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mﬂ?mm Condikions for closed system : Constant (UsV) 5-
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conskraints
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| ﬁCiMQI C%y”?bn'um. T' =T+ 6 0EFMY doo

.*_Mggh_aﬂf_chsluﬂfbrfum- P' = P2 = ede= P 5 Glolae

B. chemical (’c‘:'u?lfbrfum : 3'.‘ —;..iqr" = ceo - q . ‘..'* § k_?
' : , system

#& dhe chemica| pokential -
The _molac  Grbbs  free cncrcc}\:) of pure componenk is alse
Known os chemical pstential ()
= becavse Gk 75 the thermodynamic potential of the
chemical specfes ol congtonk ’fk (e _
= If  the chfm:ml petential n one phase 15 highér than
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= If the chemical potential s the same §n fwe or more
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- 7 T ﬂ' 5 B .
For a RUIC SPLCIcs “chem?cal ggl*cnhgl‘\ k ‘molar Grbbs

Free cnergy™ arc synongmow .
J

& recieve

CamsScanner = Ligs &> guaall



» Subject Chapter 2 134 3 ;2022

M Mathemaliese of. the chemicab pobentiab o o 10 L 20

e

5;
E
- |
#‘
L
i

(@ constank  Prs-

~f>g A =[=51
E'?)P L‘)L,‘JL-L?-'-S
O
@ constant FE - . s 8 wpn N dd1d  dolem il
[>a v B0 1oflonles lootmods 2 Owod
N3P/t T
f‘f_‘;,_;},fm phase (S Lawi¥k

. _Fy:-ﬁllj_'_\'}-'@uu ok curve 8
foa ol lig JLg Nap b agha®
- Lu-—ﬂ-' A-La solid Jb,
Libale 45 ﬂs)}’. Gl
R i L= i —
QS ly Ol P22 P oh /£,

SHEaa

M'-’ }}3-—/“:

% racieve [

CamScanner - Ligd 4> gwadll



> Subjedt Chaprer 2 Bim3l ) 2022

_ Eﬁ*““’ “\/\d—’ " % B
cw\}\k,\ \ \_\ cheical | # \ /\f
potcnlal 1o ey pobenbal -\ X\.

TF) | pitwerc >S5 ,'\ A\ ] &) prexsure
e ., iTe Te L TP
(a) femp D) (b emp O
$ ( water)
Mmolal volume 4 molar volume @:molac volume s, molar
of soli d of I°q o Psolid volume of
@ As) increoses lews thap AL @) #s) increases mc;l;lé
So f(CCZ?anI ’fcmP rrses s}rong\lq than A~(L)

s Frecunq Temp lowered.
-

# Example ¢
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_WQH’I" is ‘0.999 QFA‘G’II}' undcr Hw:c cond Froﬂd A it

Bt ‘-iPWE‘MnSG %' comgbant! o

@ AN VAP

L molar volume m?3/mol

ice s- £ =099 glem?

-5

M- 109 cm?® & Iged? g iw dlmd 21l 97 x 10

mg
3 mol me)'? mol
- (197 5 107%) » (2% 1055—= 150 %)
= 199 J/moi
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This eqyuaHon can be yced Poc: -
1- Corcelabion of vapor presure in a nNaffow

fnterval

2- Inkecpolation  of vapor presuce daka -

3- Fxdrapolation of vapor prexure Jdata -

= The latent heat of va{:orfzah"on % nok coMstont . k.
decreases with fTemp % vonishes ab crftical poink.

