A gazhalmazallapot

A géztérvényekhez:

pV=nRT

V = const.T; const=(n/p)R

Az alabbi abra szovege félrevezetd: a 'different gases' nem a
kémiai kiilonbségre, hanem a minta mennyiségére, ill. a nyomasra
utal
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A gizok kinetikus elmélete

A homérséklet az atlagos kin. en. mértéke:

Egy szabadsagi fokra (ekviparticio elve szerint) juto
energia: 1/2 kgT

Diffuzio (effuzid) :
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A Maxwell-Boltzmann eloszlas:
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Realis gazok
A van der Waals egyenlet:
(P+arf/VE) (V- bn)=nRT
Gas Formula a [(L2 ) g
atm)/mole’] | [L/mole]
Helium He 0.03412 0.02370
Hydrogen H, 0.2444 0.02661
Nitrogen N, 1.390 0.03913
Oxygen 0, 1.360 0.03183
Carbon | g, 3592 | 0.04267
dioxide
Acetylene C,H, 4.390 0.05136
Chlorine Cl, 6.493 0.05622
n - Butane | C4Hyg 14.47 0.1226
n-Octane | CgHig 37.32 0.2368






A Kkristalyos szerkezet

A kristalyszerkezet meghatdrozasa:
Rontgen-diffraktométer (X-ray diffr.)
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Mégegyszer, részletesebben:

/www.seas.upenn.edu/~chem101/sschem/solidstatechem.html

7 Kristalyrendszer - 7 elemi cella.
Figyeljiik a cellak alakjat.
Rendszerezés az ¢lhosszak ¢€s a szogek szerint:
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Fent 7 format latunk, azonban maga a kristalyracs 14-féle lehet (Bravais-cellak)
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Simple Face-centered Body-centered
cubic cubic cubic
Simple Body-centered Hexagonal
tetragonal tetragonal
a0V
[ ]
®
Simple Body-centered Base-centered Face-centered
orthorhombic orthorhombic orthorhombic orthorhombic
‘ ﬁ Y
Simple Base-centered Triclinic
Rhombohedral Meonoclinic monoclinic
A . . h b I .
PL. Kén: rombos (orthorhombic) g i

Cell parameters: a/pm b/pm c/pm o/° B/° y/°
1043.7 1284.5 2436.9 90.000 90.000 90.000

Polimorfia: u.azon kémiai anyag, kiilénb6z6 kr.
szerkezet ; elemek esetében: allotrép modosulatok

In materials science polymorphism is the ability of a solid
material to exist in more than one form or crystal structure.
Diamond, graphite and the Buckyball are examples of
polymorphs of carbon. a-ferrite, austenite, and d-ferrite are
polymorphs of iron. When found in elemental solids the
condition is also called allotropy

i

POLYMER RELIEF. Growing crystals of the pain-relieving drug
acetaminophen on different polymer surfaces will yield different crystal
structures. One polymer gives rise to tiny prisms (left); another, miniature
monoliths (right).


http://en.wikipedia.org/wiki/Materials_science
http://en.wikipedia.org/wiki/Allotropy

Fazisatalakulasok:
Parolgas, forraspont, kritikus allapot

Egyensulyi géznyomas (tenzid):
www.unit5.org/christjs/Vapor Pressure Boiling Point.htm

In container A, the liquid
is evaporating. Some of the molecules have enough kinetic energy
to escape (turn to a gas) by pushing against the pressure of the
atmosphere. Container B shows the flask is saturated. When new
molecules of liquid are vaporized, the gas cannot hold additional

molecules, therefore some of the molecules condense back to liquid.

Néhany anyag tenzidéja 25°C-on:
www.psigate.ac.uk/newsite/reference/plambeck/chem2/p01045

Substance Vapor Pressure Density
(kPa) (kg/m3)
H20 (1) 3.1691 0.99702
CH30H (1) 16.8511 0.791
C2H50H (1) 7.8279 0.785
C6H6 (1) 12.6893 0.899
Hg (1) 0.2460 13.5340
I2(s) 0.1889 4.93

A viz tenzidja a hdmérséklet fliggvényében:

T(°C) | P (kPa) T(°C) | P (kPa) T(°C) | P (kPa)
0 0.61 21 2.49 40 7.38
5 0.87 22 2.64 50 12.34
10 1.23 23 2.81 60 19.93
15 1.71 24 2.98 70 31.18
16 1.82 25 3.17 80 47.37
17 1.94 26 3.36 90 70.12
18 2.06 27 3.57 95 84.53
18.5 2.13 28 3.78 100 101.32
19 2.19 29 4.01
19.5 2.27 30 4.25

