Fazove rovnovahy a sm esi

e 4. Fazoveé rovnovahy a smési

Fazové diagramy Cistych latek. 4.1.1 Pojem faze, fazovy prechod,
kritéria fazove stability. Zavislost chemického potencialu na teploté a
tlaku, zména teploty tani s tlakem. 4.1.2 Fazovy diagram ciste latky,
Gibbsovo fazove pravidlo, koexisten¢ni kfivky. Typy fazovych
prechodu.

4.2 Jednoduché smési. Popis slozeni v termodynamice. Parcialni
molarni objemy slozek ve smési (pfiklad vody a ethanolu). Parcialni
molarni Gibbsova funkce — chemicky potencial. 4.2.1 Smési plynu.
Gibbsova energie miseni idealnich plynu, slozeni pary z Daltonova
zakona. 4.2.2 Smeési kapalin. Idealni roztok, tlak nasycené pary pro
smés (priklad benzen-toluen), Raoultv zakon, Henryho zakon.
Gibbsova energie miseni kapalin, dodatkové funkce. Koligativni
vlastnosti roztokd: Ebulioskopicky a kryoskopicky efekt, osmoticky tlak.

4.3 Fazoveé diagramy dvouslozkovych systemu. Binarni idealni roztok:
interpretace fazovych diagramu, pakové pravidlo, destilace smési.

4.4 Realné roztoky. Aktivita, molarni zlomek a aktivitni koeficient slozky
v roztoku. Elektrolyty. Stfedni aktivitni koeficient elektrolytu. Debye-
HuckelGv limitni zakon.



4.1 Fazove diagramy cCistych latek
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4.1 Fazove diagramy cCistych latek
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4.1 Fazové diagramy
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VvV rovnovaze

cistych latek
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4.1 Fazove diagramy cCistych latek
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4.1 Fazove diagramy cCistych latek
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4.1 Fazove diagramy cCistych latek

fazovy diagram
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4.1 Fazové diagramy cistych latek

H,Te -4 -49 45
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4.1 Fazove diagramy cCistych latek
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4.1 Fazove diagramy cCistych latek

koexisten €éni kFrivky
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4.1 Fazove diagramy cCistych latek

koexisten €éni kFrivky
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4.1 Fazove diagramy cCistych latek

typy fazovych p rechod U

Chemical Heat
Volume, V Enthalpv,H p{}tentlalp Entmpy,5 capacity, C,

e N Vs "Ye R

(a) /

A AN A
' Y : ™
\ AN AN AN AN v

Temperature, T —>

The changes in thermodynamic properties accompanying
(a) first-order and (b) second-order phase transitions.

vse - Atkins P.W.: Physical Chemistry



4.1 Fazove diagramy cCistych latek
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4.2 Jednoduché sm eési
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4.2 Jednoduché sm eési
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Mixtures of water (A) and methanol (B) at 25 °C and 1bar (based on data in George C. Benson and Osamu Kiyohara, J. Solution Chem., 9, 791-804, 1980).

(a) Mean molar volume as a function of xs. The dashed line is the tangent to the curve at xs=0.307.
(b) Molar volume of mixing as a function of xs. The dashed line is the tangent to the curve at xs=0.307.
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4.2 Jednoduché sm eési

parcialni molarni Gibbsova enerqgie
« je fci. slozeni
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4.2 Jednoduché sm eési

Gibbsova-Duhemova rovnice
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4.2 Jednoduché sm eési
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4.2.1 Smeési plyn U

a) CISTY I.G.

oG On.Gm
nJ p.T.n' nj pT.n'
zmeéna [ s tlakem
dG =Vdp—- T
dG =Vdp T =konst.
4 = NRT dp
jp LRT dp = nRT p21dp nRT In P
P p P
G =G2+RTIn P P
p p°
p=p°+RTIn ;’ 4

relativnitlak

standardnéhem potenciakistého
plynuprop =10 Pa
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4.2.1 Smeési plyn U

b) SMES I.G.AaB

odd élené plyny

nﬁ.r -'rrp nﬂr?-rp

N

4, = 10 +RT |np'oO
G(i) =N, Ga+ngGp =Nyl + N4y
Gi) =NyGa MG =Ny (3 +RTIN B) (4 +RTIn &

sSmes -
parcialni tlaky plynd ve smési jsou P,a Pg

m=£+mmﬁé

G(f) =Nty + N4y
G(f) =nA(u2+RTIn';’f3)+nB(u§ +RTIn';3)

T, P, Pe With p,+ pg = p

20



4.2.1 Smeési plyn U

c) GIBBSOVA ENERGIE MISENI

G(@i) =, (12 +RTIn ;’O) +n (L +RT In—)
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P

