HL Paper 1

In which reaction will the entropy of the system increase significantly?

CaCO3(s) — CaO(s) + CO2(g)

H>0(g) — H20(1)

HCl(g) + NH;(g) — NH,CI(s)

NaOH(aq) + HCl(aq) — NaCl(aq) + H,0(1)
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Consider the values of AH® and AS® A for the reaction of nitrogen with oxygen at 298 K.

Na(g) + O2(g) — 2NO(g) AH® = +181kJ mol
AS® = 425 JK 'mol !
Which statement is correct for this reaction?
A.  AG® is positive at all temperatures.
AG° is negative at all temperatures.

AG° is positive at high temperatures.
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AG?® is positive at low temperatures.

What is the standard enthalpy of formation, in kJ mol~, of IF (g)?

IF7 (9) + 1o (s) — IF5 (9) + 2IF (9) AHO = -89 kJ

AH‘;’C (IF7) = =941 kJ mol™

AH(; (IF5) = -840 kJ mol™!

-190
-95

+6
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+95

Which is a correct definition of lattice enthalpy?

A. ltis the enthalpy change that occurs when an electron is removed from 1 mol of gaseous atoms.

B. Itis the enthalpy change that occurs when 1 mol of a compound is formed from its elements.



C. ltis the enthalpy change that occurs when 1 mol of solid crystal changes into a liquid.

D. Itis the enthalpy change that occurs when 1 mol of solid crystal is formed from its gaseous ions.

Which equation corresponds to the lattice enthalpy for silver iodide, Agl?

A Agl(s) — Ag(s) +1(g)

B. Agl(s) — Ag(s) + 51x(g)

C. Agl(s) » Ag*(aq) + I (aq)
D. Agl(s) — Ag'(g) +1 (g)

Which reaction has the largest increase in entropy?

A. H(g) + Cla(g) — 2HCl(g)

B. Al(OH),(s) + NaOH(aq) — Al(OH), (aq) + Na*(aq)

C. NayCOs(s) + 2HCl(aq) — 2NaCl(aq) + CO2(g) + H20(1)
D. BaCly(aq) + Na2SO4(aq) — BaSOu(s) + 2NaCl(aq)

Which reaction has the greatest increase in entropy?

SOs(g) + 2HaS(g) — 2H20(1) + 3S(s)

CaO(s) + COx(g) — CaCOs(s)

CaCa(s) + 2H20(1) — Ca(OH),(s) + CoHa(g)
Ny(g) + O2(g) — 2NO(g)
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Which equation represents enthalpy of hydration?

Na(g) — Na*(aq) + e~

A
B. Na*(g) — Na*(aq)

C. NaCl(s) — Na*(g) + CI~(g)
D

NaCl(s) — Nat*(aq) + Cl-(aq)

Which ionic compound has the most endothermic lattice enthalpy?

A. NaCl



B. KCI
C. NaF
KF

Which statement is correct?

If AH < 0, reaction is always spontaneous.
If AH > 0, reaction is never spontaneous.

If AS < 0, reaction can be spontaneous if temperature is low enough.
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If AS < 0, reaction can be spontaneous if temperature is high enough.

Which step(s) is/are endothermic in the Born-Haber cycle for the formation of LiCI?

A. %CIQ(g) — Cl(g) and Li(s) — Li(g)
B. Cl(g) +e  — Cl (g)andLi(g) — Li"(g) + e~
C. Lif(g) +Cl (g) — LiCl(s)

D. %Clg(g) — Cl(g) and Cl(g) + e~ — Cl (g)

Which ion’s hydration energy is the most exothermic?
Li*
Na*

Br-
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Which value represents the lattice enthalpy, in kJ mol=1, of strontium chloride, SrCl,?



Sr*(g) + 2ClL(g)

Sr¥+(g) + 2Cl-(g)
A

Srt(g) + 2Cl(g)

+550

Enthalpy

Srig)+2Cl{g)

& i
243 Lattice enthalpy
Sr(g)+ Cl,(g)

Sr(s)+ClL(g) T+164

SrCl,(s) v

- (-829) + 164 + 243 + 550 + 1064 — (-698)
-829 + 164 + 243 + 550 + 1064 — 698

- (-829) + 164 + 243 + 550 + 1064 — 698
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-829 + 164 + 243 + 550 + 1064 — (-698)

Which change will not increase the entropy of a system?

