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15.2 homework problems p. 247-263 (reading the section is such a SW M,,/

ENTROPY - Name

Entropy is the degree of randomness in a substance. The symbol forchangein.
entropy is AS. ‘

Solids are very ordered and have low entropy. Liquids and agueous ions have more
entropy because they move about more freely, and gases have an even larger amount
of entropy. According fo the Second Law of Thermodynamics, nature is always
proceeding to a state of higher entropy.

Determine whether the following reactions show an increase or decrease in entropy.

T
1. 2KCIO ) — 2KCIGs) + 30,(Q) +AS

2. HOWM — H,O0®)

3. NJ@ + 3H(Q) — 2NH,(@)

4. NaCl(s) — Na*(aq) + Cl(ag)

5. KCl®) — KCI(h

6. COLs) — COLQ)

7. HYaq) + CHO,(aq) — HCHO,M

8. C) + OLg) — COL

| 9. H.Q@ + Ci(g) — 2HCKg) -

' 10, Agtlaq) + CHag) - AgCls)

11, 2N,0(@) — 4NO,@) + O,Q)

12, 2AI8) + 3i,(s) — 2Ali(

13. H(ag) + OH(ag) — H,OM

14. 2NO(g) — N@) + O

15, H,0(@ — H,00
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GIBBS FREE ENERGY Name

For a reaction o be spontaneous, the sign of AG (Gibbs Free Energy) must be negative.
The mathematical formula for this value Is:

' Complete the table for the sign of AG; +, - or AH | AS AG
undetermined. When conditions allow for an
undefermined sign of AG, temperature will

décide spom‘anen‘y + T 4
Answer the questions below. - - i fo-
1. The conditions in which AG is always + M + /-

AG = AH - TAS

where AH = change in enthalpy or heat of reaction
T = temperature in Kelvin
AS = change In entropy or randomness

negative is when aAH is __\LAG €

vy

and AS s i} poTive,

The con@ifioQ§ in.which AG is always positive is when AH is and

aSis (i lit

When fhe situation is indeterminate, a fow temperature fcvors the (entropy /
f‘enfh/oa ) factor, and a high temperature favors the ( enTrOp\/ i/ enthalpy ) factor.

Answer Problems 4-6 with always, sometimes or never.

4,

10.

4 v;‘\ﬁx R | RN .
The reaction: Na(OH), — Na+(aq) + OH- (aq% ¥ energy wnll ¢ /[“j s
be spontaneous. | . xj
elf\;f, fﬁ“}f’“ At e
The reaction: energy + 2H (g) + O (@) — 2H,0 () will WoAEY be
spontaneous.

f}' f‘ % " o , Z —~
The reaction: e?wergy + H O(s) — H,O®0 will D P AU vid Sbe spontaneous.
[y ”g

What is the value of AG lf AH -32.0kJ, AS = +25.0 kJ/K and T = 293 K? ‘»3 )
oy £

/Q( . .««} -

Isthe reochon in Problem 7 spohi‘aneous’P ‘d\ -

What is the value of AG thH +120kJ AS—-SOOkJ/KondT 290. K? \urb?f?ﬂ
2. = (=5 X 2000) b

Is the reaction in Problem @ spon’roneous” AL
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sesl i zemd

8 gi— g%gg; %»éﬁ‘; i‘i
KBrls] > K*aq) + Briag) +A D

D Liang

ges @gwmgwmg the subi

4 4 reaction s endothenmic
A% e A - reaction iz evothermic
C i;‘sﬂ s’iiﬂi‘ e mﬁf:{%m

i

60 Calculate the en raaychawf;z for the Ha&z&wz‘swﬁum v below, using tabulated standard molar
entropies ar 25 50




Name:

Period:

e formation of me

61 Calculate the standard entropy change associated with o

62 Ammonium ¢
explanation for these cbserva

s,

P ~ o g f{ m%i
A Endothermic processes are energetically favourabl@h %
Bagmf bonds in solid NH.C! are very weak, \eraC — W0
C _ihe entropy change of the yyazem drives the process.

D The entropy change of the surrobriings drives the ::mc <5
TR e T ok ,&y , o

o,

-

ZaoY

e ] 8 @axd bookiet and additional data (AH{{H,0s)) =

ane from s elements.
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64 dentify the combinaticn of AH amé A4S which results In a reaction being spoatanecus at low
~ femperatures DUl non-spontaneocus ar higher z&mg}ﬁfamﬁ%? :
AS-andAH- B ASsandAH- € AS-andAH -+ D AS+andAH+

leads 1 a reaction that s not §§:{}ﬁzzgsa§@a;g atlow.

@{mm the combination of AH and AS which

lemperaiupes § ut becomes spontaneocus at higher temperatures?

