Chemistry 163B, Winter 2014
Lecture 17- Chemical Potential and Activity

goals

Chemistry 163B

« Derive equilibrium and spontaneity criteria applying
multicomponent thermodynamic relationships;
i.e chemical potential (AP eaction )

. . « Define concentration dependence of p in terms of activity
K and AHreactlon

(fugacity) of ‘real’ gases, actual solutes

* Apply activity to equilibrium K,

ACtIVIty « Derive how to obtain fugacity if REAL gas

Equilibrium

equilibrium in terms of Au equilibrium in terms of Au

Gy, < 0 spontaneous
npaA+ngB—n;C+nyD dGy , =0 equilibium

| whole pot of mixed reactants and products

VA= Ny Vg=-Ng Vc=+Ng  vp=tNp
N

. ) F=—SdT +VdP+ >’

dé is extent of reaction AG=—SaT + VP + 2, s,

dg > 0 forward reaction

dg < 0 reverse reaction

N
AG=—SdT +1VdP+ Y v, d<

- N )

dn= v, dé_ @Gy =| vy |20
dn; > 0 substance i increases =

dn; < 0 substance i decreases

3
equilibrium in terms of Au concentration dependence of g
¥ ideal gas, one component (pure substance)
- .
4G, = wv, |ds =0 - P
TP ‘1_:1,‘: i I - G=G"+RT in
B 1 bar
? led to
¥ AC =AG'_. + RT (@Q,)
AGy p = | T‘_HL\'E ‘ ds; =0 "reaenon = " rearion T 2 hatd
, —
i=l
what about if other species present?
A'”wrlc’n}m f :
4Gy o = Ml gl =0 . B
TP Mreaetiontt s = 4 =45+ RT In T
Dy
- . HANDOUT #48
Atz < 0 forward reacton spontancous @& >0 T e o) At sion = B iogon + RT Q,
Bllpggon >0 rOVErse  reaction spontancous (@& <0) p Vi
Mm“m =0 ecquilibrium A“rrmm = :Vi% Q" = H Ilr;ri‘
just like A1
5
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yada -yada- yada: and so forth for Agqcion

JA"’:mcmm =—RTIK,

[ ; Au
T AH = CH
T =——7 where AH=3v,H =3"v, =
or T = = an,
LT Py
‘P
OInK AH® —
| . :'T | = R where AH®=%"vH:
a R <=

i

correcting for REALITY (activity and fugacity)

ALl
?:&TTEg : " i rry

Hy kbsed drm
W 0 bt 3 ettt
[T

correcting for REALITY (activity and fugacity)

- will define activity and fugacity coefficients y;’s
that provides corrections for the deviation of
chemical potential from the idéat gas and
solute concentration dependence

activity and fugacity coefficients are
obtained from experimental measurements
on RE AL systems

or by theory (Debye-Huckel)

more general g4 and corrections for non-ideality (~E&R eqn 9.50, p227)3,4

4(T)= 1 (T)+RT | %u |

standard \
conditions how /4 ‘really’ changes

in going from standard
conditions to actual conditions

@, = activity of compoirent i
a =y [r'n‘m] medasure of pressure, concentration, en']

7; is activity coefficient, a correction for non-ideality

ﬂf =1 wumit (bar,molar,etc)

more general g and corrections for non-ideality

Mg, .. =0+ RT InQ
where now (Y is written in tevins of activities

dropped the =1 “unit”
but Q is "unithss

fugacity of gases

a=rf=nk

1 partial pressure

fugacity coefficient

o
0=
P Y
B " Jbar correction for
2= Y T non-ideality
a s
(h mm] [Vﬂ Ibar

ideal gas Qp

G5
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other conventions for activities

other conventions for activities

2. pure solids and liquids 3. solutes in solutions

concentration of I,
P [I] usually molar WHY CONCENTRATION FOR SOLUTES W SGLUTION 7
(T Pyss g (T, P = Ibar) v but may be X; Soon L SUR 1] 5 5 P SoLuTES e souns

3 activity coefficient y; corrects ‘ideal’ measure of ‘concentration
(ﬁ) =T (small for liquid or soiid)
oP ).

if “activity coefficients unity”
soa, w1 for pitre solid o Kqnid = [I] 4 =f=F a4,=1
[rnless extreme pressive] == solute gas pure liquid or solid
i
3

| HW#8 y=1 except prob. 41* and 43.

13 14
how to evaluate activity (fugacnz/) coefficients for real gases how to evaluate activity (fugacity) coefficients for real gases
(HW8 #*41)
[a—ﬁJ =V and
P ),
{ ideal gas y=1 [B—ﬂ) = RT[M]
8P ), P Jr,
_-+ another o Rr[ah\f] 7
f real gas y<1 P ra
1 8 s

expression for dln(%) will prove useful

aln £ am P
aP P )y NP Jr,

how to evaluate activity (fugacity) coefficients for real gases

how to evaluate activity (fugacity) coefficients for real gases
(eqn 7.20 E&R and HW8 #*41)

Inf(Py=InP+ L f(l_' RT)JP' InP+ L : V T apr'
0y =mP+— - — = — 0 -
RT,:, P RT,", ACTUAL * ' IDEALGAS
ftP)) 1 % (- RT - -
ln(‘— shiiyi=—0 | |V |dP = — | (Vi - Vipsas |9P"
P RT .-, P RT -, *oor o
Vet _ P . : :
=20 =——25 (compression foctor ESR equ. 7.6
Vs R RT R
1 ¢ = F(z-1
my=—1 | ¥, —LdP'= | ——dP"' *
=i § Pt v [ 5
221
y( P.Ti=exp ——dP"| (E&Reqn721)
rha P
17
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End of Lecture

activity for solids and liquids (P, = 1 bar)

H-T-:;{-T-+Rnu[%]

)=
(94)-%*
;

[%] -7
opP i !

»(T)

B

(T, B, 0= p(T 1 bar)+ | PP s (T, bar) + 7 By =1 bar, [ HWA7 37 (B8R 6.5
Vo

b4) -

P(P_ -1bm)
L

#1 for Puy near 1 bar (since V is small for liquids or solids)

for Ap at high Py
would use this in Q
for liquids and solids

11113




