Entropy & enthalpy 2.19

1. Dissolving sodium chloride ctystals in water is an endothermic process.

ta) From vour knowledge of the concept of entropy, comment on any entropy changes,
during the dissolution, in the
(1) sodium chloride crystals
(11) Surrounding air
(b) Given that sodium chloride spontaneously dissolves, is the overall entropy change
positive or negative.

2. Asan ionic solid crystallises it forms a more orderly structure, yet crystallisation is often
accompanied by an increase in enrtopy.
Explain this apparent contradiction.

3. Endothermic reactions are those which involve an increase in enthalpy. Many pupils are
surprised when they find out that such reactions are acompanied by a decrease in

temperature.
Explain why there is no contradiction inherent in these statements.

4. (a) Use the data in the table below to calculate the standard free energy change for the
reaction

172Ny (g) + 11/2H, (2) --> NHj (g)

at 298K and 1 atmosphere pressure.

AH®¢/ kJ mol" L s° JK ! mor-!
N, 0 192
H, 0 131
NH; -46.2 193

(b) In the light of your answer to (a) account for the fact that, in industry, ammonia
1s manufactured at over 700K given that the AG value is positive at this temperature.

5. (a) What does the standard free energy change for a reaction signify?
(b) Use the data below to calculate AG® for the reaction.
Hy(g) + 11202 (g) --->H,0 ()
at 298K and 1 atmosphere pressure.

AHCp/ kJ mol! $°IK L mol-!
H, 0 131
0, 0 205
H,0 -286 70

(¢) How do you reconcile your result with the fact that this reaction does not normally

proceed at room temperature?
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Thermodynamic predictions 2.20

1. 1.2 dichloroethane is a solvent for lacquers and oils . One proposed method of production
is the addition of hydrogen chloride to ethyne.

CyH,y + 2HCI ---> CH,CICH,Cl

s° JK1 mol- AH°p/ k) mol-1
CoH, 201 227
HCl 187 923
CH,CICH,CI 208 -166

(a) Using the data in the table above,
(1) Calculate the standard entropy change for the reaction.

(i1) Calculate the standard enthalpy change for the reaction.
(b) The reaction above is thermodynamically feasible at room temperature.
Above which temperature will the reaction no longer be feasible?

2. The data shown below in the table apply at 298K

Substance AHOf/ kJ mol-1 S° JK'1 mol'1
NH,4Cl -315.0 94.6
HCl -92.3 187
NH3 -46-2 193

The thermal decomposition of ammonium chloride is represented by the equation:

NHyCl -—> NHz + HCI
Use the data to predict the minimum temperature at which this decomposition becomes
thermodynamically feasible.

3. One of the reactions in the production of a nuclear fuel, is:
UO,(s) + 4HF(g) --> UF4(s) +2H,O(g) AH® =-244k]
The Table below gives data for these substances.

Substance s 7 K1 mol!
U0, 77
HF 174
UF4 152
H>O 189

(a) Use this data to calculate the entropy change for the reaction at 293K.
(b) Determine by calculation whether the reaction is feasible at 298K.

Advanced Higher Chemistry Principles of Chemical Reactions



J

o roducts ™ O

(dc)f) DSa = 5

0
N«%TC{ V\‘kf

- 155 ‘CL«\*\X'} *ZOQ
= Q,Og—g'is

~| ,l
. - =267 T mol oF e el
IR oL

(9
- <
Dl\l 2 ibl"‘lé PFOU{%Ch" /Ay < l‘ea.(jawt‘

= - 166 —@Lk—qz.g) . 227)
= - 166 -(ruTy)
- 220F Y €T Jed
1{' e o f01n wil FM*\;LP Yoo DEZO
t oo-o | D
A S E R s B (AN
T . ool - 10%Y

——

Ego ] “%67/1006
- 567 W




@

AC® s 6 ot pounl whin Tl producT e “f
beTh raac A s prdasls ws equally
,]Laa.m.la&
T SHL - EHe
* (-92.3-u62) - (-315)
* -|3%:§ ¢4 3I%
+ 1765 KT

éS; - é‘s.r
: (187 +193) - (4-¢)
380 - 46

285:LT = 0-295y kT

AY = TAS
1765 = T x 02851

T Nes . b)8K
02854

Dacm&)m ba.e_owx_m.? Mak/)'nm%
{WVL,QQ U 618 R o 3uS5°e |




/Tﬂ&'ﬁmob,wnm«c F&mc-rcous Z-20

@(a) AS = £S°rmedudts - £5 wadlich
> (152 + 2x189)- (17 *+ kx174) TK el
. (152 +378 )-(77+69¢)
530 -773
T T ZM3 T KT R
(b)  AG = AH - TaAS

“2hk —£298 % 2u3 ) kT wl !
(000

2Ll + 7211
2 17059 kT mof™
The edetion » fearblh =T 298K






