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"
Fazno pravilo

Fazo definiramo kot homogeno fizikalno razli¢cno in mehansko lo¢ljivo koli¢ino
sistema. Primeri so plini, Cista topila (taline), trdne snovi in raztopine.

Ravnotezje je stanje mirovanja sistema

T(temperatura)
P(tlak) Konst.

X(sestava)



"
Fazno pravilo

Primer: NaCl in voda
Topnost NaCl pri 30°C v vodi je 36,1 g v 100 g vode
Stevilo faz enako 3-trdni NaCl, vodna raztopina in para

Komponenti sta dve: NaCl in H,O

Stevilo komponent je najmanjse Stevilo snovi (sestavin) s katerimi lahko
opisSemo sestavo posamezne faze.



" A
Fazno pravilo
P+F=C-2

P-faza
F-prostostna stopnja
C-komponenta

Loc¢ujemo

-enokomponentne sisteme
-dvokomponentne sisteme
-ve¢komponentne sisteme

F=0 nonvariantni sistem, vse je dolo¢eno
F=1 monovariantni sistem
F=2 divariantni sistem



"
Fazno pravilo

P+F=C+2
Primer:
Enokomponentni sistem (voda), tri faze (para, teko€a voda, led)
F=1+2-3=0
Primer:
Dvokomponentni sistem (NaCl, voda), tri faze (trdno, tekoCe, plinasto)
F=2+2-3=1

solu t:liliéy
(g /100 g of water)

200

MaCl
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Nasicen parni tlak

Some of the more energetc partides escape.
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Merjenje nasi¢enega parnega tlaka

This s pace is naw

Wacuum
Glass | , | e saturated with
Tube | i ofiginal level - - - - - - vapour form the
¥ added liquid.
R_i. thin layer of liguid —me i “
Marcu -]
ry ~ Scale
4 ]
! mercury —m- 760 mm .
=l new height of,
=] say, 630 mim
!

e garvir

| . Tlak vodne pare
Dvig Hg v cevi v zaprtem delu cevi



"
Merjenje nasi¢enega parnega tlaka

Elementary mercury occurs naturally and is
present in the atmosphere. The vapour
pressure of Hg is 0.001201 mmHg at 20
°C, and the solubility of Hg in water is
about 20 mg dm-3.

Vacuum
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Tuba

Mercury
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Pure & Appl. Chem., Vol. 70, No. 8, pp. 1585-1615, 1998

THE DETERMINATION OF MERCURY SPECIES IN
ENVIRONMENTAL AND BIOLOGICAL SAMPLES

MASATOSHI MORITA", JUN YOSHINAGA" AND JOHN S . EDMONDST
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Vpliv temperature na parni tlak

saturated vapour pressure of water
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" J
Nasicen parni tlak in trdne snovi

Naftalen (talis¢e 78°C)

SUBLIMACIJA
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" J
Fazni diagrami ¢istih snovi

pressure

solid

ligyuict

vapour

Pressure

tEmperate

Fazni diagram snovi

1
SIIIIIj

licjuict

|
e

vapour

tEmperatire
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" J
Fazni diagrami ¢istih snovi

pressure pressure

increpse ternperatune
at a higher pressure

solid solid

increasg: tem peratue

at consfant pressure oniginal pressure
T + L
vapour vapour
ermperatire / \ termperature
Solid melts at tis temperature. Original melting Solid now melts at a
tEEmperatre higher temperat.re.

Prehod trdna snov-tekocina s spremembo temperature
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" J
Fazni diagrami ¢istih snovi

pressus
Solid mets when the
H.u:i:iuru drops o
is vaue e Cecrease press.e /Tc
- at a constant

lemperabine /
said
liuic /

Empereture

Prehod trdna snov-tekocina s spremembo tlaka



" J
Fazni diagrami ¢istih snovi

[ressue

C
increase temperature
at constant pressure

-

solic

Clecrease pressure
at a constant
temperature

vapour

termnperature

Prehod trdna snov tekocina-para



" J
Fazni diagrami ¢istih snovi

pressure

A
G the oftcal aaint Superecritical
increase pressure ] region
atacoistant g Q
ternperature ) Liquid
solic = \
licquicl 7 . X .
o | Solid Critical point
/ o
T X B 7. -31.1°C
vapour Triple point pe = 73.8 bar
the oriical terr perafue S
BmpErELE Temperature, T

