2 THERMODYANMICS

C(s) + 2 Ha(g) — CHa(g)

Ha(g) + %2 O2(g) — H20(1)

5 No(g) + 3/2 Ha(g) — NHs(g)

2 C(s) + 3 Hy(g) + ¥2 O2(g) — C2HsOH(l)
C(s) + 3/2 Ha(g) + Y& Bra(l) — CH3Br(l)

2 Na(s) + %2 O2(g) > Nax0O(s)

CHa(g) + 2 O2(g) — CO2(g) + 2 H20(l)
Ha(g) + 72 O2(g) — H20()

CoHe(g) + 3% O2(g) — 2 CO2(g) + 3 H20(1)
Na(s) + ¥4 Ox(g) — 2 NaxO(s)

CsH1a(g) + 9% O2(g) — 6 CO2(g) + 7 H20(1)

TASK 1 — A MIXTURE OF SIMPLE AS THERMODYNAMICS QUESTIONS

1 -129 kJ mol” 2 -2222 kJ mol 3 -1194 kJ mol
4 -2008 kJ mol” 5 -184 kJ mol™ 6 -125kJ mol”
7 -1669 kJ mol” 8 -57.3kJmol” 9 -5116 kJ mol”
10 +288, -277 kJ mol 12 +507 kJ mol”

13 a -1823kJ mol” b -1311 kJ mol” ¢ -1690 kJ mol”
1) 4C(s) + 5Hy(g) —— ", CaH1o(9)

4(-394) \ /—2877
5(—286)

4 CO2(g) + 5 H20(1)

AHf— 2877 = 4(~394) + 5(-286) AHs

4(-394) + 5(-286) + 2877
-129 kJ mol™

OR AH = [Sum of AH reactants] — [Sum AH. products]
[ 4(-394) + 5(-286) ] — [-2877]
-129 kJ mol”
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2) CsHs(g) + 502(g) — 3 COx(g) + 4 H0())

AH = [Sum of AH; products] — [Sum AH: reactants]
= [ 3(-394) + 4(-286) ] — [-104]
= —2222 kJ mol
3) Broken C-C + 6 C-H +3% 0=0 = 348 + 6(412) + 3'5(496) = 4556

Made 4C=0 + 6 0-H = 4(743) + 6(463) = 5750

= [Bond broken] — [Bonds made] = 4556 — 5750 = -1194 kJ mol”

4)  3C(s) + 4Ha(g) + % 0ug) — 18 CHsCH(OH)CHa(l)

3(-394) \ /
4(-286)

3 CO2(g) + 4 H0()

— 318+ AH, = 3(-394) + 4(-286) AHc 3(-394) + 4(-286) + 318

—-2008 kJ mol™

OR AH = [Sum of AH reactants] — [Sum AH. products]
-318 = [ 3(-394) + 4(-286) 1 — [AH(]
AHc = 3(-394) + 4(-286) + 318 = —2008 kJ mol

5) + 2 Cly(g A CCls(1)

715 +31
2(242) 4(338)

C(g) + 4 Cl(g)

AH; + 31 +4(338) = 715 + 2(242) AH: = 715+ 2(242) — 31 — 4(338)
= —184 kJ mol™
6) CHsCH=CHy(g) + Hy(@) ——— , CH3CH:CHs(g

—2059 \ /—2220
—286
3 CO2(g) + 4 H20()
—2059 — 286 + 2220
-125 kJ mol
OR AH = [Sum of AH. reactants] — [Sum AH. products]

= [-2059 - 286 ] — [-2220]
= —125 kJ mol™

AH - 2220 = —2059 + -286 AH

7) g = mcAT
= 80 x 4.18 x 47.3 = 15820J = 15.82kJ

moles CH3COCH3; = mass/M; = 0.55/58.0 = 0.00948

AH

q/ moles = —15.82/0.00948
— 1669 kJ mol™
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8) mcAT

50 x 4.18 x (33.9-20.2) = 2863J = 2.863 kJ

o
I}

moles KOH = conc x vol (dm3) = 2.0 x25/1000 = 0.0500
moles HNOs = conc x vol (dm®) = 2.0 x 25/1000 = 0.0500

AH = q/moles = —2.863/0.0500
- 57.3 kJ mol”

s S aAxk

(Sowm AV M) — (Sowm AWM ceactensx)
Cu(-2a3) +12(230) + 07} — Lwigd) + sl2))

"

= =St T lmal

1o o) erdraloy chrorqe for a (eadnon 'S indegardenis ol o BT A=ken

=) 1) 20l + Haule) 2 o cova@

2(-2a7)
—2%26 — 13

P28 CD?.L@ + Mho C\)

A oo = 2(-297) — 286
AV = 4+ 22% WT |

) DV
‘\\) 2 () «+ 3-\-\7,039 - ‘L,,DLLQ — C:z.’o—\gol—\ )

2 (-3a3)
2 (-28%) —\2a7

Q_CDzLSj - '31—\'7_.c L\)

A 1367 = 2(-19D) + 3(-28%)
A—‘r\:‘— = =27 HIM

\ ) bomug - e
) -Fonrvw\ﬂ H - owondls - e
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2. (s +» 3v\4 (=)
() 29

2 (4z) /:um)

ec(g) + er (5)

A2 £+ 2| + 6(%1D) 1+ 6(€) = S + 3(%4.)

