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Termodynamika Il

| closed my eyes.
There was a sound like that of a gentle closing of a portal

as big as the sky, the great door of heaven being closed softly.
It was a grand AH-WHOOM.

| opened my eyes-and all the sea was ice-nine.

Kurt Vonnegut Jr.,
Cat’s Cradle, 1963

k, Brno, MU, 2015 06/1/27



C4020 Pokro¢ila fyzikalni chemie — Termodynamika 11

Koligativni vlastnosti,

zvyseni bodu varu a

snizeni bodu tuhnuti,

osmoza.

Fazovarovnovaha v dvouslozkovych systemech,
azeotropy,

soustavy s chemickou reakci.

k, Brno, MU, 2015 06/2/27
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KOLIGATIVNiI VLASTNOSTI ROZTOKU

(,,colligo® — sbirat, shromazd'ovat)

dG=-SdT +Vdp —» du=-S dT +V dp = (2—_/;) =—S
p

u=u°+RTIna —9 5 ,°RTInx

roztok: x, <1 = RTInx, <0; A ... rozpoustgdlo, B ... rozpusténa latka
predpoklady.

(1) B je net¢kava latka (stl, cukr ...)
(2) B neptechazi do tuhého rozpoustédla

k, Brno, MU, 2015
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ta(9)=a(9) Ha(S)=1(s)  * ... &ista latka

() )
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4020 Pokrocild fyzikéini chemie - Termodynamika
ZVYSENIBODU VARU

podminka rovnovéhy (I) — (g) pro rozpoustédlo A: z, (1) = 1, (9)
ta(9)=pa(1)=pa (1)+RTInx, (Raoultiv zakon & B net&ka)

1-x)= #:(9) - ux (1) _ AG,, (T)

= Inx, =1In
RT RT
0: In1=0 AG, (T") de
pro x, =0: nl= = [odecteme] _
AG, (T°
In(1-xg)—Inl= AGVR’)”%_(T)— un ); AG =AH —TAS

RT”
pFiblizné (ziedény roziok):In(1-x, )~ —xg pro xz <1, AH, ,AS =+ f(T)

MM, (T) AH (T7) A4S, (7] AS,,(F]
=" RT  RT" _~R R
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L _AH(T) AH(TT) 88, 07]  AS,,(F]

i RT RT° R R

Xg = = (1 : j_AHV’m T-T" AH,, oT
* R T T) R TT° R T%
pro oT =1 & T™ =400 K:
ToT 200400 g 5345109 00 402240 _ 69504107 ... chyba 0.25%
1T 401 x 400 T 400 x 400
%2 *2
ol = ARI—TI Xz ... hezalezi na identit¢ B; RT .. Vlastnosti rozpoustédla

v,m v,m
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EBULIOSKOPIE

"2 ng n
oT = RT Xg; Xg K1 o> Xg=—2~—"2; n, = Wa
AH, n n, M
(nizka) molalita B: mB:n—B = ng=w,m;, — Xg~m,M,
W, |
M, RT™
6T =—2 m, =K.m, .. EBULIOSKOPIE
AH, .
navdzkaB ... w; ... ng = e
I\/IB,m
meBNnBl_wB 1 w1
° I\/IAm nA |\/lA,m I\/IB,m nAMAm I\/lB,m WA
5T:KEmB:KE WB 1 — MBm_KEEL
WA I\/lB,m | WA 5T

Pavel Kubacek, Brno, MU, 2015

06/7/27



C4020 Pokro¢ila fyzikalni chemie — Termodynamika 11

KRYOSKOPIE

podminka rovnovahy (s) — (I) pro rozpoustédlo A:
Ha (S) = Ha (I)
tn ()= pa ()= pp (1)+RT Inx, [Raoultiv zakon & B nepiechazi do (S)]
odvozeni je stejné jako u zvySeni bodu varu pii AG, , (T) — AG,,,(T)
T"--- bodvaru — T"--- bod tuhnuti rozpoustedla A

