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Lecture #5 of 17
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Looking forward... our review of Chapter “0”
e Cool applications
® Redox half-reactions
e Balancing electrochemical equations
e History of electrochemistry and Batteries
® |UPAC terminology and E ¢ = Eoq— Eqy

e Thermodynamics and the Nernst equation

e Common reference electrodes

o Standard and Absolute potentials

e Latimer and Pourbaix diagrams (halfway complete)

® Calculating E,, under non-standard-state conditions

e Conventions
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Two diagrams of empirical standard potentials... 116

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

_, Oxidation R ECA L L . Reduction
>

<€
058V 226V l 095V 151v 118V

MnO; — MnO,~ — MnO; — Mn** — Mn?* — Mn

7+ 6+ a+ 3+ 2% 0
151V T
from Wiki

Disproportionation — and i r and
of a molecule (the ite is comproporti ion (AKA: symproportic ion))
(1) Does Mn2* disproportionate? NO. £°=E,py—E, =118 -1.51=-0.33V
(2) What is the standard reduction potential of MnO,~ to MnO,?

Total Reaction: 3Mn2* &——> Mn° + 2Mn¥  E°, =?

Reduction: Mn?* &—= Mn°

Oxidation: Mn?* &——> Mn3*
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Two diagrams of empirical standard potentials... 117

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

Oxidation Reduction

1,69V

056V 228V l 095V 151V 118V

MnO; —* MnOs — MnOp — Mn® — Mn®" —= Mn

7+ 6+ a4+ 3+ 24+
151V T
from Wiki
Disproporti ion— and si £ ionand
of a molecule (the ite is comprop: (AKA: symprop ))

(1) Does Mn?* disproportionate? NO. E°=E 4~ E, =118-151=-0.33V
(2) What is the standard reduction potential of MnO,~ to MnO,?

OGP = -nFE° = -3FE°

AG® = -nFE°, +-nFE°, = -F((1 x 0.56 V) + (2 x 2.26 V)) = -F(5.08 V)

Set them equal to each other, and thus, 3£° =5.08 and £° = 1.69 V

for #1, you can work with £° only (do not need AG®), because the reaction is always equal in the number of electrons

117

Two diagrams of empirical standard potentials... 118

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

Oxidation Reduction

1,69V

??
056V 2267 2057 151V 118V

MnO; —* MnOg — MnOp —* Mn® —= Mn®" —= Mn

7+ 6+ a4+ 3+ 2 )
151V T
from Wiki
Recall from before... ??? -1185
15415
+2e=Mn*+2HO 1224
0558
MO, +2HO 1679
MnO, +8H' +5¢ = Mn* + 4 H,O 1507
...anyway, why are MnO," +2H,0 + 3¢ = MnO, + 4 OH 0595 ... because they are
these bottom E° MnO,* +2H,0 + 2¢ = MaO, + 4 OH 060 at basic/alkaline
values not on the Mn(OH), + 2 ¢ = Mn +20H -156 standard state with
N . MniOH), + & = Mn(OH), + OH 015
ram? . ~ al
Latimer diagram MnO,+6H +e=2Mn* +3HO 1485 1M OH
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Two diagrams of empirical standard potentials... 119

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

Oxidation Reduction

1,69V

7?
0,56V 2287 2957 151V 118V

MnO; — MnO,~ — MnO; — Mn** — Mn?* — Mn

7+ 6+ a4+ 3+ 2+ 0
151V T
from Wiki

Recall from before... @ -LIss
15415
MnO, + 4H' + 2e= Mn* + 2H,0 1224
MnO,” + & = MnO, 0,558
MnO, + 4 H + 3¢ = MnO, + 2H,0 1679
MnO, + 8H' +5e = M + 4 HO 1507
What would this £° MnO, +2H,0+ 3¢« MnO, +40H 0595
value be when at MO +2HO + 2¢ = MnO, + 4 OH 060
acidic standard state? n + 2Ok -6
in(OH), + OH 015
Mn0, +6H +e=2Mn* +IHO 1.485