Xa(9) = p;

z experimentu
Dalton Qv zakon

Atkins P.W.:
Physical
Chemistry
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4.2.1 Smeési plyn U

d) ENTROPIE MISENI

dG =Vdp - T
dG =-dT p = konst. I
_g- (dG j r
dar J,, 0 05 1
' Mole fraction of A, x,
A S= _(aAmXG ) _ _( NRT (X, In X, + X5 In x;) j N
mix oT T Physical
p.NaNg P.Na.Ng Chemistry
AL, S=-NR(X,In X, +X;1nX5)

e) ENTHALPIE MISENI

A G=A_ H-TA .S

A H=A . G+TA .S
A H=0 proig.
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4.2.1 Smesi kapalin

A. idealni roztok

pA

odd élené

Pa Pe

Ha(1) = £4,(9) U (1) = 15(9)
H,(1) = 1,(9) = 1(9) +RTIn =4 i
smes

P = ISA +|SB
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/JA(l) :/JA(g) /JB(I) :/JB(g)

Up() = 1,(9) = ﬂA(g)+RTlnp

1,() = 1. - RTIn SA +RTIn

1,(1) = 14.(1) +RT In P2

A

Pa

p’

Paz i (y+RTIn P2 P

P° Pa

\

B(a)
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Equal at
equilibrium

(1)

A(l) | B(l)

4

-

A8

Alg) + Blg)

All) + B(l)

Physical
Chemistry

| pdq,p)

Equal at
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_JUA(I)

Y,
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4.2.1 Smesi kapalin

Raoult v zakon

Pa_
T XA(I)
A
()= ()+RTInPAa = 2 (1) +RTInx,
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+ 60
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Z <
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Partial 20 Methylbenzene
pressure
of B
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4.2.1 Smesi kapalin

B. odchylky od Raoultova zakona
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4.2.1 Smesi kapalin

._
T

T
) ) 5
TERMODYNAMIKA MISENI KAPALIN é . AH§(mix)
ad A. idealni roztoky z
=
2
G(i) = napia (1) + N i (1) T AGS(mix) |
| | | |
G(f)=nu, () +ng(l) = 00 02 04 06 08 1.0
* * https://chem.libretexts.org/Textbook_Maps/
=n | +RT|n& +n | +RT|I’]& = Physical_and_Theoretical_Chemistry_Text
ACAD =)+ g (44(1) 2
A B mics_and_Chemistry%22/11%3A_Reaction
. . d_Other_Chemical_P /111 M
=n, (1, (1) +RTInx,)+ng (4 (1) + RT Inx3) wing. Processes = oo

A G =N (1) + RTInx,) +ng ((1) + RT I Xg) =04, (1) + g2 (1) =
=n,(RTInx,) +n;(RT Inx3) = nx,(RT Inx,) + nx; (RT In X3) =
=nNRT (X, In x, + X5 In X;)

A S=| NG __ NRT (X, 1IN X, + X5 1IN X5) = CR(X, N X, + X, 1N X.)
T T
AmixH :O 27




4.2.1 Smesi kapalin

TERMODYNAMIKA MISENI KAPALIN
ad B. realné roztoky
e zmény objemu Vi
e zmény interakci A HZ#O
e Zmeény entropie

dodatkové funkce
AXE = AX™ —pX'
ASF = AS™ - AS*
AHF =AH™ —AH'™ =AH™ -0=AH "
AVE =AV™ —AV'® = AV™ —0=AV™

AGF = AH " -TASF

reqularni roztok

AHE #0

ASF =0

realny roztok

Atkins P.W.: Physical Chemistry
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4.2.1 Smesi kapalin

TERMODYNAMIKA MISENI KAPALIN
ad B. realné roztoky

+0.5

HnRT
o

-0.5
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4.2.1 Smesi kapalin

koligativni vlastnosti

Solution

Chemical potential, 1

Vhpbbr

< :

T T k. «¥g
Freezing point Boiling point
depression elevation
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4.2.1 Smesi kapalin

ebulioskopie

kryoskopie

T

Alg)

All) + B

All)+B

Als) —

—+—ualg.p)

Equal at
equilibrium

———— wal)

—#all)

Equal at
equilibrium

— 3 (s)

1,(9) = 1, (1) = 1,(1) + RT In x,,

1,(9) = (1)
RT

=Inx,

AG
=InXx,
RT

AT, DZTH Xy = Kym,

\

\Y

mg ... molalita [mol/kg]

£ (1) = 22,(1) + RTIN X, = 443(9)

« = Ha(s) - un(l) _ _AG
A RT RT

In

RT™
AT, DAHXB = K,m,

t

AT, ... pokles teploty tani
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4.2.1 Smesi kapalin

osmobza

Height
proportional to
osmotic pressure

Solution

Solvent |

o

Semipermeable
membrane

rozpustnost latky B v latce A

B(dissolved
in A)
—+— ua(solution)
Equal at
equilibrium
Bls) — 1 Hals)

[

Pure solvent Solution

w4(p) wlp + 1)

Equal at
equilibrium

M =c,RT
MN=c,RT1+Bc; +...)