=y from " 'skeam “kable ¢
T B % PCKPa)

10 k2276

20 2.3385 ——> 31 baasts
36 4,241 - . GEEgEE P
40 k2T = J
loo B=ds2e] g :

=2 26

#Example =- st do_ypae
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12- Riede]’s equah‘on :- -
qives estimafes te within =~y  Asle liss |
57 of expertmentol valves - Treubsalssmalie

k1 o
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el G et
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Te-647 k
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(=D ]
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_fnr_ﬁm;ags =

?-'-PM-} becavse of GR:0

F£ Chemical quumbr?um in Terms of Fa(c}acﬂcqj 3 -
= Since the ¢esidual S?bbs energy ¥s the <amé¢ $n both
ghases ,  +he ?\ancm{ ot soboralfon salbisPies the
condPftions :- PLY ok

# Voo FL — .

dY - " vep i
= “The cquality of FUaacThcs s an alterpative
5+ai€mfnk oéJt‘hC ncc?uaru % <ofFicfent conditfon -For

phase egiuﬁlf;gn um . <l ,,gl:.m_..m_,:,.\_ad_g_i_‘:g R o

- |t is the basis For 4l ‘phO'se-~:CQyu?if‘b(‘a‘q calculationg
whedher we are deal?ns with pure <uhtance of with
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»Subject: . . hOP"‘C( ..... T S~ T 29,3 /12022
%fugac?}d from . generalized | qraphs &« . i |
=> The (esidual 8?\;!;5 energy can be calwlated From the

R, 0

‘HR ‘=H_ +LU_|'_‘_R/l : Lh.;pql o
RTc R Tc RTc 4 chort
sR — SR/O +w SR/'

' Ec _ET( RTc

= Chacts have been developed to vkillize +he Lee= gessler

equation of  state with coffesponding states theory
13 e I ) |38 1
Creduced  untts)

In® - Ind® s win @'
F£ Excmplc e

Determine +he - Eugacfkg X dhe .ﬁu(c)mci’l-q coefficienl oF

ethane ok P-56 bar % F =26 ¢ using  geperahzed
S ST L:c krﬁ\s l.-la.p U dJ

W_ W s ideal o
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CHEMICAL ENGINE
08.FLASH CA
separation Fechg . &
diskrllakion Jicbw) 405
multistage Plashing »» 2
P . Blash

< 41 ALI KH. AL-MATAR (aalmatar@ju.edu.jo )
single cclu?h'brrum sl—oac of
diskllation

§eo s

’ 0L

ERING THERMODYNAMICS II (0905323)
LCULATION USING R.

AOULT’S LAW

v Sl sepafakion eas ) ) Ias 3
' -: sifgle stage
N 1o R U8 - . -
. “)_Mfﬂeéshr |3 () Egb “pile o ¢S Le
. \"L*\""P“ ‘_‘_3 POCC)_( Chemical Engineering Department (bls d"'?.—s-“ 0:—"(1’ C;-d
Skslall (U3 Rash venos PR University of Jordan . F
pla-?h-\/CﬁCk ) }l:,o L Amman 11942, Jordan
Plash. o1 diskillabron e 94
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R
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o >H & mix b U’_:Ld e
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3 E‘GXhl'nj oo Lo g lig g§l_,, 3 Ls
3 yyubo o @ Uncondemsable
L Lab L6 oo ¢ Gds distillation
2ol o 5,21 Cru_-l?.ig“) >l sw

o 4 distrllakion U
mFlash Concept and Types mulfistagc Rlashin K
# Flash Calculations
@ Deriving Equations for Isothermal Flash
@ The Rachford-Rice (RR) Equation

#¥Bubble and Dew Calculations Using RR
@ Solving the Rachford-Riee (RR) Equation
& Algorithm for Isothermal Klash

eq (elation. 3 . material Balance i 7 oy » Plaghio
43 compos?h"on Ji

MR ot YLKy
2y ) Ragults oy ) G@REEx sl skip
o oxesl L% 5les s \')35\1 2ol 0 Bl g . ' phate
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all Material balance (MB)

 @¥Species balance &
D Oty 2 B

% Eliminate L from the two balance equations to
obtain

' Ol Goel )

2158 545 Gus U5 Lag)
’Ji.{rd:bl (s das ™ LG O ¥5ls) sus

A : Z : . - :
Jlgﬁ 4 [ bine MB and Ec m R;e:latlonshlps ‘

#f Introduce the distribution coefficient K=y./ x

R » funchion of Temp ( louad)
wos K vap
'_i=P‘ y I = 9"'aC v Jl\;_'.,_’s)\
X

e J\\.’J’“ oA
e ey

ey W 4

> vapor and liquid phase mole fractions
‘must sum to unity, from which

= C
) b
: ' - . | i =f 0

use
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pEos S (0-1) 1w

@A good initial guess for ¥is0.5'since it is bracketed between 0 and 1!