lc<) - 3cdo

c-C = S 3/ o)

-2\ ?
= o) 2 clsD 2 2th(d + houtd _—-é ez k()

3(-3aw)
3(-280) / At

3 Coelg) 300V

-2 4+ Ade = (-3 + 228

AYe = = 1822 T/ mal
< Ade
b) c:r\;—C——-ot—\; (D A 4OL(3) —_ :3607_(5) rs 2"'\1‘5(35
0.2 N\ Hwaed
2(3u8) 2 2((_23;
G(d)

U » (D + B ol

AVe 1 N b+ e (wa2) o 2o + 20248 » () s H(Ra)iE1wd)

AVe - — 20 T (ol

o) O = McAT = 2.3¢x25.3 5 BY¥.So WI
2 .0
el G'\"}Coc,k—\j = 4.(; = [=FF =%
A\—\': = - 3%. S = - 9 kj?’m:-i
o -5

A /(D s toresk vare
3 Cb) uses Mecn bongd eafuolgirs » qu"‘"ﬁ the) =2 (3)

% @) heaic 1258 €n Aot as erouen—c ob shholdd ke
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TASK 2 — EXTRA BOND ENTHALPY CALCULATIONS

-184 kJ mol

1 a b -95kJ mol” ¢ -103 kJ mol™
2 391 kJ mol” 3 464 kJ mol™ 4 452 kJ mol
5 508 kJ mol”
Au
Va2 Hil) & Clatad —  z2\ca (q)

Al
242

=2+ (%‘7

A A+ 2w

Ak =

/2_("5’.':.\)

A 2 C.-l,[3)

= 43 + 242

— 84 T [ ol

)

[~Yr R
dlwz)
\AS

crlr=cM (3) + Bcata)

A

3R
4(d2)
z (21e)

2CU + & N(L) + 2&c(q)

A 4+ 24+ U (4D 2210 -

i + L) « \a2

S 2C0sY + ade(sd 2N cods (D
23(S) 2(308)
Ul L) elan2)
> C.'C5‘3 >y B A (%3

AN 12 (34D + & (w2)

N

= 3(."1\5) & “QL‘*’&"‘)

— o} T /ol
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‘bl (&)

Mz (awl)
(vl i)

—hlm
» *h ‘-\1.(.33 — Nz (@

2(ra—vy)
~ ks‘) .

2 9 )

— Ala + 3(na-a)

=

L laswed » 3o (w3

leal) = 2
Nd s 29y wT o)
—28C
> Het(a) + b ouesd > Hze (1D
L TN
' (wal) ,/?;‘é_avﬁ)
2- 4 f-s\ A Qfs)
- 28 + U2 4+ 2(c-4) = A2l 4 1],_(%4&:)
2_(0—\-".) = Qazg
lo-w) = 4atd w5 /ol
—-2118
A 2C(s? + Zth(a) »'hou(a) > Cadson ©)
2¢n1g) 44 248
::lcm:u.'_)) S(hd) 3o
Vi (Y
2 Cla) + ellad + olg) (e

—2718 & w4 248+ S(A) 4 3ho & (o-W) = 2(1) 4B + Thilvas)
(0-4) = AS2 1T ms)

223 (s<
496 /2' S==)
Slag) + 2Zota)

-287 + 2(S=2)

= 2273 4+ ARl
2(S=a) = loik
S =o = Sog =T /ol
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TASK 3 — DEFINTIONS

1

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

| 20)

AH OF CHB() e GCLRN. 2. B ). .. Cara®) e

AH#0f CHSCOOM() —ovvv.ooereroreeere . B CES) e 2 M)+ O2.(D . =5, CRRCEOR D).

AHZE OF H2(G) oveve et o Lﬁ\. . on Q.= 5 PR =Y () YU

AH® of CHECOOH() ©vvvveeeseeeeeeeeeeeses s Calaconn () +.2.0 z.(.a.}. par'y .QHCD.L(.'_.Q.#. 2.xh00)
+ —

1st ionisation energy of aluminium ...................... ML?}\—%M[&}—\— L - O
+ Pye —

2nd ionisation energy of aluminium ..................... B\\lﬁ)-)fﬂ@d'ﬁ ...............................................

2+ 34 —
3rd ionisation energy of aluminium ML:D-—BM(@ re

1st electron affinity of chlorine .............................. cy Ljﬁ*ﬁ——--—‘km——( @ ....................................

4+ 2~
lattice enthalpy of formation of sodium oxide ..........2~. Na. LQ 4.0 Cal....=2...... Na9.(s)
=

L 2~
lattice enthalpy of dissociation of aluminium oxide MLC);LS) —_—. Ml@ 4. 3D C:) ..............

s 4
AH®pyg of SOIUM ONS ...oeieeiiiiiiie e ~Na ...(.g.) ..... —.... h\a(aaf) ...........................................
2 - -
AHChyg Of OXIdE IONS .....evoeiieeiciee e Q. La) =D D o)
2_.—
AH®s; Of SOdIUM OXIdE .....ocvvvvriiiiiriirii e, MaLOLS)... .. Q.NG*LWN X Lam)
& 2
AHz2s, of magnesium carbonate .............ccccceeennnnl Mﬂ CD;(.Q-—?I\’\ﬂLmD *‘QQ&(:q)
Bond dissociation enthalpy of water ....................... “mk—ho (3'3—) L .(5'.\.. o "z_@(@ ..............
Bond dissociation enthalpy of hydrogen .................. HJ_.L:@-—H 2.-4—“.3') ................................................
AH® OF DIOMING .o.oeeveveeee e 12 @€ L0 D BELB) e
Bond dissociation enthalpy of bromine ................... &(1,(53'-—9 .. .(53 .........................................
Enthalpy of vaporisation of bromine ........................ 29 MW= .z,.(.g,) .............................................

