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SPONTANEITY & ENTROPY

THE SECOND LAW
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CHAPTER OVERVIEW \J

The purpose of this chapter is to explain chemical change and spontaneity in
quantitative terms. Entropy is a measurement that defines the spontaneity of a
chemical or physical change. Three spontaneous processes are discussed:
isothermal expansion process, isobaric and isochoric processes in heating, and in-
phase transition. Heat engines and their efficiency are discussed as examples of
systems with spontaneous processes. The chapter ends with an introduction to the
third law of thermodynamics and that the entropy of a perfect crystal is zero at 0
K.This means that the entropy of a reaction can be measured from the entropies
of the reactants and products in their standard states.
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CHAPTER OBJECTIVES

By the end of this chapter, the students will be able to:

] Show the direction of spontaneity in different situations

] Define different statements of the Second Law of thermodynamics

] Derive different mathematical forms of the Second Law of thermodynamics
- Apply suitable thermodynamic entropy measurements for different processes
] Discuses Carnot cycle and Carnot engine

) Calculate efficiency of a heat engine

1 Measure coefficient of performance for non-spontaneous processes

] State the Third Law of thermodynamics and the Nernst heat theorem

J Measure standard entropy of a chemical reaction o
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CHAPTER REFERENCES \J

= “Essentials of Physical chemistry,” Arun Bahl, B.s. Bahl, and G.D. Tuli, Chapter (9)

ILE]
= “Physical Chemistry,” Peter Atkins and Julio de Paula, Chapter ( 3)
® Lectures slides in PDF format: Part 1, Part 2, Part 3
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CHAPTER ASSIGNMENTS & ASSESSMENTS

Chapter Assignments:

= Equations review worksheet

= Concepts review worksheet

= Problem solving worksheet (Evaluation will be oral)

Chapter Assessments:

= Warmup questions

= Quiz (practice quiz)

= Examination questions |LE

= CheckYour Understanding
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WARMUP QUESTIONS

A0 N\l G W T Zode St L0 O o T ) 3

= The disorder in a solid is great‘er than thatin a liquid. (v or X ) s\t < Liad L Gos
k“Ule__x 81 923 & sa= Qo —UlS o =sPontan

= The tendency of a process.to occur naturally is called equmbrlum (V or X))

Puo QD s > 9L s =D\ B RN s
= A spontaneous change happens unidirectional or in one way. For a reverse change to occur,
work always has to be done. (v or X)) ~ %_,Lgip(‘j cond emitv ol

= For a spontaneous change to occur, time is not a factor. A spontaneous reaction can be a rapid

or yery slow reaction. (v or X )
/u ST ETN s W@wy&\m%o)f\(yw\ y_g\.,,\gu\:y‘—’ﬂ"vr’*u\,s/{-\ﬂ
O Y\ If the system is not in thé equilibrium, a spontaneous change is unavoidable. The change will

continue until the system reaches the state of equilibrium. ( \/ or X )
hot —o O (d

® Thermal heat transfers between cold and hot reservoirs in both dlrectlons (v or X )

= Absolute zero kelvin is attainable. (v or X ) @ (-)-
é\ )! Q SS\ y 2 0) - = = & = ‘{
2 Gxh N <0 \,38F - e Tple
iy o LQU |
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SPONTANEOUS PROCESS

EINSS 0333 57 & 202 V2 ST050 PE G (2ds ASEL (v L amD 2D S
A spontaneous process WILL OCCUR (Naturally) in a system WITHOUT any outside

action being performed on the system.

