Teoreticne fizikalno-kemijske
osnove za oblikovanje
kozmeti¢nih izdelkov

Odon PlaninSek
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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.

Komponenta(C): Snov(i), ki so nujne, da obstaja faza!

Prostostna stopnja(F): minimalno Stevilo variabel, ki jih moramo navesti, Ce
Zelimo sistem definirati (npr. eno fazo, dve ali vec faz)

RavnoteZzje je stanje mirovanja sistema
=
T(temperatura)

P(tlak) Konst.
X(sestava)
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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,0

Stevilo komponent je najmanjSe Stevilo snovi (sestavin) s katerimi lahko
opiSemo sestavo posamezne faze.
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Fazno pravilo

P+F=C-2

P-faza
F-prostostna stopnja
C-komponenta

Locujemo

-enokomponentne sisteme
-dvokomponentne sisteme
-veckomponentne sisteme

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

P+F=C+2
Primer:
Enokomponentni sistem (voda), tri faze (para, tekoc¢a voda, led)

F=1+2-3=0
Primer:
Dvokomponentni sistem (NaCl, voda), tri faze (trdno, tekoCe, plinasto)

F=2+2-3=1 solubity
© /100 g of waten
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Fazni diagram snovi
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Fazni diagrami ¢istih snovi
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Fazni diagrami ¢istih snovi
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Prehod trdna snov-teko¢ina s spremembo temperature
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Fazni diagrami ¢istih snovi

presTm
Epid mas vhan ha
e T - T R
s

Prehod trdna snov-tekoéina s spremembo tlaka




Fazni diagrami ¢istih snovi

b jaraim

Prehod trdna snov tekocina-para
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Fazni diagrami ¢istih snovi
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Kriticna tocka Fazni diagram CO2-superkriticni fluid
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Fazni diagrami ¢istih snovi
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Prehod trdna snov para in trojna tocka
Liofilizacija http://www.youtube.com/watch?v=0RI8PrcrLVs
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Fazni diagrami ¢istih snovi
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Fazni prehodi pri normalnem tlaku




"

PSR

Gostota ledu je manjSa od gostote tekoce vode

Fazni diagram vode
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Fazni diagram vode
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Fazni diagram vode

Itis 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 Somarjai , 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 itis 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 0C).

Drsanje http://thermabladehockey.com/ 15

Talienje ledu pri poviSanem tlaku htto//www.voutube . com/watch?v=2mimXPID20U
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Fazni diagram CO,
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Nasiéen parni tlak

Eerra o B mony ereepedc parichi e

Izhlapevanje v odprti posodi  Izhlapevanje v zaprti posodi RavnoteZje
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Merjenje nasi¢enega parnega tlaka
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Merjenje nasi¢enega parnega tlaka
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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.

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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Nasi¢en parni tlak in trdne snovi

Naftalen (taliS¢e 78°C)

SUBLIMACIJA
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Raultov zakon in raztopine z nehlapnim topljencem
Dvokomponentni sistem
—_ 0
p _Xtopilo [E?[opilo
p=parni tlak raztopine
PO opi=Parni tlak cistega topila pri doloceni temperaturi
Xiopio=molski delez topila
moli topila
Xtopil0: o
moli raztopine
Primer
Raztopina vsebuje 10 molov vode in 0,1 mol sladkorja skupaj 10,1 mol raztopine
10
=—=099
Xvoda lQl '9
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Omejitve Raultovega zakona

I an ideal solukon, he o exacly he same as
forees between he hose between solvent and
solven] molecies s0ole
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Thalmeans fhat it Ekes he sama amount of enarmy for solvent
molecdes o break away fom he surface in eifher case
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Raultov zakon, taliS¢e in vreliS¢e
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Raultov zakon, taliS¢e in vreliS¢e
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Raultov zakon in idealne zmesi tekocin

Dvokomponentni sistem

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

26

13



s
Raultov zakon in idealne zmesi tekocin

_ 0
pA:XA[E)/S Pe=XpHy

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

X, g=molski deleZ topila

moli A,B

A8 moli raztopine

Celokupni parni tlak = Pa* Py
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Raultov zakon in idealne zmesi tekoc¢in

