QF' DQB Lecture#13

Quimica-Fisica

Physical Chemistry

... iremos explorar, refletir, aprender ?..

Area of chemistry concerned with the application of the techniques and theories of physics to the study of chemical systems.
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Quimica-Fisica Spontaneous Physical and Chemical Processes !I?

The Helmholtz and Gibbs energies

Surroundings

de
dSuniv = dSsys + dSsurr >0 dS — —I =0
T
Bcandasy dS > Entropy change of the system

dg > heat change of the system

THERMODYNAMICS POTENTIALS

Criteria of spontaneous

Constant volume

& temperature dS — % >0 TdS = dU
Constant dH
& temperature dsS — T >0 TdS = dH
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Helmbholtz and Gibbs energies

Greoter than
Change in. @eequalio,  Zeo

\ L]/
dSs » O
Second Law of Thermodynamics

says that the amount of disorder in a
thermodynamic system always increases.

Clausius inequality

dA =dU —TdS <0 Helmholtz

dG =dH —TdS <0  Gibbs
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Gibbs energies ..f (temperature)

Solid system polymorphs

N kPolymorph B

G Polymorph C

Higher Stability

Ground state

Polymorph A

L BB R

Metastable
[~ Polymorph (A)

T=0K

DQB. FCUP Luis Belchior Santos | 2024

T > T

i

o
n—i
Vi
®)

tG=H-TS

AG = AH —TAS

dG =dH —-TdS <0

@ Constant

Lower Gibbs energy

Means:

low thermodynamic potential
High stability..
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o Gibbs energies of reaction !!
Quimica-Fisica

AG°=AH®-TAS® Standard Gibbs energies of Formation

AGo= D VAG _ D VAG®
Products Reactants Synoptic Table 3.4* Standard Gibbs
energies of formation (at 298 K)

A;G®/(k] mol™)

lllustration 3.7 Calculating a standard Gibbs energy of reaction

Diamond, C(s) +2.9

To calculate the standard Gibbs energy of the reaction CO(g) + 5 O,(g) = CO,(g) Benzene, C;H,(l) +124.3
at 25°C, we write Methane, CH,(g) -50.7
AG®=AG?(CO,, g) — {AG(CO, g) + 2A,G°(0,, g)} fﬁ:z?n;:gﬁ?e R _j:if
=-394.4 k] mol™' — {(-137.2) + %(0)} kJ mol™ Ammonia, NH, (g) s
=-257.2K] mol™ Sodium chloride, NaCl(s) —384.1

* More values are given in the Data section.
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Quimica-Fisica

AG®=AH®—TAS®

AGo= D VAG _ D VAG®

Products Reactants

Standard Gibbs energies of Formation of (H+, aq)

Convention!

AsG®(H",aq) =0 Standard Gibbs energies of Formation of (H+, aq)

hydrogen ion, to have zero standard Gibbs energy of formation at all temperatures:
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QF. A.G®=AH®—TAS®

Quimica-Fisica

AGo= Y VAG®_ D VAG®

Products Reactants

T H,(g) + 5 Cly(g) = HY(aq) +Cl(aq)  A,G®=-131.23kJ mol™!
we can write

AG?=AGP(HT, aq) + A;G®(Cl7, aq) = A;G*(Cl, aq)

AG*(CI", aq) as —=131.23 k] mol™

lllustration 3.8 Calculating the standard Gibbs energy of formation of an ion

With the value of A;G®(CI, aq) established, we can find the value of A;G®(Ag", aq)
from

Ag(s) + % Cl,(g) = Ag'(aq) + Cl(aq) A,G®=-54.12 k] mol™
which leads to A;G®(Ag*, aq) =+77.11 k] mol™..
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QF' T ¥ +F TT ?‘ /h
Quimica-Fisica ‘&1'(_T o 51‘H B TAIS dS > O
AGo= Y VAG®_ D VAG®
Products Reactants H'(g) + Cl(g) + e _
- Hig) +l(g) +e
+106 +70
N -295
MH(g) +1CL(g) + e 49 TH1g) + 1hig) + e H(a) + ()
| 1 Hg)+Clg) ¥ —
5 H,(g) + 5 X,(g) = H"(aq) + X" (aq) AL G*(Ch) A, G2()
+1312 " +1312 H(g) + I (aq) |,
H(g) + Cl'laq) |,
H(g) + 3Cl,(g) H(g) + 3l(s)
Y P .
ﬂst‘:’(Cli Elq} =1272 k] IHDI_I +£SOIVGH(H+) +ﬂ‘5rDIVGH(Cl_) +218 A, G7(H) +218 ﬁsoluGe(H )
7H,(g) +3Cl,(g) 1H,(g) + 1 L(g)
~{AG® (H", aq) + AG®(CT, aq)} ~AG (', 2q) + AG(F 20}y
A4 H*(aq) + I'(aq)

(a) H'(aq) + CI'(aq) (b)

Fig. 3.17 The thermodynamic cycles for the discussion of the Gibbs energies of solvation
(hydration) and formation of (a) chloride ions, (b) iodide ions in aqueous solution. The sum
of the changes in Gibbs energies around the cycle sum to zero because G is a state function.
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G may change because H, 7, and Sall change.

dG=dH - d(TS)=dH - TdS— SdT

l

dH=dU+d(pV)=dU+pdV + Vdp

dU=TdS - pdV

dG=TdS—pdV + pdV + Vdp — TdS— SdT

Gibbs energy, G

Temperature, T
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QF.DQB AG®=AH®— TAS® T

Quimica-Fisica

G may change because H, 7, and Sall change.

(06)
Gibbs Lop ) T
energy, Slope =— o
G - >
2
% Because § > 0 for all substances,
@ G always decreases when the temperature is raised
a
G)
Because (0G/0T),becomes more negative as
Sincreases,
A\%@ G decreases most sharply when

Temperature, T the entropy of the system is large.
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Higher Stability

G Polymorph C

Gibbs energies ..f (temperature) Solid system polymorphs

i

o
n—i
v
O

t:G=H-TS

Polymorph A

N ‘Bolymorph B

Ground state

L BB R

AG = AH —TAS

Metastable
[~ Polymorph (A)

(oG

lor),”
dG=Vdp—-S8dT

@ Constant
dG =dH —-TdS <£0

T=0kK T = "
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