U (rozt) = 12 (1) + RT In X (1) = 245(9)

|n XB(I) — /J;(S)—,U;(l) :_AtGB

RT

AH

1

Inx,(1)="t'8

Tis

T

RT

B ... rozpousténa latka

Atkins P.W.: Physical Chemistry
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4.3 Faz. diag. binarnich systém

Gibbsovo fazové pravidlo

Ty I
~ " Liquid + vapor, o
! ' 2 }{’l \

F=C-P+2
Xp, Xp

/' Liquid / v T
f / \ .rr x)/
i~ \J

Vapor R
T ;

= [\
!

Normal
boiling
oint of A

P \\
Boiling point curve -
of pure A at various -_
pressures 7
101.325— /,L -
{1 atm) S

P/kPa

Vapor

4+——— Nomal

bailing
point of

—— Bolling point
curve of pun
B at variow
pressuras

Xg
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4.3 Faz. diag. binarnich systém u

A) p-x diagram

Raoult iv zakon

v
Ps Total pressure
*
o Pa
=0
)]
3 .
& Partial
pressure
of A
Partial
pressure
of B
0 Mole fraction of A, x, 1

Pa = x,(1)
A

Pa = (1)
B

Dalton Gv zakon |c|>; =X,(09)

Pe = x(9)
p

o
S

o
o2

©
=

Pressure, p

o
N

Mole fraction of A in vapour, y,

0

0 02 04 06 08 1 . .
!Vlo_le f_raction of A 0 );A :VA 1
in liquid, x,

Mole fraction of A, z,

Atkins P.W.: Physical Chemistry 34



4.3 Faz. diag. binarnich systém u

interpretace fazovych diagram U
o
-]
(7))
(7))
D
E (al
=
w
w
D
(a1
X, (@) X,(C) X, (B)
| Composition
& p.S  Vapour pakové pravidlo

Ll Ny _ Xa(B) —xa(C)
l, Ny X\(€)—xa(a)

N, =ngl;

1

Mole fraction of A, z,
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4.3 Faz. diag. binarnich systém u

B) T-x diagram

destilace

Vapour
composition

|

o

Boiling
temperature -
a, of liquid d,

Temperature, T
Temperature, T

i T
Mo(l; K?zmn A Composition B
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4.3 Faz. diag. binarnich systém

B) T-x diagram

azeotropy

Temperature, T

Vapour
composition

Mole fraction of A, z,

Boiling a8, a
temperature | '
of liquid
b Ea
0

Temperature, T

Vapour
composition

Boiling a9
temperature /:
of liquid

Mole fraction of A, z,

Atkins P.W.: Physical Chemistry
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4.3 Faz. diag. binarnich systém u

hledani rovnhovahy
1. rovnost chemickych potenciall

Ha(a@) = pp(B)

2. minimalizaci G
AG, =0

Gibbs energy—»

" -

p o

Gibbs energy—»
B wt
-
Gibbs energy—s
=
=]

A Compoation B
k)

Compoation B
Lch

E
=

Gibbs energy—
e

= =y
Gibbs energy—»
<( .:I

Compoation B Compositiocn B A Compostion B
a) (£
38
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—
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4.3 Faz. diag. binarnich systém u

H,O Nicotine
T,
TIK O
3
292 ©
290 : 2
s <
\ =
 P=2 2
i \
273 |
| | \ T

| |
0O 02 04 06 08 1 |

| |
0 0.2 04 06 0.8 1
hexan x(CH;NO, hitrobenzen Mole fraction of

nicotine, X,
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4.3 Faz. diag. binarnich systém u

Temperature, T
Temperature, T

P=1/ &
__________ 811 ibﬁi bg_,

b/ Liquid, P=2 |

Mole fraction of B, x;

Mole fraction of B, x;
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4.3 Faz. diag. binarnich systém u

Liquid, P=1  +a

Temperature

Solid, Solid,
P=2 P=2

A C
Composition

Atkins P.W.: Physical Chemistry

T1 |
Liquid Liquid,
+ solid K P=1
containing
some Na Top
\ Liquid +
Solid K solid Na,K