119

10/31/2023




Two diagrams of empirical standard potentials... 120

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

Oxidation Reduction
1,69V

7?
056V 2267 2057 151V 118V

MnO; —* MnOs — MnOp — Mn® — Mn®* —= Mn
7+ 6+ a4+ 3+ prd

151V T

0.05916 V Mn0,]'[H,01* 0.05916 V 1!
- 1og - Z],[n 201 ) Egeia log 1( ),N ¢) = Efyiq — 0.02958 V(56)
[Mn0,27] (141 2 (D(10-14)

from Wiki

E = Egeia

E = EQyq — 165648V = 0.60 V

What would this £© MnO,” +2H,0 + 3 e » MnO, + 40H 0595
value be when at MO + 2H,0 4 Ze = MnO, + 4 OH 080
acidic standard state? Mn(OH), + 2e= Mn + 2 0H -156
Mn(OH), + & = Mn(OH), + OH 015
MnO,+6H +e=2Mn*+3HO 1485
120
Two diagrams of empirical standard potentials... 121

A Latimer diagram is a summary of the E° values for an element; it is useful for visualizing the
complete redox series for an element and for determining when disproportionation will occur.

Oxidation Reduction
1,69V

??
056V 226V 2057 151V 118V

MnO; —* MnOg — MnOp —* Mn® —= Mn®" —= Mn

7+ 6+ a4+ 3+ 24 0
151V T
from Wiki
_ o 005916V [ [MnO,'[H,012 | _ 005916V [©F )7 0
E=Ely [0 T =Elu 7 o8 {yi(r0-1ays) = Eacia ~ 002958 V(56)
E = EQ;q — 165648V = 0.60 V
What would this £° MnO, + 2H0 + 3 e » MnO, + 4 OH 0595 Edyp = 2,25648 V
value be when at MnO,* + 2H,0 4 2¢ m MaO, + 4 OH 060 |
acidic standard state? Mn(OH), + 2e= Mn + 2 0H -156 SWEET!
Mn{OH), + & = Mn(OH), + OH 015 ... but then why did the
MO, +6H se=2Mn"+3HO L4855 CRC not list this? ...
... Second one (not truly standard potentials)... 122

A Pourbaix diagram is a map of the predominant equilibrium species of an aqueous
electrochemical system; it is useful for identifying which materials/species are present/stable
... mostly based on thermochemical data

Chemist 20 |
1 |
~ Mo, j

0.6 TSN

(0]
N

Marcel Pourbaix 261 (oM,
(1904-1998) o8 T e

hitpicorrosion-doctors.org/Biographies/PourbaixBio htm

Oxidation 1 T T TTT T T T
«— . IR TEIT LR a bt oo

m
o 2L ot L o, L e Ly L .. because in acid, the reaction does not
b o p P p
occur! .
- ... but then why did the

Pourbaix, Atlas of electrochemical equilibria in aqueous solutions, 1974 CRC not list this? ...

15y
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... Second one (not truly standard potentials)... 123

A Pourbaix diagram is a map of the predominant equilibrium species of an aqueous
electrochemical system; it is useful for identifying which materials/species are present/stable
... mostly based on thermochemical data

Chemist

do-1n vezc‘(h

E o (i‘\upc——GD mv) E(OZ,H‘/HZO)
o
CAEr
- |
Marcel Pourbaix 064
(1904-1998) N
http:/icorrosion-doctors.org/Biographies/PourbaixBio.htm, 104 EV]V”Sfy RHE
1t — 267 3H" reaction
_ . ol 1 IH reactio 1 (sldpe = ~90 mV)
Why don’t | like this? ... as&f ! (slope =-60 mV) - you get the idea
Even though EVERYONE  “*I T T T T T L L T E b hhifabiisdois o wid
plots it this way PH

Anyway, ... standard state is here, at ~1 M H* (pH = 0) > SHE
... but if written under alkaline conditions, ~1 M OH~ is standard state (pH 14)

Pourbaix, Atlas of electrochemical equilibria in aqueous solutions, 1974

123

... Second one (not truly standard potentials)... 124

A Pourbaix diagram is a map of the predominant equilibrium species of an aqueous
electrochemical system; it is useful for identifying which materials/species are present/stable
... mostly based on thermochemical data

Chemist

= E(0,H'/H,0)

g [Vl

Marcel Pourbaix
(1904-1998)

hitpicorrosion-doctors.org/Biographies/PourbaixBio.htm

L —— L
Taaamdiizileisie  goun

pH

(1) What is the electrocatalyst for O, evolution through water oxidation? MnO,
(2) At what pH values is a solid electrocatalyst for H, evolution stable? pH ~7.5 - ~13...