_ RT™ M, RT™ -

5T—AH Xg ol =K, mg, A’H =Ky

t,m t,m

KRYOSKOPIE — Mg,
— citlivéjsi neZ ebulioskopie T, -T <T,-T,
- T,=1(p)

06/8/27



C4020 Pokro¢ila fyzikalni chemie — Termodynamika 11

OSMOZA

("tlagit")  van't Hoff (1.NC za chemii) 1% cukr ... 2/3 atm
polopropustna membrana; osmodzu lze zastavit opacnym tlakem

ROV: i, (I; p)=us (1 x,; p+11)
ta(l;p)=r6(l; p+11)+RTInx, (Raoult)

p+I1

(s p+T0) = (p)+ [ Vaadp
P

KD = kD) + pjnv,;’jmdp +RTInx,
P

p+I1

= —RTInx, = [ Vi, dp=—RTIn(1-x,)~RTx,
P

p+I1

priblizng: V= f(p) — [ Vi,dp=V,,IT=RTx,
P
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van't Hoffav limitni zakon (id. roztok) :

nB; nAV,;",m =~V — IIV=n,RT ~ pV =nRT

Xy ~ —
nA

B

I(‘/-B:[B] — T=[B]RT

realny roztok:

Rt {1+b[B]+...

[B]

06/10/27
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obvykle vice

. | pevnych fazi FAZOVA ROVNOVAHA

F (S) JEDNA SLOZKA

Kriticky stav

trojny bod

(2)

Pavel Kubacek, Brno, MU, 2015 06/11/27
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trojny bod:
rovnovéha tii fazi ..v=k—f+2=1-3+2=0 ... u(g)=u(l)=u(s)

Kiivka:
rovnovdha dvou fazi ... v=1 ... u(a)=u(p), a,f=0,1s
= du(a)=du(B) « du=-SdT+V, dp
=S, (@)dT +V,, (a)dp==S,(B)dT +V, (B)dp; T(a)=T(8), p(a)=p(s)
S0 (B)=Sn(a)|dT =[V, (8)-V,(a)|dp .. AS,,AV, propiechod & — 3

.

A4 Vv

AS AV,

m

dp AS, AH_ -
= = Clapeyronova rovnice
dT AV, TAV

m
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dp _ AH,
dT  TAV,

je diferncialni rovnice kfivek ve fazovém diagramu

dp AH,,
dT  TAV,,

(s)=>(1):

g—_? je velké (strma kiivka) a obvykle pozitivni (stoupajici kiivka)

; AH,, >0vzdy, AV,, >0 vétsinou (H,0!)

priblizng AH, ,, AV, = f (T)

t,m?

Pi: H,OzménaT, o1 K ... ca 130 bar (ledovce)
1.5 kbar ... T, =-11°C; T,(101325Pa)-T,(100000 Pa)=-0.0001 K
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. dp  AH,
(s)—(9): ar - Tv,,,

AH, =AH,  +AH, _>0vzdy, AV, >0 velke

dd_'? je pozitivni (stoupajici kiivka), mensi nez u (s) —> (I)

k, Brno, MU, 2015 06/14/27
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dp AH,
dT  TAV,,

(1) =(9):

3_$ je pozitivni (stoupajici kiivka), mensi nez pro (s) — (I)

piiblizng AH,, = f (T)
AVv,m :Vm (g) _Vm (I) sz (g)

AH AH
dp: vV,m p2 _) d_p:dlnp: v,m d-lz-
dT R T D R T
dInp_AHV,m
dT  RT?

