
2 · [H2O] � [OH+
3 ] + [OH−]

[OH+
3 ] · [OH−] = Kacqua = 1014

pH = −log[H+]



a = γ ⋅ c

pH = −log a
H +



Φ

Φζ

LD =
εr ⋅ε0 ⋅ k ⋅T
2 ⋅NA ⋅e

2 ⋅ I
I =
1

2
cizi

2

i

∑



Me← → ⎯ Men+ + ne−

Men+ + ne−← → ⎯ Me

Me Men+
+ ne

GMe =Go,Me + R T ln aMe

G
Men+ =G

o,Men+ + R T ln a
Men+

G =G
Men+ GMe = G

o,Men+ Go,Me( )+ R T ln
a

Men+

aMe

G = L = Q V = n F V

n F V = Go + R T ln
a

Men+

aMe

aMe =1 (il metallo è un solido puro)

V =
Go

n F

R T

n F
ln a

Men+

R ⋅T
F

=
k ⋅T
q

≅ 26mV

V = V0 −
R ⋅T
n ⋅F

⋅
1

loge
log a

Me n+ = V0 − K ⋅ log a
Me n+    K ≅ 59

mV

decade



Jdiff = −q ⋅D ⋅∇c;   Jdrift = σ ⋅ E = q ⋅μ ⋅c ⋅ E

equilibrio : Jdiff = Jdrift ⇒−D ⋅∇c = μ ⋅c ⋅ E

μ =
q

k ⋅T
D

q = ne

  
 

E 

D
dc x( )
dx

=μ c x( ) E x( ) = μ c x( )
dV x( )
dx

D
dc x( )
dx

=
ne

k T
D c x( )

dV x( )
dx

ne
dV x( )
dx

= k T
1

c x( )

dc x( )
dx

= k T
d lnc x( )
dx

ne
dV x( )
dx

dx =
elett

soluzione

k T
d lnc x( )
dxelett

soluzione

dx

ne Vsol + ne Velett = k T lncsol + k T lncelett
ne Velett = ne Vsol + k T lncelett[ ] k T lncsol

Velett = cost.
k T

ne
lncsol

k

e
=
R

F

Velett = cost. 2.303
R T

nF
logasol

k ⋅T ⋅ lncsol − ne ⋅Vsol = k ⋅T ⋅ lncelett − ne ⋅Velett

μ sol = μ elett 2.303 ⋅
R ⋅T
F

= 59mV

  
 

E 



Ag / AgCl / Cl−

AgCl + 1e−← → ⎯ Ag + Cl−

T = 25°C ⇒ E = Eo + 0.059 ⋅ log
AgCl[ ]

Ag[ ] ⋅ Cl−[ ]
AgCl[ ] = Ag[ ] = 1 (solidi puri)

E = Eo − 0.059 ⋅ log Cl−[ ]





Silicon - p type

n+ n+

Source Drain
sensitive membrane

solution

H+
K+

Na+

Ca+ +VD

SiOH � SiO− +H+

SiOH +H+ � SiOH+
2

V = 2.303
kT

q
(pHpzc − pH) = V0 − 0.059 · pH [V ]

VT =VT 0 − 0.059 ⋅ pH

IDS ≈ K ⋅ VGS −VT( ) ⋅VDS −
VDS

2

⎡ 

⎣ ⎢ 
⎤ 

⎦ ⎥ 

IDS ≈ K ⋅ VGS −VT( )2



Rs

Rf

Cd

elettrodo
ausliare

elettrodo
di lavoro

interfaccia soluzione-elettrodo di lavoro



solution

Rs

RfCd

RE

WE

CE

Rc

-
+

-
+

-
+

vi

i0

-R i0



anodo :  CO+ H2O→CO2 + 2H + + 2e−

catodo :  1
2 O2 + 2H + + 2e− → H2O

IU= cost ∝PCO



working :  O2 ,WE +4e−↔2OWE
−

reference :  O2 ,RE +4e−↔2ORE
−

il  elettrodi è :

VWE =V0 +
RT
4F

ln
O2 ,WE
⎡⎣ ⎤⎦
2 OWE

−⎡⎣ ⎤⎦

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟;    VRE =V0 +

RT
4F

ln
O2 ,RE
⎡⎣ ⎤⎦
2 ORE

−⎡⎣ ⎤⎦

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟   

∆V =VWE −VRE =
RT
4F

ln
O2 ,WE
⎡⎣ ⎤⎦
O2 ,RE
⎡⎣ ⎤⎦

⋅
2 ORE

−⎡⎣ ⎤⎦
2 OWE

−⎡⎣ ⎤⎦

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

∆V =VWE −VRE =
RT
4F

ln
O2 ,WE
⎡⎣ ⎤⎦
O2 ,RE
⎡⎣ ⎤⎦

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

RT
4F

=
kT
4q

=6.5mV  a T =300K
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M fuel( )
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