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A Sketch of a Rechargeable Battery

zS + C � SzC

SzA � zS + A

zS
� SzCSzA

SzA � zS+ + A + ze−

zS+ + C + ze− � SzC

ze
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Example Reactions

F. Cheng, J. Liang, Z. Tao, and J. Chen “Functional Materials for Rechargeable Batteries.” Adv. Mater. 2011, 23, 1695–1715.
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Battery Voltage
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Capacity Curve
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Battery Voltage
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Battery Charge

For Each Phase

Q = A

� tf

t◦

Idt

For the Device

Q = z × CT × V × eNa

Units:
mA h

valence solubility
limit

volume of
electrode

electronic charge

Avogadro’s Number

F = eNa

Faraday’s constant
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Battery Capacity
For the Entire Device

Qc = zFcc
T (1− �c − �f )hc

Qa = zFca
T (1− �a − �f )ha

Capacity Ratio

Rc =
Qc

Qa
=

cc
T (1− �c − �f )hc

ca
T (1− �a − �f )ha

Units:
mA h/m2

Units:
dimensionless

ha hc
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Maximum Theoretical Specific Energy
(MTSE)

Units:
W h/kg

For an electrode phase

MTSE =
xzFE

Wt

For an entire battery

MTSEB =
min{Qc, Qa}(Ec− Ea)

Mtot
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Electrode Materials

11

J. M. Tarascon and M. Armand. Issues and Challenges Facing Rechargeable Lithium Batteries. Nature, 414:359-367, 2001

4

3

2

1

0

Po
te

nt
ia

l v
er

su
s L

i/L
i+  

(V
)

Capacity (A h kg-1)
0                       200                            400                        600                         800                       1000          3800                      4000

Anode CathodeElectrolyte

A
no

de
 M

at
er

ia
ls

Composite alloys
[Sn(M)-based]

[Sn(O)-based]
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Nitrides LiMyN2

Li metal

Li1-xMn2-yMyO4
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Polyanionic compounds [Li1-xVOPO4, LixFePO4]
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Electrode Materials
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J. M. Tarascon and M. Armand. Issues and Challenges Facing Rechargeable Lithium Batteries. Nature, 414:359-367, 2001
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Power and Power Density

P =

� tf

t◦
I(t)E(t)dt

(tf − t◦)Mt

=
Ec − Ea

Wt(tf − t◦)
zFci

T (1− �i − �f )hi

= min{Qc, Qa}
Eideal

Wt(tf − t◦)
P =

QEideal

Wt(tf − t◦)

For a composite battery:
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Energy and Energy Density

U =

� tf

t◦
I(t)E(t)dt

Mt

=
Ec − Ea

Wt
zFci

T (1− �i − �f )hi

= min{Qc, Qa}
Eideal

Wt
U =

QEideal

Mt

For a composite battery:
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Ragone Plot
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R. Brodd. Broddside. In Drug Discovery Approach to Breakthroughs in Batteries, Massachusetts Institute of Technology, Cambridge, Massachusetts, 2008.
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