@AbWsistouse o P, P Prexurc

e = s P
' -7 Wi e
sld Aaadl

,yg-fl'- liq, Frackion g ) >
‘achford-Rice Equation

L Ry = e
."r; X a ,ﬁ ﬂ)\l&t ASN LL-H-'AJ “

2,(K, =) WIE GG =D
k- L+V (K, -1) 1+V (K, 1)
(K D14V (K, - D)+ 2K, ~ D14V (K, -1) =0
Dz (K, ~)K, D)+ Ky =D+ ¥ (K, ~1)(K,~1)=0

- .-,.I'Ki"l)"‘zz(Kz ~D(K, D] =z, (K =D)=7 (K- D)

B Mx, -1} ?

B |
— l) —1)] 9

o~

“believe

-
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1
winl | |
Low presswre
Low pressuie. ideal gas Poynung phase ( y
miNture (¢ = 1) . correcton = Lo
and ¢ = I

j;! L).-..,Jl
L Le
ideal solghont
Ye W

L

__ A
x.-ri(T,P,:y/(T P"')P“‘exp[ L )]=_x-,f;/(T.P.y)

e

-~

JL—SG‘)Q -u,..n .A.ul (e

“£ JIJP <l comros,hon

Limitations and Exceptions

-3 Oilslinel %

Mixtures of strongly polar and/or hydrogen-

bonding components.

;.;a.utis -tn.u-u 8>LCI ‘ U_’i:!l s

Mixtures at cryeganic iemperstures since gas

phase corrections are usually significant._

Yl | ,‘::i' ill.ll '.‘.-
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4 - = K.J*ﬁ; W‘\—%—P .
( Raoullt’s law % )Raauﬁ’s AP L (e

o
5

pubbl€

‘B8 Parameter A can either be positive or negative ™, G «d
4 R

-~

vt

i A0'leads togs 1; positive deviations from Raoult’s law. ok, :
Raoults

41 O3 i A<0 leads to g<l; negative deviations from Raoult’s law.

line B W e et e i
22 Parameter A can be obtained from one experimenta

i | = A — ! > 1A

pOInt. ﬂy|+ X“1+ —-;,<ii

jaw

22 Parameter A is related to infinite dilution activity

coefficient as:
Iny” =Iny;, =4

£ satisfactory model for liguid ixtures containin
constituents ofWWre.

£ Resort to more complicated models for dissimilar]

Ji

(asymmetrical) mixtures. Marqu'ed
_ OGSl pas model
(L}ufd 1o 3\ sgs 1) mirrof ?magrc e
B . ode ! y
&‘L‘» Lufnb Lo LL %wclgo\_,%uﬂ
van Laar Activity Coefficient Model>~ "} L

% Used often to correlate vapor-liquid equilibrium

(VLE) data. 7
e (4] => W=
Bl e — A x,
RT Ax; +Bx, fok ——
X2

& Used for asymmetrical mixtures i.e., the activity
 coefficient of the first component is not a mirror
image of the second component.
8 Close to symmetrical mixtures yields approximately
the same values of A and B.

§8 For higher asymmetry the values of A and B depart
from each other.