1st electron affinity of bromine 5.!(3')&—2'-‘-—-33{’{5) .................................
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TASK 4 — MAKING SURE OF DEFINTIONS

1) Ca(g) —» Ca*(g) + & e AN S AU @G e
2) S(g) + 26 — S%(g) LY 20 1@, GUANIY D

3) AkOs(s) » 2A*(g) + 30%(g) Clane disseaaven 002

4) NaBr(s) - Na'(aq) + Br(aq) sRloMeA N
5 la(s) - 21(g) LA adomsaven oy T

B) CaHs(g) + 502(g) — 3C02(g) + 4H20() ... @nabmweA . CaMly

7) 4Al(s) + 30x(g) - 2 AbOs(s) oo FoCtnciton. DO

8) Ca’(g) + 0%(g) » CaO(s) ... \Mcef-{?or»»aumcﬂ.c; .....................................................
9 Na(s) > Na(g) e OYBAAAS B N A
10) Pes) — 4P(g) A adeamns e S,

11) HCl(@) — H(g) + Cl(g) boamma.pj’«*cﬂ- ...........................................................

12) H.00) — 2H(g) + O(g) Vafodwa\r\l0+ﬁ-¥.bo»dod\\4d1>—\a-’c\ ..........

13) Allg) » A¥(g) + 3¢ ISR A 20 k. 30 nemasm i B
" we

14) Ca*’(g) » Ca’laqg @ ... WMCA& .........................................................................

15) Mg(s) - Mg>'(g) + 2¢ M\f\e\l\hﬂ-\-!%«— wamummj ..........

16) Mg(s) + % O2Ag) - MgO(s) «Pm’mmwao ....................................................................
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TASK 5 — SOLUTION CALCULATIONS

1 +1kJmol” 2 -307.5 kJ mol 3 -2316 kJ mol”
4  -25kJmol’
ax N _
. Nad () —>  ata) » & (o)
. K / —dob 3ot
Qa* (3‘\ - C}:(qﬁ
2% =T\ = Vol -3yt AX: = 4l T e
—-38 2 -
2 | Rabr, (=) —> Ba Coq) ¢ 2% C«\;)
—\°\'.'-7\ /—\35«: 2. A
e~ 2& )
—\Zeo r 2.4 = —1a20 -2y
A\ - e AN = =25LS wT el
-\L> 24 .
2 Cal, Ls) — Caem) r 27T kg)
Ak '\ 7/ —leSa 2.(—2a%)
2 —_—
Ca (53 + 2T (g)
AR — Vo = —\eSe i+ 20 -—2aD A = — 2216 % ma)
* p—
A N €O (S) > N cad r U lag)
'-'-‘\9\ f—3=| -3t
'S —
L\Q—\:\- lﬂ'\ + Co (3)
AN —ds . 20 —3d AN = =28 )
© www.CHEMSHEETS.co.uk 17-Jul-12 Chemsheets A2 033



TASK 6 — BORN HABER CYCLES

1 -445kJ mol
4 -3518 kJ mol”

2 -652 kJ mol™
5 -314 kJ mol™

7 CoCl=+241kJ mol”, CoCl, =-286 kJ mol™!, CoCls = -25 kJ mol™

3 -15421 kJ mol”
6 +339 kJ mol”

K* (g) + e + Cl (g)

Ca?* (g) + 2e" + 2Br (g)

A

2(-342) | AH dectron affinity/ies

A
H - AH electron affi
418 | AH lonisation energy/iss 364 nity/ias
! K(g)+Ci(g) ¥ K*(g) +CI" (g)
”
%0 AH atomisation(s)
121

L k() + 201, (9) 710, | AH eticn e
- of formation
7 | AH formation

v KCI (s)

AH,aen =90 # 121 + 418 — 364 - 710 = - 445 kJ mol!

590 AH fonisation energy/ies
1150
Ca (g) + 2 Br(g)
A
193 AH atomisation(s)
2(112)

1 ca(s) + Br ()

? | AH formation

CaBr, (s)

Ca?+ (g) + 2 Br (g)

AH lattice energy

-2126 of formation

AH, e = 193 +2(112) + 590 + 1150 — 2(342) - 2125

= - 652 kd mol

2AP+(g)+6e +30(g)

277} | AH joniation energyjies 3i-142) | AH sctron sty ies
2(1820) 3(844)
240 | 2m1(g) +30(g) ***|
»
2(314) | AH Leomisation(s)

| 2 m1(s) + 2,0, (9)

2 AP+ (g) + 20% (g)

AH lattice energy
? of formation

-1869 | AH formation
v Alzos (S)

Ca’t(g) +2e +

0(g)

h

590 | AH -142

ionisation energy/ies

AH giectron affinity/les

"84 car (g) + 07 (g)

1150
Ca(g) +0(g)
5
193 AH atomisation(s)
248

1 Ca(s) +%20,(g)

835 | AH formaton
, a0 (s)

