N15/4/CHEMI/HPM/ENG/TZ0/XX

Diploma Programme
Programme du dipléme

Programa del Diploma

Chemistry
Higher level
Paper 1

Friday 13 November 2015 (afternoon)

1 hour

Instructions to candidates

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

* Answer all the questions.

» For each question, choose the answer you consider to be the best and indicate your choice on
the answer sheet provided.

» The periodic table is provided for reference on page 2 of this examination paper.

*  The maximum mark for this examination paper is [40 marks].

8815—-6101
15 pages © International Baccalaureate Organization 2015

International Baccalaureate
Baccalauréat International
Bachillerato Internacional




N15/4/CHEMI/HPM/ENG/TZ0/XX

(092) | (6G2) | (852) | (292) | (vS2) | (Ls2) | (¥2) | (2v2) | (e¥2) | (2v2) | (L£2) | €0'8€Z | ¥O'LET |¥0CET
n ON PN w4 s3 30 g wo wy nd dN n ed ulL
] ZoL Lol 00l 66 86 16 96 G6 v6 €6 Z6 16 06 |+
16V |YO'ELL |€6°89L |92°29L |€6'¥9L |0S29L |26'8SL | ST 2GL |967LSL |SE0GL |26°9VL | Y2 vl | L6OVL |ZL 0Vl
n aA wy i3 OH Aa al PO n3 ws wd PN id e}
L. 0. 69 89 19 99 g9 ¥9 €9 29 19 09 65 85 ||
(2z2) | (9z2) | (g22)
v ey 14
te8 88 /8
(zzz) | (012) | (0LZ) | 86802 |61°20Z |LE¥0Z |6G°00Z | 267961 |60°G6L (2226l [LZ06L [LZ98L | G8'E8L | S6°08L |6¥'8LL |L6°8EL |¥ELEL |LBCEL
uy w od 1g ad 1L BH ny d 2| SO oy M el H e eg so
98 G8 ¥8 €8 Z8 18 08 6. 8/ Ll 9/ G/l v/ €l z. 1.5 9G GS
0€’LEL [06°921L |09°22) |S2°LZL |69°8LL |28 VLL |0V 2LL | 28°20L [ZF°90L | L6°20L [2L0°LOL | L1686 | ¥6°S6 | L6Z6 | 2216 | L1688 | 2928 | /'S8
ax | 8l as us ug PO By Pd uy ny 2] O aN iz A is ay
¥S €5 zS LG 0S 6V 8P LY 9f GP 44 cP Zy Ly of 6¢ 8¢ L€
08°€8 | 066L | 96'8L | 26V, | 6G°CL | 2269 | 2£G9 | GG€9 | LL'8S | €6'8S | G8'GS | ¥6'¥S | 002S | ¥6°0S | 06°L¥ | 96'v¥ | 80°0F | OL'6E
M ig EIS sy 99 eo uz no IN 09 CE| un 1D A 1L 28 e A
9¢ GE ve €¢ ze X 0¢ 62 8z 12 9z GZ v €z zz 1z 0z 6l
G6'6E | G¥'GE | 90°2E | L6°0€ | 60°'8Z | 86'9C LEVe | 6622
1y 10 S d IS 1\4 BN eN
8l Ll 9l GL vl €l 4 L
81L°0Z | 006L | 009L | LOYL | LOZL | LBOL SSE|\ OIWO}Y dAle|oY 106 | ¥6'9
oN 4 0 N o) g eg n
oL 6 8 . 9 g ¥ €
juswa|3z
00'v LO°L
9H H
z Jaquinu o1WoNy b
0 L 9 S 1% € r4 3

a|qel d1poliad ayL




-3- N15/4/CHEMI/HPM/ENG/TZ0/XX

Which compound’s molecular formula is the same as its empirical formula?

A. C,H,OH
B. CH,COOH
C. C.H,
D. CgH,,

The equation for the complete combustion of propene, C,H;, is shown below.
2C,H,(9) + 90,(g) — 6CO,(g) + 6H,0O(1)

Which mixture, when ignited, will lead to incomplete combustion and the formation of CO(g)?
A.  2dm?® of propene and 10dm? of oxygen
B. 0.5dm® of propene and 2.3dm? of oxygen
C. 1dm° of propene and 4 dm?® of oxygen
D. 3dm®of propene and 14 dm?® of oxygen
What is the percentage yield when 1.1 g of ethanal, CH,CHO, is obtained from 4.6 g of ethanol,
CH,CH,OH? M.(CH,CH,OH) =46; M.(CH,CHO) = 44

CH,CH,OH(l) + [O] - CH,CHO (1) + H,O(l)

A 1.1x46x100
44x4.6
B. 1.1x100
4.6
4.6x44x100
46x1.1
D. 1.1x46
44x4.6

Turn over
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Which stage of operation immediately follows ionization in the mass spectrometer?
A.  Acceleration
B.  Deflection
C. Detection

D. Vaporization

Which statement is correct about the first ionization energies of consecutive elements shown in

the graph?