. General case for the two-suffix_Margules equation
a when A = B.
§8 The parameters A and B are tabulated in many
references e.g., Sandler, Perry’s and properties
= Of gases and liquids.

cape 2,10 Ligen | hase avuvily coofliciznts I

lenite sysiom
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excesys prop .
ALl KH. AL-MATAR (aalmatar@ju.edu.jo)

Chemical Engineering Department
University of Jordan"
Amman 11942, Jordan
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Differences Between Pure Component & Mixtures

“:For a pure component we can write the
thermal EOS as
U=U(T,P)=>u=u(T,P)
V=V({T,P)=v=wIT,P)
== For a mixture containing C components
U=U(T,P,N,,--,N,)=U(T,P,N)
u=u(T,P,x, %) =T, Px)
V=V(T,P,N,, -, N.)=V(T,P,N)
v=v(T,P,x,, %) =0, P,X) |

" Notice the use of boldface notation to indicate
a vector of variables (N & x).

= Cis the nu
indicates &
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Naive Approach to Composition Dependence

= We want to know the concentration
dependence of the mixture.

“* The naive approach is to postulate that each
thermodynamic mixture property is the sum of
the analogous properties for the pure
component at the same (T,P) weighted with

their fractional compositions e.g.

hC~ o - £ . - k . < :
wS s BU:—(‘_PLLLclw Cole, AX B  Lis 13 g

(T, P x)= ix,u,-(T, P)

_interactfon i e 0.5 51, = ‘“L»- s .'3 _Ef_so £|\ —
LA b Lo s @ r s ol G A O ogd b g
U ype 2b) C purc- lao s Qlsl Le Lges inkerachon
WHCD(U/S lele . —T_"“"—D' mix -“E_:! losar o

law™ [y zhe mix Ol e,
ci-_gIL:Lf pufe Stafe 4 \-_8 Le'ts %")

mix 3 Lg|

Ge 50ml Nzl

O ﬂmllel JI
- N -
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Why the Naive Approach Fails?
% Unfortunately, this is not an accurate ‘

répresentation of the mixture properties.

B Mixtures deviate from this naive description

due to the cross term interactions not
accounted for by this approach.

|n+crad.‘on n
.v_.gx a8 Uine'Vin I
miy 3 rab S 4..:u.u
42 Gl 3 @
! ,
Wl cross inferackion siser (ol e
@ POIC DL v mix 31 B o>

pure

4.0.»!- frOP J_r.:u_j-o

e -

L....._,u. sl 1.§uu
“Aaxo >‘_-_r° G Mix

Property Changes

sﬂEvidently, there is a pr0perty change on
mixing. Property changes on m1x1ng are

defined as " = S

efin Aw -1.5..)\
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: of ] Excess Volume
! i Mixture of Ethanol and Water T=25 °C

pure
cthano |

excess M s ga
Cha) (1l o (A E s 3 1 50 s

-\L: ..'-.;l ~dal ST - ‘ / | _9‘5‘ (0) ‘_:P:("U

- g 03] =
>< LS R E 0.4 4N » a—o PU‘C
R~ =y ay U3

| : 0-bmol s & &8

' R T e e N O
0 041 02 03 0.5 06 07 08 09 1 = M
5eed Hole Fm%olﬂhanol [molimol]y Pure S e ethanol

Ethanol -
s Uslb 0.4 Ol

Byls s mix N
me‘ deviation Fom nan/c & cthanol X 5 sV ‘:
PUfC ) u—C'-IJL. wl i N ' .;.f;-*.adu P

_)"(‘ WM\MJ-(‘UyAHU_,A

~ E
eCicve ;

P

-
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mix ) den&ﬂa b

I - Xy X2
—_—— +___ 4+ ®o e 5 | .
s Fi Sz GQ\_
miKJLaaﬁ‘hﬁ“"")LoSu‘L Y=Xi1 ¥ 4 XaVa + °°°
mix wuds 4 Ly X7 Vi — Meive GPFMGGM

boka! ecfic
| e &
Gy . -20(;’“;, - o(Nd) tokal prop P
D e>\d C’k >ab) “\,uu._JL 410l € 4 e : oN; Nwm ~ el s
mix 3 | e G O¥ o 25
J':_.’\; e (e, = This leads to defining mixture properties in 45801 51,4
= s 6\5 s‘\\_—g terms of partial molar quantities as COMth!'