A. Increasing the temperature

B. Changing the state from liquid to gas
C. Mixing different types of particles
D

A reaction where four moles of gaseous reactants changes to two moles of gaseous products

Which reaction has the greatest increase in entropy?

CsHg(g) + 502(g) — 3CO2(g) + 4H20(g)
Hy(g) + Cla(g) — 2HCI(g)

N»(g) + 3Ha(g) — 2NH;(g)

CoHy(g) + Ha(g) — C2Hg(g)
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Which combination of A H and A.S signs will always result in a spontaneous reaction at all temperatures?

AH AS
A + +
B. — —
C. - -
D. - +

Which compound has the most positive lattice enthalpy of dissociation?

NaCl
NaBr
MgCls
MgBr,
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Which transition represents an enthalpy of hydration?

. 2H50 () > H30* (aq) + OH™ (aq)
. NaCl (s) — Na* (aq) + CI~ (aqg)

. K*g)—>K*(aq)

. K*(g)—K*(aa)
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Which combination of AH and AS values corresponds to a non-spontaneous reaction at all temperatures?

AH AS
A - -
B. + -
C. - +
D + n

Which reactions/processes have a positive entropy change, AS 99

I.  NaCl(s) — NaCl(aq)
Il.  NayCO;(s) + 2HCl(aq) — CO,(g) + 2NaCl(aq) + H,0(1)



. AgNOs(aq) + NaCl(aq) — AgCl(s) + NaNOs(aq)
A. land Il only
B. landlll only
C. llandlll only
D

I, Iland Il

Which change leads to an increase in entropy?

CO2(g) — CO2(s)
SFg(g) — SFe(1)
H,0(1) — H,O(s)
NaCl(s) — NaCl(aq)
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Which ionic compound has the most endothermic lattice enthalpy?

Sodium chloride
Sodium oxide

Magnesium chloride
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Magnesium oxide

Which factors will increase the entropy of this system?

CaCOs(s) = CaO(s) + CO,(g)

I.  Increasing the temperature without changing the volume of the container.

Il.  Decreasing the concentration of the gas without changing the volume of the container.
lll.  Increasing the pressure without changing the volume of the container.

A. land Il only
B. landlll only
C. llandlll only
D

I, Iland IlI

Which system has the most negative entropy change, AS, for the forward reaction?

A, Ny(g) + 3Hy(g) = 2NH3(g)
B. CaCOs(s) — CaO(s) + COx(g)



C. 25,0527 (aq) + lp(aq) — S4,06%(aq) + 2I(aq)
D. H,O() — H,O(g)

Which change must be negative when a reaction occurs spontaneously?

AH
AG
AS
AT
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Which statements are correct for ionic compounds?

I. Lattice energy increases as ionic radii increase.
Il. Within the same group, the melting point of salts tends to decrease as the radius of the cation increases.
Il. Solubility in water depends on the relative magnitude of the lattice energy compared to the hydration energy.

A.land Il only
B. I and Ill only
C. lland lll only

D. I, Iland Il

Which processes have a negative value for AS 99

. H0(1) — H20(s)

. 2H02(l) — 2H30(1) + O2(g)
. 2H(g) + Os(g) — 2H,0(g)
A. landll only
B. landlll only
C. llandlil only
D

I, Iland Il

Which processes are predicted to have a positive entropy change, AS?

. Iy(g) = Ly(s)
Il 4NH;(g) + 50, (g) — 4NO(g) + 6H,O(g)
ln. CH3;O0H(l) — CH3;0H(g)

A. land Il only



B. landlll only
C. llandlil only

D. I llandlll

Which equation represents the lattice enthalpy of magnesium sulfide?
A.MgS (s) > Mg (9) + S (9)

B. MgS (s) — Mg* (9) + S™(9)

C. MgS (s) —» Mg?* (g) + S*~ ()

D. MgS (s) —» Mg (s) + S (s)

Which equation represents the second electron affinity of oxygen?
1 - 2—

A 50,(g) +2¢7 — 0" (g)

B. O(g)+2 — 0 (g)

C. Ou(g)+4e” — 20 (g)
D. O (g)+e — 02_(g)

Which combinations of values will result in a spontaneous reaction?

AH I kJmol™ AS1JK™" mol™ TIK

l. —100 —100 300
I +100 —100 300
1 +100 +100 3000

A. landllonly

B. landlll only

C. llandlll only

D. I llandll

What are the signs for the entropy changes associated with this reaction?

