Summary Lecture 1 (qlosserv see App B, SG)

- First law: conservation of energy

dU =dW +dQ
AU =de =W +0Q
jﬁduzo

U Is a state function

Reversible process

- Mechanical work W = _j Pextdv —j PdV
- Perfect gas PV = nRT | Equation of state
o . 3 3
- Perfect atomicgas |U = —nRT = =PV
2 2

dWw = 1)



Summary Lecture 2 (second Iaw and entropv)

Second law:
for any spontaneous process

dS

tot

4535, 20]|as = 927 [
T urroundings

S is a state function, so independent of path

Alternative form: Clausius inequality:

—

dQ™ =TdS | Reversible process

dQ <TdS | -

dQ" <TdS | Irreversible process




Summary Lecture 2 (alternative enerqy functions)

—

Internal energy U
Enthalpy H=U+PV
Helmholtz free energy A=U -TS — State functions
Gibbs free energy G=H-TS| _
dU =TdS —Pdv | mmmp |dU}, =TdS
dH =TdS +VvdP | mmm |dH| =TdS
dA=-SdT —PdV | mmmp |dA[ =0
dG =-SdT +VdP | mmmp |(dG| =0
Heat capacities C, = (Qj C, = (ﬁj
oT )|, oT )|, ;




Summary Lecture 3 (chemical equilibria)
Second law-> dG‘PT <0 AGEL(?G]

4

AG=AG°+RTIhQ

Equilibrium state

A£§ reaction

_lEnergy mininTors -
AG=0 TP 4,6 <0 ‘

O Reaction progrt*ssion | AG>0 _
é:eq AG=0 )

|
A G
AI’G®: ViA Grc;])l K:eX 5y

Z fOmi| - p_ T




Summary Lecture 3 (formation enerqgies)

G )

elements in reference state

A

I ©
I_ZV;‘A fG m,reactant f
14

|
reactants ,

®

A G
.

| ©
I-'-erjA fG m,product I
1

' I
|

1
|
y products y

For all ellements in their reference states at T AfGn(?,i

AfGri),i = Af H ri),i _TAfSri),i

At constant, chosen T

For all ellements in their reference states at | Af H gi

0
0

For gaseous mixtures

Mole fraction

Partial

pressure |y
P =xP

n.

_ N
n_an
j

For perfect gas mixtures

o-11(3%)




Summary Lecture 4 (activity)

For general systems: P
a, = —-| For perfect gas mixtures
u=p’ +RTInal | P
|
' 18 =1 For pure liquids
AG=AG°+RTIhQ|
r r 2 W For pure solids
Q=]]a"| 1--==7= e
i |
--------------------- k! _;/I(C) C(i) with |c® =1mollL
I C
AG®=NVAGe |
r Zu: e la, =y ® ;—('a with |b° =1molkg
® o !
AG® = Zviﬂ. i a, ="
i ! | i i pH _ _Iog a

P® =1bar; a’ =1; i®spure



Summary Lecture 4 (electrochemistry)

AG=AG°+RTInQ

=)

Equilibrium state

TP

0 Reaction progrt%ssion s 1

ém

AG =0

RT
E=E°-—1InQ

v

AG=—-vFE
reaction
AG<O0

‘

AG>0

A G

r

_
.

Nernst equation

Electrodeg

(2

Salt bridge

\Iectrode

N W7

H,0(I) }

..
H" (aq)

Mn ?" (aq)

MnO, (aq)

H,0(1)

Fe®’(aq)

_Fe® (aq)

d
Electrode compartments

7




Summary Lecture 4 (electrochemistry)

®
A GH * ) = A HH ‘o )—OforaIIT
® _
E2H+/H2 =Q0forallT

pH=-"log a, ~—"log [H+]




Lecture 5: Solutions and colligative processes




Lecture 5: Solutions and mixing processes

Solutions or mixtures with NO chemical reactions:

dn. =0

with

For perfect gas mixtures

For pure liquids

dG =VdP —SdT + " g,dn,

m =[§j =u’ +RT Ina
P, T,n

on.