/O A bH- and A5 - B AH-andAS+ C AH+andAS- @ AH +and AS +
66 The AH and AS vaiues for the combustion of hydrogen are both negative ‘Which is the correct

description of this reacti iHerent temperatures?

A notsponianecus not spontanecis
'% @ SpONIANeoUs not sponianecus

C | spontaneous spontanecus

D | notspontanecus spontanenus

67 "%’%‘f@ iﬁ&ﬁﬂ}ma{}sw@ﬁ of 5%?‘%&5&53?}% can be rep sentec by the equation:
‘ C;ﬁ%{:}s

(a) Predicta S%gn ms‘ the enthalpy change of the reactio -l-AH
(b) Predict asign for the e ropy change of the reaction. ..;..AS
e, (€) Deduce how the stabil ity of imestone changes with temperature,

- TAS, G=BH ;50
ﬂg@ Lff- gﬁmus, A

ict
157

— CaOis; + COMg

not 5/75}’}*1 Faneous

g g

C The reaction is spontaneous at : stures below 1000 7C.
} The reaction is spontanecus at all temperatures above 1000 K,




Name:
Period:

69 Magnesium carbonate, MgCO,, is 3 white solid that occurs in -
Magnesite decomposes 1o the oxide at temperatures above 34

MgCO.ds} — MgO(s) + CO.{g) + As (‘f‘@“mgﬂlﬁ/
identify the correct description of this reaction at 800 °C. DH (
i *

ature as the mineral magnesite.

: + - R ‘>,_.V'g'
C o e €

70 Calculate AG, . f0r the thermal decomposition of calcium carbonate
idi:’;}{“;} -3 {::;lg}i‘é} + {:Q*{g}

ymment on the significance of the value oblained.

AC—,{ - 2@"?@ - 2(1&%5‘"
(404 _2a)- (-1
B N A R

Ve posifivt — SO colavm
pow benste 15 ven steble s

1}

i1

71 Calculate AG,..... a1 2000 K for the thermal decomposition of caicium carbonate from the data given
i # o

in the worked example.

| AHET k) mol-? | @l0z —> (aOr wz.
CaCOsls) -1207 1929 &
Cao(s) ~635 +39.7

Compound $8/ 1 K- mol"!

COLg) -394 1214

AS = (3.7 +219)-(a2D)= 160 TS Eml”
M = (851 -3%9) - (-126T) = [ 78 KT ol

A= (178) - (o0, 1e02a8)
= -1y T mel™!
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Period:

72 ‘Which property of an element has a value of zero in its standard state? - ; ){e
&) s ‘ : G at absriute zero
% i :&% ; n fﬁ’ ! o - (whichis o=
A landli ‘~ ,@®‘§3§§;§;‘ € Hand i D LiLandl

73 The standard enthaipy change for the formation of ethanol, C;H.OH{), and its molar entropy are
given in section 12 of the IB data bookler,

{a) Write an equation for the formation of ethanol,

{b) Caiculate the entropy change for this process. The entropies of its constituent elements are:
Clgraphite} =57 K mol”
Hilgi= 6531 K mol”
Oulgi= 10251 K mol” .

{c) Caiculate the standard free energy change of formation of ethanol at 500 K.

(d) Deduce er the reaction is spontaneous at 500 K, and give a reascn.

{e) Predict the effect, if any, of an increase in lemperature on the spontaneity of this reaction.

oq Z—Céﬁmfmé) + é:Qlfa‘}“’ 3{"{2@,"? C&WGH (e

AS =2 Mm—-iwaﬁ}“:““s |
@ = (/Z}), ((zx 5».7> .;.('gx{az..gnf—(.ﬁx 63 §>

= =99 K mel”

O My = AH-TAS
- (’;2-@, (50 - 0.0%5)

—ng,(\é‘-if\ﬁ szq mmkw‘
W
6‘}@«3‘@@&

d) Spontansaus , becath
¢) Hiﬁtf\ Wn?mfw“ﬁ il 5é’3
so Al will be fﬁf’h‘{ ‘

- A
-TAS




&

74 What signs of AF

77 Propene reacts with hydrogen in the presence of a nickel cataly
CiH gl +Hilgi — imigé - A % - B H

ﬁl‘f

rium?

ich conditions correspond to a system of equilibr

&

) L ) +
i The entropy of the system s at @ maxdimum. A
it The free energy of a system is al a minimum,

)
g\\w

i
A land lionly B fandilionly o only @ L and

76 ‘Which values correspond 1o a reaction that can be reversed by changing the temperature.

A iandlionly @ fandllonk - - € f%'&;,ﬁm&iﬁ}( - D Liland il

e § PP TI )
= -123 k} maof .af:ﬁ

&Efvum = »«3@85 K-t mol
Estimate the z?ﬂ}}é!&itﬂé range inw m{:m & xii!f*? all

oy

hree gases will be gresent.