Pourbaix, Atlas of electrochemical equilibria in aqueous solutions, 1974 - lIkely @ smaller range; why?

124
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Looking forward... our review of Chapter “0”

e Cool applications

® Redox half-reactions

Balancing electrochemical equations

History of electrochemistry and Batteries
IUPAC terminology and E = Ereq = Eqy

e Thermodynamics and the Nernst equation

e Common reference electrodes

Standard and Absolute potentials

e Latimer and Pourbaix diagrams

Calculating E, under non-standard-state conditions

e Conventions
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126
How to quantitatively attack non-standard-state cell problems...
Nernst Equation: E = E° —El
q S arine
Electrochemical Cell Potential Calculation

Consider the electrochemical cell:
Ag(s)| AgCls) | €I || Zn2* | Zngg)

The Cell Potential € can be calculated by two methods:
Method 1: Total Ream\rhese should all be E,

The total cell reaction is:

Zn2* + 2Ag(s) + 2CI- ==> Zn(s) + 2AgCl(s)
€cell = €%ell - (RT/2F) In (1/([Zn2H][CI)2) (1)
where €° )| = -AG°/2F How else could we write this? ...

“(60 mV/2) log”! (at room temp.)

126

o 127
How to quantitatively attack non-standard-state cell problems..:
RT
Method 2: Half Cell Potential Method Nernst Equation: E = E® — ﬁln Q
cell “ Ezn - EagCl Recall @

* E. does not require “n’
* AG requires “n” (-nFE )

Zn2* 4 2e === Zngg)

Facil Ezn = E°2y - (RT2F) In (11Zn2*]) @)
AgClis) + & ==> Ag(s) + CI-
AgC1 = E°AgCt - (RTF) In ([CT) (@)

Equivalence of the Two Methods
Now since (RT/F) In ([CIF]) = ~(RT/F) In (11[CF]) = «RT/2F) In (1/[CIF]2)
this eqn becomes:

EagC1=E°AgCt + (RT2F) In (1[CT)2) 5)
€ccll = (E%Zn - (RT2F) In (1[Zn2*))) - (E°p gy + (RT/2F) In (11CH12) ®)
Ecell = (E°Zn - E°Age)) - (RT2F) In (14(Z027](C12) &)

If we define (E°zp - E°AgC1)= €cell - Then we see that this is exactly the same
equation that we found by Method | (Equation 1).

127

. 128
NOT The Daniell Cell
high impedance to measure potential
e L=y
B Salt Bridge |
i -
—
cu sce
Cu*(aqg) =— Cu(s) Pt(s) | Hg(l) ==———== Pt(s)|Hg,Cl,(s)

+ Cl(aq)
Common Reactive Electrodes: Copper, Zinc, Cadmium, Lead, Silver

Common Inert Electrodes: Platinum, Carbon, Gold

128
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Write and explain the line notation for the redox reaction
between Cu/Cu?* and an SCE electrode, where Cu?*is CuSO,
(0.1 M), and KCI (1 M) is present in all cells.

E°(Cu?*/Cu) = +0.1 V vs. SCE

e e
B Salt Bridge ]
— —
—=
Cu SCE

Cu?*(aq) <—=— Cu(s)

Pt(s) | Hg(l) ==———= Pt(s)|Hg,Cl,(s)
+ Cl(aq)

Pt(s) | Hg(l) | Hg,Cly(s) | KCI(1 M, aq) | KCI(IM, aq) | KCI(1 M, ag), CuSO, (0.1 M, aq) | Cu(s)
Pt(s) | Hg(l) | Hg,Cly(s) | CI<(1 M, aq) | | Cu?* (0.1 M, aq) | Cu(s)

129

FYI, cells can be drawn any which way, even on top of each other, or radially... 130
... but in line notation the anode should be on the left-hand side.  (SKIPPED)
o