\_s.u\:l-’\u-»\.ﬁl c _
Lle 6= %O (TLEX)

o 1C OH LI > W\a e ‘UJJLMAJ”
LS mole Praction o Foah iy L,..m. s L
3 394\)9,&1 EVEY) wu.ll_ Geis Clg) pxo
oLl i L, Uso 55l L 1 ,ia'Ls mole Brachon

L

v

s S recieve
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&8 Volume change on mixing

. -
AV (T, P,N) =V(T,P,N) =Y Nv,(T, P) * 3
: : 1=1 L‘f’:‘-‘ -
= Z;N,[v,(y-,p,N)—v,(T,P)] cross inferackion
4
% Enthalpy change on mixing _b
) dB au v
A, (T.P,N) = H(T,P,N)~ Y Ni(T,P) 3 G >0l

: Binary sys
=) N,|h(T,P,N)-h(T,P
; [:( )= )] Sy,
@ - 1‘-"..-" ->L&U 0 .
L“"“\‘YJ' Léw Q—Y\ i n g

Other Properties

'

= Similar expressions can be thamed fa;r ather

properties. The equivalent of pure cc '

properties are obtained ’by using

properties in a mixture
:: Consider the Helmholtz
i Pure Component

recieve
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CHEMICAL ENGINEERING THERMODYNAMICS I (0905322)
10 -Notation for Chemical Reactions

)

ALl KH. AL-MATAR (aalmatar@ju.edu.jo)

i T Chemical
i -.5\ - -_ e Lotz i )..,-,"LAr- Wl ad ’7--.‘-'7 =

T e mes) i )
Sl e o University o

Engineering Department
e ) f s 1
of Jordan®

" 28 NOTATION FOR CHEMICAL REACTIONS
22 SIMULTANEOUS CHEMICAL REACTIONS

82 CHEMICAL REACTIONS and INDEPENDENCE ~~ &‘E“ ot
22 MOLAR EXTENT OF REACTION b d";‘;J‘Sd'rA )
V]
-~ & Mole Fractions from Extent of Reaction ¥

: dependebl- '?)
28 EXTENT OF REACTION FOR MULTIPLE REACTIONS
22 RATE OF REACTION IN BALANCE EQUATIONS
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o equation for a single chemical reaction,
Vi ~ Produck
s s Reackonk ) v, A +vyB =v.C+v,D wmp v.C+v,D-v,A-v;B =0
dA 0¥ ) = s
Us Jonu & Generalized mathematical notEEEJrl R PIRIFR ‘pLj) 4 L’*
delen sl 1S s J=0 ( L Reackant b ]
15, (4 Gapley felini s % v <2 ) o ka &j
\sly g where(Wis stoichiometric numbef, g [Tl product
s NANANANNNANA
& Positive for products, S vy =0,
% Negative for reactants. 1
Jf 1% 0 Wit Specles ] OhLWZL Wil po
P R LS o ' B i oy ac ‘ e s :

G el gf-l.'.sc—cm-‘fzo,‘——~coz dos 5leb dol 3

) as OSLud
CO;-CO—Eoz =0 3\ “"'3"_ Qm 2;'\3"“
\

QjL.bLL\ESM | B ¥

sif) 9 reaction \s-~s
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2 A general notation for R simultaneous reactions. The index for reactions is /
and for components is /.

g_;-a;,._gl E}.J.s Ul 151 e
do ds @ 3sle,
st Wl 4T G

B b ittt B el S i S N B SIS e e e e

| s racliay:
),«.u Lol ol dosd (o J 4
dependent  @¥ @s1 - C TdC

independent sk 555 b Glhe \Gay Ui

CamScanner = Ligd d>gwadll

éfériné' “the number of independent reactions for the hydro-
isomerization of benzene. L e
enzene < ubesH, -, <J o
C5H6+3H; _)C5H9CH! ‘l:"' E‘-D:g ;>\‘.° ‘g G%LL 3 J [ Alt.J
C.H,, - C,;H,CH, g-“_‘. Cace ob Gls s
Oslas |2
g ~CH,-3H,+CH,, =0 —a\__’:;b ,l::i
d 52| © 408 : € _cH,-3H,+CH,CH, =0 mump Sl i ml s
4 0¥ 1) ~C,H,, +C,H,CH, =0 ¢ 3 el



A ‘ ¥ L i e il g 3
P

pendent chemical reactions is a term used to designate the smallest
collection of reactions that, on forming various linear combinations, includes
all possible chemical reactions among the species present.