Q

% pro id(g)

Clausius - Clapeyron [ A 1D

, AH, . >0vzdy, AV, >0 vzdy, velke

B

> logp=A——

T
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DVOUSLOZKOVE FAZOVE DIAGRAMY

Vv=k-f+2 = v=4-1f .. 3D
dp=0|dT =0 ... v'=3-1 ... 2D

06/16/27
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p=1"f(X,), X, .. molamnizlomek v kapalné fazi

D= Pa+ Ps = XaPa +Xs P = Pi +( Pa — Pi ) %a

Raoult

Ya=T(Xy), ¥, ... molamizlomek v plynné fazi
yA:pA:XApZ; yB:pB:XBp;; = Y, =— X,jp:\ *
P P P P pB+(pA_pB>XA
p=1f(Yp) w p=——prale_ -
pA+<pB_pA)yA
- * * ¥ _ _YaP
XA pA yA pB XAyA pA + XAyA pB o O < XA o p*
A
VAP - Yals-yip+22Py =0 | xe
A Ya

PPA — PAPs — YaPAP+YaPsP=0 = p{ps+(ps—Pa)Ya|=PaPi
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B ma nizsi bod varu,

dT — 0 je tékavé)si

Pk

idealni roztok

'XB nebo yB neho :H

Pavel Kubacek, Brno, MU, 2015 06/18/27



C4020 Pokroéila fyzikalni chemie — Termodynamika I1

Ve
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dp — O B ma nizsi bod varu,

je tékave)si

1 - celkoveé slozeni
2 - slozeni prvniho podilu (g)
3 - slozeni posledniho podilu (l)

4 - slozeni (g)

5 - slozeni (l)

0 3 5 1 42 1

e

xB nebo yB neho ZH

06/20/27
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o O

- 5 i ¥ -
‘:{’H nebo J'{B neho xH m:bu),rH n.cbu;li

Pavel Kubacek, Brno, MU, 2015 06/2 1/27
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OMEZENE MISITELNE KAPALINY: HEXAN - NITROBENZEN

293 3/\4 |

1 (3) - objevi se faze bohatsi na nitrobezen
2 (4) - veSkery hexan se rozpusti v nitrobenzenu

o - kriticka teplota rozpoustéci

273 "

Pavel Kubacek, Brno, MU, 2015 06/22/27
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53

=1 ()

X reta _'|_'” nabn Ty Xp naa _'|'|:_ ke 2o Xe -.r.._||'|! [ i

Pavel Kubacek, Brno, MU, 2015 06/23/27
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DESTILACE DVOU OMEZENE MISITELNYCH KAPALIN

=
Il
=

Pavel Kubacek, Brno, MU, 2015

&3

dp =0 dp=0

Tt
T () |
=1
I (@)
4
@) /= - - =3 2'=0
= f=3 ~v'=0 1
s=2 (1 /2 N
s 1 0 —_— l
Xy acko Voo T, X weba W wba T,

pro dvé kapalne faze je za konstantniho tlaku
konstantni teplota varu a slozeni plynné faze

06/24/27
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IZOBARICKY FAZOVY DIAGRAM (s) - (1)
slozky (témér) nemisitelné v (s) a neomezené misitelneé v (1)

priklad: Sb + Bi

Iy

bod tani jako kritérium Cistopty

E - eutektikum
- analogie azeotropu
- "lehce tajici"
- nejniz8i bod tani | tuhnuti

A+B - taje a tuhne beze zmény slozeni
/=2 s) pajka 67 % Sn + 33 % Pb 183°C
I‘ | 77 % H,O + 23 % NaCl -21.1°C

06/25/27
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IZOBARICKY FAZOVY DIAGRAM (s) - (1)
slozky tvori v pomeéru 1:1 slouceninu, ktera je stabilni v (s) i (l)

T
=1 1
7 f ()
I;#
B+(1)
(D+A
B+ AB AB + A
(s)  f=2 g f=2 (s
B AB A

};::

C,HNH, + C.H,OH ——> KOMPLEX
A I B QP — AB

7' ... kongruentni bod tani
(sloucenina taje bez rozkldu)
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IZOBARICKY FAZOVY DIAGRAM (s) - (1)

slozky tvori v pomeru 1:2 sloucCeninu, ktera je stabilni v (s) a nestabilni v (l)

=1 () 97.5°C

63.5°C peritekticka reakce

= ()+Na+NaK
H pfi tuhnuti reaguje (I) s Na(s)

T ... nekongruentni bod tani
(slouCenina taje za rozkladu)

Pavel Kubacek, Brno, MU, 2015 06/27/27
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