®

Posilive case
Separator
Positive electrode
(Siiver oxide)

S Positive terminal

Negative electrode
Label ——+ (zinc)
R Pasitive electrode
(Niﬂlégr:;;:mg; (Manganese dioxide)
Separator ——+
Insulation washer 3
Al

Negative terminal

10/31/2023

Cu?*(aqg) <—=— Cu(s) Pt(s) | Hg(/) <=——— Pt(s)| Hg,Cl,(s)
+Cl(aq)
Pt(s) | Hg(l) | Hg,Cly(s) | CI=(1 M, aq) | | Cu® (0.1 M, aq) | Cu(s)
http://www.baj.or.jp/e tructure.html

130

: . . 131
2
(a) What is Eg in this case (1 M KCI, 0.1 M CuSQO,)? (SKIPPED)

(b) What is E if [KCI] = 0.1 M?
E°(Cu?*/Cu) = +0.1 V vs. SCE

& @ &
I Salt Bridge ]
— —
ol -
Cu?(aq) =2 Culs) Pt(csl) \(Hg)(/) T———>Pt(s) |Hg,Cly(s)
+Cl{aq

Pt(s) | Hg(l) | Hg,Cly(s) | CI(1 M, aq) | | Cu?* (0.1 M, aq) | Cu(s)

131



http://www.baj.or.jp/e/knowledge/structure.html

. . . 132
?
(a) What is Eg in this case (1 M KCI, 0.1 M CuSQO,)? (SKIPPED)
(b) What is E_ if [KCI] =0.1 M?

E°(Cu?*/Cu) = +0.1 V vs. SCE

Ecen =E°——1In

@ RT AcyApg,cl,
nF

Qcy2+Argacr-*

Fuuy ~ 5o 20592V
ce —

1
log ([Cu“][Cl‘]z)
(b)

0.0592V 1 0.0592V 1
Ecen = +0.1V— 2 log (ﬁ) Ecen = +0.1V — 2 log (W)

Ecenn = +0.1V — 0.0296 V = +0.0704 V Ecen = +0.1V — 00888 V = +0.0112 V

Remember, there is no such thing as a half-cell reaction...
... unless you are working with Trasatti

Pt(s) | Hg(l) | Hg,Cly(s) | CI7(1 M, aq) | | Cu?* (0.1 M, aq) | Cu(s)

132

In general, IUPAC will be our standard guide for this course... 133
Quick quiz: Do the following make sense?
The grams (or grammage) of my material was 0.1 g.

The liters (or literrage) of my beaker was 0.1 L.
The m/s (or m/s-age) of that baseball was 10 m/s...

Then | prefer that you don’t say:
“The voltage of my cell is 0.1 V.” Let’s call it a potential...

133

In general, IUPAC will be our standard guide for this course... 134

&P ook Y

0 o et i - g et

... and IUPAC prefers it too!

http://goldbook.iupac.org/\06635.html

134
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In general, IUPAC will be our standard guide for this course... 135

Quick quiz: Do the following make sense?
The grams (or grammage) of my material was 0.1 g.
The liters (or literrage) of my beaker was 0.1 L.
The m/s (or m/s-age) of that baseball was 10 m/s...

Then | prefer that you don’t say:
“The voltage of my cell is 0.1 V.” Let’s call it a potential...

Quick quiz: Do the following make sense?
The kinetic process was graphed as an M—s curve.
The kinetics were followed as the concentration versus s...

Then | also prefer that you don’t say:
“The cell’s behavior is shown as the =V curve.” Let’s call it an I-E
curve, or best yet, a J-E curve, where J is current density (A/cm?).

135

Electrochemistry: 136
conventions... oh, conventions!

http://upload ikipedi
b/c/cc/Map_of USA_TX.sva/2000px-
Map_of_USA_TX.svg.pn

136

Electrochemistry: 137
conventions... oh, conventions!

* - WE WILL USE THIS ONE...

(+)

{1 canhosic)

... which is like you've learned in every
math class you've ever taken...

(+E) +———o —_— (-E) (-E) +——ov — (+E)

... and so yay!

(i amoic ) (F cashotic )
() (-)

Figure 1.1  American (left) and IUPAC (right) voltammogram conventions.