? AH lattice energy
of formation

y

~1669 = 2(314) + 3(248) + 2(577) + 2(1820) + 2(2740) + 3(-142) + 3(844) + AH
AH =-1669 — 2(314) — 3(248) — 2(577) — 2(1820) — 2(2740) + 3(142) - 3(844)

-635 = 193+ 248 + 590 + 1150 = 142 + 844 + AH ...
AH,qyic0 = = 635 = 193 — 248 — 590 — 1150 + 142 - 844

== 3518 kJ mol-"

== 15421 kJ mol*

’i caIz = |
Ca**(g)+2e +2I(g)
A
A
H
590 | AH .. . o 2% | AH giactron amnity/ies
1150 -
1 Ca(g) +2X(g) , Ca** (g) +21I'(g)
A
193 | AH ppscatoncs)
2(107)
AH
2 Ca (S) + Iz (S) - 2054 h::m
535 | AH iin
¥ CaL, (s) v

Cu® (g) +2e +0(g)
4
— AH
745 AH ionisation anergy/ies 142 slectron affinity fies
1960 +844 -
Cu(g) +0(g) ¢ Cu**(g) + 0¥ (g)
4
X AH atomisation(s)
248

| cu(s) +120,(g)

-155 | AH formation
Jr CuO (s)

- 4149

AH lattice enargy
of formation

A

2X=-628

|-535 = 193 + 2(107) + 590 + 1150 + 2X - 2054
2X == 535193 — 2(107) — 590 — 1150 - 2054
X ==2314 kJ mol!

<155 = X+ 248 + 745+ 1960 — 142 + 844 - 4149
X=—155-248 — 745 - 1960 + 142 - 844 + 4149
= + 339 kJ mol!
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Co* (g) +e + Cl(g)

Co** (g)+2e + 2Cl(g)

"~

757
1640

"~
427
3(121)

?

v

3230 | Co(g) +3Cl(g)

Co (s) + 3/, Cl, ()

AH ionisation energy/les

3(-364) | AH aiectron affinityies

) Co*(g) +3CI (g)

AH tomisation(s)

-5350

AH formation

CoCl, (s) v

AH lattice energy

of formation

| AH. =427 + 3(121) + 757 + 1640 + 3230 - 3(364) - 5350
[ = = 25 kJ mol*

A x 4 A
A1 7s7 | am ~364)| AH dectron affnity/ies 757 | AH 2(-364) | AH aiactron affnity/ies
lonisation energy/ies ionisation snergy/ies
Co (g) + Ci(g) | Co*(g) +Cl"(g) 1640 Co (g) + 2Cl(g) \ Co* (g) + 2CI" (g)
A
427 | AH atomisation(s) 427 1 AH atomisation(s)
121 2(121)
! Co (s) + ¥z Cl; (9) ~700 AH I.u‘:‘;m-:-ﬂr:nv | Co (s) + Cl, (g) _2624 AH hu!:l'c:r::_'::
? | AH tormation ? | AH formation
P CoCl (s) \ L CoCl, (s) \
AH, ion =427 + 121 + 757 — 364 - 700 AH,ion =427 + 2(121) + 757 + 1640 — 2(364) — 2624
=+ 241 kJ mol! = 286 kJ mol! :
Co3* (g) + 3e + 2Cl (g) -

© www.CHEMSHEETS.co.uk

17-Jul-12

Chemsheets A2 033

11



TASK 7 — A VARIETY OF AH QUESTIONS

2b
5a
10a
13a
14

-92 kJ mol 3 +463 kJ mol 4 +330 kJ mol

-2222 kJ mol™, b -1690 kJ mol’ 8 -463 kJ mol” 9 -307.5kJ mol”

-62 kJ mol™", b +110 kJ mol” 12 CaCl = -179, CaCl, = -771, CaCls = +1494 kJ mol™

-15421 kJ mol™!, b -288 kJ mol”', ¢ -342 kJ mol”, d = +1810 kJ mol”

-364 kJ mol” 16 +523 kJ mol”’

a) The symbol AH® is often used. Explain what the AH and ® each mean. (2)
b) Define standard enthalpy of formation. (3)

c) Write an equation representing the standard enthalpy of formation of:
i) water ii) propan-1-ol (2)

d) Define standard enthalpy of combustion. (2)

e) Write an equation representing the standard enthalpy of combustion of:

i) hydrogen i) propan-1-ol (2)
(Total 11)
P\ / Ax\ TNAQnalpy C—\Acw-%z
/ = Stenderd CC:A.GL'\UG:M.\
k:b \/ c_f\&b\a_t_(m‘ Clﬂ.:uua»c—\-o tGOJ'M \ rancle QJ( .s-.\bs.-\-g\.c.q,
\/ ' Wil all reactac +
Loar corsRiuenx -cMu.hf\vx sterderd shelcs
\/ cader Stwesdord cMUQs
AN AN v T—\-;_la\ + ‘hooa (g — Hio Q)
W) v JCD + A Hug) 4 '"halg) — Cadqa\ )
d\ \/ c:.z\ma.\._pj C)\O\.G\AS_L—LG bon \ maale dr SHeSteaca

c:::u.?\.c.)td_..\ A Dﬁ‘—cjﬂc/s
Unoer Steadeoh c::/\d-;\ﬂw
\"\1\5\ ¥ \ILD'L(:S) — Hie
Catha\ ) + whorld — 2emd + Aol

C) \\}

PN
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2 |a) State Hess's law. (1

b) Calculate the enthalpy of formation of HCI using the data below.