20 2.344 35 5.63

Forréaspont: tenzio eléri a kiilsé nyomast
hyperphysics.phy-astr.gsu.edu/hbase/kinetic/watvap.html
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Kiilonb6z6 anyagok forraspontja:
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Boiling Points and Heat of Vaporization

Substance Boiling point |Boiling point |Heat of vaporization

K °C (10° J/kg)
Helium 4216 -268.93 20.9
Hydrogen 20.26 -252.89 452
Nitrogen 77.34 -195.81 201
Oxygen 90.18 -182.97 213
Ethyl alcohol 351 78 854
Mercury 630 357 272
Water 373.15 100.00 2256
Sulfur 717.75 444.60 326
Lead 2023 1750 871

A kritikus allapot kialakulasa:

water vapor
liqud
water
25°C 100°C >374°C
Kritikus h6mérséklet és nyomas
temperature critical
substance °C) pressure
(atm)
NH,; 132 111.5
0O, -119 49.7
CO, 31.2 73.0

H,0 374 217.7



A szuperkritikus szén-dioxid kdrnyezetbarat oldoszer
http://www.york.ac.uk/inst/greenchemcic/Expertise/

SUPERCRITICAL CARBON
DIOXIDE REACTOR

These include a 20 ml reaction vessel
with borosilicate glass view windows,
enabling visual monitoring of the
reaction. Pressurised carbon dioxide is
charged and exhausted via valves
situated at the top. The reactor is
either heated in an oven or directly on
a hotplate with the temperature
regulated by a thermocouple inserted
into the body of the vessel.

CIC Case Study

Supercritical carbon dioxide is currently being intensely investigated
as an alternative solvent for synthetic chemistry. The unique
tuneable properties of supercritical fluids allow much greater control
over reactions than is possible with conventional solvents, and
enables excellent pathway selectivity. CIC members have developed
novel reactions, which in conventional solvents give mixtures of
products, but under supercritical conditions yielded just a single
product, which eliminates additional purification steps and minimises
waste.

Olvadas
Melting Points and Heat of Fusion

Substance l\K/Ielting point Ei[:elting point g%%tjc;li gfl)lsion
Helium 3.5 -269.65 5.23
Hydrogen 13.84 -259.31 58.6
Nitrogen 63.18 -209.97 25.5
Oxygen 54.36 -218.79 13.8
Ethyl alcohol |159 -114 104.2
Mercury 234 -39 11.8
Water 273.15 0.00 334
Sulfur 392 119 38.1
Lead 600.5 327.3 24.5
Silver 1233.95 960.80 88.3
Gold 1336.15 1063.00 64.5
Copper 1356 1083 134
Fézisdiagramok:

critical point

Pressure

Temperature
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Két példa:

Phase diagram for water and carbon dioxide
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Néhany anyag hdrmaspontja:

Substance Eemperature }l’(r;;sawe
Hydrogen 13.84 0.0704
Deuterium 18.63 0.171
Neon 24.57 0.432
Oxygen 54.36 0.00152
Nitrogen 63.18 0.125
Ammonia 195.40 0.0607
Sulfur dioxide |197.68 0.00167
Carbon dioxide |216.55 5.17
Water 273.16 0.00610

Fazisdiagram, a szuperkritikus allapotot is feltlintetve

http://www.ceic.unsw.edu.au/centers/SCF/images/fig1.jpg

Liquid Region

Critical Point |

Fusion Line

Fressure

Gas Region

Temperature



Néhany oldhatosagi adat

Solubilities in Water at 293 K (g per 100 g water)

Valodi oldatok

INH(CI 372 INH,NO; 192
gjglz.z 358 [Ba(NO;), [9.0
5138126 745 gjg‘loﬁz"‘ 129
|cuct, 730 |cu(NOy), 125
|PbCl, 1.00  Pb(NOy), |54.3
|LiCl 835  LiNO,  |70.1
MgCl, 546  AgNO; 216
KCl 342 KNO; 316
[NaCl 359  |NaNO;  [87.6
Gazok oldhatésaga:
Solubilities of Gases in Water at 293 K
|Gas |Solubility=
|Ammonia |52.9
|Bromine |14.9
|Carbon dioxide |0. 169

|Carbon monoxide |0.0028

Chlorine 0.729
[Hydrogen |0.00016
|Hydrogen sulfide |0.385
|Methane |0.0023
Nitrogen 0.0019
(Oxygen 0.0043

‘Sulfur dioxide  |11.28

*Grams of gas dissolved in 100 g of water when the total pressure above the

solution is 1 atm.