Low
Temp

i‘f |
&9

P T ~ < Crh,
¥ oAt R ey >
':‘ Ny - _( e VT "" "l.'
iy /e N
RS, = | -~ '
. I S |
SPRRIRY, o 4

Ice will melt, but water will not *
spontaneity return back to ice
above 0 °C = Heat goes from high to low )
. @pd)p{.g;))z,cf ,;S, 5_,\1)\ 2R E— temperature spontaneity - ’;”m(

T S A g s M O @ O
A= 5 J s 5/;*0’ "o [=) Z9rD (5 A;)\ €\~7J\ Sla ) chesdiows
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NON-SPONTANEOUS PROCESS \J

YO WMAs (P2 a2l AT @ B P RV R dal Iy e <K et 5wt
A non-spontaneous process WILLNOT OCCUR in a system UNTIL an outside action is

performed on the system. Ly 5 20 D\ oD D

Fresh nails rusted nails

spontaneous | -,
not
spontaneous

<+

/ \/‘"‘ = 6;/
Obiject rising from earth is

non-spontaneous

2Fe (s)+30,(g) = Fe,0;(s) (‘rust’)

o
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CRITERIA OF SPONTANEITY

s o ma0a G, G BN %00 Sl Spe)) i L oG Y mess
In general, a spontaneous change is accompanied by a decrease of internal energy or

enthalpy

) Stopcock
-~ N
A L3 G W oy TR || Ry
N 09 © [ N
H = =
 What about free expansion? L& 2

Vacuum

—~tAU=0 |

BJI/QN o)) LM as V5
* What about endothermic process?

SO G Lass S B S smesl > Rlb AN ol
-a-lnternal energy and enthalpy may
not always predict spontaneity

W ,..wr
Ice melting Wter is a new criteria for
3 &\ reoas evaporating spontaneity —5 A 3 fm(
(i) 12 s sl s e OQO)

Department of Chemistry


https://elearn.uqu.edu.sa/d2l/le/722750/discussions/topics/11126/View
mailto:razanona@koshak.net
https://www.youtube.com/watch?v=fpUO88GmTM8

ENTROPY \J

Entropy: A thermodynamic state quantity that is a measure of the randomness or

disorder of the molecules of the system. VI OW 3= (ol Sal owlles »
= £3 =
@
©
€
© T
000
>3 ®c%oc® S8
Gas Liquid Solid oo o
o S More disordered Less disordered (40
Higher entropy Lower entropy Y
* DO X(C
Ll LVQU |
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STATEMENTS OF SECOND LAW OF THERMODYNAMICS U

Kelvin Statements

A05 Gos A=l S \S}\,L@soga eﬁr%"‘”‘&—“@wu\{lﬁ GPA‘S.o_ib
" in which the sole result is the

absorption of heat from a reservoir and its complete

conversion into work”

Work =) Heat
p A

100% * 100%
OO
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STATEMENTS OF SECOND LAW OF THERMODYNAMICS U

Kelvin Statements

A= Sldey L Sl S dems (N =50 O Wetd Seo =0 O PSS 5,0 Qo Go

“Itis for a system to undergo a cyclic process that
A=) _had) Qe —ID v

turns heat completely into work done on the surroundings.”

u 95, )
23’1\4_“ o —
_:\/V/‘\/ZM
Flow of D @
: .
x 5,0 3¢
VAR —
Ly 575 VUQU |
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STATEMENTS OF SECOND LAW OF THERMODYNAMICS U

'_’,.-«.c g,

’cs\MathematlcaI Forms @
@w\y_,&\ CHosa=s\GO7 LS‘:M\Y’M SIPRND) AR
“The entropy of an isolated system increases in the
C —) —_—
AS.7°20
course of a spontaneous change.’; =" iso
CSQ_M‘TOQ’,J -‘LAO}-& R/P ))_}Q))\m w
Total entropy is 2 for spontaneity; Qov o
@I v SN fQ OF
2ed | aw for a Ced syster ‘ AStoe = AS®® + AS™ 20
QQ QS\S Cf))d\ _A_y ;> -f\wi_“ 3 Ll <~
do not generate entropy overall.” —
| A870=0 |
- B o i} . \-\&.9& U‘L) AL{
2¢¢ Law Clausius juality equation: % oys | Equality applies to - il Jy s
ASSYS > q the reversible case ~
- T*YS 1 (maximum work) -),!» )
x & Y.
Ll -(‘(r\f) @2 s | QL
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MATHEMATICAL ENTROPY EXPRESSIONS FOR SYSTEMS UJ

dq2: S 75 ) 3 Sy SIS ¥
: T Sys _ rev -\ -,

= From Clausius Inequality: d$§57s = o <wlb

Ssys
= 1 ~l . SVS _ fdq _ Yrev . -
- ser HASSY = [/ e dre [UnitJ/K | o5 304
Q1 _yis=dt P
AZ Tex