2000

1500

1000

500 *

First ionization energy / kJ mol™

| | | | | | | |
3 4 5 6 7 8 9 10

Atomic number

[Source: Values from Nuffied Advance Science - Book of Data, Revised Edition (1984)]
A.  The graph falls between Be and B because there is an electron in the third energy level.
B. The graph increases from B to N because the atomic radius is increasing.
C. The graph increases from Li to Ne because the number of electrons is increasing.

D. The graph falls between Be and B because the outer electron in B is in a p sub-level.
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Which element has the greatest first ionization energy?

A Al
B. Ar
C. cCl
D. GCs

Which elements are in the same group of the periodic table?
A. Ca, Na, Rb, Sr

B. ALArCLS

C. Au, Hg, Pb, Pt

D. As,Bi,P,Sb

Which property of transition metals enables them to behave as catalysts?
A.  High melting point

B.  Variable oxidation number

C. High density

D. Split d sub-levels

Which statement best describes the lattice structure of solid sodium chloride?
A. Each sodium ion is surrounded by one chloride ion.

B. Each chloride ion is surrounded by two sodium ions.

C. Each chloride ion is surrounded by four sodium ions.

D. Each sodium ion is surrounded by six chloride ions.

Which compound is most likely to contain ionic bonding?

A. ClO,
B. CsCl
C. scl
D. Sicl,

Turn over
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Which molecule is polar?

A.  C,H,
B. CH,CL,
C. Co,
D. ccCl,

What is the shape of the hexacyanoferrate(lll) ion, [Fe(CN),]>"?
A.  Square planar
B. Hexagonal

C. Octahedral

D. Trigonal bipyramidal

Which set contains two or more species with delocalized & electrons?
A. CH,CH,, H,C=CH,, H,C=0

B. NaCl, CiH,, H,C=0

C. CO,”,CiH,, CH,,

D. 0,, CH,COCH,, CH,COOCH,

Which of the following changes are exothermic?

l. H,SO,(aq) + 2NaOH (aq) — Na,SO,(aq) + 2H,0(l)
. 2C,H,z(9) + 170,(g) » 16CO(g) + 18H,0(g)
. CgH,g(g) > CgHyg (1)

A. landllonly
B. landlll only
C. lland lll only

D. I llandlll
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Which change represents the standard enthalpy change of formation?
A.  The formation of 1 mol of a compound in its standard state from its gaseous atoms
B. The formation of 1 mol of a compound in its standard state from its elements

C. The formation of 1 mol of a compound in its standard state from its gaseous atoms in their
standard states

D. The formation of 1 mol of a compound in its standard state from its elements in their
standard states

Which equation represents electron affinity?

A. C(g)+e —-C(g)

B. Na'(aq)+e — Na(s)

C. 4ClL(g)+e —Cl(g)

D. B(g)+e —»>B(g) +2e

Which combination results in an ionic compound having the greatest magnitude of lattice
enthalpy?

Sum of ionic radii lonic charges
A. small large
B. large large
C. large small
D. small small

Under which conditions does a sample of the same mass of carbon dioxide have the lowest
entropy value?

A.  Solid at high temperature
B. Solid at low temperature
C. Gas at high temperature

D. Gas at low temperature

Turn over
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19. Curves | and Il represent samples of the same gas at a constant pressure but at different
temperatures. The areas under curves | and Il are equal. What does curve Il represent?

Probability of molecules
with kinetic energy E

Kinetic energy E
A.  Curve ll is at the lower temperature and there are less molecules in the sample.

B. Curve ll is at the lower temperature and there are the same number of molecules in
the samples.

C. Curve ll is at the higher temperature and there are more molecules in the sample.

D. Curve ll is at the higher temperature and there are the same number of molecules in
the samples.
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20. The graph shows a plot for a reaction with second-order kinetics. How should the axes be

labelled?
Yy
X
x-axis y-axis

A. concentration time

B. time concentration
C. rate concentration
D. concentration rate

21. Which factors affect the rate constant, k, of a reaction?

l. Catalyst
. Concentration of reactants

Il.  Temperature
A. landllonly
B. landlll only
C. lland lll only

D. Lllandlll

Turn over
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Which best describes a reaction in a state of equilibrium?

A. The rates of the forward and reverse reactions are zero and the concentrations of products
and reactants are equal.

B. The rate of the forward reaction equals the rate of the reverse reaction and the
concentrations of products and reactants are equal.

C. The rates of the forward and reverse reactions are zero and the concentrations of products
and reactants are constant.