Kriticna tocka Fazni diagram CO2-superkriti¢ni fluid
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Fazni diagrami ¢istih snovi

pressure

salid
ligyuict

vapour

incre:ase temperature ata termperature
constant pressure

Prehod trdna snov para in trojna tocka
Liofilizacija http://www.youtube.com/watch?v=0RI8PrcrLVs
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Fazni diagrami ¢istih snovi

pressune

olid
licjuicl

1 atmosphere

J//

-

vapour

noma M.Ft - nomal B.Ft tam perature

Fazni prehodi pri normalnem tlaku
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" A
Fazni diagram

pressure [ressure
o 218 aim
soilic!
licuicd
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vode
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Fazni diagram vode
(b)
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"
Fazni diagram vode

It is commonly thought that ice skating is possible because of
pressure melting; the pressure applied by the skate melts the
ice below it, and the water film allows the blade to glide. That
fact alone, however, cannot explain the slipperiness of ice; the
answer involves not only frictional melting but also surface
melting, which describes the natural state of the free surface
of ice as being covered by a thin liquid film of water.

The current theory

So what is going on? The problem seems to have been solved in the late 1990s by a chemist,
Gabor Somarijai, and a physicist, Michel Van Hove, of the Lawrence Berkeley
National Laboratory in California, who studied the slipperiness of ice on an atomic
scale.

According to them, the ice itself is intrinsically slippery. You don’t need to melt the ice to skate
on it because the ice has a ‘quasi-fluid layer’ that coats the surface and provides a
permanent lubricant. When pressure is applied, the molecules in the layer compact
into underlying interstices, or spaces in the ice structure, and create a smooth
surface for easy gliding.

The ‘quasi-fluid layer’ is not actually liquid water but ice molecules vibrating very rapidly. The
ice molecules have an unusually high degree of vibrational motion, several times
that of the molecules deeper in the bulk of the ice. But importantly it is only in one
direction, up and down. If the atoms moved from side to side, the ‘quasi-fluid layer’
would literally become liquid (which is what happens above 0°C).

Drsanje http://www.thermablade.com/en/about/index.php 20
Taljenje ledu pri povisanem tlaku http://www.youtube.com/watch?v=2mimXPID20U
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Fazni diagram CO,

pressure
solid
511 atm T
vapour
1 afmn
- T7Ec T temperature
Suhi led
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Fazni diagram He in C
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" J
Raultov zakon in raztopine z nehlapnim topljencem

Dvokomponentni sistem

_ 0
P _xtopilo .})topilo

p=parni tlak raztopine

PO, io=parni tlak cistega topila pri doloceni temperaturi

Xiopilc=molski deleZ topila
moli topila
xtopiloz . .
moli raztopine
Primer
Raztopina vsebuje 10 molov vode in 0,1 mol sladkorja skupaj 10,1 mol raztopine
1
voda: —01 = 0’99

K

Mat Clis) ——m  NMafag + Cljag)
1 mole of soid salt 2 moles of ians in soluton
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Omejitve Raultovega zakona

In an icleal solution, the ... are exactly the same as
forees between the those betw=en solvent and
solvent molecules . . . solute.
ODJ’ODO OeO00e
00 CO0CHO
AU
.O ) .DOO @

That means that it takes the same arnount of energy for solvent
molecules to break away from the surface in either case.

24



"

TABLE 1

Surface Tensions of Water and Electrolyte Solutions Determined
Experimentally in Comparison with Literature Data

Vv (mJ/m?) v (mJ/m?)
This work Literature data
H,O 72.0+£0.02 72.37+0.03¢9
KCl 0.1 mol/L 72.0+£0.2 7261
1.0 mol/L 73.1£0.02 7424
KI 0.1 mol/L 73.6 0.6 72.64°
1.0 mol/L 74.4+0.1 73.76°
KNO3 0.1 mol/L 72.8+£0.2 73.1°¢
1 mol/L 73.6£0.02 —
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pressure

1 atm (101325 Pa)

continues to oifical point

7‘
/

s0iid

licuiic]

vapour

M.PtO°C

B.Pt100°C
temperature

pressLe

Raultov zakon, talis¢e in vrelis¢e

saturated wapour
pressume curve for
the pure water

solid

licyuaicl safurated vapour

the solufion

vapour

temperature

[pressure curve for
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"

Raultov zakon, talisce

pressure

s0lid

licquict

vapour

termperature

pressure

1 atm (101325 Pa)

n vrelis¢e

solid

vapour

/ o=c

freezing pointless than 0°C

100°C g temperatre

boiling point more than 100°C
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" A
Raultov zakon In idealne zmesi tekod¢in