H20(g) — H20()
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Assurrnund'lngs ﬁsaystem
+ f—
+ +
- +

Which combination of AH® and AS® will result in a non-spontaneous reaction at all temperatures?

AH® AS®
Al positive negative
B. negative positive
C. positive positive
D. negative negative

The combustion of glucose is exothermic and occurs according to the following equation:

Which is correct for this reaction?

CgH1205 (s) + 60, (g) — 6CO; () + 6H,0 (g)

AH® As® nom apontaneeus
Al negative positive spontaneous
B. negative positive non-spontaneous
C. positive negative spontaneous
D. positive positive non-spontaneous

The Born-Haber cycle for potassium oxide is shown below:




+612kJ

2K (g) + 2" + O(qg)

+838kJ
_2K(g) +0(g)

F

+428KkJ

2K(s)+ 7 0,(9)

—361kJ

Which expression represents the lattice enthalpy in kJ mol~1?

A.

B
C.
D

-361 + 428 + 838 + 612
~(~361) + 428 + 838 + 612
-361 + 428 + 838 - 612

~(-361) + 428 + 838 - 612

What is the correct order for increasing lattice enthalpy?
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MgO < MgCl, < NaCl < CsCl
CsCl < NaCl < MgCly; < MgO
NaCl < CsCl < MgO < MgCls
NaCl < CsCl < MgCl, < MgO

Consider the following information:

What happens to the spontaneity of this reaction as the temperature is increased?

A.

B
C.
D

2K (g) +‘02‘<g:

lattice
enthalpy

K,O(s)

CaCO;(s) — CaO(s) + CO,(g)

AH = +179 kJ mol*
AS = +161.0 JK 'mol !

The reaction becomes more spontaneous as the temperature is increased.

The reaction becomes less spontaneous as the temperature is increased.

The reaction remains spontaneous at all temperatures.

The reaction remains non-spontaneous at all temperatures.



Which equation represents the lattice enthalpy of calcium chloride?

CaCl(s) — Ca*(g) + Cl (g)
CaCly(s) — Ca?*(g) + 2C1 (g)
CaCly(g) — Ca?*(g) + 2C1 (g)
CaCly(s) — Ca?* (aq) + 2C1™ (aq)
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Which ionic compound has the greatest lattice enthalpy?

MgO
CaO

NaF
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KF

A reaction has a standard enthalpy change, AH@, of 4+10.00 kJ mol~! at 298 K. The standard entropy change, ASe, for the same reaction is

+10.00 J K 'mol™'. What is the value of AG® for the reaction in kJ mol~'?

A, +9.75
B. +7.02
C. =240

D. -2970

Which process would be expected to have a AS® value which is negative?

2H,(g) + O2(g) — 2H,0(g)

NaCl(s) — Na*(g) 4+ Cl (g)

H,(g) + () — 2HI(g)

OF»(g) + Hy0(g) — O2(g) + 2HF(g)
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The reaction between but-1-ene and water vapour produces butan-1-ol.

C4Hg(g) + Hy0(g) — C4HyOH(1)

The standard entropy values (S@) for but-1-ene, water vapour and butan-1-ol are 310, 189 and 228 J K 'mol! respectively. What is the standard
entropy change for this reaction in J K 'mol™?

A 27



B. +271
Cc. -107
D. +107

Which combination of enthalpy change and entropy change produces a non-spontaneous reaction at all temperatures?

AH AS
A + _
B - +
C. - -
D. - +

When hydrogen peroxide decomposes, the temperature of the reaction mixture increases.

2H-0 (aq) — Oz(g) + 2H20(1)

What are the signs of AH, AS and AG for this reaction?

AH | AS | AG
A — — —
B - + -
C - + -
D - + +

Which ionic compound has the largest value of lattice enthalpy?
A. MgS

B. MgO

C. CaBr,

D. NaF

Which reaction has the greatest increase in entropy?

A. 2CH;0H(1) + 30,(g) — 2C0,(g) + 4H,0(1)
B. Ny(g) + 3H,(g) — 2NH;(g)



C. 2HCl(aq) + MgCOs3(s) — MgCly(aq) + H2O(1) + CO2(g)
D. NH;(g) + HCl(g) — NH4CI(s)

Which species are arranged in order of increasing entropy?