... But sadly, B&F (2" edition) use the convention on the left...
... at least you’ll be pros at mentally flipping over data
Handbook of Electrochemistry, Zoski (ed.), Elsevier, 2007

137
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http://upload.wikimedia.org/wikipedia/commons/thumb/c/cc/Map_of_USA_TX.svg/2000px-Map_of_USA_TX.svg.png
http://upload.wikimedia.org/wikipedia/commons/thumb/c/cc/Map_of_USA_TX.svg/2000px-Map_of_USA_TX.svg.png
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And finally... we are finished our review of Chapter “0”
e Cool applications
e Redox half-reactions
e Balancing electrochemical equations

e History of electrochemistry and Batteries
e |UPAC terminology and Ecen=Eea—Eox

e Thermodynamics and the Nernst equation
o Common reference electrodes

o Standard and Absolute potentials
e Latimer and Pourbaix diagrams
e Calculating £ under non-standard-state conditions

e Conventions

138

139

Measurements in
Electrochemistry

Chapters 1 and 15

139

140

Q: What's in this set of lectures?
A: B&F Chapters 1 & 15 main concepts:

e Section 1.1: Redox reactions

140
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141

Looking forward... Section 1.1 (and some of Chapter 15)
o Reference electrodes

e 2-electrode versus 3-electrode measurements

Potentiostats
e Compliance voltage/current

e J-Eand I-E curves

Kinetic overpotential

Electrochemical window

Faradaic reactions

141

Although we would like to measure electrochemical observables (e.g. 142
the current, voltage, etc.) associated with a single “working” electrode
(WE), we cannot.

Red line means it resists current flow,
which actually occurs in the voltmeter

We must always couple our working electrode to a second electrode in order
to make a measurement. These two electrodes comprise an electrochemical
ua| ”

cell.

142

These schematics introduce some terms that we must define: 143

Vot 4140V
= i#

Copper A %

(eathode) -l . ~

0.76V

http: ucdavis.ec ical_Chemistry/E
istry/Electrochemistry_2%3A_Galvanic_c
ells_and_Electrodes

electrometer — a device for measuring a potential difference (E,); an ideal
voltmeter has infinite input impedance (i.e. it draws no
current) (impedance is “complex resistance”)

ammeter — a device for measuring a current; an ideal ammeter has zero
input impedance (i.e. it imposes no potential drop)

143

10/31/2023
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http://chemwiki.ucdavis.edu/Analytical_Chemistry/Electrochemistry/Electrochemistry_2:_Galvanic_cells_and_Electrodes
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Electrochemistry/Electrochemistry_2:_Galvanic_cells_and_Electrodes
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Electrochemistry/Electrochemistry_2:_Galvanic_cells_and_Electrodes

Experiments: 144
95% of the measurements that you will perform have a problem

voltmeter

Red line resists current flow

... while not affecting the
potential of the second
(reference) electrode that is
used to “complete the circuit.”

... Oftentimes, most of us wish to
control the potential of this
“working” electrode...

144
... for example, let’s say both electrodes are platinum... 145
... no one writes A, but RE

a full-cell reaction is, of
course, a difference

WE

T T 1T 1T T T T T T T evem

-10 -08 -06 -04 -02 0 02 04 06 08 10

145

... and at “open circuit,” no potential bias is applied between them... 146
(disconnect the wire!)

E,,= 0.0V =Eye—Eqe

WE

1T 1T 1

-1.0 -08 -0.6 -0.4

T T 1T T T evew
0 02 04 06 08 10

RT
Nernst Equation: E = E® — ﬁl“ Q

... and by the way, we don’t know this potential...
... and it is not well-defined because we cannot answer the question:
What is the half-reaction that defines it?

146

10/31/2023
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... now, if we apply +0.8 V to the WE (reconnect the wire)... 147
the potential of both electrodes likely changes, and not likely symmetrically...

