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... okay... now let’s try this again...
Forster Cube and Square Schemes

... all of these free energy terms are standard-
state free energies (AG®)... but what is the
actual free energy of the system (4G)?

(REVIEW) 56

... let’s assume that AG = 0 (equilibrium)... how
could | indicate that on this slide, as a point(s),
to depict the majority species present?

... now, how can one push/pull this system out
of equilibrium?

... recall Le Chatelier’s principle... and thus by
addition of reactants or removal of products...
such as mass or light!

... hopefully this made a little more sense this time around... and if not, let’s keep on trying!

Z.R. Grabowski & W. Rubaszewska, . Chem. Soc. Faraday Trans. 1,1977, 73, 11-28.
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Today’s Critical Guiding Question

What thermodynamic term indicates whether a processes will net
occur, or not, for a chemical reaction, and a single species... and
uniquely for today, how does it allow us to quantitatively predict
kinetic information?

(UPDATED) 58

Review of Physical Chemistry

* Photochemical applications

* Forster cube, Square schemes
* Thermodynamics versus Kinetics

* Schrodinger equation, Internal energy
* Free energy, (Electro)Chemical potential, Equilibrium

* Solid-state physics terminology

* Continuity of mass

« Mass action, Microscopic reversibility
* Mass transfer, Transport, Steady state
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Solid-State Physics Terminology
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... is this most relevant to internal energy (Schrédinger equation) or free energy (reactivity)?
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. oka.\.(... now let’s try this again?... (RECALL) 61

Forster Cube and Square Schemes

.y ... all of these free energy terms are standard-
TH state free energies (AG®)... but what is the
|
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actual free energy of the system (AG)?

... let’s assume that AG = 0 (equilibrium)... how
could | indicate that on this slide, as a point(s),
to depict the majority species present?

... now, how can one push/pull this system out
of equilibrium?

... recall Le Chatelier’s principle... and thus by
addition of reactants or removal of products...
such as mass or light!

.. hopefully this made a little more sense this time around?... and if not, let’s keep on trying!

2.R. Grabowski & W. Rubaszewska, . Chem. Soc. Faraday Trans. 1,1977, 73,11-28.

... and again... (UPDATED/REVIEW) 62

Thermodynamics versus Kinetics

... but a main benefit of thermodynamics (AGY; if) is to predict kinetics (k;f, k;jp; D;)...

... energetics from thermodynamics dictate equilibrium concentrations...

... but it is the kinetic (and transport) properties that influence how those conditions change

upon perturbation... dca N rate of change of the molar
Az Z Raj——2_ flux(N)of species Awith

J

respect to position (z),
rate of change of the at x 0z \ P P fMA( )
(c)oncentration of e.g-Ny=-Dy 7 *
mass action (R)ate laws (to a first order, this is driven by

species A with respect

to (t)ime, in units o; that effect species A, differences in electrochemical
e.8. Ry = kya,a2 = ky[B][C]2 potential, fi;, of asingle species)

M s (mol dm s%)

(to a first order, this is driven by
differences in chemical potential,
1y, of various species, AG;)

... this master equation describes all kinetic and transport processes... let’s go over it in more deta
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Continuity of Mass ”
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Note: Adjusting just one
variable is difficult... but
people, like us, can try
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“Jean Piaget, the Swiss psychologist who first studied object permanence in infants, argued that it is one of an infant's
most important accomplishments, as, without this concept, objects would have no separate, permanent existence.”
— Wiki, Object permanence
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Mass Action / Microscopic Reversibility

A=B
PRy
dcay, AG® = AGO® + RTIn Q... where @ = %5 = E(E/57)
— %% A af  v&(cf/ex)
at - Ray = —ksap Rps = +ka *Law of mass action

 Principle of microscopic

(Chemists should be yawning) Rpp = +kpag Rgp = —Kpap  reyersibility
..and in solid-state physics... Re- total = ¥ Gene-; — & Rece- ; kj (M/s)... a rate!

k,’» (s7)... an inverse time constant!
Now, consider the reaction to be at equilibrium... AG® = 0 = AG®"* + RT In Q' = ji§ — ji§

e
So, AGO"® = —RT InK', with K’ = S22/

and, of course, K' = ex acoe
gl R R AT
dca Ky _ afeq V8
Butalso,—* = 0 = —ksa% kpa g L =—2=K=K i
at fAAeq T KpABeq Ky afeq Ve ... it can get messy
. dca | a / kp _ cheq . §7 4
Or equivalently, =2 = 0 = —k/c, kycf oqe = = =K'2:=K
q Y 5 fCheq t KbCheq Ky~ e o7 e

1D Transport in Liquids (solids are simpler) ”

Az < Az
1 2
dca,, [NONA -
— ACA '\ 9HA
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at 0z A (RT ) 5z Tvea
(MechEs should be yawning)

... there are many driving forces for flux of species...
... convection (vc) is just one (e.g., dT/dx)
Group terms... then mass transfer resembles mass action (assume v = 0 for simplicity)...

F] (T‘A/RT) What are the directions for the dimensions of D,?
Np =—-Dy T cp BOLD ((cm?/s) / cm) = cm/s... a velocity!
..and with % units are s™... an inverse time constant!
. and that equals zero at steady state
(Recall that... Ratotal = —Kjfca + Kpcp... with kj (1), an inverse time constant!)
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1D Transport in Solids ﬁh(g>
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... multiply by o, = Phete 4 get relative rate = AG®;

... multiply Flux, . by "z, F" toget /, o

E -
) vb,1 N, Pl p°
Solar cell experts say colloquial phrases
like "band bending for charge separation" ) " .
and "selective contacts"... I'm not a fan Band diagram Ardo" diagram

A hybrid internal energy / free energy diagram shows several useful things at once, but
(possibly usefully) glosses over details of other transport processes... let’s see which ones...

67

1D Transport in Solids (liquids are "harder")
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(RECALL) 68

(&)

1D Transport in Solids

Hi
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... multiply by g, = u ;:;r" to get relative rate Eg1 AG®
... multiply Flux, , by "z, F" toget J, . .
Eps N M1 o
Solar cell experts say colloquial phrases v
like "band bending for charge separation" . N .
and "selective contacts"... ’'m not a fan Band diagram Ardo” diagram

A hybrid internal energy / free energy diagram shows several useful things at once, but
(possibly usefully) glosses over details of other transport processes... let’s see which ones...
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Today’s Critical Guiding Question ®

What thermodynamic term indicates whether a processes will net
occur, or not, for a chemical reaction, and a single species... and
uniquely for today, how does it allow us to quantitatively predict
kinetic information?

i . . (UPDATED) 70
Review of Physical Chemistry

* Photochemical applications

* Forster cube, Square schemes
* Thermodynamics versus Kinetics

* Schrodinger equation, Internal energy
* Free energy, (Electro)Chemical potential, Equilibrium

« Solid-state physics terminology
* Continuity of mass

* Mass action, Microscopic reversibility
* Mass transfer, Transport, Steady state
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