T VRS iR
of rrusken
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Povezava med vreliS¢em
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Povezava med vreliS¢em

in parnim tlakom

o ko
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Povezava med vrelis¢éem in parnim tlakom
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Frakcionirana destilacija v laboratoriju

32
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Frakcionirana destilacija v laboratoriju
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Neidealne zmesi tekodin

A e

Pozitiven odklon od Raultovega zakona
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Neidealne zmesi tekod¢in

Negativen odklon od Raultovega zakona

Ha0p + HNOgy == H3O%aq + NO3[aq)
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Neidealne zmesi tekogin
-fazni diagram zmesi etanol-voda
Doy por DOl o
100° G
N s 100%
T by mass g
cherc
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Neidealne zmesi tekocin
-fazni diagram zmesi etanol-voda
boiling pant bodng pont
100L
] e pasion N
T2
0 Y C: €3 3100
"I,I"‘f:‘ % by mass erharc
l-'\-.l.'“' n (| =3
s
Kaj se zgodi ¢e destiliramo zmes, ki vsebuje veé kot 96,5% etanola
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Gostota vode
i
p — Temp (°C) Density (kg/m®)
'L_;" 1 100 958.4
80 9718
60 983.2
40 9922
30 995.6502
25 997.0479
22 997.7735
20 998 2071
15 9991026
10 999.7026
4 999.9720
0 999.8395
-10 998 117
=20 993.547
-30 983.854
38
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Doloc¢anje gostote tekocin

Doloc¢anje gostote tekocin na osnovi

Piknometri¢no dolo¢anje gostote tekocin Arhimedovega zakona
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Doloc¢anje gostote trdnih snovi
Dolo¢anje gostote tekocin na osnovi
Arhimedovega zakona
Fi; =p Vg Archimedes' Principle
|
g Vo L
w=mg3p Vg
40
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Doloc¢anje gostote trdnih snovi

Vrste praznih prostorov v delcih in med njim

interpartikularni A . itﬁl?amartikulami
prostori prcstporl
zaprti
By=u
0 O OO
Ve OOOgOCO)Cg stresanje \/| (Q%%t@ siresanje \(n{ 3
00300 — | SO —saoliaynior
N, V=
relativni volumen zhiti volumen

Locimo tri vrste gostot:
Prava gostota izljuéuje vse intrapartikularne ter interpartikularne prostore.
Granularna gostota vklju¢uje intrapartikularne prostore

Nasipna gostota vkljuéuje intrapartikularne in interpartikularne prostore.

a1
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Doloc¢anje gostote trdnih snovi
Doloc¢anje gostote trdnih snovi s pomogjo plina
An assemblage of porous A single particle containing
parnicies container. open and closed pores.
a = Interparticie void v ...\. Sealed Lid
/"// i? [ a4 Ss
“Extemal® void L
incluged within Sample
The the envelape Chamber Keterenoe
envelape W Chamber
Particle Characteristics
%
Sample [}
IChamber
- 5;::::;#- Apparent o Skeletal lmlvunll'::.w\uio Sample
m PV =nRT
42
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POVRSINSKA NAPETOST TEKOCIN

43

PovrSinska napetost tekocin

_W _Fds_F
Y=AA " 2ds 2

44
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Tenziometri ¢ni na €¢in dolo ¢anja povrsinske napetosti

F=4m,y
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Tenziometri ¢ni na ¢in dolo ¢anja povrsinske napetosti
}IF'FH",MH

Plate made
of roughened Pt

L= Wetted
L Length, mm

Gas phase [ !
h ;/i\ <

20 - cosf ™
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PovrSine in medfaze

Prekinitev (meja) med fazami:

Teko€e/plin (zrak) -povrsinska napetost Teko €e/teko €e -medfazna napetost

I
Surface Tensi [ L

al
f

o
I
e

Trdno/plin (zrak) - povrSinska energija
Trdno/teko €e -medfazna energija, medfazna napetost

Trdno/trdno -medfazna energija
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*Mocenje vrednotimo z merjenjem sticne kota.
*Kapljico teko€ine kanemo na gladko trdno povrsino.
plin
R ~tekoCina
W
/j’/ \\x\ trdna snov
[ = I
48
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Moéljivost kvantificiramo z merjenjem sti  €nega kota

PovrSinska napetost vode (y,,, = 72.8 mN/m)-najpogosteje uporabljena tekocina za
vrednotenje modljivosti trdnih povrsin.

