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THE SYMBIOTIC
CORE OF
ELECTRONICS:
UNDERSTANDING
THE RELATIONSHIP
BETWEEN A
CATHODE AND AN
ANODE

At  the  very  heart  of
nearly  every  modern
electronic device, from
the smartphone in your
pocket  to  the  electric
vehicle  on  the  road,

l ies  a  fundamental
e l e c t r o c h e m i c a l
par tnersh ip .  Th is
partnership,  often
over looked  by  the
casual observer, is the
driving  force  behind
how we store  energy,
generate  light,  and
refine  metals.  The
relationship between a
cathode and an anode
involves a dynamic and
essential  interplay  of
chemical and electrical
forces. It  is a story of
opposites attracting,  a
dance of electrons that
powers  our  world.  To
t r u l y  g r a s p  h o w
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batteries  power  our
l i v e s ,  h o w  L E D s
illuminate  our  homes,
or  how  electroplating
p r o t e c t s  o u r  c a r
bumpers,  one  must
first  understand  the
i n t r i c a t e  a n d
inseparab le  bond
between  these  two
electrodes.
This  article  will  delve
deep into the nature of
th is  re lat ionsh ip ,
exploring  its  definition,
its underlying chemical
principles, its historical
d iscovery,  and  i ts
myriad  applications
across  different
technologies.  We  will
move  beyond  simple
textbook  definitions  to
a p p r e c i a t e  t h e
nuanced  and  context-
dependent roles these
e l e c t r o d e s  p l a y ,
reveal ing  why  the
relationship between a
cathode and an anode
involves  much  more
than just  positive  and

negative charges.

DEFINING THE
ELECTRODES:
MORE THAN JUST
POSITIVE AND
NEGATIVE

The  simplest  way  to
u n d e r s t a n d  t h e
relationship between a
cathode and an anode
involves  recognizing
that  they  are  defined
by their function within
an  electrical  circuit,
rather  than  by  a  fixed
physical  property.  An
anode  is  defined  as
the  electrode  where
oxidation  occurs.  In
electrochemical  terms,
oxidation is the loss of
electrons.  Conversely,
a  ca thode  i s  t h e
e l e c t r o d e  w h e r e
reduction takes place,
meaning it is the site of
electron  gain.  This
mnemonic device—"An
Ox,  Red  Cat"  (Anode
Oxidation,  Reduction
C a t h o d e ) — h e l p s
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so l i d i f y  th i s  co re
concept.
However, this is where
t h e  r e l a t i o n s h i p
becomes  interesting.
The  polarity  of  these
electrodes—whether
they  are  positive  or
negat ive—reverses
depend ing  on  the
dev ice  type .  Th i s
contex t -dependent
polarity  is  a  critical
a s p e c t  o f  t h e
relationship between a
cathode and an anode
involves.

The
Anode in
Different
Contexts
In  a  galvanic  cell,
such  as  a  standard
b a t t e r y  t h a t  i s
discharging, the anode
i s  t h e  n e g a t i v e

t e r m i n a l .  H e r e ,
chemical  reactions
spontaneously  release
electrons,  which  flow
out  of  the  anode and
through  the  external
circuit.  The  anode  is
being  consumed  as  it
gives up its  electrons.
H o w e v e r ,  i n  a n
electrolytic  cell ,
which  requires  an
external  power  source
t o  d r i v e  a  n o n -
spontaneous  reaction,
t h e  a n o d e  i s  t h e
positive  terminal.  It
attracts electrons from
the  external  circuit,
pul l ing  them  away
from  the  electrolyte's
negative ions.

The
Cathode
in
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Different
Contexts
Mirroring  the  anode,
the  cathode's  role  is
perfectly opposite. In a
discharging  battery
(galvanic  cell),  the
cathode is the positive
terminal.  It  is  the site
w h e r e  e l e c t r o n s
flowing  from  the
external  circuit  are
accepted,  allowing  a
reduction  reaction  to
occur. In an electrolytic
cell, the cathode is the
negative terminal. It is
negatively  charged by
the  external  power
source  and  therefore
donates  electrons  to
the positive ions in the
e l e c t r o l y t e .  T h e
relationship between a
cathode and an anode
involves  this  perfect
functional  inversion.