NS

For pure solids

2R

X
,U. ZILli®+RT |n§
®
H = H
®
Hs = H 10




Lecture 5: Solutions and mixing processes

Solutions or mixtures with NO chemical reactions:

‘&ill dn. =0

with

dG =VdP —SdT + " g,dn,

M

=u’ +RT Ina

Standard state O _

for component |

P® =1bar

a =1

component 1 Is pure

11



Lecture 5: Solutions and mixing processes

Importance of the chemical potential:

1) Equilibrium between phases H 2C)(I ) <> H 2C)(s)

—

e
@1bar, 273.15 K || s

a7 2 -y
or A
o (l“%

9

dG =VdP —SdT + g,dn, + . dn,

12



Lecture 5: Solutions and mixing processes

Importance of the chemical potential:

1) Equilibrium between phases

H zo(l ) <~ H 2C)(S)

@1bar, 27315 K| s

CF o -
BPRING
9. (t‘a

B) |dG =VdP — SdT + ¢

—

n, + p.dn,

2"d Jaw: in equilibrium:

e
— )

06, , ¢

—

dG|, , = gdn, + pydn = (g — g )dn, =0

dn, =—dn,

S

13




Lecture 5: Solutions and mixing processes

Importance of the chemical potential:

1) Equilibrium between phases

H,O(l) < H,0(s)

@1bar, 27315 K| s

CF o -
BPRING
9. (t‘a

‘ dG =VdP —SdT + g,dn, + . dn,

—

2" law: in equilibrium: | dG ‘P o= 0

e
— )

—

dG|, , = gdn, + pydn = (g — g )dn, =0

in equilibrium: |1 = . -

dn, =—dn,

S

14




Lecture 5: Solutions and mixing processes

Importance of the chemical potential: (Study guide p.16)

1) Equilibrium between phases

in equilibrium:

HzO(O‘)@ Hzo(ﬁ)

lLla :lLlIB

2) Equilibrium between phases of component | in mixtures

H,O (©) + EthOH (© <

| phase &

H,0 @ + EthOH )

- phase f

in equilibrium:

Hio = Hip




Lecture 5: Solutions and mixing processes

Importance of the chemical potential: (Study guide p.16)

1) Equilibrium between phases |H 20(0{) < H 2C)(,B)

in equilibrium: H, = Uy

2) Equilibrium between phases of component | in mixtures

in equilibrium: |1, , = 4 ,

3) For a general mixture of two or more components A, B, - - - :

P,T A H ] El H H H ]
0 0 0 0

dG

= HpodNs, + 4,005, +--| G is a state function

P.T
16




Lecture 5: Solutions and mixing processes

Importance of the chemical potential: (Study guide p.16)
1) Equilibrium between phases |H 20(0{) < H 2()(IB)

in equilibrium: H, = Hg

2) Equilibrium between phases of component | in mixtures

in equilibrium: |1, , = 4 ,

3) For a general mixture of two or more components A, B, - - - :

a

G

= Hpq IdnA,a T H o jdnB,a T

a
= HpoMpy THg Ny T = Zlui,ani,a

P, T ! 17

‘G




Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

H,0 ©

H,0 ()

P, T| EthOH®
+

EthOH ()

G

C:I = Z Iui,ani,a ‘

Initial:

Initial:

PT
%

H,0 ® + EthOH ©

<

___phase a

H,0 @ + EthOH (D)

<

- phase f§

G

initial

— ”A,a(ﬂ,(:),a + RT In aA’a)+ ”B,a(ﬂi + RT In aB,a)

a: pure perfect gases @ P ‘

G,

initial

- nA’g(,ui)g +RT

P
In —

P@

P
j-i— nB’g(,uSg + RT In Ej

18



Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

H0© o1l Bmon® | pT HO® +EhoH®  <+—phase a
P &

H0 O EhOH () HO® +EhOH )  <+—phase ff
. P, P,
nal: 1Gg . =N, ,u +RT In— 5o +Ng ,u +RT In—- 5o

_— p p
Initial: |Go = Agty +RT In P®j+ nt(ySQ +RT In ﬁj
g g PA PB
Am| G® Gflnal _Gmltlal = nA,gRT In F+ nB,gRT In F
19




Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

<i+—phase a

<1 —phase f§

H,0 ©
2 P.T| EthoH® P.T H,0 © + EthOH ©
+ -
H,0 ) H,0 @ + EthOH (0
EthOH (1)
A G=G) -G? =n, RT Ini+n RT Ini
mix — ~final initial — "'A,g B,g
P P
n N P n
9 _ _A _B i
‘ A G _RT(nAg In 4 g In nj as o =-
9 _ —
‘ A_ G” =nRT (XAg In Xaq t Xg.g In xB,g) as X, =