Ha(g) — 2 H(g) AH® = +436 kJ mol

Clz(g) — 2 Cl(g) AH® = +242 kJ mol

HCI(@) — H(g) + Cl(g) AH® = +431 kJ mol” (3)
c) What will be the first step in the mechanism for the reaction for the formation of HCI? (1)
d) Explain your answer to (c). (M

(Total 5)

cb \/ &Nd/v;.k.p.\ C.\A.t:.r-ﬂv_-@‘o-‘ Veaclhen'S Ko Sone (amm
o Qe este Amicen

) adld + ‘thoaww ﬁ Hoce () V empation
Hes \ s
Bl + (e
VoAl 43l = R 4 )
VAN - A T el

S /Ol bl breas
d\\ \/ Weaxese bosd
3 Calculate a value for the mean bond enthalpy of the O-H bond in water using the data below.
H2(9) — 2 H(9) AH® = +436 kJ mol”
O2(g) — 20(g) AHe = +496 kJ mol”
Hz(g) + ¥ O2(g) — H20(g) AHe = -242 kJ mol (Total 3)
-1
Hle + thowe — ol i
wﬁi\l}\, ./ 2lowd) V) —u +2(o-d) - ade +thi(vad)
2 (g) + ole / 2 (o) = axis
v (o-W) = Ad W& mar™
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4 Hydrogen sulphidey.H2S, is a liquid at room temperature. Calculate the average H-S bond enthalpy in

hydrogen sulphide given that the enthalpy of formation of hydrogen sulphide is =20 kJ mol” and the
following data.

Hz(g) — 2 H(g) AH® = +436 kJ mol”

S(s) - S(9) AH® = +223 kJ mol™

H.S(l) — HzS(g) AH® = +19 kJ mol™ (Total 3)

_— 0
Hela) + S — HeS )
‘;-?‘3 J 2(W4-5) ~\a V| —1o »22(W-S) +\A = H3e 4203
2u(lg) + S v o 2ds) = o

/ L\:—\——S\ = A3o T

5 |a) The standard enthalpy of formation of propane is -104 kJ mol”. Given that the standard enthalpies of

formation of carbon dioxide and water are -394 and -286 kJ mol” respectively, calculate the standard
enthalpy change of combustion of propane.

(3)
b) Using bond enthalpies only, calculate the standard enthalpy of combustion of propane.

C-C 348, C-H 412, 0=0 496, C-O 360, C=0 743, H-O 463 kJ mol™ (3)

c) Compare your answers to (a) and (b) and comment on any difference. (2)

(Total 8)

—la=
c-) 20 « %Hx(@ — C—3—\—\E(g§ \// —ok + Aad = 2(-2A%) « \&-L‘-ub)

3(-3

2 o) + 4tha®

— 2977 WT el

b) C—Z“‘B l@ + SDL(Q — B (s) + Ao LB
BeeAK 2.Cc-c) 4« sl(c~D + Sl
- 2 (3u®  + ) v (%Al

NS <= Ll= ~» slo-w)

- 41 \/

= e(A%D) » s = Bl

\/ p
A = L — gl = —\efqdo & moel /

"B \/ (@) s Xre ocorela cntwreS

/ (YD) 1% \Ae;cordS dse Yo us-\g MecA bwmm
‘/ crd ﬁ@*%\fu\q ace o AN AL‘Dg} - \-\\.CJ(_-D
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a)

What is the sign (+ or -) of the following standard enthalpy changes (justify your answer)?

condensing steam b) combustion of octane ¢) boiling ethanol (Total 3)

= \/ exXoner AT C H-boras form celeasrg CAE-I}D
) \/ DYV VTP Cleoks el heat r:\.:a.s.z.&)

a)
b)

c)

Write equations representing each of the following:

1st electron affinity of iodine €) bond dissociation energy of iodine

lattice enthalpy of formation of magnesium icdide f) enthalpy of solution of magnesium iodide
enthalpy of atomisation of iodine g) 2nd ionisation energy of magnesium

enthalpy of solution of sodium carbonate h) enthalpy of hydration of calcium ions (Total 8)

T + & — T (D

Mg (D + 2T (D - MgTLD
T —» T

Na,Cos (H 25 Nawcos (o)
Tl — AT (=)

MgTa () 5 Mg T (e

Mg ld  — Mg &
C i S ca™ e

Y
NN N N NN

The standard eqthalpy change of combustion of propanoic acid is -1574 kJ mol”. Given that the
standard enthalpies of formation of carbon dioxide and water are -393 and -286 kJ mol”

respectively,
calculate the standard enthalpy change of formation of propanoic acid. g ;

(Total 3)

AL
AC(sy + 22 i-h..(_a) + 01(3\ _ C—l—\zCl-LLC.CJOH(\B

—\<¢

2 Coug) + i @

Ay 3% - 3(-293) + a(280) v’
Ak = — 43 T aol! \/

/Gﬂl‘ua. Uon
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9 Calculate lhe_1emhalpy ‘of hydration of bromide ions given that the hydration enthalpy of barium ions is
-;gsﬁ kJ ITOI , the lattice enthalpy for BaBr; is -1937 kJ mol” and the enthalpy of solution of BaBr; =
- mol ™.