= Exercise: Calculate the change of entropy when 25 k] of energy is transferred reversibly
and isothermally as heat to a large block of iron at 100 U

3
AS= 1 pAs=BXU

- 373.15K = Bt

-
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MATHEMATICAL ENTROPY FOR DIFFERENT PROCESSES \J

. ) <2 OWAN S35 DY <
A. Isothermal Reversible Expansion/ Compression:
(

M( ‘ “—b‘s—@‘)' NG n-r'stfséjﬂ') (;9_)::.#:.\1\
& 1,R3) xn Il
* Fori pansion: AT=0,AU=0, q = -w

* For reversible isothermal expansion: g =nRT In 7

i

@«Sj M S [ 2en2)) 953 M
= Entropy for isothermal expansion: <«

%4
ComPression <F= AS =nRn V—f
oY~ : 0 g
x r? _ ! Y3 ¢
Q"IU @KPGMSIG 7V AS = nR1n PP UQU )
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MATHEMATICAL ENTROPY FOR DIFFERENT PROCESSES \J

aAS

= Exercise: Calculate the changﬁ of entropy for an m*wmble compression of oxygen gas.

The P’lltlal pressure of the gas is 1.00 bar in a volume of 100 L.The final pressure of the gas

is 10. 6 bar and the temperature is 400 K. AS- R n C; \ b ow ,__,,135‘{‘;1;}

V=R - S
_P,V; (0.987 atm)(100 L) ~
~N=% T;  (0.082 Latm /Kmol)(400 K) 3.00 mol
P 1,00
=V AS=nRInP— (3.00 mol) (8.314 J/K mol) In—O =-57.4J/K
f o
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MATHEMATICAL ENTROPY FOR DIFFERENT PROCESSES \J

s ¢l Cuz o V) Ss oy N0 ST
B. Entropy Change upon Heating / Cooling:

= Entropy

" Fc

f dH f
-AS = [ = [,

AS= |

T

C,dT
T

fdU _ fC,dT
= [[—= CyIn

T

V: AS=fi

ss (C

=C.In

p

Ty

T;

* For isochoric process (Constant V):‘

Ty

i

fdq

P):| > dqp =dH=Cpdl |

\c~- "9;_;‘.&
T J&,u A
-==F’AS=IICPm|nT—f ‘Ui»
) i

dqy =dU=C,dT |

T 2281 G g0 ot
AS = nCy ,In- +". >
) i

uuuuuuuuuuuuuuuuuuuu

Coo(,:)

ﬁe;l D

m;p

dChe (¢
OCYO
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MATHEMATICAL ENTROPY FOR DIFFERENT PROCESSES \J

£\
= Exercise: Calculate the change in entropy AS for t}’@ system of Argon gas at 25.00°C and

.00 atm in a 500.0 cm?3 container compressed to 50.0 cm3 and simultaneously cooled to
-25.00°C, given C, = 12.48 ] K-! mol-'. How do you rationalize the sign of sign of AS?