20



Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

<i+—phase a

<! —phase f

mix

H,0 @) H,0 © + EthOH ©
P.T| EmoH® | P, T .
+ -2
H,0 O H,0  + EthOH ()
EthOH ()
g _
‘ A G =nRT (XAg In X, , + Xg 4 IN xB,g)

Perfect gas mixing —

@T : Aming :AmixH ’ _TAming

pu—

—

- =

miXx

A_S=-nR(x,Inx, +x;Inx,)

A H=0

miXx

21



Lecture 5: Solutions and mixing processes

Perfect gas mixing | A,,,G = NRT (X, In X, + X5 In x;)

-0.1

-0.2

-0.3

04

Delta_ G/mRT

-0.5

0.6

0

22



Lecture 5: Solutions and mixing processes

Perfect gas mixing [ A, S =—nR(x, Inx, + x5 Inx;)

AmH =0

Delta i Sk

0 . | . | . | . |

|
0 0.2 04 0.6 0.3 1

Xa

2"d Jaw: Mixing is spontaneous, towards increasing entropy




Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

g—

T H,0® + EthOH © <=

H,0 @ + EthOH (1) <

Equilibrium ¢me) |1, = Hig|l
) _ 9 4 RT In—+A ¥

Hag T:UA T 4 po Ha

perfect gas

—phase o

- phase

/uA,g = /uA,I

/uB,g — 1uB,I

(similar for B)

24



Lecture 5: Solutions and mixing processes

The process of mixing two or more components @ P, T

H,0 © + EthOH @

H,0 ) + EthOH ()

P
) 1, = up+RT In & = Ha,
. o P, .
Hp g = Ha +RT InF:/uA,I

(* pure A)

(similar for B)

25



Lecture 5: Solutions: Ideal solutions (Raoult)

The process of mixing two or more components @ P, T

H,0 ® + EthOH ©
P.T -

H,0 ) + EthOH ()

« P
‘ﬂAI::uAI_I_RTIn &
, , p;
‘ , ’ -
liquid gas
Special case: P, = Xa, P.| and

Ideal solution or Raoult’s law

(Study guide p.17-18)

—

(similar for B)

*

PB = Xg PB

—

26



Lecture 5: Solutions: Ideal solutions (Raoult)

The process of mixing two or more components @ P, T

H,0 © H0 © + EthOH @ <1—phase a
P,T| EthOH® P T -
+ ->
HO O ___phase
2 EHOH () H,0 @ + EthOH (D) <t+—pP ﬂ

Special case: |[#,, = tn, +RT Inx,,| (similar for B)

R B
— |
Pa = Xa1Pa liquid liquid

P, = X5,Ps| Ideal solution or Raoult’s law

Amix,lG = Gfinal,l _Ginitial,l = (nA,I:uA,I + Ng Uy )_ (nA,hU;,l + nB,|ﬂ;,|)

27




Lecture 5: Solutions: Ideal solutions (Raoult)

The process of mixing two or more components @ P, T

H,0 © I
PT| EmoH® | PT HO® + EhoH®  <t+—phase &
. >
H,0 O HO0 O +EhoH )  <+—phase B
EthOH (1) J
Amix,IG = (nA,IluA,I +Ng | Upg )_ (nA,IzuA,I + nB,I:uB,I) l
Special case: |#n, = ta, T RT INX,,| (similar for B)

‘ Similar to the perfect gas case:

A G =

mix, |

(nA,, RT In Xo, +Ng RT In xB,,)

Ideal solution or Raoult’s law

28



Lecture 5: Solutions: Ideal solutions (Raoult)

The process of mixing two or more components @ P, T

H,0 © H0 © + EthOH @ <1—phase a
P,T| EthOH® P T -
+ ->
HO O ___phase
2 EHOH () H,0 @ + EthOH (D) <t+—pP ﬂ

Special case: |z, = 5, +RT Inx,,| (similar for B)

p—

A . G =nRT (xA,, In X, , +Xg, In xB,,)

mix, |
) -

A

I
o

S :—nR(xA In X, , +Xg In xB’,) and (A, H

mix, |

Ideal solution or Raoult’s law

29



Lecture 5: Solutions: Ideal solutions (Raoult)

