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Characteristic infra-red absorptions in organic molecules

bond location wavenumber
C-0  alcohals, esters 1000 — 1300 cm™'
=0  aldehydes, ketones, carboxylic acids, esters 1680 — 1750 cm™’
O-H  hydrogen bonded in carboxylic acids 2500 - 3300 cm™! (broad)
N-H  primary amines 3100 - 3500 cm™’
O-H  hydrogen bonded in alcohols, phenols 3230 ~ 3550 cm™’'
O-H free 3580 — 3670 cm™’

Chemical shifts for some types of protons in n.m.r. spectra

*

CS8T243 (Pink)

Chemical shifts are for hydrogen relative to TMS (tetramethylsilane)
Chemical shifts are typicel values and can vary slightly depending on the solvent,

concentration and substituents.
type of proton chemical shift, &
R-CH; 0.7-16
R-CH~-R 1.2-1.4
R:CH 1.6-20
ﬁ 20-29
—C+CH, C—CH;R
2.3-2.7
O= O

—O-CHR 3343
R-OH 3.5-55
6.5-7.0

O~
71-7.7

O+
ﬁ 9.5-10

. O
R—C—H
ﬁ 11.0-11.7
—C—0OH
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Answer all the guestions.

1 Rubidium, atomic number 37, was discovered in 1861 by Bunsen and Kirchoff. Rubidium is in
Group 1 of the Periodic Table and the element has two natural isotopes, 85Rb and 87Rb.

(a) Explain the term isotopes.

(b} A sample of rubidium was analysed in a mass spectrometer to produce the mass spectrum
below.

100 e ———

80

60

percentage
40

20

0 1 | ¥ 1 1 L] 1 | J 1 1 1 |
80 85 90 95
relative isotopic mass

(i} Use this mass spectrum to help you complete the table below.

number of
isotope percentage
protons neutrons electrons
85Rb
87Hb
(3]
(ii) Calculate the relative atomic mass of this rubidium sample.
Give your answer to three significant figures.
A= e 2]

(c) Which isotope is used as the standard against which the masses of the two rubidium isotopes
are measured?

B © OCR 2007 —
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(d) In a mass spectrometer, gaseous atoms are ionised.

Explain why less energy is needed to ionise gaseous atoms of rubidium than gaseous atoms
of sodium,.

.......................................... ¥ AN LB e v a e BB IR inamrs e AR AR kg ay A RE A m e rabd A ey ana B Adn e rnran A
...................................................................................................................................................
......................... R R P R R L T T T T R P I S L LT IR LI L
.......................................... B T T LT LR T R T T e
.......................... L D D P T T T R L L L R L L L LR AL T L
............................................................................ P R T T T L R TP RL LT LR T L TP TP

(e) Rubidium forms an ionic compound with silver and iodine. This compound has a potential use
in miniaturised batteries because of its high electrical conductivity.

The empirical formula of this ionic compound can be calculated from its percentage
composition by mass: Rb, 7.42%; Ag, 37.48%; 1, 55.10%.

(i) Define the term empirical formula.

(if) Calculate the empirical formula of the compound.

[2]

[Total: 13]
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2  Solid calcium hydroxide, Ca(OH),, is commonly known as ‘slaked lime’. Over one million tonnes
of slaked lime are produced annually in the UK.

(@) Lime water is an aqueous solution of calcium hydroxide, Ca(OH),. Lime water is commonly
used in the laboratory as a test for carbon dioxide.

(i) Suggest a value for the pH of lime water.

(ii) Write an equation, including state symbols, for the precipitation reaction that takes place
in the lime water test for carbon dioxide.

(iii) When an excess of carbon dioxide is bubbled through lime water, a further reaction
takes place.

State what you would see as this further reaction takes place and also state the formula
of the product of the reaction.

o 0121 RT2- L (Lo 2 DU OO PPN
formula of PrOTUCE ......ocri e e et e s s 2]
(b) The ions present in Ca(OH), are Ca®* and OH".

(i) Complete the electronic configuration of a Ca®* ion.

(i) How many moles of ions are in one mole of Ca(OH}),?

moles of IoNS = ..., [1]

(ili) How many moles of electrons are in one mole of OH~ ions?

moles of electrons = ..............coo i [1]

AR W
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(iv) Draw a ‘dot-and-cross’ diagram of Ca(OH),. Show outer electron shells only.

(2]

(c) Slaked lime (solid calcium hydroxide) can be prepared from calcium carbonate, CaCOj, in
two stages.

Outline how this could be done in the laboratory. Include an equation for each stage.

