15.2 Entropy and spontaneity e
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1. Which reaction has the greatest ‘MV change?
a. CHy(g) + 1402(g) £ CO@EY 2H20(g) 2N moles 5 Imoles (a )l g as)

BS, CHy(g) + 1%:02(g) — CO@) + 2H00)  2-< o sles —» Zunslas (=3 20)
c. CH4(g) +202(g) = CO2(e) +2H20(®) 2 yprelec— Imoles (4l ges)

3 CHa(g) +202(8) = CO2E) +2H200) 3 g 2y 3 o[ (=L )

2. Some chlorine gas is placed in a flask of fixed volume at room temperature. Which change will cause
a decrease in entropy?
a. Adding a small amount of hydrogen \, - )
b. Adding a small amount of chlorine /> W CRCG T 3%‘ PW - ‘G\Qf
¢. Cooling the flask % 40 [ g MOCC opd { 9= 2)

d. Exposing the flask to sunlight
=3 &dglir)g}_ -~ ey

3. Identify the process expected to have a value of AS closest to zero?
a. CaHa(g) tHa(g) > CoHe(g) £ Mele =3 I melg
b. Hfg) + Chig) > 2HCUY) Tonslis— Lmeles (allgas)

c. CaCOs(s) > CaO(s) + CO2(g) §
d. H0(1) > H:0(g) Qﬁ%?’ mole=d 2ol (sag)

4. Predict the entropy change AS for the following reactions.
a. Na(g) +3Ha(g) > 2NHa(g) A S~ Hmals =~ Z2emnolas
b. 3Fe(s) + 4H0(g) = Fe30a(s) +4Ha(g) A g~ ¢héve Loavnplul § ronm “Fangls —~ Z’W(ﬁ
c. Ba(OH):*8H20(s) + 2NH4SCN(s) -2 Ba(SCN)(aq) + 2NHs(aq) + 10H20(1)

BU 2ads =y 1Y pacles 59 <4 /R

5. Which is the best description of the entropy and enthalpy changes accompanying the sublimations of
iodine: I2(s) 2 Lx(g)?

AS+, AH+, reaction is endothermic S -»-'-P;gv C ? 5) b Fea k,;n 5_ { vy -}73

AS+, AH-, reaction is exothermic !

AS-, AH+, reaction is endothermic

AS-, AH-, reaction is exothermic
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6. Calculate the entropy change AS for the Haber process shown from tabulatéd%tandard molar entropies
—“at 25°C.

Na(g) + 3Ha(g) > 2NHs(g) NSy, 2oNS P~ 5DS,-
tian) 3(ie)  204) > 20143) - [+ 301
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7. Under what circumstances is a reaction spontaneous at all temperatures?

AH® AS® L\j@;\»; NG~
A. + + -
o " - S~ Al - (4 Tos) = -4
C. - -
D. - +

8. For the process: CgHs (1) = CgHeg(s)
The standard entropy and enthalpy changes are:

AH® =—9.83kJ mol ! and AS® =—35.2J K mol ..

a. Predict and explain the effect of an increase in temperature on the spontaneity of the
process.

S, ASE) - &CI\:‘QH"“TQS, kﬁf“w [ Intredse
H ~aloe of TAS sy < ponttnc ous

b. AH®=-9.83 kI mol ! and AS® = 3527 K] mol™!. Calculate the temperature (in °C) at
which AG =0 for the above process and explain the significance of this temperature,

Dz AH-TAS
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9. The AH® and AS® values for a certain reaction are both positive. Which statement is correct
about the spontaneity of this reaction at different temperatures?

a. It will be spontaneous at all temperatures.

b. 1t wili be spontaneous at high temperatures but not at low temperatures.

c. It will be spontaneous at low temperatures but not at high temperatures.

d. It will not be spontaneous at any temperature.

AG:ad =, nob

NGz = ThS @ Lugh kmps io (6vercmes AHM +)
10. Explain in terms of AG®, why a reaction for which both and AS® values are positive can
sometimes be spontancous and sometimes not.

Al () spenrented |, DY) n Spoiieone ous
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11. Consider the following reaction. N2(g) +3H2(g) — 2NH3(g)

(i)  Use values from section 11 in the Data Booklet to calculate the enthalpy change, %&He ,g
for this reaction., \)

P (MENY A W ) < (e (NI-H
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(ii) The magnitude of the entropy change, AS, at 27 °C for the reaction is 62.7 J K mol™
1. State, with a reason, the sign of AS.

ASEY, Uil () =12 molis(g)
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(iii) Calculate AG for the reaction at 27 °C and determine whether this reaction is
spontaneous at this temperature.

AGzAd -TTAS
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12. The equation for the decomposition of calcium carbonate is given below.

CaCO3(s) — CaO(s) + CO2(g)
At 500 K, AH for this reaction is +177 kJ mol~! and ASis 161 J K~! mol L.

(a)Explain why AH for the reaction above cannot be described as AHE.
( Gnnet e © =¥ uvides 5% Qﬁma\“\ +i0r (’.K&MPS
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(b) State the meaning of the term AS.
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(c) Calculate the value of AG at 500 K and determine, giving a reason, whether or not
the reaction will be spontaneous

Al = AW = TAS
= (4B L (seaXFON

= 963 €Imel! (Nt sprtancess dueke ()Y

13. The standard enthalpy change for the combustion of phenol, CgH50H(s), is —3050 kJ mol !
at 298 K.

(a) Write an equation for the complete combustion of phenol.
~CuMsOM v 2 0zrgy 2 6 COpa 3 3 M0 4

(b} The standard enthalpy changes of formation of carbon dioxide, CO2(g), and of water,
H2O(1), are —394 kJ mol ! and —286 kJ mol ™! respectively.

Calculate the standard enthalpy change of formation of phenol, CgH5OH(s).
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(b) The standard entropy change of formation, AS®, of phenol, CgHsOH(s) at
298 K is —385 JK ! mol L. Calculate the standard free energy change of formation,
AG?® , of phenol at 298 K.

AG=AH-TAS
=g )-(zay)-6-355)
T a5y 3 kJdaer

(c) Determine whether the reaction is spontaneous at 298 K, and give a reason.
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(e) Predict the effect, if any, of an increase in temperature on the spontaneity of this
reaction.
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