Az oldhatdsag homérséklet-fiiggése
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Oldatok g6znyomasa (Raoult-torvény)
Szemléletes kép:
mooni.fecj.org/~ethall/2046/ch11/vp.htm
L J
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1. Ha csak az egyik anyag (olddszer) illékony ..

2. Ha tobb illékony komponens van:
PA= XaPa®

ps= XsPs’
pl. benzol-toluol elegy

dT=10
leuid -

P
Tol WP

Tl | - vapor e -

e
Idealis elegy forrasa
% A
o
3
o
Q
(o
=
Q
4

Vapor 7

Bolling Point
Boiling Point

Liquid

Liquid

S 0%C 100%A P Q 0%A

0%B 100%B
100%D Composition

0%D Composition



Intermolekularis kolcsonhatasok

a) dipol- d101
energia , szabad forgas esetén 1/1

aeratiractions
wan repulsione
Figure 59 Attractions between
polar molecules oocur because
the molecules tend to align
themselves o that opposite
charges are near =ach other.

b) London-féle diszperzids ; gyenge, de mindig jelen van, az
elektronfelhd pillanatnyi fluktuacioi polarizaljak a szomszéd
atomot.

Instantaneous
dipdes

Figure 61 Instantanseous or "frozen®
views of the electron density in two
neighbouring atoms.

Nagysagara altalanos szempont: nagyobb molekulak,
kiterjedt elektronfelhd: konnyebben polarizalhato.
V.6. Cl, és Br, olv.pont és forrp.

A részecskék kozti tavolsaggal rohamosan csokken:

fiiggés ~ 1/1°

http://www.chem.purdue.edu/gchelp/liquids/disperse.html#Disperse

The London dispersion force is the weakest intermolecular force. The London
dispersion force is a temporary attractive force that results when the electrons in two
adjacent atoms occupy positions that make the atoms form temporary dipoles. This
force is sometimes called an induced dipole-induced dipole attraction. London forces
are the attractive forces that cause nonpolar substances to condense to liquids and to
freeze into solids when the temperature is lowered sufficiently.

Because of the constant motion of the electrons, an atom or molecule can develop a
temporary (instantaneous) dipole when its electrons are distributed unsymmetrically
about the nucleus.

sematikusan:
nucleus

(A, =

electrons

unsymmetrical
distribution

symmetrical
distribution

A second atom or molecule, in turn, can be distorted by the
appearance of the dipole in the first atom or molecule (because
electrons repel one another) which leads to an electrostatic
attraction between the two atoms or molecules.

v e
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Larger and heavier atoms and molecules exhibit stronger dispersion forces
than smaller and lighter ones.

In a larger atom or molecule, the valence electrons are, on average, farther
from the nuclei than in a smaller atom or molecule. They are less tightly
held and can more easily form temporary dipoles.

The ease with which the electron distribution around an atom or molecule
can be distorted is called the polarizability.

c¢) H-hid: energia 3-6 kcal/mol;
tavolsag pillératomok kozott: 2.5-3 A

pl. vizmolekulak kozott:

= X <
R+ ¥

18) Elecioon stiuchuos of & wales moiecule () Hyaragen £enarn

?0

Amino- és OH-csoport vizzel:

W
o L=

H-hidak tartjak dssze a DNS kettdsspiralt (Watson és Crick)
A-T, ill. G-C bazisparok, pl. Guanin-citozin:

Example of dG-dC base pair as found within DNA double helix




Kolligativ tulajdonsagok

Fagyaspontcsdkkenés- forrdspontemelkedés alapja:
Az oldat tenzidja csokken.

www.nyu.edu L.
liquid
solvent

Pl sold

solvent

solution

-
f T

Meértéke jellemz6 az olddszerre, €s aranyos az 1000 g
oldoszerre jutd oldott mélok szdmaval:

ATf = MR Kf

ahol My - Raoult-konc., Ky - az oldoszerre jellemzo adat,
molalis fagy.p.csokk.

Hasonloan, a forraspontemelkedés: K, ....

Jelent6ség: molekulastly meghatarozasa ...