THE
FUNDAMENTAL
DRIVING FORCE:
REDOX CHEMISTRY

The entire relationship
hinges on the principle
of  redox  reactions
(reduction-oxidation).
These  are  chemical
reactions in which the
oxidat ion  state  of
atoms  or  molecules
changes.  One  species
l o s e s  e l e c t r o n s
(ox idat ion)  wh i le
another  gains  them
(reduction).  These two
p r o c e s s e s  a r e
inextricably  linked;
they  cannot  occur  in
i s o l a t i o n .  T h e
relationship between a
cathode and an anode
involves  the  physical
separation of these two
half-reactions,  forcing
the electrons to travel
through  an  external
c i r c u i t ,  t h e r e b y
generating  usable
electrical  current.
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Consider a simple zinc-
copper  galvanic  cell,
often  called  a  Daniell
cell.  The anode is  the
zinc  electrode.  Here,
zinc  atoms  lose  two
electrons  and dissolve
into  the  solution  as
zinc  ions  (oxidation).
The  electrons,  now
free, travel through the
external  wire  to  the
copper cathode. At the
c a t h o d e ,  t h e s e
electrons are accepted
by copper  ions  in  the
solution,  which  are
reduced to solid copper
metal that plates onto
the  electrode.  The
relationship between a
cathode and an anode
involves  this  precise
electron  donation  and
acceptance, creating a
c l o s e d  l o o p  t h a t
sustains  the  current.
The  flow  of  electrons
from anode to cathode
in the external circuit is
the  very  definition  of
e lect r ic i ty  in  th is

context.

ELECTRON FLOW
VS.
CONVENTIONAL
CURRENT: A
HISTORICAL QUIRK

To fully understand the
relationship between a
cathode and an anode
involves a brief detour
into  the  history  of
electrical  science.
W h e n  B e n j a m i n
Franklin  first
experimented  with
electricity, he theorized
that  it  flowed  from  a
positive  surplus  to  a
negative  deficit.  This
c o n c e p t  o f
conventional current
(flowing  from  positive
to  negative)  became
the standard and is still
u s e d  i n  c i r c u i t
diagrams today. It was
only  later  that  J . J .
Thomson  discovered
t h e  e l e c t r o n ,  a
negatively  charged
particle. We now know
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t h a t  i n  a  c i r c u i t ,
electrons  actually  flow
from  the  negat ive
terminal to the positive
terminal—the  opposite
d i r e c t i o n  o f
conventional current.
This historical accident
creates  a  layer  o f
complex i ty  in  the
relationship between a
cathode and an anode
involves.  For example,
i n  a  d i s c h a r g i n g
battery,  electrons  flow
from  the  negat ive
anode  to  the  positive
cathode .  Yet ,  the
conventional current is
said  to  flow  from  the
positive cathode to the
negative anode. This is
a crucial distinction for
e n g i n e e r s  a n d
physicists.  Despite the
conflicting  directions,
t h e  f u n c t i o n a l
relationship  remains
the same: the anode is
the source of electrons
for the external circuit,
and the cathode is the

destination.

THE RELATIONSHIP
IN ACTION: FROM
BATTERIES TO
BIOELECTRONICS

T h e  r e l a t i o n s h i p
between a cathode and
an  anode  involves  a
v a s t  r a n g e  o f
technologies,  each
relying  on  the  same
fundamental  principles
but  applied  in  unique
ways. Here are some of
t h e  m o s t  c r i t i c a l
applications:

1.
Batteries
and
Energy
Storage
T h i s  i s  t h e  m o s t
common application of
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t h e  e l e c t r o d e
re la t ionsh ip .  In  a
lithium-ion battery, the
relationship between a
cathode and an anode
i n v o l v e s  t h e
interca lat ion  and
deintercalat ion  of
lithium  ions.  During
charging,  an  external
power  source  forces
electrons  into  the
a n o d e  ( u s u a l l y
graphite),  making  it
the  negative  terminal
a n d  t h e  s i t e  o f
reduction. Lithium ions
mig ra te  f r om  the
cathode  (e.g.,  lithium
cobalt  oxide)  through
the  electrolyte  to  the
anode, where they are
s t o r e d .  D u r i n g
discharge, the process
reverses.  The  anode
becomes  the  site  of
oxidation,  releasing
electrons  and  lithium
i o n s  b a c k  t o  t h e
cathode.  The  cycle  is
reversible,  making the
battery  rechargeable.

T h e  r e l a t i o n s h i p
between a cathode and
an anode involves this
constant  shuttling  of
ions  and  electrons,  a
t e s t a m e n t  t o  t h e
e l e g a n c e  o f
electrochemistry.

2.
Electrolys
is and
Electropla
ting
In electrolytic cells, the
relationship between a
cathode and an anode
i n v o l v e s  t h e
application of  external
energy to drive a non-
spontaneous  reaction.
In  electroplating,  a
metal  object  (like  a
jewelry piece) is made
the  ca thode .  The
anode is often made of
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the plating metal (e.g.,
silver or gold). When a
current is applied, the
anode  oxidizes  and
dissolves  into  the
solution as metal ions.
These positive ions are
then  attracted  to  the
negatively  charged
cathode,  where  they
a r e  r e d u c e d  a n d
deposited  as  a  thin,
even  layer  of  metal.
T h e  r e l a t i o n s h i p
between a cathode and
an  anode  involves  a
precise  transfer  of
mater ia l  f rom  one
electrode  to  another,
creating  protective  or
decorative coatings.