 No reaction in the set can itself be a linear combination of the others.

‘28 Matrix methods are used to obtain the minimum set of reactions. : \
2 % The rank of the matrix is very important term! '
_)'-:U L‘_\L'?.‘_g J |

EENWON N : |
dependent
independent S‘_{

R el SR M

gawss elimenakion L ¢ %

Wil Row M2 e e
i R )
) fow ' VG| ip
l-é;-o U X5\l sas
2anll s e i
Row I\ 7t Aok (i
t’m\ ¢ L'llm 7 A " ’ . o l: \ \_‘5\_\]_}'
= e ' Since the third row is zeros and further reduction does &—;\’w:
not yield any rows with zeros, the rank of this matrix is
two, and only two reactions are independent. : O Oy

CamScanner = Ligd d>gwadll



(L
'1,

-2 Oyl OUW LKW
@ (5Ha CHs — C¢Hg + H2

@ ccHin ¢~ (BH4CH 3
Produc}r 3

“ Reaclkan b

o g --Vnegg@ represent the W%@%g\s,g,f\w%in the system a time £ and

ny, to represe tthe‘ itial numbers of moles of species / J\M

= Def ine the xtent o of reaction (&) or reaction toordinate as:
U.'.'J’I . = | n; —ngs
dsw\\}w_ asla o v,
22 The extent of reaction relates the moles at any time to the initial number of moles, and
the stoichiometric coefficient. % = (G W
25 Set to zero for the initial state of the system prior Lo reaction. reackant produ ek b

2= The important characteristic of £ is that it has the same value for each
molecular species involved in a reaction,
&2 We can calculate all other mole numbers in a system given § and initial mole numbers

! The molar extent of reactlon |s not a fractuonal conversion varlable. s value

[ £ Nigas ol
ol PRI o7 n o e ‘-‘L'-‘* U‘ ki\.w Y1 OY S sac e-—ﬂ;o
o & “;-‘-' : wle converfion L é.;L...u

el 1l

)I_;\rlhj R LRI 5 AL Q)
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&( P RS i '
DY sus g gas @ R Jéo\ :
- ‘“

¥ For a system in which the following reaction

occurs:
CH, +H 0—-‘C0+3H

assume there are present initially 2 mol CH,, 1~

mol H,0, whan 4:mol H. Determine
expressuons or the mole fractlons as a
£ M_ﬁb@o*

s OUsia _«L,t a Ujs\j— dslayy
UJJJ—CJJMWWJMEHJ ¢ %L“_Lw gl
SUgy ya L) L:uu steam rf?orm:ncj -1 2loy

Glelustw | 4 w)_/,u_& tl,al \-53‘_5(.9_)-‘*-15 )_‘f’_J

Cdardl BLa, Us Aalh Toaa

assume there are present initially I H,0, 1 mol CO, and 4
moI H2 Determlne expressions for the mole fractions as a function of
g 2-e
et 2y, =-1-1+143=2 J,mu_sug
o J .
AV o =;nm=2+l+l+4=8 ro= s
¥ | f
< MR ] oo SO T it 53
n‘ n Z +ZVJ§ ny+v§ Yuo = 8+2¢&
2 s 443

