Chemical energetics — 2022 Nov/June AS Chemistry 9701

1. Nov/2022/Paper_11/No.9
The enthalpy changes of formatlon AH?, of both PC!; and PCl are exothermic.

e ol
,{-c(*’ Cl-eAi = s

PCI; reacts with chlorine. s A

-
PCL(l) + Clg) » PCLs (s) AH® o = —124kJmol™

—

Which pair of statements is correct?

statement 1 statement 2
A AH?,“UO,, is less negative than The Cl, bond energy is neaded in calculating
AHY (PCLy). AH acion TTom enthalpies of formation.
B | AH?Y.,..n i85 more negative than The C1, bond energy is needed in galculaling
AH?T (PClLy). /\Hfo,c,,o,, from enthalpies of fi jon.
@ AH fyaciion 1S '€SS Neqative than The Cl, bond energy is notge calculating
AH?% (PCLy). AH ® 2cion fOM enthal ation.
D | AHY..... IS more negative than The C!l, bond energy i‘ ded in calculating
AH% (PCL,). AH,M,,Inn from alples of formation.

2. Nov/2022/Paper ‘11/No

A student mlxes 25.0cm’ of 0.350moldm™ sodium hydroxide solution with 25.0cm’ of
0.350moldm™ hydrochloric acid. The temperature increases by 2.5°C. No heat is lost to the
surroundings.

The final mixture has a specific heat capacity of 4.2Jcm K™

Nagg + Je( — nvaof +tho

What is the molar enthalpy change for the reaction?

-150kJ mol™ Q> A o;sm —-)—Gdg&
.—GOKJmol “looo 3 D= MxCXoT :
-30kJmol™ — % A5X10 - és&ﬂé}xw X R .3 —
D -0.15kJmol™ 8-35?“5)'7 5353 = 5‘253‘.
\vansts = 778" 7 5 MH: S NOS



3. Nov/2022/Paper_12/No.9
The reaction pathway for the forward reaction of a reversible reaction is shown.

A

energy
JkJmol !

progress of reaction

Which statement is correct?

)

7B

Fc
D

4. Nov/2022/Paper_12/No.1
The enthalpy changes fo

The activation energy of the reverse reaction is +80kJmol™.
The enthalpy change for the forward reaction is +30kJmal™ . 0
The enthalpy change for the forward reaction is +50 kJmol™. é

The enthalpy change for the reverse reaction is +30kJmal™. l\

ble reactions W, X. Y and Z are given.

b
9 - NaCl(@aq) + H,0() AH"=-56kJmal" ~ Lea bl

WW(

Ranr
0\4%1.0»-3
X Na‘c?(aq) ; () -» NaOH(aq) + HCl(agq) AH"=+56kJ mol™ ¥
n ) Lows Gebenba,
Y  2HI(g) > H.g) + Ix9) AH" = +11kJmol -
g "31&5
Z  Hx(g) + Ixg) — 2HI(g) AH* = =11 kJ mol™ .
Which statement about the activation energies of these reactions is_correct?
A Xis greater than W, Z is greater than Y. - Tt ons kﬁa\,t %’uﬂ s
- Y
@ X is greater than W, Y is greater than Z. VY - G- V) &c@(&;%b w./\.cg
C Wis greater than X; Z is greater than Y £ _/Q‘“-*f"- a (owee & b

D Wis greater than X; Y is greater than Z. * Lray



5. Nov/2022/Paper_12/No.16

Use relevant enthalpy changes from the tables to answer this question.