Dvokomponentni sistem

Heptan - heksan
Benzen — metilbenzen
Propan-1-ol — propan-2-ol

0 0
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" A
Raultov zakon In idealne zmesi tekod¢in

0
pA:xA'Pf? Pp=Xp Py

Pa, Pg=parcialni parni komponente A in B
PO, g=parni tlak cistega topila A ali B pri doloc¢eni temperaturi

X, g=molski delez topila

moli A, B
X, 5=

B~ : :
moli raztopine

Celokupni parni tlak = P41 P,

MatClyg) ——w  Ma‘jag + Cljag

1 mole of solid salt 2 moles of ions in solution

29



" A
Raultov zakon in idealne zmesi tekoc¢in

vapour pressure vapour pressure vapoLr pressure vapour pressure
vp of vp of
pure B pure B

total vapour pressune
of rmi xiure

vp of wp of

pure A pure A
1_8 g mole fractions 1'8 g 15 g rmiole fractions 1'8 g

30



" A
Povezava med vrelis¢em

VapoUr pressure

vp of
pure B

total vapour pressune
of mixtue

In parnim tlakom

VApOUr pressure

wp of
jure &

oA ' 1.0 A
10B rmole fractons 0B
boiling point boiling point
BPtof
pure A
Bptof
pure B
0A !
1i0e mole fractons 1 8 g

31



Povezava med vreliscem in parnim tlakom

boiling point The liquid bals at this boiling point
ternperatre . . BPtaf
... giving & vapoLr pure A
with this composition.
w
Bptof | "
pLFere B
1_8 é ? rmole fractons ? 1'8 é
compositon of compositon
the vapour over of the liquid

the boiling liguid

baiing paint

VapOour compositon

Eptof liguid cormpiosition

pure B

baiing paint

o0
mx=

mole fractions

BPt of
pure A

M=

32



"
Povezava med vreliscem in parnim tlakom

baoiling paint baoiling paint
EPtof
vapour composition
T
icjuic! com position
Bptot
pure B
1.8% C; moefactons 1.83

boiing point boiing point

BPFtof
pure A

vapour compositon

liguid composition

Tz

———/

Bptof
pure B

0A '
0B C3 Cz  mole fracions
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" J
Frakcionirana destilacija v laboratoriju

Merrrarrieler

'(\ boiling point boiling point
\\ BFtof
r ifi [pure A

\\ vapour compositon

fracionating ‘?f:}‘i\

column packed f 1 L _ g went o lume

witr glass beads

(or sirnilar) waterin J{ cipboard / liquid compositon

Bptof
k e B [T

R A S AN A R A

A Cs = ciigA
procluct collects : mole fractions

Q:\/: EL%-LEPCI
oo

m xire

=
m
=]
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" J
Frakcionirana destilacija v laboratoriju
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" A
Neidealne zmesi tekodin

VapouUr pressuUe

vp of
pure B

total vapour pressure
of mixiure

WAPOLr pressure

mole fracions

oo
m=

vp of
pure A

VapOoLIr pressUre

vp of
pure B

actual vapour
pressure

Pozitiven odklon od Raultovega zakona

ideal vapour
Pressue

apour pressure

vp of
pure A

VApOoUr pressure

oo
o=

mole fracions

104
0B

vp of
pure B

actual vapour
pressure

icleal vapour
pressure

VApOoUr pressure

vp of
pure A

mole fractons

oc
m 1=

36



" A
Neidealne zmesi tekodin

Negativen odklon od Raultovega zakona

VApOUr pressure WapOUr pressure

v of
i pﬁreﬁ

icleal vapour
[re ssure

vp of

pure B ac:;::ls\srﬂrgur
18% mole facions 18%
H2Om + HMO3zy — - H3O%agq + MO [ag)
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" J
Neidealne zmesi tekocin
-fazni diagram zmesi etanol-voda

boilirg point Eoiling point
100°C

VEPOLr CCmEosiion

licuicl composition 78 5
|2c
o= 10024
etranol % Ty MAss ethancl
100% 0=z
viater Waer
o5 G
ethanol
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"
Neidealne zmesi tekocin
-fazni diagram zmesi etanol-voda

boiling pain boiling poin
g

LU Lo s lon

licuid com position
785°C

782°C
O = =z s “00Rs
ethand ® by mass ethznal
100%; 0=
il willer
95 6%
etiarol

Kaj se zgodi ce destiliramo zmes, ki vsebuje vec¢ kot 96,5% etanola
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"
Neidealne zmesi tekocin
-fazni diagram zmesi toluol-voda