" A S 51« 1 ,
2 OYLI sus d"‘_’ Pt
gi&)\
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; B e afi o an extent of
%% For R independent reactions occurring simultaneously, define an .
reaction for each reaction . 2 reac bon i
\ n; =N +§Vﬁgl;-)’-, n.j‘ " n‘]'/ﬂ e \/‘lj gl +V23 Ez
% Sum over all species — e BUg i1
regcl_-n'on (caction
R R ,)!)\ : U,_)]
. :Z(n °+EV0§,‘]=HO+ZZW§: P
b& g0 us § nsﬂ_‘;o J’ ” l e J i=l
- = — L} , '
)\-}\ nl,0+zvll¢' ”I-°+Z'V0£‘
[ — =
Y, = 3 T, Y Vi
W mol e ¥ ny +ZZVU§’ & Z
?fClCHDn L ‘ - o SR i et o

i SR
R

not Z"v‘ft

i=l

" CH, +2H,0 = CO, +4H, ’
if there are present Initially 2-mol:CHy, and 3smob h o ZVI z ~j_
M3 Determine expressions for the mole ~—l S o
fractions as a function of &, and &,. - e W st
Yo =528, + 26,

Gt & &t o d > .
Lo\sS ssle € [ |CH, [H,0[CO [CO, |H, vl & "I 85428 + 25
P < )’anE—f_l—’
S +24, +26,
3¢, 44,
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CHEMICAL ENGINEERING THERMODYNAMICS Il (0905322)
11 -Equilibrium and Chemical Reactions

ALl KH: AL-MATAR (aalmatar@iju.edu.jo )

activated e ~ P
compl€X ( brapsiHon skate)
DG
Ch | Engi Depart t P -
emical Engineering Departmen -
N Universitvof]ordavf'i' (fuc(irf-leOﬂ ~ > €Y U’o = Mmin

Amman 11942, Jordan | / > R

ol state Gius &
Llew sLPp > A6 5 52 O p) L e ol
Sk max

Soe oSie gllht ORI L2 o Lol Go®
UGN GLL e Jou

int Views Same Quantity
sween Equilibrium Constants
Tf‘e. ilibrium Constant?
Ure:van’t Hoff’s Equation
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Spontaneous Chemical Reactions

i% The Gibbs energy minimum
##Reaction Gibbs energy, the slope of the
graph of the Gibbs energy plotted against :
the extent of reaction: A,G = (0G/94), g
E&Relation of A Gto the ¢hemical potentials of _dg’ \
the species in the reaction \ = :
A '—) B’ A = = . ! ‘Ca o "
G 513 ML______‘) C\\C‘t‘e“\_\o\ v :
N RN A Cheml‘f:ﬁ\ i (Fo&op
S . {
% S| > oo L Q (;o\‘e“( ?(oéu cr- Po Extent « 5 eaction, xi
(‘5:"‘*") m?ﬂ/ D) %S‘U—:‘ Fig. 7.1 As the reaction advances
5 . : ted by motion from left to right
3 = L—‘JL"LJ‘D S{e’l;rescu;z horizyontal axis) the slope of the
l )8 GibHs energy changes. Equilibrium
@ corresponds to zero slope, at the foot of the
\ SJ_P) L._SLP_D valley.
LA Giul gl &

Upsus 2L Ll

Gibb 5 enery minimizgton _

s GAL 4 g0 v () 2lp & e
NGo Tyunt) - 1) oo Ccomplex networké e > 5f-f>-3
(equi conarant FiE i W ptes o Lo ]
Exergonic and Endergonic Reactions g8 unw

|

-

dv

e ——

# Reaction is at e:{t:ilibrium when, A,G=0.
(1) & Exergonic reaction

<“Jlw ..
sicn C o) s
orward reaction IS spontaneous. : SPOn s

2% Can be used to drive another process.

8 . L
(Z) % Endergonic reaction . TF e fiwi

5 A,G>0. CJ\:/\.‘Q_.\ c\s L2
#& Reverse reaction is spontaneous. olsL C:_-,LL:JI
NANANNAAN~ .

" A L
O ’c_'bd &EJ-M.A“ Flg. 7.2 If two weights are coupled as shown

s Subject to the assu on of constant ex CFS onic here, then the heavier weight will move the
N
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