(Total 3)

Baln (D) —28

> Gautoqp r B (~)

—\az] —36o + A

Ba () + 28,79

—\A%T =3B = 1260 4+ 2 Athed ()

2 A tec) - Gis

A a )

AN

- 30ﬂ S T :-A-al"

10 Use the data below to calculate the enthalpy of solution of

a) magnesium sulphate b) barium sulphate

Lattice enthalpy of formation (kJ mol™: MgSQ. = -2833; BaSOQ, = -2474

Hydration enthalpy (kJ mol'*): Mg =-1891; Ba®> =-1360; SO,> =-1004 (Total 5)

Tk -
) MgFO% 3D Al 5 Mg e ¢ 3O )
—\gal
—28233% RN

21—
Mﬁ?_*tgj r SOy (53

Costn + AM s = —18Al —le=k
\

NN

Axk ¢l — b1 w0 et

) BosSca(s) wnaiten

~
-

2k 2
B (=m) + SOg4 (=q)
— 2

—-\3&0‘-—\“-‘-
4 2-
Ba (g) + SO4 ()

—21dI% - Akl - — 3l —locot

v
Axksal = 4+ WO T et \/
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11

a) Define lattice enthalpy of formation. )

b) For each pair of compounds, predict which will have the lattice enthalpy of greatest magnitude, and
explain why.

i) LiF or NaF iy CaO or MgO i) NaCl or MgCl, (6)
(Total 7)

PAY /EA%GM%LM\-MM mole @l e~ ‘\cn-i;-:-_n.....ecu/x:k

s —Porme.d\ ,-Q.—av« U corshluveds Toas VA e e gane

D D wE Lt seetes Oron ST v
W N\ﬁCJ\L \/ N\.SM— Svacihar 4+ \A.L&Lcr chrcreg. Qo r\lq*' /
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12

Show why calcium and chlorine react together to form CaCl, rather than CaCl or CaCls (you will need
three Born-Haber cycles to do this). The lattice enthalpies of formation of the chlorides are: CaCl =

-719; CaClz = -2218; CaCls =-4650 kJ mol”". You will also need fo use data in the table in question 5.

Ca.Ca

[ 1Y

a4z
124

Adg

Co( + & + colad
A

%3’1 + Cal 5)

A~

Cals) + *hC0,(9)

q/Ca. CO(s

A - 12 + 143 4+ €90 -4 -9

Calla
S9c
IS
B
20
Akt
AL -
CeClz
Sae
L S
L4
@z
2 ()
paxiva
ade -

24 —_
CA (q) + 22 + 2C0(g)
N

Calq) + 2crlz)

N

Cals) + Cle(g)

v Cacoq.(y)

2+ -
Con (4) + e + 3 L)

1

Card) + 2calad

/\

Cals) «\'la

¥ Ca C3 (3D

pa

L

(Total 10)

—3w4

+

(D + o (@)

y

=

v

/ = = G

2. (-Tee)

" C r2e8 (D

—22.\%

1A% +2(11) + Sao « WSS + (=369 —11.%

4
/o

3 (—y.,%)

4 C:f@uscof@

~ (=S

4

123 +3(1\) +€90 + 11Se +4aqts +3(~364) -Uhasa \/, + 1% 9 & pal

\/ Ca_Cly_‘\gmqycs—\—e.b’-e_v\nAAfbs—g,nat_\Q Yo elarends .
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13 In each of the following questions you should draw a clear Born-Haber cycle and use data from the

izble below.

kJ mol” Na Al Hg Ca cl Br | o]
enthalpy of atomisation 109 314 61 193 121 112 107 248
1st ionisation energy 494 577 1010 590
2nd ionisation energy 4560 1820 1150

| 3¢d ionisation energy 6940 | 2740 | 3300 | 4940
1st electron affinity -364 -314 | 142

| 2nd electron affinity +844

a) Calculate the lattice enthalpy of formation of aluminium oxide given that its enthalpy of formation is -
1669 kJ mol ™. (6)
b) Calculate the enthalpy of formation of sodium iodide given that its lattice enthalpy of formation is -684 kJ
mol . (8)

c) Calculate the first electron affinity of bromine given that the lattice enthalpy of formation of calcium
bromide is -2148 kJ mol™ and the enthalpy of formation is calcium bromide is -675 kJ mol™. (6)

d) Calculaie the second ionisation ener1gy of mercury given that the lattice enthalpy of dissociation of
mercury (1l) chloride is +2625 kJ mol” and the enthalpy of formation is mercury (I1) chloride is -230 kJ

mol . (6)
(Total 24)
24 —
a) 2 e Be + 30 L)
2(s7 DT
2 (1822 3(-1+1)
2 (% 3(vu)
2 (.5) - 3 D(3>
203wt 4 2-
3(_2_1,‘8) Vo248 ) « 30 W
25 (s + \'RDL(_«D
-l AHlouia
\/MLD; (s) g f&/\//

/ — 1 - 3(4E) + UL +2(SM + 1820 + 2749) + 2(—142 + UL + Al e
/ Atlloarce = — 1S | k’-?‘mot"
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) f«xaﬂgwe‘d-x@