The process of mixing two or more components @ P, T

A . G =nRT (xA,, In X, , +Xg, In xB,,)

mix, |
) -

A S = —nR(xA In X, , +Xg In xB’,) and |A H=0

Ideal solution or Raoult’s law (Study guide p.17-18)

30




Lecture 5: Solutions: Ideal solutions (Raoult)

Pressure

Raoult’s law

Total
pressure

Partial

pressure

of A Partial
pressure
of B

Mole fraction of A, x,

J

| ~*,
P'g — Xj Pj : Raoult

80

60

40

A

N

Benzene \

Methylbenzene
ol

/u

N

O

0 Mole fraction of

1

methylbenzene,x(C,H.CH,)

P=P, +P,

Dalton

31



Lecture 5: Solutions: Real solutions

The process of mixing two or more components @ P, T

H,0 © H0 © + EthOH @ <1—phase a
P,T| EthOH® P T -
+ ->
HO O ___phase
2 EHOH () H,0 @ + EthOH (D) <t+—pP ﬂ

A ix1G = Grinat = Ginigiar,1 = (nA,I/uA,I g Mg, )_ (nA,IluZ,l i nBJ'u;")

mix, |

\_'_I

la,=Ha, +RT Ina, | (similar for B)

‘ AnixiG=n,4RTIna,, +ng,RT Inag,

‘ A )G =NRT (XA,I Ina, , +Xg, In aB,I) (real solutions)

32



Lecture 5: Solutions: Colligative properties

33



Lecture 5: Solutions: Colligative properties

Colligative properties:

Effects due to the presence of a mixture in the

liquid phase in equilibrium with a 1

-Freezing point depression
-Boiling point elevation
-Osmosis

-Solubility

solid phase

gas phase

pure liquid
dissolved solute

34



Lecture 5: Solutions: Colligative properties

Effects due to the presence of a mixture in the

liguid phase in equilibrium with a 1

-Freezing point depression solid phase
-Boiling point elevation gas phase

35



Lecture 5: Solutions: Colligative properties

Values for a single phase (Y,

-

Pure compound

>

H.,(T)~H__,andS__(T)=S_,
»dGm,a(T) ~H,_ -5, dT

36



Lecture 5: Solutions: Colligative properties

Pure compound

5‘ = A

2 =

g =

.

L:D &

= =

7 2

3 g

e ]

2 =

=

2 )

=

[av}

>

0 :
T T T T

Hm,a(T) ~H,, and Sm,a(T) ~S..,

) G, (T)~H,, S, d7 | B |du’ =dG’ ~H S dT




Lecture 5: Solutions: Colligative properties

Chemical potential L

A
i >
Tfus Tb r
dy’ =dG~ ~H" —S dT
(a=5s,1,0)

Sm,S < Sm,, < Sm,g

38



Lecture 5: Solutions: Colligative properties

Chemical potential L

A
i >
Tfus Tb r
dy’ =dG~ ~H" —S dT
(a=5s,1,0)

Sm,S < Sm,, < Sm,g

Add a solute to only the solvent
—>phase ( stays pure
—>phase S stays pure

—>phase | becomes a solution

39



Lecture 5: Solutions: Colligative properties

T renudod reotuoy)

, 9)

