Sjalfgeng efnahvorf

1. Kafli Efn203



Heilarorka i heiminum er konstant
Orka getur hins vegar skipt um form
Raforka,efnaorka,varmaorka....

Sumt i pessari verold gerist sjalfkrafa....
AOorir hlutir gerast eftir ad peim hefur verid
hjalpad af stad.

Sumt gerist ekki....



Sjalfgengt - spontaneous

* Spontaneous processes
are those that can
proceed without any
outside intervention.

* The gas in vessel B will
spontaneously effuse
iInto vessel A, but once
the gas is in both
vessels, it will not
spontaneously
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Spontaneous Processes

* Processes that are spontaneous at one
temperature may be nonspontaneous at other

temperatures.
* Above 0°C it is spontaneous for ice to melt.

* Below 0°C the reverse process is spontaneous.

Spontaneous for T > 0°C
»

Spontaneous for T< 0°C | e
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Spontaneous Processes

Processes that are
spontaneous in one
direction are
nonspontaneous in
the reverse direction.

Non-

Spontaneous
spontaneous




Sjalfgengt efnahvarf

* Er hvarf sem gengur sjalfkrafa, annad
hvort strax eda eftir ad pvi hefur verid
komid af stad.

* Daemi:
— Gas dreifist jafnt um rymi
— Salt leysist upp i vatni
— Kerti brennur (kveikt a pvi)



* Flest sjalfgeng efnahvorf eru utvermin
— Eins og allur bruni

* Nokkur eru innvermin eins og
— Pegar saltpetur er leystur i vatni laekkar hitinn

— Pegar salt er sett i snjo laekkar hitinn — en
snjorinn bradnar samt

— Vatnsdropi gufar upp vid stofuhita...



Sjalfgengni raedst af 3 pattum

* Hitastigi maelt | Kelvin
* Enthalpi breytingu eda hvarfvarmanum AH
* Entropi eda oreidubreytingunni AS

— pPad er meiri oreida i vokva en i fostu efni,

— pad er meiri 0reida sameinda i gasi en i vokva

— 0g pad er meiri 6reida i uppleystu jonefni
(salti) en i fostu salti.



Friorka Gibbs

* Gibbs tokst ad taka petta saman svona
* AG=AH-T*AS
* AG kallast friorkubreyting efnahvarfs

* AG hvarfs er hamark nytanlegrar orku ur
sjalfgengu efnahvartfi.



* AH<O0 pa er hvarf utvermid — og ofugt
* AS>0 pa er 6reida ad aukast — og ofugt
* Haekki hitastig, eykur pad oreidupattinn.

* AG<O — hvarfid er sjalfgengt




* Daemi:
— Ef hvarf er utvermid er H patturinn minustala

— Ef 6reida er ad aukast er S patturinn plustala
margfoldud med T

— Minustala — plustala er steerri minus.
-5 —(6)=-11



OREIDA SAMEINDA

* Ludwig Boltzmann described the concept of
entropy on the molecular level.

* Hitastig meaelir medalhreyfiorku sameinda.
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Oreida i sameindum

* Molecules exhibit several types of motion:

— Hreyfing: Movement of the entire molecule from one
place to another.

— Titringur: Periodic motion of atoms within a molecule.

— Snuningur: Rotation of the molecule on about an axis or
rotation about o bonds.
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Third Law of Thermodynamics

The entropy of a pure crystalline
substance at absolute zero is 0.

S=kInW =klInl=0

Solid

Entropy, S

Liquid Gas
~— Boiling
Melting

%

http://www.garageband.com/artist/entropy_1

No stereotypes,
labels, or
genres can
rationalize this.
Fueled by the
decay of the
world, order
and chaos
unite, Entropy
is born...



Standard Entropies

TABLE 19.2 Standard Molar
Entropies of Selected

Substances at 298 K
* These are molar entropy(oreidu) o ——
values of substances in their Gases
H,(g) 130.6
standard states. o) oy
H,0(g) 188.8
4 ; NHj;(g) 192.5
* Standard oreida eykst CHONG 276
_ CeHe(g) 269.2
almennt med haekkandi e
, CH;OH()) 126.8
molmassa. CaHy)
Solids
Li(s) 29.1
Na(s) 51.4
K(s) 64.7
Fe(s) L

FeCls(s) 142.3
NaCl(s) 72.3




Standard Entropies

- Storar og floknar sameindir hafa haerra
entropi.
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Methane, CH, Ethane, C,H, Propane, C5Hg
$°=186.3] mol 'K! §°=229.6]mol ! K! $°=270.3] mol 'K™!



