T M18/4/CHEMI/SP2Z/ENG/TZ1/XX

Diploma Programme
Programme du diplome

Programa del Diploma

Chemistry
Standard level

Paper 2 )<‘€2(

Wednesday 16 May 2018 (afternoon)
Candidate session number

1 hour 15 minutes

Instructions to candidates

Write your session number in the boxes above.

Do not open this examination paper until instructed to do so.

Answer all questions.

Answers must be written within the answer boxes provided.

A calculator is required for this paper.

A clean copy of the chemistry data booklet is required for this paper.
The maximum mark for this examination paper is [50 marks).

Please do not write on this page. ’

Answers written on this page :
will not be marked. I

E’.‘m
2218-6111
14 pages © International Baccalaureate Organization 2018

R U0 AR A o (VM B EEED:00




=

S Y
Answer all questions. Answers must be written within the answer boxes provided.
1. Urea, (H,N),CO, is excreted by mammals and can be used as a fertilizer.

(a)

(i) Calculate the percentage by mass of nitrogen in urea to two decimal places using

section 6 of the data booklet.
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[2]

A2y M0\ Yool = 1':510}:‘3,{@}. ..................................
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(i)  Suggest how the percentage of nitrogen affects the cost of transport of fertilizers

giving a reason.

(1]

W

(This question continues on the following page)
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(Question 1 continued)

(b)

The structurai formula of urea is shown.

Predict the electron domain and molecular geometries at the nitrogen and carbon
atoms, applying the VSEPR theory.

Electron domain geometry Molecular geometry
Nitrogen - “"e"me' ................ g Ml pyr midal
Carbon | ..... } .(:ﬁmﬁl . f”‘”‘ar .... { trigonal planar
[3]
{¢) Urea can be made by reacting potassium cyanate, KNCO, with ammonium chloridé,
NH,CL
KNCO (aq) + NH,Cl(aq) — (H,N),CO (aq) + KCl(aq)
Determine the maximum mass of urea that could be formed from 50.0cm?® of
0.100 moldm™® potassium cyanate solution. [2)

KMCO SO ml % 0. 1001l | (KA)CO

{This question continues on the following page)
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(Question 1 continued)

(d) Urea can also be made by the direct combination of ammonia and carbon dioxide
gases.

2NH, (g) + CO,(g) = (H,N),CO (g) + H,0 (9) AH <0

Predict, with a reason, the effect on the equilibrium constant, K, when the temperature
is increased.

1

(e)

Suggest one reason why urea is a solid and ammonia a gas at room temperature.

[1]

Pavth .MP-.e.q. london forees ~
- C0 o

— While loth we hydrocen bonding 2 i pole-d:ade  <AIEN. has
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(i) Sketch two different hydrogen bonding interactions between ammonia and water.

[2]
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(This question continues on the following page)
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(Question 1 continued)

()  The combustion of urea produces water, carbon dioxide and nitrogen.

Formulate a balanced equation for the reaction. [2]

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

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

{This question continues on the following page)
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(Question 1 continued) {Question 1 continued)

() The mass spectrum of urea is shown below. (h) The IR spectrum of urea is shown below.
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/
miz Identify the bonds causing the absorptions at 3450cm™ and 1700cm™ using section 26
, _ of the data booklet. f2]
{Source: hitp://sdbs.db.aist.go.jp]
' 1
Identify the species responsible for the peaks at m/z = 60 and 44. ) [2] 3450cm N
60: L
o Weea CMZU);_CO ................................................ 1700cm™ I
. )O’ ..........................................................................
44: + 7
__________ CoNy o (t=u)
pA (i)  Predict the number of signals in the '"H NMR spectrum of urea. [1]
|
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Calcium carbide, CaC,, is an ionic solid.

2.
(a) Describe the nature of ionic bonding. [1]
. hwe B wore. ogpositely chasqed ion$ ace . oldeacted
Sheongly. Fo _esch obhec with. electeoshbic force. ...
(b) State the electron configuration of the Ca** ion. [1]
I Sl ol B L 5
{c) When calcium compounds are introduced into a gas flame a red colour is seen;
sodium compounds give a yellow flame. Outline the source of the colours and why
[2]

they are different.

. F’GM .colors . 52 Foom ‘\Ml- .QKCEI.';!\. . *“\l, eledmo& o
led e~ Aalls beck o

Suggest two reasons why solid calcium has a greater density than solid

(@) ()
potassium. [2]
K ohes | valena, e while. Ca has 2, Moce  delocalizad
&S inerenses. Me-‘a”»c LO'A:hso ...........................

(This question continues on the following page) —
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(Question 2 continued)
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(a)
conditions required.