X ) oy

< >
1020 720 ~5o
(Teflon, PTFE) (Mylar, PET) (Steklo)

Mocljivost povrSine lahko vrednotimo z razliénimi teko€inami (npr. na teflonu).

¢m Y A

1020 710 250
(voda) (dijodometan) (dekan)
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PovrSinska napetost (energija):

T - £0F f4 yyy [Young equation]
whare
i Contact angle

Liquid draplet

M, - liquid/vapor

Solid surface free ensrgy
l L”d/SO“d . :T Liquid surface free energy
Ms -liq ~ oo+ SobdfLiquid interfacial
. Solid free anergy
¥, - solid/vapor

Ysv = Vs T Yy COS O

Youngova enacba

50
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Slabo mocenje Dobro mocenje  Popolno mocenje

0>90°C 90°>06>0° 0 - 0°
W |t
h A
%V H /49\
cos@<0 cos@> 0 cosd=0

Ve W
Vv

CeOsl —
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POVRSINSKA IN MEDFAZNA NAPETOST

Povrsinske napetosti kapljevin in medfazne napetosti kapljevin, ki se
ne mesajo z vodo.

kapljevina pov. napetost v kapljevina medfazna napetost kapljevin z vodo
[mN/m] v ImN/m]

voda 728 tekoci parafin 45,0

glicerol 63,4 benzol 35,0

benzen 28,9 kloroform 328

kloroform 27,1 olje 15,6

tetraklogljik 26,7 oktanol 8,5

ricinusovo olje 39,0

52
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Listi lotusa so ekstremno
hidrofobne in samodistilne
povrsine

[

http://www.youtube.com/watch?v=MFHcSrNRUSE
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By Erika E'iser Complex Fltids Group, UvAmsterdam: b,
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B Lotusov efekt
Viskozno
vodotopno
lepilo se
skotali po
lotusovem
listu.

Barva se s povrSine spere.

rika Eiser, Complex Fluids Group, l__JvAmsterdam y
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Samod istilni u éinek
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By Erika Eiser, Complex Fluids Group, UvAmsterdam
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Uporaba nanotehnologije-samo  €istilni u €inek.

Fasadna barva, ki se sama o Ggisti
bed dezjem zaradi “Lotus-effect®”
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By Erika Eiser, Complex Fluids Group, UvAmsterdam

"

Primer izdelave hidrofobne povrSine

Samodistilni premaz za steklo

http://www.youtube.com/watch?v=96iM|5NSyyY&NR=1
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rika Eiser, Complex Fluids Group, UvAmsterdam
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By Erika Eiser, Complex Fluids Group, UvAmsterdam

Micro- or nanopatterning an

make that surface even more
hydrophobic (6 > 1509.

Some call such super-
hydrophobic surfaces also
‘fakir surface’

Superhydrophobic surface

David Quéré, nature materials, vol. 1, Sept. 2002

already hydrophobic surface will
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By Erika Eiser, Complex Fluids Group, UvAmsterdam

poly(tetrafluoroethylene)

|
Il

Kenneth K. S. Lau et al. Nano Letters 2004

(PTFE) = non-wetting coating.

F F N = repeat unit

60
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1 Metoda sedece kapljice (goniometricna metoda)

/ plin

~tekocina

N trdna snov

31
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2 Wilhelmijeva metoda s plos€ico

Plate made I F = Force, mN
of roughened Pt
\ | - L = Wetted
= g Length, mm
Gas phase 9'!/,!1
Liquid ;
a=0" F
Y piate G =
LWJ / L cos@

I |ENES Y
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3 Washburnova metoda

Shema Washburnove naprave

1. Washburnova steklena cev napolnjena z vzorcem
2. steklena siga,

3. silikonska cev,

4. posoda s tekocino,

5. gumijasti zamaSek

6. tanka cevka za zrak

64
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3 Modificirana Washburnova metoda

ry,cos Ht
217

2 =

r=povprecni radij kapilar

I=dolzina, ki jo prepotuje fronta tekogine v ¢asu t
n=viskoznost tekocine

y=povrsinska napetost tekocine

—

VAN

sleeve

powder

Absorption
of
liquid
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