A4 —
Na (o) + T(a)
o | voosg 4 TR
T N+ T
Arrg - @84
Vila T (s) v \/k/l//
vV AdE = 1om e + LAy —3n — st
\/ - —28% WTmcr
2 Cal (D + 28 + 28D
\f‘;; 1 2 (are <)
Corld) + 2Bc (o)
2.‘(‘?\?.\, d V ca™wd 2@ ta)
Cals) « Bald
-c1s —2& Y //J/
Y Caker () L 4
VvV -s = 2 +1a3 » Sqo 4 iSo 4+ LA ea —LVLE
28Men o —e8% Aden = — 342 KT mal
Vv
) ol + 28+ 202
\:&?m ’ 2.(-3%)
da(d + 208ty
Lﬁ)ﬁl | v 4‘\;%*@ + 2CL ()
g0 + Caly)
—13o —262S
VHECL"‘“) v
W/
/ —230 = % 4 20@) + \elo +AMge + 2(-3y) —2e1S
/ Adee - [R=Al=)

B S T
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14 Calculate the enthalpy of formation of magnesium sulphide given the following data.

Lattice enthalpy of formation of magnesium sulphide  AH® = - 3255 kJ mol”
Ma(s) — Ma(g) AH® = + 150 kJ mol”
Mg(g) — Mg'(g) + & AH® = + 736 kJ mol”
Mg'(g) — Mg*(g) + & AH® =+1450 kJ mol”
S(s) — S(9) AH® = + 223 kJ mol”
S(@) + e — S(9) AH® = - 200 kJ mol”
S(g) + & — 5% AH® = + 532 kJ mol™ (Total 6)
24 —
Ma La) + 2a + SCa)
1% Se S22
U -
Mglg) + Sis) Yra ) + ST
1So T
222
Ms () + SCsD —32ss
Ad l

VW AR = \So 4 223 + 13 + \%Se —Zeo 4+ £32 —32SS
/ A\-L z — 3k L:"Tmc;\-\
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15

a)

b)

)

)

Lattice enthalpy gives us useful information about the structure of an ionic compound.

Explain why the magnitude of the lattice enthalpy of:

i) KCI(-701) is less than CaCl; (-2237)

if)y NaF (-902) is greater than KF (-801) (3)
Using the sizes and charges of ions and the laws of electrostatics, theoretical values can be calculated

for lattice enthalpies. The table below shows a comparison between values measured using
experimental data with Born-Haber cycles, and theoretical values.

NaCl NaBr Nal AgCl AgBr Agl
Experimental value (kJ mol‘1) -776 -742 -699 -890 -877 -867
Theoretical value (kJ mol™") -766 =731 -686 -768 -759 -736

For many substances, the measured and theoretical values are very similar, such the as the sodium
halides, but for some substances there is a significant difference, such as the silver halides. Account for

this difference. (2)

(Tota{‘y)

") J COJ\‘\— Svraciler Ao ‘<+
/ CKO\’Ur \/\-CS\H( Crege N K*
/ shorgy cthrmetion Rebhsco + ok — ans

\\) \/ t\\a+ Srectlor lweon &

v ddlerace Vs dse bo covalek chomeler
\/ sslt\rer holedn o~ naest (ovalods clomoler
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17

Use the following data to calculate the average C-S bond energy in CSa(l).

Enthalpy of atomisation of sulphur = + 223 kJ mol™

Enthalpy of atomisation of carbon =+ 715 kJ mo!™
Enthalpy of formation of CSz =+ 88 kJ mol”
Enthalpy of vaporisation of CSzyy = +27 kJ mol” i.e. CSy(l) — CSz(g) (Total 4)

Cls) + 2s(9 > S D)

s 1(2::53\’ / 27T 2.(c-sD

clay) + 25(9)

W S® + 277 + 2(c-35) = S+ z.L-.»_‘z.'l)

Vi 2= - \ocan C-S) = €22 w5 ot

The enthalpy of hydration of magnesium and sodium ions are -1920 and -406 kJ l;noi'1 respectively.
Explain why the enthalpy of hydration of Mgz' has a greater magnitude than that of Na™. (Total 2)

\/ Mﬂz* oo Wilaher cMerme Nea '\‘4+
\/ \'\J\gu- S el ol Al N\a‘\_
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TASK 8 — ENTROPY CALCULATIONS

1b i -119J mol” K

=)
)
W)
W)

i +20J mol K i -373J mol" K"
\\N\D\j —= \ =t L AS —vye
2 anel ) —> 2L rms=h 3 ~ O
g m«:\j — B2mag «+ A\ L AS —-ve

AS = (S»mswwo —(Sam S rM)
AS =

AS - 2087 - (1) +223)
AS ¢ t 3(2.\‘-@ + L‘_—L_IQ')’S -L2wea 5(199‘3

e —)89 = — VA Tel '™

+ 2o TN\Q\-‘ K’\

—2 125wl 'K

|\

NE& AS Bpt > AS Nge

2 2
Mp Bpt T
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TASK 9 — GIBBS FREE ENERGY CALCULATIONS

1a
2a

-191 kJ mol”

AH = +129 kJ mol™, AS = +335 J mol”" K", b +29.2 kJ mol™", ¢ T 2385 K
AH = -394 kJ mol™", AS = +3.3 J mol” K, AG = -395 kJ mol’