Gibbs Free Energy

1. If A G is negative, the
forward reaction is
spontaneous.

2. fA Gis 0, the system
Is at equilibrium.

3. If A G is positive, the
reaction is spontaneous
In the reverse direction.
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Free Energy Changes

This equation shows how A G°changes
with temperature.

(We assume S° & A H° are independent of T.)



Free Energy and Temperature

TABLE 19.4 Effect of Temperature on the Spontaneity of Reactions

AH AS —=TAS AG = AH - TAS Reaction Characteristics Example

= + = - Spontaneous at all temperatures 203(g) — 30,(9)
- - + + Nonspontaneous at all temperatures 30,(g) — 203(9)
- = + + oF = Spontaneous at low T; nonspontaneous at high T H>O(l) — H,0(s)
+ + - + Br— Spontaneous at high T; nonspontaneous at low T H>,O(s) — H,0O(])

By knowing the sign (+ or-) of A S and A H,
we can get the sign of A G and determine if a
reaction is spontaneous.



AG° = AH° - TAS®

Gibbs free energy breyting =
Heildarorkubreyting kerfis - orka topud til oreidu

If Efnahvarf is
 exothermic (negative A H') (utvermio)

* and entropy increases (positive AS®)
(ore1da eykst)

e ba verdur AG* ad vera NEGATIVE
 0og efnahvarfid pd sjdlfgengt (gengur t.h.)



AG° = AHP - TAS®

If reaction 1s

e Innvermin - endothermic (positive AH®)
e 0og ore10a minnkar (negative AS°)
e ba verdur AG* POSITIVE
Efnahvarfid er ekki sjalfgengt (vill t.v.).



Gibbs Free Energy, 6

AH
ut(-)
Inn(+)
ut(-)
Inn(+)

AG = AH - TAS’
AS’
increase(+) -—
decrease(-) +
decrease(-) ?
increase(+) ?

AG* Reaction
sjalfgengt

Ekki sjalfgengt
T dependent

T dependent



Calculating AG°

Bruni acetylen vid 25°C
Csz(g) +2,5 Oz(g) --> 2 Coz(g) + Hzo(g)
Fundid i toflu AH = -1238 kJ
S fundid i toflu

AS' = -97.4 J/IK or -0.0974 kJ/K
AG' = -1238 kJ - (298 K)(-0.0974 J/K)

= 1209 kJ

Reaction is sjalfgengt pratt fyrir minnkandi 6reidu AS.

Efnahvarf er entalpi(hvarfvarma) drifid



Calculating AG®
[

20mO07wd1 mow

NH,NO,.(s) + heat ---> NH,NO.(aq)

Leysist ammoniumnitrat i vatni? (sjalfgengt)
EF svo er, er pad a oreidu eda hvarfvarmadrifid?



Calculating AG°

NH,NO.(s) + heat ---> NH,NO.(aq)

Fundid i t6flu AHe = +25.7 kJ
AS* = +108.7 J/K or +0.1087 kJ/K

AG' = +25.7 kJ - (298 K)(+0.1087 J/K)
= 6.7 kJ

Efnahvarfid er sjalfgengt pratt fyrir ad pad er innvermid.
HvarfiéA er dreidéudrifiés



\ | |
2Fe0,(s) + 3C(s) ---> 4 Fe(s) + 3CO,9)
AH = +467.9 kJ AS® = +560.3 J/K

AG'= +300.8 kJ

Hvarfid er ekki sjalfgengt vid 298 K
vid hvada hita, T, breytist G ur(+) i ad vera(-) semsagt
verour sjalfgengt?
Pegar AG*=0 = AH’ - TAS®

AHrxn _  467.9kJ  _ cop .y

AS;yn _ 0.5603 kJ/K

T =
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