Eopp = +0.8V

AE=0.8V
WE

T T 1737 T T T T T T evem

10 -08 -06 04 (02 0 02 04 06 08 10

147

... even worse, we don’t now the potential of either electrode... 148

Eopp = +0.8V

AE=0.8V
WE

T T 1737 T T T T T T evem

10 08 -06 04 02 0 02 04 06 08 10

... we don’t know this potential... ... and we don’t know this potential!
148
... you get the picture! 149
E.,,=t12V
app
RE
AE=1.2V
WE

T T 1T T T evew
10 08 06 04 02 0 02 04 06 08 10

149

12



In principle, this problem can be solved by using a 150
second electrode that is an (ideal) reference electrode...
(ideally) non-polarizable:
J, AJcm?
3E-3=
2E-3 =
1E-3 ==
—t+—+— —t——
20 15 10 05 05 10 15 20 E,Vvs.RE
-1E3 ==
2634
3{73&‘
150
... so get rid of the Pt reference electrode, and substitute in an SCE... 151
... which has a Pt wire in it...
AE #0.0V (ikely)
RE = saturated calomel electrode (SCE)
WE
T T 1T 17T 1T T T T T T eves
-1.0 -08 -06 -04 -02 0 02 04 06 08 10
151
... 50 get rid of the Pt reference electrode, and substitute in an SCE... 152
... which has a Pt wire in it...
E.. #0.0V (iikely)
RE = saturated calomel electrode (SCE)
WE
T T T T T T T T T evesshe
1.0 08 -06 04 {02 0 02 04 06 08 10
... where we still don’t know this potential because we cannot answer:
What is the half-reaction that defines it?
152

10/31/2023
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... 50 get rid of the Pt reference electrode, and substitute in an SCE... 153
... which has a Pt wire in it...

Eoc #0.0V (iikely)

Pt(s)|Hg(/)|Cl-(aq) = Pt(s)|Hg,Cly(s)

RE = saturated calomel electrode (SCE)

WE

| | | | | | |HIL ! [ [ " vus.she

10 08 06 04 02 0 07 04 06 08 10

RT
T Nernst Equation: E = E® — ﬁl" Q

... but, where we know this potential because we can answer:
What is the half-reaction that defines it?

153

... so get rid of the Pt reference electrode, and substitute in an SCE... 154
... which has a Pt wire in it...

Eoc #0.0V (iikely)

RE = saturated calomel electrode (SCE)

WE

| | | | | [ |5 [ [ [ [ 76 vus.sHE

-10 -08 -06 -04 -02 0 02 04 06 08 10

E%ce = +0.241 V vs. SHE

... the SCE has a defined potential of +0.241 V vs. SHE...

154

... 50 get rid of the Pt reference electrode, and substitute in an SCE... 155
... which has a Pt wire in it...

(ammeter # 0 A)

c t £ flow! RE = saturated calomel electrode (SCE)
urrent must flow!

WE

I | | | | | I | | | “£vvs.sHe

-1.0 -08 -06 -04 -02 0 02 04 06 08 10

EOce = +0.241 V vs. SHE

... the SCE has a defined potential of +0.241 V vs. SHE...
... and its potential “does not” move (much, usually)...

155

10/31/2023

14



... how did we calculate that (meaning +0.641 V)? 156

Eopp = +0.4V

RE = saturated calomel electrode (SCE)

AE=0.4V
| e—>
WE

| | | | | | |HIL It 1 [ " vus.she

10 08 06 04 02 0 0F 04 08 08 10

+0.241V  +0.641V

... the SCE has a defined potential of +0.241 V vs. SHE...
... and its potential “does not” move (much, usually)...

156
... how did we calculate that (meaning +0.641 V)? 157
E,, =104V
app
RE = saturated calomel electrode (SCE)
JaE=04vV
WE
| | | | | [ IE [ IE [ [ 76 vus.sHE
-1.0 -08 -06 -04 -02 0 02 04 o08 08 10
10241V +0.641V
AE = Ewe — Ere
Ewe =+0.4V ++0.241V = +0.641 V
157
... you get the picturel... 158
... but let’s learn some more about reference electrodes...
app )
RE = saturated calomel electrode (SCE)
AE=-0.7V
WE
I L | | (L | I I 7 g vvs.she
1.0 -08 06 H4 -02 0 03 04 06 08 10
—(5.459 ) +0.241V
AE = Ewe — Ere
Ewe =-0.7V ++0.241V =-0.459 V
158

10/31/2023
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