(a0 =5,

40



Lecture 5: Solutions: Colligative properties

Chemical potential L

>

Chemical potential L

o

M, i'u:" + RT In %A,l

Real mixture of A and B

41



Lecture 5: Solutions: Colligative properties

= A .
~~~~~~~~ [
3 o
E [N N T
D I
IS I I
o 1 |
= I I :
S I I ‘~.
= I I R S
] 1 1 1 '\,\
5 1 I : I ’
| | [ |
I L |
: AT AT 1 8
l(—): —):—:(—
! 1
| L]
i | = -
’ ’
Tfus Tfus Tb Tb r

pu =4 +RTha,,

A IS the solvent

B Is the solute

42



Lecture 5: Solutions: Colligative properties

=. A ~ ° ° °
I Freezing point depression
g NGRS ege ° '
g o New equilibrium: @ T,
g E : Hy = Hs = ,Lls @TA,fUS
| | - >
Tfus Tfus Tb Tb r

7 =,u:| +RT In a,,

A IS the solvent

B Is the solute

43



Lecture 5: Solutions: Colligative properties

B Is the solute

A : : :
:’ e L Freesing point depression
2 o New equilibrium: @ T,
: ] K- == p | @T,g,
| AT N '
I I o
| | - -
T T’ T o |
e fw b’ Has=Har+RT s Ina,,
u =u +RTIna,, .
Al Al @TA,fUS
A s the solvent - - '
G _Gm,A,I = RT A s In CN

m,A,S

(‘pure phase — 4, , =G;,,0,.)

44




Lecture 5: Solutions: Colligative properties

*

*

Gm,A,s - Gm,A,I = RTA,fus In dpa | @TA,fus
(H ;,A,s _TAI\,fusS;,A,S )_ (H ;,A,I _Tﬁlx,fuss;,A,l ): RTA'\,fus In a‘A,I
» AfusH ;,A _TAI\,fusAfusSr’;,A = _RTA|\,fus In aA,I

@
@

TA,ﬁJs

T

A, fus

45



Lecture 5: Solutions: Colligative properties

fus H m, A _TA,fusAfusSm,A — _RTA,fus In a'A,I @ TA,fus

A

For the pure compound:

Afus H ;,A _T;,fusAfusS;,A = AfusGr’;,A =0

@ TA,fus

* AfusH ;,A
» AfusSm,A = T*

A, fus




Lecture 5: Solutions: Colligative properties

*

Afus H m, A _TA',fusAfusS;,A = _RTA'\,fus In da @ TA,fus

For the pure compound:

Afus H ;,A _T;,fusAfusS;,A — AfusGr’;,A = O *
o @ TA,fus
* Afus m, A
» AfusSm,A = *
TA,fus T »

A, H *,A (Tplhfus) ~ Afus H ;,A (T,:,fus)

fus m

Afus S;A (Tﬁlx,fus) ~ Afus S;A (T;,fus)

*

* AfusHm, '
»Afussm,Az T+ : @TA,ﬁJS

A, fus 47




Lecture 5: Solutions: Colligative properties

Afus H TA fusAfusSm A~ RTA'\,fus In aA,l @ TA,fUS
* Afus H '
AfusSm,A ~ * @ TA,ﬁJS
TA,fus
» AfuerircLA[ 1 . 1 ]N In a
. * ~ Al
R TA,fus TA,fus

"‘

48



Lecture 5: Solutions: Colligative properties

AH

fus

T, . A.S.

A, fus

fus~mA

RTA'\,fUS In aA,| @ TA,fUS

fus
fusPOmA "~ * @TA,fus

A H- B

T

A, fus

A, fus

A, fus

]z—ln a,, = —Inx,,

:—In(l—xB’,)

|
Assume ideal solution

49



Lecture 5: Solutions: Colligative properties

Afus H TA fusAfus Sm A~ RTA'\,fus In aA,I @ TA,fus
* Afus H '
Afus Sm,A ~ * @ TA,ﬁJS
TA,fus

—

"‘

A, fus

1
" )z _In(l_ XB,l)z Xz

A, fus

50



Lecture 5: Solutions: Colligative properties

A H ,-T, A S . =—RT

fus A fus—fus~ m,A

A'\,fus In a'A,I @T,A'\’fus \\

* Afus H ' 6@
AfusSmA ~ T* %’ms
A, fus :;




Lecture 5: Solutions: Colligative properties

Afus H :n,A _TA',fusAfusS;,A = _RTA'\,fus In A | @TA,fus
* Afu H :;1 A ' B ’
AfusSm,A ~ S* , @TA,ﬁJS
TA,fus
Afus H ; 1 1
‘ A[ I )z—ln(l—XB’l)zXB,l
R TA,fus TA,fus
AcH (To. —T,
' fus' ' m,A ( A,fuus *A,fus j ~_ In(l— XB,| )z XB,l
R TA,fusTA,fus

A

fus

*
H m, A

=

R

T,  —T,
A, fus A, fus - -
T 2 N_In(l_XB,I)N Xz,
A, fus

52



Lecture 5: Solutions: Colligative properties

AcH L (Ta. =T,
fus ' 'mA A, fus _ A, fus ~—In (1_ XB,| )z XB,|
R TA,fus I
Freezing point depression (AT =T, —T, .

RT,”

—> ATzA I‘_‘I’f,‘fs X,

fus m, A




Lecture 5: Solutions: Colligative properties

= A . . i .
I Freezing point depression
E ENANSH —
g : | RT
E : | RN AT = — Xg
: S X AgsH i
= 1 .
~ | | L
| AT ATY
I I o
| | - -
’ T T. T~ T



Lecture 5: Solutions: Colligative properties

>

~~~~~~~~~~~ L Freezing point depression

1
-,

S ey,
o, -

R

|

|

I . ~ =
Y < o\ S TN

: E A1'usHm,A
|

|

Xg

.
-
.\.

