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

Chemistry 163B

& and AHreaction
Activity

Equilibrium

goals

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

« Define concentration dependence of p in terms of activity
(fugacity) of ‘real’ gases, actual solutes

* Apply activity to equilibrium K,
« Derive how to obtain fugacity if REAL gas

equilibrium in terms of Au

naA+ngB—n;C+nyD
Vpo=-Np Vg=-Ng Vc=+Ne vp=tnp
dg is extent of reaction

dg > 0 forward reaction
dg < 0 reverse reaction

dn=V,; dg
dn; > 0 substance i increases
dn; < 0 substance i decreases

equilibrium in terms of Au

dG; , <0 spontaneous

dG; , =0 equilibium

| whole pot of mixed reactants and products I

N
dG =—SdT +VdP + " sdn, dn

i=1

N
dG =-SdT +VdP + > 4 v, dé
i=1

[o[cH =[iy, v ]d{SO

equilibrium in terms of Au

N
[o[cH =[Zy, v, ]d{SO
i=1

?

N
dG; , = [Z/tl v, j dé<o
i=1

Mreaction

’ dG; p = AllyggiondS <0 ‘

Aflygpeion <0 forward reaction spontaneous (d& > 0)
Aflgpeion > 0 TEVerse reaction spontaneous (d& < 0)
Allygpeion =0 equilibrium

just like AG !!!

NOTE:

1S INTENSIVE (J mol-)
EXTENSIVE (J)

concentration dependence of s

ideal gas, one component (pure substance)
G=G +RTIn[ ——

1bar
led to

AG sacion = AG escien + RT IN(Q;)
what about if other species present?

PI
1bar
AMlieagion = Algeacion + BT INQ,

v
. . P!
Mlpeagion = 2 Vit Qp = H[HJ

= +RT In(
HANDOUT #48
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yada -yada- yada: and so forth for Age.ciion

Atigagion = —RT INK

5w
T =—¥ where AH =% "vH =3y, M
aT T 7 T on, ).

P

(aan] AR where AH"=Y"v,H;
b

correcting for REALITY (activity and fugacity)

1 ST RefusE
To MCEPT RENTTY

1y whdnd Bt

M bt b et

R

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 ids3l 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 g and corrections for non-ideality (~E&R eqn 9.50, p227),,4

o a
14(T) = (T)+RT %%,]
standard \
conditions how 4 ‘really’ changes

in going from standard
conditions to actual conditions

a, = activity of component i

a, = y, x[ideal measure of pressure, concentration, etc]

v is activity coefficient, a correction for non-ideality

a’=1 unit (bar,molar,etc)

more general g and corrections for non-ideality

Alyeagion = Apt° + RT INQ
where now Q is written in terms of activities

unitless
dropped the a’=1 'unit"

but Q is 'unillless'

fugacity of gases

fugacity coefficient

(3)"
(a)®
e poe
r) \”° Toar correction for
ia p.\™ non-ideality
s
rj [“ 1bar)
[ P, ]m ( Py Jﬁ“ ideal gas Qp
1bar lbar
jiﬁﬂ 7 =1 Qs
P, P, <
1bar 1bar
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other conventions for activities

2. pure solids and liquids

(T, P)~ 1 (T,P = 1bar)

o =V, (small for liquid or solid)
oP )

soa; =1 for pure solid or liquid
[unless extreme pressure] expeRT

HEn

other conventions for activities

3. solutes in solutions
concentration of I,
WHY CONCENTRATION FOR SOLUTES IN SOLUTION 7

a,=7,[1] e———— usually molar CEE e R e
but may be X; SO0N WL JUSTIF (1] =X, @ FOR SOLUTES IN DEAL SOLIS

activity coefficient y; corrects ‘ideal’ measure of ‘concentration

if “activity coefficients unity”
a=[1] a=f=P a=1

solute gas pure liquid or solid

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

how to evaluate activity (fugacity) coefficients for real gases

)V and

P Jra

[%] :RT(alnf]
EIN ® s

so rT[ANF) g
P rn

. f .
expression for d In(;) will prove useful

ﬁln[i)
P)| _(é(inf-InP) :(amf] 7(alnP)
P P L, Uee ), Uer ),

Tn

ziq_l:L[\Lﬂ]
RT' P RT P

13
how to evaluate activity (fugacity) coefficients for real gases
(HW8 #*41)
real gas y>1
{ ideal gas y=1
_~- another
f real gas y<1
1 A= & sostare
1
P
15
how to evaluate activity (fugacity) coefficients for real gases
P P
jd[ln f,)— ji[’— RT]dP'
5 P') 3 RT 3
P
|n(—f(P)Jr in| 1) :LJ[*, RT]dP'
P P, RT P’
in[ SO _ (£ +LJ v-RT\p:
P P, ) RT; P
P,—0
)
P,
,n" LGY)
P
17

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

RT
P

. 1t .
JdP =InP+ RT J. (VACTUAL -VibeaLoas )dP
[

.
|nf(P)=|nP+i J' V-
RTP,»O

f(P) 1 (- RT),.., 1 } o - ,
In(T):In("):ﬁp ) V.o jdP :ﬁP’JN(VAcmAL Vipea )dP
z =%=% (compression factor E&R eqn. 7.6)

ideal
1§ t (2=

— [ Vi (z=1)dP'= dP" *
RT o2, e (2=0) -L] P

P

Iny=

P—0

.
y(P,T):exp[ | Zp__ldp'} (E&R eqn 7.21)
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activity for solids and liquids (P = 1 bar)

End of Lecture

24T Po) =24 (T, 1 bar) + [ VidP = (T, 1 bar) +V; (B, —1 bar)
oo

LAGIE L7
[%] ~e R xlfor P, near1bar (since V is small for liquids or solids)
' or l_T_J
for A at high Py *
would use this in Q ]
for liquids and solids =
19 20