Mol -%
110,6. °C T
110 7 L PC]
100 - Azeolrope Punki Tadourve B
90 "
| sa1°C
80 ¢ 20% Wasser
1 80% Toluel
T T T T 1 T T
0% Wasser 5096 Wasser 100% Wasser
100% Toluel 50% Toluol 0% Toluol
Abb. 41 : Siedediagramm eines Toluol / Wasser-Gemsiches
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" A
Neidealne zmesi tekocin
-fazni diagram zmesi dusikova kislina-voda

bailing point boiling point

vapour composifon 1205°C

100°C liquid composition

BE8°C
0% nitric acid 100% nitric acid
100% water % DY Mass 0% water

G8% nitic acid



"
Neidealne zmesi tekocin
-fazni diagram zmesi dusikova kislina-voda

baoiing point boiing poit boiling point boiling point
vapour compositon 1205°C vapour composition 1205°C
é"’/ ligjuic! e posifion -
(=] (=]
arc liguic! com positior 1ooee \
B6°C HeTC
N oo 0% nitric add Cz 100% nifric acd
0% nitic acid (4 100% nitizadd  §0pey water . 0% water
10C% water % by mass 0% water 7 by mass

68% nitric acid
6894 rific acicd
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"
Tekodini, ki se ne mesata in destilacija z vodno paro

pcelokupni:pa+pb

pa=parni tlak komponente a
pp=parni tlak komponenete b

Pri 98 °C je nasic¢en parni tlak fenilamina 7,07 kPa
Nasic¢en parni tlak vode 94,30 kPa. Vsota =101,37 kPa

Normalni zraé¢ni tlak=101,325 kPa
Tekocini vreta ko je njun parni tlak enak zracnemu tlaku

Zmes vode in fenilalanina vre pri normalnem tlaku in temperaturi 98 °C

VreliSée vode 100 °C
VreliS¢e fenilamina 184 °C
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" A
Tekodini, ki se ne mesata in destilacija z vodno paro

stean - — .
T
e
i,
to onclenser

mixiue 4\:\_}}/’
?

(possibly heal)

VreliSée vode 100 °C
VreliSée fenilamina 184 °C
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"
Fazni diagram trdno tekoce-evtekticna zmes

(i) (ii} (iii)  (iv) (v) {vi)

' 1 l J 1 \ (i) (i) (iii) (iv) (v) (vi)
:i | T I
Ta |
| Tal
I
: Liquid {A and B}
@ g o
2 W
& 5
2 Y g
E ! Liquid + e ,
| Solid B
Te : Te -
| Eutectic
|
I Solid A + Solid B
1 | l | .
0 1 Time ———
(A) Male fraction B (B)
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Fazni diagram trdno tekoce-evtekticna zmes

120 -
180 - 180 - 2
100 i — :
—_ —&— Solidus Point :
O 1604 ~160 9 3
- -#- Liquidus Point g 20 ——1:5
£ | E " —1:3
& [ 140 0 o nigin
= = —~—1:1
£ 2 40
8 120 - L 120 S o ey
204 —+—Drug alone
100 Y ' .
0 25 50 75 100 04 : > : - : ,
Tris Concentration % 0 20 40 60 80 100 120

Time (min)
Figure 7. Phase diagram of coprecipitated mixtures of nimesulide
and Tris; liquidus point, solidus point.

AAPS PharmSciTech 2007; 8 (3) Article 65 (http:/www.aapspharmscitech.org).

Comparison of The Effect of Tromethamine and Polyvinylpyrrolidone on

Dissolution Properties and Analgesic Effect of Nimesulide
Received: November 6, 2006, Final Revision Received: March 19, 2007; Accepted: March 20, 2007, Published: August 10, 2007

Hamdy ﬁfkbdclkadcr._1 Ossama Y f'—'«lbdallah,2 and Hesham S Salem®
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"
Fazni diagram vodne raztopine NaCl

ternperature (°C) emperature (*C)
salt zolution
0
solid sat +
B 5l zalt zolution
911 solution : )
solid salt + ice