Néhany adat:
http://hyperphysics.phy-astr.gsu.edu/hbase/tables/bpelev.html

Melting | Boiling

Solvent Formula | Point | Point |K{°C/m) Ky(°C/m)
°C) | O
Water H,0 0.000 |100.000 & 1.858 0.521

Acetic acid |[HC,H;0, | 16.60 | 118.5 3.59 3.08
Benzene C¢He 5.455 80.2 5.065 2.61

Camphor | C;(H;sO | 179.5 40
Carbon
disulfide CS, 46.3 2.40
Cyclohexane | Cg¢Hj, 6.55 80.74 20.0 2.79
Ethanol C,H;OH 78.3 1.07

Data source: Landolt-Bornstein, 6th Ed., Zahlenverte und Functionen
aus Physik, Chemie, Astronomie, Geophysik, und Technik, Vol II,
part IIa, Springer-Verlag, 1960. Pp 844-849 and 918-919.

Ozmézis 2005/23
"Féligateresztd" (szemipermeabilis) hartya:
csak a kis molekuldk jutnak at

CSIUSIMY

Merre mozdul el a folyadékszint?

semipetmnesahle
membrane

[glucose] = 015 M

[rnannital] = 0.20 M [manmital] = 0,20k

*,*+| Solution aqueuse
* | de gelz minéraux =

= Pression = 1
P
. osmotique 1
M . Pl [

Membrane semi-perméable

a) osmose b) équilibre osmotique ¢) osmose inverse

Az ozmdzis kvantitativ térvénye:
van't Hoff kimutatta, hogy teljes analogia a gaztdrvénnyel:

[IV=nRT

Megj.:Az oldott részecskék szamaval aranyos. Disszocidcio
esetén (elektrolitok), aranyosan n6 az ozmozisnyomas.

Meérése: az ozmométer elve:

THE VISKING OSMOMETER

glass tubing —_|

liquid level
/at start
wire to
join — |- liquid inside
"sausage" "sausage” of
on to tubing visking tubing

knotto —
seal end —1 surrounding
liquid



http://search.netscape.com/ns/redir?src=image&requestId=3da70070f1efec00&clickedItemRank=4&userQuery=freezing+point+depression&clickedItemURN=http%3A%2F%2Fwww.nyu.edu%2Fclasses%2Ftuckerman%2Fhonors.chem%2Flectures%2Flecture_13%2Fnode8.html

Kolloidok

Meghatarozas: olyan diszperz rendszer, melyben a diszpergalt
részecskék mérete legalabb egy iranyban ~ 1 - 1000 nm; vagy
ilyen méreti diszkontinuitasok vannak (porézus anyagok). A
rendszer lehet 6sszefliggd hdlo is (gélek, stb.).

IUPAC swww.iupac.org/reports/2001/colloid_2001/manual_of s_and_t/
node33.html

the molecules or polymolecular particles dispersed in a medium have at
least in one direction a dimension roughly between 1 nm and 1um, or that
in a system discontinuities are found at distances of that order. It is not
necessary for all three dimensions to be in the colloidal range: fibers in
which only two dimensions are in this range, and thin films, in which one
dimension is in this range, may also be classified as colloidal. Nor is it
necessary for the units of a colloidal system to be discrete: continuous
network structures, the basic units of which are of colloidal dimensions also
fall in this class (e.g. porous solids, gels and foams).

Apritas: durva diszperzi6 — kolloid — valodi oldat

Kiilonbség valodi oldatoktol: Tyndall-jelensé

Harom alapvet6 tipus: diszperzio
polimer oldata

micella

Diszperziok felosztasa

diszpergalt fazis (diszperzum)

kozeg Szilard folyadék gaz
(diszperga
16szer)
Szilard szil. Szol: -- (emulzio) szil. hab
rubiniiveg * vaj horzsaké
Folyadék | szol: keményitd | emulzio hab: szappan-,
oldat tej, majonéz borotvahab
Gaz aeroszol kod | -
flist 1égkdri kod

* o ’ "
aranyszol, tivegszinezd

Zsigmondy, a kolloidika atyja

Austrian chemist, born April 1, 1865, Vienna, died September 23, 1929,
Gottingen.

Richard Adolf Zsigmondy was the son of Adolf Zsigmondy, a physician,
who died when Zsigmondy was only 15 years old. Encouraged by their
mother, Irma von Szakmary, ...He first studied chemistry ... in Vienna, ...In
1925, Zsigmondy was awarded the Nobel Prize for his work on colloid
chemistry and the invention of the ultramicroscope.