AH = -822 kJ mol™", AS = -272 J mol' K™, AG = -741 kJ mol™", T < 3028 K
AS =-107 J mol”" K’

AH = +96 kJ mol”, AS = +138 J mol” K", AG = +54.9 kJ mol”", T 2 696 K
AS=+103Jmol" K", b 112K

AH = +15kJ mol”, d AS =+50.3 J mol" K"

AH = +178 kd mol™", AS = +164 J mol” K, AG = +129 kJ mol”, T = 1085 K
AH = +117 kd mol”", AS = +175 J mol”" K", AG = +64.9 kJ mol”", T 2 669 K

o) AC = AWM —TAS
—ws —oag e

T T e

I

h

|\

b) Yes — -Pea—u—l—uz.
CB l-\-\e\n Ea

Q) AY = [Sum AU geesocin ) - TSam AU cemclonds )

= L -u3)-3a% -2y - C

= + \29 T A\

2 l-qus))

AS -~ Tsom Sffu“dﬂ\l-cg%s Ceccherdd N
= € 186 +2n1¢ 4 1891 — L 2.(ad))

= -* 33; q—m-\—‘ ‘(\

) Aa = A —TAS
= \29 — aAag L""%s)

e +29.2 T ao\

D Wren A - o vV = AW
AS
;. Pearivte wWiea T = RES

= &2 = 385K

EY 2
o

'S

© www.CHEMSHEETS.co.uk 17-Jul-12

Chemsheets A2 033

25



=2 A8 = —zAad Tt

AS = () — (s 4+209) = 2.3 Tmev' &

Aa = —2a% — 2ax (-zfésb

1

= = 35 =T aal\

4 Ad = ') —(e+e) = — 822 T oot
A5 = (ae) — (26D 34(205) = —270W.S T met'K?
..1:1\-5’)
Al = —%T%2rr — :L"'l&’( 1o = =74 T e
Al =O V= A o —%22 . 3Be22
P, [
LS oo

fanuxe 0 T = Ro2B K

s &) AC = A —TAS
TAS = AY —Acq
AS = A\ —Aq = —lor (-%10)
-+ 2Aae
= -0.107 \Cj_mo\'{'tc’t
= =) T ot k!
) lench =« el g —> 1ot =
5o lesy enteRA L. AS _ve
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A,A = C O+ 22 )Y =T —822 +0) = +90 KTuar’
AS = CaaD+3018)] —Tac +20213) = 4138 Tmot
A4 = A — 2ag U%a@ = & SH A KT s\

-‘9) ot o-pcaua-\;b*-c

> Az T=A - Ge. . G K
As o

Feanbe f T = EAex

7 2 e a1, Aazo LAY — 1A co
20 = T AS

A= A0 - o0a% - 0.0l03 Owik'
-+ a\

- \0.23T7 s\ K

(73.2) (1o2)
C_) DS b \\,«j - AS Me-\a\—;hj

N eane \;\ cusorde q,pc:md-e.b m&da@(e_pleer [ ="
\f\a‘é‘-’Q - acb A ld — \\G(—-:-&

A) devnng Locco'\s \Aereone e/\?rroﬁ
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Ad
2 2y} A 5 (a4 T e

LN AR . v
<t 4 alw

A\ -Tley = -2~
AN — 1S T pey
) AS A ve
+-c; AY
W\CFE228 N\ dudoadel ob o kectaone dusSishad
DS move e ave P AL <L O ebn AN e
a) L Ad=-o AX = TAS
AS = AN = B - 0.0503 K wmaf X
~ 24

= So.23Tmel K}
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- U-e2s -2a%1— Coned

a=>

e

= + VI8 KT mat /
1\\ A =
- TUacs +» 227}y —©
=+ M T mc\_\ 'H-Cf\
W) A, = AN - TAS

o
-\l — A8 L‘/:\Z:.ch

— A28\ T ol

v

W)

o
" Al = M — 7 (S
V' o= T \naresses , AL more —Ve

=

s
WV Ao, T = Tas

viv)

qi'\B

=)

D

v© T = =
()
v~ = \085 K

\/ sSpentoreass \Q— By

= \O8S K

v Ao ¥ \Acreansz A enlormgy
D) AY = T-boez-2a4) —U—2) - W7 T et
'\'\3 AS = T27 421 -Cell = o ST el
W) ACG = W — 2Aasg tn;a\:ua\ = o+ %A =T aat”
W T = W = ed. ¥

S

v

Ca O mare stebla

. 2
Vv, Celess PolemiAg Aen M5+

L Sam AV ?.rcsé.o.:dd_l - Csom AR reacter |

CSuwn SMC—‘VS‘L — CSwan S (cn_cérca-h’}

\/ [ eachon s Ak s?gﬁc\w\euss |_§’¢a.:>d9‘-n. ekl 2AR K

\

NN N
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10

a) CO(g) + H20(g) — CO2(g) + Hz(9)

State the sign of the entropy change in the following reactions (or whether it stays roughly constant),
justifying your answer in each case.

b) Nz(g) + 3 Ha(g) — 2 NHa(g)

)
)
P
A

NS A

nelkl swe

c) NaCl(s) + aq — Na+(éq) + Cl'(aq)

d) Ix(s) — l2(g)

C2gms > 2522
(kgep 5 2. gend
Csaldh -5 dusyalocd)
C sel=t_ acp)

(Total 4)
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