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

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

(d) The production of lime water is a small-scale use of calcium hydroxide.

State a large-scale use of calcium hydroxide outside of the laboratory.

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

[Total: 15]
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3  Although compounds are usually classified as having ionic or covaient bonding, often the bonding
is somewhere in between these two extremes.

(a) State whatis meant by the terms

(i) Jionic bond,

(b) Compounds with covalent bonding often have polar bonds. Polarity can be explained in terms
of electronegativity.

(i) Explain the term electronegativity.

................................................................................ eeeereeeeseeeserereserneserreeeseesesesnmesesneens [2]

(i) Use a suitable example to show how the presence of a polar bond can be explained in
terms of electronegativity.

You may find it useful to draw a diagram in your answer.

(c) Some polar molecules are able to form hydrogen bonds.
Draw a diagram to show an example of hydrogen bonding.

{2l
[Total: 9]
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4 The diagram below shows the variation in the boiling points of elements across Period 3 of the
Periodic Table.
00— 1 T ———
Al si
2500 — — +——A—— — e
20004———— — — —— —
bailing point 15004 i ] ‘ L - -
1000 — —_— E—r —
500 ———— ¥ o |~
| ] ol Al
0 1 1 T 1 T =
T 12 13 14 15 16 17 18
atomic number
(a) In the table below for the elements Mg, Siand S,
« complete the structure column using the word giant or simp/e.
+ complete the bonding column using the word metallic, ionic or covalent.
element structure bonding
Mg
Si
S
(3}
(b) Explain why silicon has a much higher boiling point than phosphorus.
.......................................................................... e eeteeeniteaasbereaneeeasreessaneesneranenesanessannesssnreess [ 2]
{(c) Exptain why the boiling point increases from sodium to aluminium.
........................................................................ OO OO PO URPOURSTOTURPRROTORPRON -]
[Total: 7]
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Chlorine can be prepared by reacting concentrated hydrochloric acid with manganese(IV) oxide.
4HCl{ag) + MnO,(s) — Cly(g) + MnClis(aq) + 2H,0(!)

{(a) Astudentreacted 50.0 cm3of 12.0 mol dm™2 hydrochloric acid with an excess of manganese(1V)
oxide.

(i) Calculate how many moles of HCI were reacted.

BNSWET = ..ccicnieierrcncsinnenrnen e mol [1]

(ii) Calculate the volume of Cl,(g) produced, in dm?.
Under the experimental conditions, one mole of Cl,(g) occupies 24.0 dm3.

ANSWET = evrveerecereee e dm? [2]
(b) In this reaction, chiorine is oxidised.

Use oxidation numbers to determine what is reduced.

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

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

(c) Sodium reacts with chlorine forming the ionic compound sodium chloride, NaCl.

(i) Write an equation, including state symbols, for this reaction.

(ii} Describe the structure of sodium chloride in the solid state. You may find it useful to draw
a diagram.

...........................................................................................................................................
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(d) In this question one mark is available for the quality of spelling, punctuation and grammar.

Chlorine gas was bubbled through an agqueous solution of bromide ions and also through an
aqueous solution of iodide ions. An organic solvent was then added and each mixture was
shaken.

» State what you would see in each case.

+ Write equations for any chemical reactions that take place.

» State and explain the trend in reactivity shawn by these observations.

........................................................... A samaa s ET RS A RN re R radd i AEE A b A Ny ANl AR AN aAA LA aN Al bR AR R
........................................................... At mama e A4 s B E Ry mad AN IR AIAadd NS EEEAREAREE N R EREN ARt AN i RaR T AR,
cemarass AramemmastaEnasas Areee A R4 AENIEENALA LSRN I EadY AR raNEiata e R aa R AR Ararmrramraenanan Armararesisaranen Nevermsssasminany [
............................................................................ I N T T
.......................................... Na s rama bt ad by s bk BRI BBy sl aEa iR AR i AN EAEEESat bR E AN AR PR iR AR R T,
tranunes L L L L TP T R e T L T P PP T PR T P Vasmanansvrasaisa Varmrermmmasinana Nersrarasnataanas ver
...................................................................................................................................................
........................................................... TR LT I L T L L T T T L T L T T T T T N
.......................................... Mk m P e & A BN EE AR m ke BN NS R ELA I AN NSRRI NA BT RRENFARAPAEEIFFEERATARAP AT AR IR AR TGN TN TR,

............................................................................................................................................... [6]
Quality of Written Communication [1]
[Total: 16]

END OF QUESTION PAPER
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