= 2.
==

reaction AH/kJ mol™
C(s) + 2Hx(g@) — CHa(g) -76
CHa(g) + 202(g) = CO(g) + 2H.0(g) -890
CHs(@) — C(g) + 4H(g) 1648
3C(s) + 4H2(g) - CaHa(g) -105
bond enthalpy
bond /kJ mol™
H-H 436 B
Se “U“D&J S
Cc-C 350 -
c=C 610 L%l g
" - Glg
c=0 805 0\ Lcu,zj- b, __Lj’_ “
Which value can be calculated for the enthalpy change for the f reaction? -
py chang g ﬂ [ cH et
2C(g) + 6H(g) — CaHl( Hess Xaw. —= w2
/ — eCCH)s
@ -2822kJmol™ g
B -2122kJmol” Cx%“‘ a

8

7
C -1998kimol R
D —1772kJmol” @ gLt 3

%




6. Nov/2022/Paper_21/No.3(d)

(d) Sulfur, S, reacts with chlorine to form several different chlorides. The most common are S,Cl,
and SCI,. SCi, forms when sulfur reacts with an excess of chlorine.

reaction 1 S,(s) + 4Cl,(g) — 4S,CL(}) AH, = =58.2kJmol '
reaction 2 S,.CL(I) + ClL(g) = 2SCL(l) AH, = —40.6 kJmol'
(i) SCI,is a cherry-red liquid that reacts vigorously with water to form an acidic solution.

Use this information to deduce the bonding and structure shown by SC1,,.
Explain your answer.

(i) Calculate the enthalpy change of formation, AH,, of SCL,(I). Xo nd it useful to use

Hess's Law to construct an energy cycle.

&ty ¥ (f, —R85-2 25CL (-562)+ (—w%\
R L

D, %} —~ 582+ 4 = 8oz,
58—\‘(}2 /_)H&:{-{o

enthalpy chan rmation of SCL,(I), AH, =

-4

k. maol™

(2]

(iii) State the effect of
Explain your

% in pressure on the position of equilibrium in reaction 2.



Fig. 3.1 shows the two structural isomers of S,Cl,.

(iv)

(v)

(vi)

isomer | isomer Il
S
/S\ /CZ g
Cl S TN
Fig. 3.1

Define the term structural isomer.

These . aur.. awe moledes  oue A6

Suggest a value for the CI-S-S bond angle in isomer I. Explain your an@
bond angle = ........ | L N o

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

Draw a dot-and-cross diagram to sh
only.

ding in1somer Il. Show outer shell electrons

(2



7. June/2022/Paper_11/No.9
The equation for an enthalpy change is shown. The enthalpy change is Q. C(,L.SE‘ ftess du&")

Q
2C(s) + 3Hz(g) + 3.50:(g) = 2C0,(g) + 3H.0(l)
What is the correct expression to calculate Q7
A 2 AHZ[CO@)] — 3 « AH¢ [Hy(g)] &

| < . 21,9
B 3xAMIMO(@Q)] + 2-aH[COxg] 2 Cog3lRg 380, = 1O, af o

€ 2xAHT[COx(g)] = 3 xAHT [Hy(g)] \\ @&5_
@ 3« AHEH:0()] + 2 « AH® [CO(g)] \\\\‘_\\ |

8. June/2022/Paper_11/No.10
A reaction pathway diagram for the reaction o us sodium hydroxide and dilute sulfuric acid

is shawn. Qo
A ng (s exofdone
oty Chasge G

Na,SO, + 2H,0 Weubslisodis (3 whe
. 0 mole g o

progress of reaction »Grv\r{q’ '

What is the value of the enthalpy change of neutralisation, Af..? x / >

A x B x-y @; D (x;y) e




9. June/2022/Paper_12/No.9
The standard enthalpy of formation of NO»(g) is +33.2kJmol™.

The standard enthalpy of formation of N.O,(g) is +9.2kJmol™".

What is the standard enthalpy change for the reaction 2NO;(g) — NzO.(g)?

(A) -57.2kimol”

B -24.0kJmol™
C +42.4kJmal
D

+75 6 kJmol™!

2 No, = IOy,

S

asel il

Ny 1297

~

tas2

AH = - ‘5?_-2.

10. June/2022/Paper_12/No.10
Separate samples of 25.0cm® of 0.1 moldm™ NaOH dded to each of three different acid
solutions, as described. The temperature of each_of ions was 298K before mixing.
— avic concentration volume
/moldm™ /em?®
1 H,SO, 0.05 25.0
2 0.05 25.0
3 0.05 25.0

separately wu’t‘mo

A The temperéture i

C The temperature rise using CH-CO;H is greater than using HCI.