(i} Outline why solid calcium is a good conductor of electricity. (1}
. Caldium. 15 e medal o Metals, AO"{H@W valeace, . electrons
loosly. allowing . them b delocalize. These wnbound e
move easily (eleckicily)
(e) Calcium carbide reacts with water to form ethyne and calcium hydroxide.
CaC,(s) + H,O(t) » C,H,(g) + Ca(OH),(aq)
Estimate the pH of the resultant solution. 4 > . r {1
E S’z 1S ‘?l'e
ClOH)z Gt s 20H7Lph2T P Al
o~
o> sohbilidy el
{ $soCiatian
3.  This question is about ethene, C,H,, and ethyne, C,H,.
(i) Ethyne, like ethene, undergoes hydrogenation to form ethane. State the
(2]

Outline the formation of polyethene from ethene by drawing three repeating units

(i)
of the polymer.

(1]

T

l ;o |\
-— _— _ i — _ _ — —_— "’C -—
CHCHTr | - CoemGogmCg
M o W H 4 H
(This question continues on the following page)
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{Question 3 continued)

(b) (i) Under certain conditions, ethyne can be converted to benzene.

Determine the standard enthalpy change, AH®, for the reaction stated, using
section 11 of the data booklet.

b&hﬂ“ﬂ.
3C,H,(g) = C.H(9)

| | | :
ARz & BE boken = 3 BEacmed  CoH | 414 ¢
= 318+ 2 HIH) = I?smfex‘@wm —

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

(i)  Determine the standard enthalpy change, AH®, for the following similar reaction,

using AH, values in section 12 of the data booklet. (2]

3C;H,(g) - C.H, (1)

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

---------------------------------------------

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

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

(i}  Explain, giving two reasons, the difference in the values for (b)(i) and (ii). If you
did not obtain answers, use —475kJ for (i) and —600kJ for (ii).

[2]
""—55'\:\ .zf.h’.‘alkaies. ,Qfer..cﬁ;;mj. ”«m;l‘\ .tgpe.timh#ﬂliﬂw |
..... While  enthapies of formation ace. precise, |
2) Loreming. gases. amd figud benzene will cequine
illecent awounls of QMT

{This question continues on the following page)
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(Question 3 continued)

() One possible Lewis structure for benzene is shown.

]

[]

4. Calcium carbonate reacts with hydrochloric acid.

CaCQO, (s) + 2HCl (aq) — CaCl,(aq) + H,O(l) + CO,(g)

(a) Outline two ways in which the progress of the reaction can be monitored. No practical
details are required.

(2]

No"' Gl e F"e&

(This question continues on the following page)
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{Question 4 continued)

5. Limescale, CaCQ, (s}, can be removed from water kettles by using vinegar, a dilute solution

of ethanoic acid, CH,COOH (aq).
(b) The results of a series of experiments in which the concentration of HCIl was varied are

shown below.

(a) Predict, giving a reason, a difference between the reactions of the same rations
- of hydrochloric acid and ethanoic acid with samples of calcium carbonate. 2]
20  The cesction. with  HCl should happen rore
N LW ck)y becanse. 1 /s o Sheowa acid . dorating . 994
| a‘c"lSprOO'\S.t NoIC. | A "’\; {A)&L)ao"ﬂll oﬂ&
o 161 ..Sqm..o....J#...pm..k\s.. .........................................
£ b x
B 44/ D
[=]
£ |
2 12 (b) Dissolved carbon dioxide causes unpolluted rain to have a pH of approximately 5, but
= | other dissolved gases can result in a much lower pH. State one environmental effect of
= acid rain. 1]
S 107 X
k3] - C | .
S s ‘ . Bed rain.can bwec the olf of Jakes makivg L
3 o _arapossible £ or. Some  Species Jo Survive .
€ 5
TIOTTOTIITTIE T EEEETE | e e
4 B
’ >
21 A
0

0 02 04 06 08 1.0
[HCL] / moldm™

(i}  Suggest why point D is so far out of line assuming human error is not the cause. (1]
{uc l\

T

(ii) Suggest the relationship that points A, B and C show between the concentration
of the acid and the rate of reaction.

[1]

B LT = G A
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6. The diagram shows an incomplete voltaic cell with a light bulb in the circuit.

>y

MgSO, (aq) AgNQ; (aq)

(a) Identify the missing component of the cell and its function. [2]

A el .\s»r}o.\gr_ (W-Jube wy salf So'u,"on;).;.s. need o kuf ......

bofh cleteolbes elechcically wesdeal

Please do not write on this page.

Answers written on this page

(b) Deduce the half-equations for the reaction at each electrode when current flows. [2] will not be marked.

Positive electrode (cathode):

(c} Annotate the diagram with the location and direction of electron movement when
current flows. L [1]
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