The ultramicroscope is not an instrument for magnifying images, as in a
microscope or other such device. Rather, it is a system of illumination for
extremely small objects such as colloidal particles, fog droplets, or smoke

particles. ... Ultramicroscopes are used in the study of Brownian motion

Polimer oldatok vizsgalata.

1. Fényszoras. A legfontosabb médszer; elv: ha a fény
fulldmhossza és a részecske mérete azonos nagysdgrendd, a fény
szérédik (scattering). Ennek jellege fiigg a molekula méretétdl.
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One of the main problems with the light scattering method is that the
polymer solution must be perfectly dust free in order to get good results.
To obtain these perfectly clean solutions they are usually filtered very
carefully. Despite this difficulty of making a clean solution, light
scattering is probably the most widely used technique for measureing
molecular weights. It is useful for a very broad range, from 10,000 to 10

million g/mol.

2. Ultracentrifuga

Polimeroldatokban a moldris témeg dltaldban nem egységes
(polimeriz. foka kiilonb5zd):

heterodiszperz rendszer

Molecular Weight Distribution
0.350
0300 .
g 020 { + .
E 0200
£ 0150
w
@ 0100 4 . +
2 50 .
0000 +2—0r . . .
000 200000 400000 600000 800000 100000
s} 00 00 00 000
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3. Kromatografia

Gel permeation chromatography has become the most commonly
used method in recent years for the determination of molecular
weight distribution. The method separates polymers on the basis
of size by passing the polymer in solution, through a series of
columns that are packed with gel.

Intermol. k6lcsOnhatas kolloid rendszerekben:
micella (mosodszerek, biologia)

alr

e — M

soluble monomer | ja &

Micella: http.//onsager.bd.psu.edu/~jircitano/micelle.jpg

water

micelle

Micelle For m'mon



http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/Microscope
http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/Colloid
http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/Fog
http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/Smoke
http://www.all-science-fair-projects.com/science_fair_projects_encyclopedia/Brownian_motion

Termokémia

Hémennyiség, hokapacitas:

C - hékapacitas ; extenziv menny.; fajlagos hékap. (fajhd)
Q dimenzidja: kJ, keal ... lcal= 4.1841J

Reakciohé: a valtozassal kapcsolatos hdmennyiség, a rendszer
szempontjabol: a rendszerrel kozolt ho.
Hétermel6 (exoterm) reakceid esetén tehat negativ.

Hess-tétel: a r.hé fiiggetlen az Gttol, a kezdeti és végallapot
egyértelmilen meghatarozza.

Két eset:

V =const.; Q=AU
p=const; Q=AH
Kiilonbség a térfogati munkabol adodik.

=£
ESia

U - belséenergia
H - entalpia (T mindkét esetben const.)

P=

0 ~ 1 B
w =Fxd
_ij =-PxAxd
Reaction - =-PAV
—_—

Before reaction
(initial state)

[

After reaction
(final state)

Az entalpia definicidja: .
megvaltozasa, ha p = const., AH =AU + p AV, a reakciohd

Termokémiai egyenlet pl. (égéshd):
2C,H,(g) + 50,(g) — 4CO4(g) + 2H,0(1) AH =-2602 kJ

Olvadashék, parolgasi hék:
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néhany adatot 1. 19-20. melléklet
Allotréop modosulatok atalakulasa:

S(rombos) — S(monoklin) AH =+ 0.08 kcal/mol
P(sarga) — P(voros) AH = - 3.7 kcal/mol
Oldashék
Enthalpy of Solvation (H,, kJ/mol) of Some
Substanc Hggy Substance Hg,y
AICl3(s) -373.63 H,SO,(1) -95.28
LiNOs(s) -2.51 LiCls)  -37.03
NaNOs(s) 20.50 NaCl(s)  3.88
KNOs(s) 34.89 KCls)  +17.22
NaOH(s) -44.51 NH,CI(s) 14.77
Entalpiadiagramok: Fézisatalakuldsoknal: pl. fiitési gorbe
CH,(z) + 20,2) 10/
AH, = -802kJ :g S0l
% AH, =-890 kI g 6
g g w
COLe) + 2H,0() 0
| AH, = -88KkJ 0
COLe) 200 g = il

Korabbrol: Born-Haber korfolyamat, 14. mell.