@ The greatest temperature rise occurs using H.SQO..

three mixtures is the same.

mperature rises that occur on mixing each of these three acids

= weak auds do wet

=2 €

Aur 0L much Aeet

B The temperature rise using H,SO, and HCl is the same. = W nte C(N.w»@f 2G4 hs .

2\ adags racte 7
(_RCD\'

@S-ny.}) x OHS = 93

8€wﬂ



11. June/2022/Paper_13/No.9

Which equation represents an enthalpy change that is the average bond energy of the C=H bond
in methane? 2

A 1C(g) + H(@) » }CHi(a)x

® iCH(@ - $C(@ + H()

C CHug) — C(g) + 4H(g)

D CHi(g) > CHa(g) + H(g) X —= zw@ i "\"‘* "‘2“1 -

( P H’_C.— + — C~ Uc-L“\:
\¥

12. June/2022/Paper_13/No.10
Magnesium carbonate decomposes ted in a Bunsen burner flame.

Values for the standard ent ation, AH$, of the species involved are shown.

AH? MgCO3 ==1095.8k

AHY MgO = —60?7

AH? CO, = —3939kJ m

& +100.6kimol” Mﬁ(’OE / Pl M5
-1 '\
B +887.6kJmol _ [O‘qg?‘d_v‘e L{_g 3 CO -383 &
C +1095.8kJmol . %
D +2091kJmol” [T C-"%?L



13. June/2022/Paper_21/No.1(f)

(f) Magnesium, Mg, burns in oxygen, O,.
The activation energy, E,, for this reaction is +148 kJmol".

(i) State one observation when magnesium burns in oxygen.
Do not refer to temperature changes in your answer.

(ii) OnFig. 1.1:

e skelch a reaction pathway diagram for the reaction that occurs when Mg burns in Q,
e label the diagram to show the enthalpy change, AH, and the activation energy, E,, for
the reaction.

enthalpy

progress f@
Fi c,

Q”Q

(3]

3



14. June/2022/Paper_22/No.1(b)

(b) When magnesium is heated in air, magnesium oxide, MgQ, is the major product. Smaller
amounts of magnesium nitride, Mg,N,, are also made.

(i) Calculate the oxidation number for magnesium and for the nitrogen species in Mg.N, to
complete Table 1.1.

Table 1.1
species magnesium in Mg,N, nitrogen in Mg,N,
oxidation number + 1 o 2+ ~ [t w &=

(1]

(ii) Identify the type of reaction which takes place between magnesium and nitrogen.
Explain your answer.

PRedor vemchon-
IRl on -

(iii) Define enthalpy change of farmation.

im@w&,\ ......... chooge  Whaw |

(iv) When 3.645¢g of Mg(s) burns in excess

farm Mg.N (s), 23.05kJ of energy is
released.

Calculate the enthalpy change of formation, AH,, of Mg,N.,. Show your working.

Mg N2
= L sl =0-99
ML v 03 Nz- 7 '
a&, 05 IK{ L{.@ ‘{j()w ;
“8-08
AH, (MgN,) = ....... "L{'elKJ'“"Q 13]

[Total: 9]

10



15. June/2022/Paper_23/No.3a(ii)

(ii) Calculate the bond energy of C=0O using the bond energy values in Table 3.1 and the
enthalpy change, AH, for the thermal decomposition of G. Show your working.

Table 3.1 e 3;}"0 ‘ w
bond bond energy/kJmol™ ( +_.9 B CI,'— H
c-C 350 H H "
C-0 (in G) 360 - T '_u
C-H 410 Mu“( 3 ‘C.fF :

—— S |
C‘k\'\’loo (9) ‘:&Cz,(—h, ) 4+ CD T Cy =3:*§go?+3=?
D pen xb@) :b’b‘lﬁ@m =A%
oo @o x9) + (Re369) + @ .

£ :’@4— WD) +(55 )
bond energy (Cé ....... QT’ ....... kJmol™
(2]

11