\)\.:o\,vi\ ="
AS is a state functlon, so we can separate the whole process into separate processes:
PV, _ (1.00 atm)(500x10° L)
RT; (0.082 Latm K~ *mol —)(298.15 K)

A
% Nn=

v

\\

= 2.04 X 102 mol

As =nRIn Vf' (2.04 x 107> mol) (8.314 J/K mol) In 2099 . 391 JIK

= compressmn 500.0

248.15_
298.15

- 0.391 J/K - 0.0468 J/K = - 0.438 J/K for the system

o,;f

) D(C
Ll OO |
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= - 0.0468 J/K

cooling —

AS, .= As ion T OS

compression coollng
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MATHEMATICAL ENTROPY FOR DIFFERENT PROCESSES \J

-

C. Entropy Change of Phase Transitions: — (fsSuidt de=s ¢ < > 55

)

q;}

uuuuuuuuuuuuuuuuuuuu

= »
| dagy=dH |
Sys Sys
dq dH
= Entropy from 2¢9 Law: dSy, s = — 288 = trans
— TTrans TTrans
Sys Sys
—_— f dHtrans AHtrans °
Overall Change: ASr,qn = [, —trans — —trans Note: use temperature
Lire Trans of phase transition
AHSys dSZS ', 5/l7 ':_‘.’P/‘D Y= T
- trans ),
=% AS Trans — Trrans /.
*

dChe (¢
OCYO
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ENTROPY OF VAPORIZATION

Entropy change of vaporization:

(=5l €308 s o 7 b iy
- &
AS .., = AH apm AS,, - n AH o
o)— '|'b\5 ———— -|:_b-
@ [:_KEH :1\7:‘59 2

851k Sl molar ewhrof T OmdS (225 A1l o 25—
“More liquids give the same S_, of vaporization about 85 JK! mol !

Called@n's rui)' C):)_; e

o,;f

>C3C
) VQU
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ENTROPY OF A SUBSTANCE AT SOME TEMPERATURE

2Mat N5 Q,,o_,.._,ﬁ\ - 7__)-*’ 1)!‘.)‘*’——‘ —
D. Entropy Change upon Heating and Phase TranS|t|ons:
T o2
solt o ’,/
Cp(S) AHfu Cp (l) Hy ap Cp (g)
S(T) = S(0 2 S
M ()+-(‘;T T, +%‘-T T, +JT
(b)
= Entropy of a system increases from il
A...S
to some final S at T is given by g ;
the contribution up to that temperature AwS
S0 »
X ( )0 . T, T Yo«
[l O
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ENTROPY OF A SUBSTANCE AT SOMETEMPERATURE \J

Exercise: Calculate the standard entroE ange when 1.50 mole of Br, (s) at - 7.25°C is
heated to Br, (g) at 73.35°C.. Brz(s) — Bry() — Bry() — Bry(g) — Bry(g)
Given: (Br (D) = 75.69 J/Kmol, AH_ .. (Br,) = 10.57 KJ/mol
(Br2 (g))= 36.02 J/Kmol, AHvaPm (Bry) = 49.45 KJ/mol
T (Brz) = -7.25°C : T b (Bry) = 59.25°C
r, )\ ’ ;-H = BA})F—:«}//
Ao S % ASO g AHmew . ¢ g T, S Cp iy I~ T3
&S\z_}’o = m Ty + p’—_r.n(l-) nT—f + T, + pim(‘g) nT—b
ASO = 10.57x103 J/mol + 7569 ]/K ol ln 3324 | 49.45x103 J/mol +36.02 J/K mol In 348.9
265.9 K 65.9 332.4K 332.4
AS? =207.1]/Kmol - = 1.50 mol x 207.1 J/K mol %311 ]J/K)
A/
= S&CT)(
Ly VUQU .,
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ENTROPY DISCUSSION QUESTIONS \J

Problem I: Calculate the entropy change in the evaporation of 1.00 mole of water at 100°C.
Latent heat of evaporation of water is 9,650 cals per mole.

_ NAa=d X 9660
Answer: 25.9 cal K- |LE] AS p= 22— - -126.9 ¢col. l/<
Tn 37% \S A

Problem 2: Calculate the entropy change involved in thermodynamic expansion of 2.0 mol of

a gas from a volume of 5.0 liters to a volume of 30 liters at 30E3 K.
v vV o - -1

Answer: 38 |K-! |LL]] \ AS = nNR n _\./f— =2 xg3%Yxin 22 =382 J-«K

4 = 3o ,d 7(\(3: iy r
Problem 3: 30.40 k] is required to melt one mole of sodium chloride. The entropy change

during melting is 28.40 | mol-' K-!. Calculate the melting point of sodium chloride.