+ solid K
containing
some Na

Solid Na,K

+ solid K
containing
some Na

Liquid

+ solid Na
containing
some K

Solid Na
" +solid Na
containing
some K

Solid Na,K
/+ solid Na
containing
some K

Composition
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4.3 Faz. diag. ternarnich system u

0
100

80
v
a4
[ )] &0 130/
o o,
& 3
50 @
40
8 \/\
4 20
Ao /\ /\ /\ A /\
£ K 7 F 0
0 20 a0 &0 g0 100

mole % C

https://en.wikipedia.org/wiki/Talk%3APhase_diagram
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([ells]

1&n

Binary Eutectics

1ag

Ternary Eutectic -

Binary Eutectic

Figure 1

http://www.tulane.edu/~sanelson/eens212/ternaryphdi ag.htm



4.3 Faz. diag. ternarnich system u

T=constant

P = constant

Two phase region / Critical or Plait
4 point

Tie lines

ﬁ.\r

Critical Tie Line

2-Phase enve h.

B

(a). ternary phase diagram for a system of components A, B, C
Figure 2 with limited miscibility

http://www.tulane.edu/~sanelson/eens212/ternaryphdi  ag.htm http://perminc.com/resources/fundamentals-of-fluid- flow-

in-porous-media/chapter-5-miscible-displacement/flu id-
phase-behavior/tertiary-diagram/
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4.4 Realné roztoky - aktivity

aktivita rozpoust édla

1,(1) = 4. (1) +RT In P2

A

Pa_
Pa

Xy =a,  Raoultiv zakon pro i.g.

obecr

aA = XAyA

U )=, (N+RTIna, =4, ()+RTInx, +RTIny,

standardni stav — Cisté rozpoustédlo pfi p=10° Pa
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4.4 Realné roztoky - aktivity

aktivita rozpust éné latky
a) idealni z redény roztok

BB:XAKB
pB K KeXg _
()= () +RTIn Pe = 47 )+ RTIn 27
IOB Ps
=4, (1)+RTIn B+RTInx

B

1(1) = L2() +RT Inxg

b) realny roztok
Us(N)=o()+RTIna, = 42(1) +RT Inx, + RT Iny,

misSeni

AL G =nRT(X,Ina, +X;Inag) =
=NRT(X,In X, + X5 INnX;) + NRT (X, Iny, + X5 In );) =
=0, G +A,G™
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4.4 Realné roztoky - aktivity

Table 5.3 Standard states

Component Basis Standard state Activity Limits
Solid or liquid Pure a=1
Solvent Raoult Pure solvent a=plp*,a=yx y—>lasx—1
(pure solvent)
Solute Henry (1) A hypothetical state of a=plK,a=yx y—lasx—0
the pure solute
(2) A hypothetical state of a = yb/b® y—lasb—0

the solute at molality 5°

In each case, ti= ®*+RT Ina.

Atkins P.W.: Physical Chemistry

a = bezrozmkoncentrae *

a'i,x :Xiyi,x
-m
y a'i,m mo yl,m
_G
a'i,c _F i,
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4.4 Realné roztoky - aktivity

aktivita iont O v roztoku

latka M, X; v roztoku

kationt
aniont

latka Mqu

W,
W

Gy =14, +141
G = i+

G =2+ +RTIny, +RTIny |=G“ +RTIny,y.

Ve =~ ViV-

H, = +RTIny,
U= +RTIny,

G = pu, +qu.
p+g=s

M. =1 +RTIny,
po= e +RTIny,

=G +pRTIny, +qRTIny.

=t

a7



4.4 Realné roztoky - aktivity

Debye-Hiickel Gv limitni zakon

- pro velmi nizké koncentrace - ® "® @
_ i
F Y »'f—-\l P Y
— o & T0 '
logy, =-|Z,Z_| A/l e 9 ol ®
A=0,509 pro H,O roztok pfi 25°C _. ®- ’”‘
w : “. ~ —
=lyz2M *w @
24"m
O
Debye-Hiickel (v rozsi feny zakon N
:___";\-\ .
= 0,02 feosae ey :
|Ogy - | Z Z | A\/ﬁ i \ Extenfied law
* 1+BJI 8 \¥ '
-0.04
B
/\\
7
Y
-0.06 Limiting Taw (3
-0.08 i
0 4 8 12 16
100/™
Atkins P.W.:

jontova
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snizuje chemicky
potencial iontu

~0.2 | X

\ ?\MgSO@
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N
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