Képzbédéshd: azon folyamat reakciohdje, melyben 1 mdl anyag elemeibdl keletkezik. Kovetkezmény tehat: az elemek
képz6déshbje zérus.Standard dll.: fentieket pontositani kell, hiszen az allapojelzékt6l fiiggenek: 25°C, 1 atm. forras: Brady, T6.1.

Substance AH; (kJ/mol) Substance AH; (kJ/mol) Substance AH¢ (kJ/mol)
ALOs(s) -1676 C4Hio(g) -126 MgCl,-2H,0(s) -1280
AL (S04)s3(s) -3441 CeHeo()) +49.0 Mg(OH),(s) -924.7
AsHs(g) +66.4 CH;0H(/) -238 KMnO4(s) -813.4
As404(s) -1314 C,HsOH() -278 MnSO4(s) -1064
As,0s(s) -925 HCHO(g) (formaldehyde) -108.6 NHi(g) -46.0
BaCOs(s) -1219 CH;CHO(g) (acetald.) -167 NH,Cl(s) -3144
BaCly(s) -860.2 (CH3),CO(/) (acetone) -248.1 NO(g) +90.4
Ba(OH), -998.22 CsHsCO,H(s) (benz. acid) -385.1 NO(s) +34
BaS0s(s) -1465 CO(NH,),(s) (urea) -333.5 N>O(g) +81.5
Bry(g) +30.9 HCl(g) 925 HNO3(]) 174.1
HBr(g) -36 HCl(aq) -167.2 Os(g) +143
CaCOs(s) -1207 Cry05(s) -1141 P(s, white) 0
CaCly(s) -795.8 (NH4)>Cr,O04(s) -1807 P4O10(s) -2984
CaO(s) -635.5 K>CryO4(s) -2033.01 H;PO4(s) -1279
Ca(OH),(s) -986.6 CuCly(s) -172 KClI(s) -436.8
Ca3(PO4)1(s) -4119 CuO(s) -155 SiHa(g) +33
CaSO;(s) -1156 CusS(s) -79.5 SiOy(s, alpha) -910.0
CaSO4(s) -1433 CuS(s) -53.1 NaF(s) -571
CaSO;- 1/2H,0(s) -1573 CuSO4(s) -771.4 NaCl(s) -413
CaS0,-2H,0(s) -2020 CuS0,-5H,0(s) -2279.7 NaBr(s) -360
C(s, graphite) 0 HF(g) -271 Nal(s) -288
C(s, diamond) +1.88 H,O()) -286 NaHCOs(s) -947.7
CCly()) -134 H,0(g) -242 Na,CO;(s) -1131
CO(g) -110 H,0,() -187.8 Na,O,(s) -504.6
COx(g) -394 Ix(g) +62.4 NaOH(s) -426.8
COx(ag) -413.8 Hl(g) +26 Na,SO4(s) -1384.49
H,COs(aq) -699.65 Fe,0s(s) -822.2 S(s, rhombic) 0
CSy() +89.5 Fe;04(s) -11184 SOx(g) -297
CSa(g) +117 PbO(s) -217.3 SOs(g) -396
CHu(g) -74.9 PbO;(s) -277 H,S04(D) -813.8
C,Hay(g) +227 Pb(OH),(s) -515.9 SnCly()) -511.3
C,Hu(g) +51.9 PbSO4(s) -920.1 SnOx(s) -580.7
CHe(g) -84.5 LiCl(s) -408.8 ZnO(s) -348
CsHs(g) -104 MgCly(s) -641.8 ZnS04(s) -982.8







	Eltérés az ideálistól: reális gázok
	A gázok kinetikus elmélete
	Fázisátalakulások:
	Párolgás, forráspont, kritikus állapot
	Egyensúlyi gőznyomás (tenzió):
	www.unit5.org/christjs/Vapor_Pressure_Boiling_Point.htm
	Forráspont: tenzió eléri a külső nyomást
	hyperphysics.phy-astr.gsu.edu/hbase/kinetic/watvap.html
	2005/19
	Különböző anyagok forráspontja:
	Boiling Points and Heat of Vaporization
	A szuperkritikus szén-dioxid környezetbarát oldószer
	http://www.york.ac.uk/inst/greenchemcic/Expertise/ �SUPERCRI
	CIC Case Study


	Olvadás
	Melting Points and Heat of Fusion
	Néhány anyag hármaspontja:


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