JATSY 3
Answer: 1070 K |LEl] A< ,__q___ T-= 9 ~ Rado x (07 (0Fo K
T AS 28-dS
* B#CT)(
Y OQO .
clotSJl round
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THERMODYNAMIC CYCLE

QS\_(\ °)‘° )eSJéu\*Lg OJ.L)e\&_JJ‘C_W_J Wlic SV = L,,;_; o,,_,DC—M Yo

—~ A system has completed a thermodynamic cycle when the system undergoes a series of
processes and then returns to its orlglnal state, Thus: P, =P;, T, =T,, U, = U;, V=V, etc

Sinceis a state function
dqrev /'
Ol
.,;}

) I YIS

Ll OO .
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THE BASIC CARNOT CYCLE

_ = n AT=2C » _3\ TN

1. Reversible isothermal expansion
af=o0 G D Y aeS

2. Reversible adiabatic expansion
AY=0 A0 ) ol Bl \

3. Reversible isothermal compressmn

A_P»o _ @vuﬂ_:u _oLu_oA
4. Reversible adiabatic compression

Net: gﬁdq}""’” =E

ILE] Proof using the Carnot cycle for a perfect gas

ok

|
|
|
|
|
|
\

(4)

™
d—
diabatic
ompressign
S —

aP =0

i 5%
Ly Q!
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HEAT ENGINES

. ) /7= A ~o
= A classic example is the steam engine: Euel heats the water; the vapor expands and

does work against the piston; the vapor condenses back into water again and the _ _
cycle repeats SET s 1N GeSS = Gu D) Qe G2 S 300 A sty o sl o8 N o= <

oiler

M '::UV-“ O Lg:o_s( C_,uo_P_ 0) 93\ );:‘) > sk SY Qoslo 9 Steam i e \
All heat engines have: - = Water
—-+ Working substance =°% td01 &> T \
s Q4 Piston
 High-temperature \
. (&)w],o-lw‘_;‘;},_ Pump —_—
reservoir =o ~
 Low-temperature j
> B,V.\" (_;:? Condenser
reservoir = Z 2221 —
s T, @
« Cyclical engine = SPLEL VS T \ —
x Qe __ .. .C
uy OQ0 |,
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HEAT ENGINE & CARNOT EFFICIENCY
S brl :%WW'::’LQ)\ Q) (‘E’ L,g__ByL;(,o % _’_U).J_Bjy_bffd.é.:s Lo G:.Dj-o_)?»_ TS b
- A IS a thermodynamic system operating in g},.thermoggnamlg S5
cycle to which net heat is transferred and from which net work is delivéred.
_§>Q§/: | A% 5150 7 AR T el menl W% & Gul —vi(=20) =G wt of
«. Efficiency (€) Is the fraction of the heat supplied to the engine that appears as

. TALT - —— - -
Work"/l/ Y W\”AQJ‘ ;_:;y ©>= "t"/(ﬁj'm’&)( Goenzan Sl S de ,&.)_
’ . .
’4\’96/“ e Hot resenvoir J A finite amounts of heat ( q,, ) caTn 61550
- _ /f\” @1 be transferred from hot reservoir 5, (RS
. \n/( @: —Wmax Engine undergoes a N T
= Jh series of processes @ o2
(éa that constitute the
- »\ heat engine cycle. D o _ _
A\ b §) dpalt Eaiss ‘t (410} 55 & gz all <u, [ ZHdite
- S &\;ls\)' o S R — H Waste heat ( g, ) is transferred /
X d\,wo@j&o\ 6,2 to cold reservoir .>Jw1 04_3;)‘ ’;"m(
Ll ; LQL
‘ closS)l round
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HEAT ENGINE & CARNOT EFFICIENCY \J

As=25 ZOG N 030 ety Biss P DIE ol el Sy GBS Gl 5Eses WL Y & g ‘lh ——u;lﬂ.“ 5 H =T
= An amount of 'iG is ugafﬂ cedm th@ hoy r§$e@|r to the erlglnehJ uri eaéc
cycle. Of that héat some appears and thetest is glven 6ff as waste heat

to the cold reservoir for spontaneity.