D. The rate of the forward reaction equals the rate of the reverse reaction and the
concentrations of products and reactants are constant.

The equilibrium concentrations of X, Y, Zand W are 1, 2, 4 and 2moldm™ respectively.

X(9) +2Y(9) = Z(g) + W(9)

What is the value of the equilibrium constant, K_?

A, 025
B. 0.5
C. 2

D. 4

Which of the following molecules can act as a Lewis acid but not as a Brgnsted—Lowry acid?

A. BF,

B. PCl
C. NH,
D. H,0

Which is a 0.001 moldm solution of a weak acid?

Conductivity pH
A. poor 5
B. good 7
C. poor 10
D. good 3
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What is the order of increasing acid strength? Approximate K, and pK, values at 298K are given.

Ka pKa
CICH,COOH 1x10° C,H.OH 10.0
CH,CH,COOH 1x10° CoH NH," 4.6

A.  CICH,COOH < CH,CH,COOH < C,H.NH," < C,H,OH

B. C.H.OH < C,H.NH," < CICH,COOH < CH,CH,COOH

C. C,H.OH < C,H,NH," < CH,CH,COOH < CICH,COOH

D. C.H,OH < CH,CH,COOH < C,H,NH," < CICH,COOH

Which solutions, mixed in equal concentrations and volumes, form an acid buffer solution?

A. HCl(aq) + NaCl(aq)

B. CH,CO,H(aq)+ CH,CO,Na(aq)

C. CH,CO,H(aq) + NaOH (aq)

D. CH,CO,H(aq)+ CH,CH,CO,H(aq)

Which salt forms the most acidic solution when dissolved in water?

Salt lonic radius of cation / 10™*m
A. crel, 63
B. FeCl, 76
C. MgCl, 65
D. NaCl 98

Turn over
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29. What is the buffer region in the acid—base titration curves below?

i D
10+ 10
pH B pH
5 5 :
_/A/
0 0
Volume of alkali added Volume of alkali added

30. Which element undergoes reduction in the following reaction?

(NH,),Cr,0;, (s) = N,(g) + 4H,0(l) + Cr,0O,(s)

A Cr
B H
C. N
D. O

31.  Which best describes reduction?
A. Increase in oxidation number and gain of electrons
B. Increase in oxidation number and loss of electrons
C. Decrease in oxidation number and gain of electrons

D. Decrease in oxidation number and loss of electrons
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What is E®, in V, for the following reaction?
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VO* (aq) + 2H" (aq) + V** (ag) — 2V* (aq) + H,O (1)

Standard electrode potential, E®/ V

V?#(aq) + 26 = V(s) -1.18
V¥ (aq) + e = V*(aq) -0.26
VO*(aq) + 2H'(aq) + e = V*'(aq) + H,O () +0.34
VO, (aq) + 2H'(aq) + e = VO*(aq) + H,0(l) +1.00

A.  -0.60
B. +0.08
C. +0.60
D. +1.26

What product is formed at the positive electrode (anode) when 0.001 moldm™ H,SO, (aq) is

electrolysed?

A. Hydrogen
B. Oxygen
C.  Sulfur

D.  Sulfur dioxide

Which pair of compounds can be distinguished by reacting them with dilute bromine water in

the dark?
A. CH,CH,COOH and CH,CH,CHO
B. CH,CH,CHCHCH, and CH,CH,CH,CH,CH,

C. CH,CH,CH(CH,), and CH,CH,CH,CH,CH,

D. CH,CH,CH,CHBrCH, and CH,CH,CHBrCH,CH,

Turn over
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Which compound is most soluble in water?

A.

B.

C.

D.

CH,CH,CHO
CH,CH,CH,CHO
CH,CH,CO,H

CH,CH,CH,CO,H
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Which are features of successive members of a homologous series?

l. Similar chemical properties
.  Same general formula

lll.  Differ by -CH,—

I and Il only

I and Il only

Il and Il only

[, Il'and Il

Which formula represents propanenitrile?

A.

B.

C.

D.

CH,CH,CN
CH,CH,CH,CN
CH,CH,CH,NH,

CH,CH(NH,)CH,

Which halogenoalkane reacts fastest with warm NaOH (aq)?

A.

B.

(CH,),CCl
(CH,),CBr
CH,CH,CH,CH,Cl

CH,CH,CH,CH,Br
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39. Which is the geometric isomer of cis-1,2-dichlorocyclopropane?

H Cl
A. | B. |
C C
H/ | \H H/ | \Cl
/"N VAN
C C T T
C|3[ C|)l H Cl
Cl Cl
C. | D. |
C C
H/ | \H / \H
VAN |
C C C C
| | / |
Cl H Cl H

40. Which is the best-fit line or best-fit curve for the points plotted on the graph?

A. B.




