘ﬁ) - uo"'@) r QHO) L} ().
Calcium carbide, CaCz, is an ionic solid.
a) Describe the nature of ionic bonding. éaEA bl CaRons 7 anionr  ia Ak
b) Suggest two reasons why solid calcium has a greater density than solid potassium. e oy
c) Outline why solid calcium is a good conductor of electricity. T YR e .
Question 13
Some physical properties of molecular substances result from the different types of
forces between their molecules.
a) Explain why the hydrides of group 16 elements
(H20, H2S, H2Se and HzTe) are polar molecules. H.0
b) The graph shows the boiling points of the
hydrides of group 16 elements. Explain the §
increase in the boiling point from Hz2S to HzTe. > .
c) Lewis structures show electron domains and are 3 Al
used to predict molecular geometry. Deduce the @//Hisf/
electron domain geometry and the molecular ' _ '
geometry for the NHz™ ion. 1 2 3 4 5
Penod
Question 14

a) TiCls reacts with water and the resulting titanium(IV) oxide can be used as a smoke screen.
Describe the bonding in metals.

b) Explain why an aluminium-titanium alloy is harder than pure aluminium.

c) State the type of bonding in potassium chloride which melts at 1043 K.

d) A chloride of titanium, TiCls, melts at 248 K. Suggest why the melting point is so much lower
than that of KCI.

Question 15
Bonds can be formed in many ways. The landing module for the Apollo mission used rocket fuel
made from a mixture of hydrazine, N2Hs4, and dinitrogen tetraoxide, N2Os4.

N2Ha(1) + N204(l) — 3N2(g) + 4H20(g)
a) State and explain the difference in bond strength between the nitrogen atoms in

a hydrazine and nitrogen molecule.
b) State why hydrazine has a higher boiling point than dinitrogen tetraoxide.
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