Chemical potential L

P L e Analogously:
: N .
| ' > RTszap
T. T T T, T AT = —— X
AvapHm,A

B

Boiling point elevation

55



Lecture 5: Solutions: Colligative properties

Chemical potential L

>

Freezing point dg%\\lon
A, fus

PR

Analogously:

> RT,*
AT = A’Vip Xg
Avap H m, A

Boiling point elevation

56



Lecture 5: Solutions: Colligative properties

>

Freezing point depression

~

1
-,

S ey,
o,

N AT = RTA*’%S
E \‘ A1'us H m, A

.
-
.\.

Xg

Chemical potential L

AT
e

Biie Analogously:
2 > RT 2

A,vap

|
|
9
Tfus Tfus Tb Tb r AT

~ * X
Avap H m, A

B

Assumptions made:

Boiling point elevation

—>phase ( stays pure

—>phase S stays pure

phase | becomes an ideal solution: al ~ Xl
éAtﬁH, A..S independent of T .

trs



Lecture 5: Solutions: Colligative properties

Colligative properties:

Effects due to the presence of a mixture in the

liquid phase in equilibrium with a 1

-Freezing point depression
-Boiling point elevation
-Osmosis

-Solubility

solid phase

gas phase

pure liquid
dissolved solute

58



Lecture 5: Solutions: Colligative properties

Osmosis » Gain in entropy (2" law)

A

I

=)

P

A

Semipermeable { Permeable for solvent A

membrane

Impermeable for solute B

11 is the osmotic pressure

Equilibrium: ﬂ:,l (P)=u, (X5, P+1I)

59



Lecture 5: Solutions: Colligative properties

-I-

P+II

Equilibrium:

Osmosis

. (P)

=pu, (Xp, P+1I)
=u (P+I)+RTIna,

P+11

=u. (P)+ jv:mdp +RTIna,

B - RTIna, =

P+11

jv:mdP <V jP =V 11

P+11

A 1S the solvent
B is the solute

liguid = incompressible

60




Lecture 5: Solutions: Colligative properties

o :
‘ P lPHI Equilibrium: SO

-I--

P+11

-RTIna, =~V ' [P=V 1
P

RT

‘ Hz—v* Ina,

A,m

A 1S the solvent

B is the solute 61




Lecture 5: Solutions: Colligative properties

o :
‘ P lPHI Equilibrium: SO

P+11

-RTIna, =~V ' [P=V 1
P

-I--

RT

‘ Hz—v* Ina,

A,m

Ideal solution

RT RT RTn
7% —— Inx, ~ — X, ~ —=2 ~ RT|B] 11 ~RT[B]
V Y V' on,
Am am Am Van 't Hoff
A is the solvent equation

B is the solute 62




Lecture 5: Solutions: Colligative properties

P How to measure I1 ?
Equilibrium:
RT
,zT)gh :H:_V* Ina,

Solution mass density p
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Summary Lecture 5 (solutions)
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Summary Lecture 5: solutions or mixtures

Equilibrium between phases of component | in mixtures

H,0 (® + EthOH © <— phase o

HO 0 +EhoH O <+— phase f§

in equilibrium: |z, , = 41, , Gl =241,

Real phase mixing |A_ G°' = nRT( XagiINas,, +Xg g, In aB,g,.)

Perfect gas mixing A Gg' = nRT( Xaq. In NXp o1+ Xg g In xB,g,,)

Ideal solution 4 |A_S=—nR(x, Inx, + X, Inx,)
(Raoult)

AmixH = O




Summary Lecture 5: colligative properties

Chemical potential L
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Freezing point depression

Boiling point elevation
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Ideal solution:
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Xg| |AT =

ogh =11~ RT[B]
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