£ [ ; AL _’A_g_g\,“,‘_,‘d_;_:m P
-W = q, -qs Nega g
G"@J\ Gl s p S50 )]
dh ‘ dc T q
AStor = AS(ry + AS(gy =- T + 25 2 0 mump L0 } ¢ - %
> o YN LA | -~ S
U €= “Wmax _ 9h —9Yc =qh _ 4 I T, 0 ool 3l =,
. = dn dn dn  4qn €= 17" LWwsiz sl 2w,
Oy 5 e o h o
x I GYP LS
Y OQO .
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CARNOT EFFICIENCY

= Efficiency of a heat engine increases when

¢ = “Wma e=1-Tc f
qn Ty %+ Tc decreases =+ T, increases +~

& = =

Exercise: An inventor claims to have invented a heat engine that develops a thermal
efficiency of 80 percent when operating between two heat reservoirs at 1000 K and 300 K.

Evaluate his claim 3o/mr(,eoo)w*61 oS 3701 49 f@_‘,
_q.Tc _ 4300 _ m A
g Tn, 1-Jo00 = O.=_'Z'Oor

The claim is false since no heat engine may be more efficient than a Carnot engine operating

between the heat reservoi[s. 5 ! 0 AGn 3525 W\ i, 61 Sl - e P FSQ_»_ »

.ffmc

i 080
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THE CARNOT ENGINE

(95 s | e, , 0w =0y &_fe Soe s A
Carnot Engine: is a theoretical engine explaining the process in terms of T, and T,
S Co e\ ¢ Cojte B SN

It assumes: *An ideal engine *Anideal gas, and * A reversible process.
ST O g, Lo
— Carnot showed that: 55&-@\,@) ;ﬁ( OV M oo
" All reversible enaines havesthe same g{%f(isgsie\g%fz,o 50U(Re o5

» No engines have an efficiency higher than that of a reversible
(@01' id,ean?{n iﬂ%_o P Den 5325 @251 W cw, U 7t 050 12
= S an@:\gikﬁg‘wom% have the maximum possible efficiency for
any engine working between T, and T_.

o,;f

>C3C
) VQU |
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CARNOT EFFICIENCY DISCUSSION QUESTIONS

Th T N
Problem I: An engine operating between 150°C and 25°C takes 500 ] heat from high

temperature reservoir. Calculate the work that can be done by this engine.

qy, <'c, S oo e 4.,-357.23
Answer: 148 | [(F] — = — : s
nswer: 148 | |LE| T, T 42345 1985 4 Q. . 500-352,292WF.F )

Problem 2: The boiling point of water at a pressure ofg is 265°CJ) Compare

the theoretical efficiencies of a steam engine operating between the boiling point of water at
(i) 1.00 atmosphere. (ii) 50.0 atmosphere, assuming the temperature of the sink to be 35°C in

each case. AR T S SN (a0 <278 _ Y
— v, 265 + 273
Answer: (i) 0.174, (ii) 0.428 | |(2’ T 154278 w92
e R IR S
x 3’.{»—()(
Ll OUQU |,

ot ouud

&)—idllpla__cola 01
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COEFFICIENT OF PERFORMANCE: REFRIGERATION \J