0% salt 23 3% salt 170% salt
100% water 0% waker

increasing percentage by mass of salt
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Fazni diagram vodne raztopine NaCl

temperature °C) termperature (7 G)
] If you had a mixture of this
saltsolution composiion at this temperature,
you would justhave gimple salt
solution.
0
solid salt +
ice +salt galt solufion
o9 1 colution “-x______l
SDYd salt i ice
0% salt 23.3% salt 100% salt
100% water 0% water

increasing percentage by mass of salt
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"
Fazni diagram vodne raztopine NaCl

temperatre (°C) Eemperatre (°C)

salt solution temperature °C) tEemperature *C)

zalt solution
solic salt +

ic2 +salt salt solution
_ 59 4 solution :
solid salt + ice 0
; S solid salt +
0% salt 273 Re, salt - 1005 salt ice +salt salt solution
100%: water D% water 29 1 =olution
- . -
increasing percentage by mass of salt solid salt + ice
0% salt 23.3% salt 100% salt
100% water 0% water
.

increasing percentage by mass of salt
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"
Fazni diagram vodne raztopine NaCl

tempersture (*C) temperatire *C)
salt soluticn
O il salt

solid saft +

im?g:j}\~= saltsnhdion
29 1 solution . =
solid salt ¥ ice
0% salt 23 5% sall - 00% salt
100% water 0% wate
.

increasing pertentage by nass of zalt



Fazni diagram vodne raztopine

temperature ()

Crystals of ice and
salt both start to
form at the eutectic
termperature

-2141

salt solufion iZool a solutio with

this compositon

solid salt +
salt solution

solic] salt + e

0% salt
100% water

23 3% salt

inCreasing pencentage by mass of salt

NaCl

51



azni diagram vodne raztopine NaCl

Ohlajanje raztopine, ki vsebuje manj kot 23,3% soli

Empemature ("C]

sall solution

ool a solution with
this com position

lce orystals start
prmeEis ¢ solid salt +
tEmperature -------- “-ﬂ—_______ salt solution
ice +salt
solution
-21. /
solid sat + ice :
0% salt 23.3% =alt
1009 vator

incrzasing percentage by mass of salt

tempertire °C)

salt soluion

Cool 2 solution with
this composition

a \l solid sat +
) saltsoltion
ie +salt

||:E [ PR BT - ---m - - - S —
211 solitan -____H_H_h:
solic sl + e
0% salt - £3.3% salt
10026 water /

iry;:ﬁasinq petentage by mass of salt

-
Fermaining sat soltion
has tris composition
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N
!azm Hlagram vodne raztopine NaCl

Ohlajanje raztopine, ki vsebuje vec¢ kot 23,3% soli

ternperature °C) Cool a solution with ternperature (*C)
this composition /
_ ® ~-— Frst salt orystals
salt solution appear at this
ternperature
I
0 + salt
solic salt +
ice +salt salt solution
911 solution :
solid salt + ite
0% salt 23 3eWsalt 100% salt
100% water (0% water
-
increasing permntagéﬁr mass of salt

Remaining salt solufion
has this composition
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N
!aznl Hlagram komponent, ki se delno mesata

Fenol-voda

G668l

Temperature (°C)

One liguid phase

Water (A)
1 Phenol (B)

o

Two liquid phases

TR

11% 63%
B Phenal Phenol i
i
4 \ﬁ
| i |
0 20 40 60 80

Phenol in water (%6 by weight)

100
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N
!aznl Hlagram komponent, ki se delno mesata

Fenol-voda

Alternative Names
Phenol; Hydrobenzene and phenylic acid; Phenylic acid and hydrobenzene
Poisonous Ingredient
Phenol

Where Found
Various antiseptics
Various disinfectants
Various germicides
Adhesive dyes
Perfumes
Textiles
Lubricating oils
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" A
Fazni diagram komponent, ki se delno mesata

100
One phase
200 208°
80
:-ff o 160
o 60 Two phases :;
2 = Two phases
8 T 120
8 40f g
5 ;
= = 8o
20+ 60.8°
40 -
One phase Ohelahta
0 1 1 | 1
0 20 40 60 80 100 c : : : :
Triethylamine in water (% by weight) 0 20 40 60 80 100

Nicotine in water (% by weight)

Fig. 2—15. Phase diagram for the system triethylamine—wate: ! o :

showing lower consolute temperature. Fig. 2-16. Nicotine—water system showing upper and lower
consolute temperatures.
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"
Trikomponentni sistemi
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fig. ?— 19. A system of three liquids, one pair of which is partially
miscible.
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