C3Hg(g) < CH30H(l) < Hg(l) < Na(s)
CH;OH(l) < CsHy(g) < Hg(l) < Na(s)
Na(s) < Hg(l) < CH3;0H(l) < C3Hg(g)
Na(s) < Hg(l) < C3Hg(g) < CH30H(1)
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Which equation represents the electron affinity of chlorine?

Cl(g) + e — Cl (g)
Cl(g) +e= — Cl(g)
Cly(g) +2e~ — 2Cl1 (g)
Cl(g) — Cl*(g) + e~
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What is the correct definition of lattice enthalpy?

A. Enthalpy change when one mole of a solid ionic compound is separated into gaseous ions.

B. Enthalpy change when one mole of a solid ionic compound is separated into its ions in their standard state.
C. Enthalpy change when one mole of a solid ionic compound is formed from gaseous elements.
D

Enthalpy change when one mole of a compound is formed from the elements in their standard states.

The Born-Haber cycle for the formation of magnesium oxide is shown below.



Mg*(g) + 0 (g) y
Mg*(g)+2¢ +0(g)
X
Mg(g) +O(g) Y
Enthalpy 1
Mg(g) +30,(g)
Mg(s) +%02[g)
Z
A MgO(s)
What is a correct description of the steps X, Y and Z in this cycle?
Step X Step Y Step Z
2nd ionization energy of Mg | enthalpy of formation of MgQ lattice enthalpy of MgQO
2nd 1omization energy of Mg lattice enthalpy of MgO enthalpy of formation of MgO
sum of the lst and 2nd : .
ionization energies of Mg lattice enthalpy of MgO enthalpy of formation of MgO
sum of lst and 2nd 1onization . :
energies of Mg enthalpy of formation of MgO lattice enthalpy of MgO

Which combination of ions will give the greatest absolute lattice enthalpy?
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A small positive ion with a high charge and a small negative ion with a high charge

A small positive ion with a low charge and a small negative ion with a low charge

A large positive ion with a high charge and a large negative ion with a high charge

A large positive ion with a low charge and a small negative ion with a low charge

The rate expression for the reaction between iodine and propanone with an acid catalyst is found to be:

rate = k[H']'[I,)°[CH;COCH;]"

What is the overall order of the reaction?

A
B.

0
1




AG® calculations predict that a reaction is always spontaneous for which of the following combinations of AH® and AS®?

+AH® and +AS®
+AH® and —AS®
—~AH® and —AS®
—~AH® and +AS®
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Which row of the table correctly represents the equations for the lattice enthalpy of substance XY and the electron affinity of atom Y?

Lattice enthalpy Electron affinity
A X (2)+Y (2) = XY(g) Y (g)+e > Y (g)
B. X'(2)+Y (8) > XY(s) Y(g)+e =Y (g)
C. X'(g)+Y (2) > XY(s) Y(E)+e =2 Y ()
D. X' (g)+Y (g) > XY(g) Y(g+e =Y (g)

What is the standard entropy change, AS®, for the following reaction?

2C0(g) 4 O2(g) — 2C0(g)

CO(g) 0,(g) COy(g)
S5/ TK™ mol™ 198 205 214
A -189
B. -173
C. +173
D. +189

What is the enthalpy of solution of MgF(s) in kJ mol='?

Lattice enthalpy of MgF(s) = 2926 kJ mol™"
Hydration enthalpy of Mg2*(g) = —1963 kJ mol~’

Hydration enthalpy of F~(g) = -504 kJ mol~"



2926 - 1963 + 2(-504)
2926 - 1963 - 504

~2926 — (-1963) — (-504)
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-2926 — (-1963) — 2(-504)

When solid potassium chlorate, KC1Os, dissolves in distilled water the temperature of the solution decreases. What are the signs of AH ® AS® and

AG® for this spontaneous process?

AH® | AS® | AG®
A + + +
B + + -
C. — — —
D + - +

Which represents the enthalpy change of hydration of the chloride ion?

A.  Cl(g) =% cl(aq)

B. Cl(g) 2% Cl(aq)

1
C. 5CL) —25 Cl (aq)
D. %Clﬂaq}i) Cl (aq)

During which process is there a decrease in the entropy of the system?

Ag(s) + 2H" (aq) + NO; (aq) — Ag*(aq) + HyO(1) + NO,(g)
Ba(OH),(s) — BaO(s) + H20(g)

PCl;(g) + Cly(g) — PCls(g)

H,O0(s) — H,0(1)
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