Coefﬂaent of performance The least possible work required to withdraw a
310» Sl ZH 0 Cn s =T ] 0 TN G Qe 55 (5

e ,
given amount of heat out of the cold reservoir .. """"‘W!"Mlll 'm
=3 U ol 5‘9»’ Aeleo da_) Th"u‘R" f‘o‘ R ef n
= Coefficient of performance [Eiia ‘K‘ ik i
T s ms_es when dz; (;‘onrhn-mﬂ Tubing ali'd V‘M "
40/9 Ttk ' - ! -9
== - + Tc decreases — ootz e
= C y b u M
o ¢ 1 - Temperature difference [REIEER. i Ll

a,guxﬂgu,u GO 03eN w2l )" Zsue Ty ToIncreases g
lausius statement of 2¢d law:

» Heat cannot flow spontaneously from a cooler

to a hotter object if nothing else happens ja)
1 Sl @u=dl Go 4»2_1/ oy > (o> 835 ) ‘:’“!P—”w‘}j’ o);r(‘_(x
Ll B 5 3eosma o pieT OQO |,
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THE THIRD LAW OF THERMODYNAMICS

foo 8 c Vo039
"It is impossible to reach absolute zero in a finite number of steps”
O K sie (20 Syl —wliest <, L\ AN R
“The entropy of all perfect crystalline substances is zero at T=0 K"

Cad W~
Nernst heat theorem —='?! =o&)—=5[6]

—r—v&(,w *—’ng-kf 23! CML:_M) \_._,0,
w AS — 0 as T — 0 provided that the substance is perfectly crystallme

— Ina perfect crystal all partlcles are arranged uniformly. This perfection
a0on s O Loz Fane LS5 & =Ml b1 G
suggests that S(0) = w5‘°3’° & (e V505
(B9 S )@w\ Wioe &9 L3 <00 SSE M G
ﬂ*@rom 3ed Ia@entroples In their standard phase are non zero.

‘ AS =) n 83, (Products) — ). n Sy, (Reactants)

SO &P LY o)) &5 ) 3":\—()(
li OQO |
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STANDARD ENTROPY OF REACTIONS

Exercise: Calculate the standard entropy of reaction at 298 K of:

C12Hp»O i (s) + 120, (g) 2 12CO, (g) + 11 HO (g)
SO
= 360.2 JK-! 205.14 JK-! 213.74 K" 6991 JK-!
b
ASy =2, n Sy (Products) — ). n Sy, (Reactants)

=[(12x213.74) + (11 X 69.91)] — [360.2 + (12 X 205.14)]

=512.0 J/K mol

ivefPY 1. mo dYnamic sfode_ Juandit [ e - S
o7 diSovd/ o Hh_ moleCule® of Yo sgSm -
Qmuﬁmw hau . no ProCss s possible— in which b %L&}la_ resalt v 4l abSobr H'%Eé
~ rLy 'i Y Q 35
Srtgleen o haak from? areserveir” and ibS comPl— U%oo{nvzu«g °n Losll o
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CHECOR\UND\ERST NDING _

# tepd < [ oyma : / : JOYY . -
I. Define the following terms: smounf of heod™ out of cotd Teservoir”

Ent b) S d t d I C I C t i
:g Bs_l‘ggya& T—Zoe:c”?o?ﬁw ?{;}l PO LS o isc)Per?e’.yl cycq$~as*m)\ngf‘ OF ensine
e) Spontaneous reaction f) Coefficient of performance g) Nernst heat theorem

- -

2. Derive an expression for entropy g)ange for ideal gas associated with pressure changes at
constant temperature. A5-nK ln —PF‘—-

3. A process which proceeds on its own, without any outside assistance, is called:

(a) non- spontaneous process (b) irreversible process
&) spontaneous process (d) reversible process
4. Entropy is a measure of ............. of molecules in a system.

(a) concentration (b) velocity

(c) thermal motion A randomness

o,;f
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&J)—all pi a_cola :L.l_.o..l.b." -
UUUUUUUUUUUUUUUUUUUU Department of Chemistry



https://elearn.uqu.edu.sa/d2l/le/722750/discussions/topics/11126/View
mailto:razanona@koshak.net