3. Diodes
and
Rectificati

on
T h e  r e l a t i o n s h i p
between a cathode and
an  anode  involves  a
different  dynamic  in
semiconductor  devices
like diodes. A diode is a
one-way  street  for
cur rent .  I t  has  an
a n o d e  ( P - t y p e
m a t e r i a l )  a n d  a
c a t h o d e  ( N - t y p e
material).  Current  can
only  flow  from  anode
to  cathode  when  the
anode  is  positively
biased  relative  to  the
cathode. If the voltage
is  reversed,  the diode
blocks  the  flow  of
c u r r e n t .  T h i s
relationship between a
cathode and an anode
involves the formation
of a "depletion region"
at their junction, which
either allows or inhibits
electron  flow.  This
property  is  essential
f o r  c o n v e r t i n g
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alternating  current
(AC)  to  direct  current
(DC) in power supplies.

4.
Cathode
Ray
Tubes
(CRTs)
In  old  televisions  and
m o n i t o r s ,  t h e
relationship between a
cathode and an anode
i n v o l v e s  a  v e r y
different  mechanism.
Inside a CRT, a heated
c a t h o d e  e m i t s  a
stream  of  electrons
(thermionic  emission).
These  negat ive ly
charged  electrons  are
then  acce le ra ted
toward  a  positively
charged  anode,  often
in the form of a screen
coated  with  phosphor.

T h e  r e l a t i o n s h i p
between a cathode and
an anode involves this
high-speed  electron
beam,  which  strikes
the  phosphor  and
causes  i t  to  g low,
creating the image on
the  screen.  Whi le
largely  obsolete  for
d i s p l a y s ,  C R T s
d e m o n s t r a t e  t h e
e l e c t r o n - e m i t t i n g
capabi l i ty  of  a  hot
cathode.

5.
Corrosion
and
Cathodic
Protectio
n
E v e n  u n w a n t e d
e l e c t r o c h e m i c a l



10

10 The Relationship Between A Cathode
And An Anode Involves

2022-12-23

processes highlight the
relationship between a
cathode and an anode
involves.  Corrosion  is
e s s e n t i a l l y  t h e
f o r m a t i o n  o f  a
spontaneous  galvanic
cell on a metal surface.
A less noble part of the
metal  becomes  the
anode  and  corrodes
(oxidizes),  while  a
m o r e  n o b l e  p a r t
becomes  the  cathode.
This is why iron rusts in
the presence of  water
and oxygen. Engineers
use  this  principle  for
cathodic  protection.
A  more  active  metal,
l i k e  z i n c  o r
m a g n e s i u m ,  i s
intentionally  attached
to  a  steel  structure
(like a ship's hull or an
underground  pipeline).
This  "sacrificial  anode"
corrodes preferentially,
protecting  the  steel
s t r u c t u r e  w h i c h
becomes  the  cathode.
T h e  r e l a t i o n s h i p

between a cathode and
an anode involves this
deliberate  sacrifice  to
prevent  damage.

6.
Electrolyt
ic
Capacitor
s
These  specia l ized
capacitors  rely  on the
relationship between a
cathode and an anode
involves  a  very  thin
oxide layer. The anode
is  typically  made  of
etched  aluminum  foil,
which is then oxidized
t o  f o r m  a  t h i n ,
insulating  layer  of
aluminum oxide on its
surface.  This  oxide
l a y e r  a c t s  a s  t h e
dielectric.  A  liquid  or
gel  electrolyte  serves
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as the cathode, making
contact with the entire
surface  of  the  oxide
layer.  The relationship
between a cathode and
an anode involves this
extremely high surface
area, which allows for a
very  high  capacitance
in a small volume. The
device  is  polarized,
meaning it can only be
connected  with  the
correct  polarity,  or  it
will be destroyed.

SPECIFICATIONS
AND
CHARACTERISTICS
OF EACH
ELECTRODE

While  the  relationship
between a cathode and
an  anode  involves
functional  opposition,
their  physical  design
a n d  m a t e r i a l
composition  are  often
ta i l o red  fo r  the i r
specific  roles.  Below
a r e  s o m e  k e y
characteristics:

Anode
Character
istics

Material: Often
made of
materials that
are easily
oxidized (in a
galvanic cell) or
resistant to
corrosion (in an
electrolytic cell).
Common
materials include
zinc, lithium,
graphite, and
platinum.
Surface Area:
In electrolytic
cells, anodes
often have a
large surface
area to facilitate
the efficient
transfer of
electrons to the
electrolyte. In
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batteries, the
anode's porous
structure allows
for efficient ion
storage.
Degradation: In
a discharging
battery, the
anode is
consumed over
time as it
releases ions. In
a rechargeable
battery, this
process is
reversible, but it
still leads to
gradual wear.
Function: The
primary function
is to release
electrons into the
external circuit
(galvanic) or
accept electrons
from the external
circuit to drive a
reaction
(electrolytic).

Cathode
Character
istics

Material:
Typically made
of materials that
are easily
reduced or can
accept a large
number of ions.
Common
materials include
lithium cobalt
oxide, copper,
platinum, and
various metal
oxides.
Surface Area:
Often designed
to maximize the
surface area for
reduction
reactions to
occur. In fuel
cells, the
cathode is often
a porous
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structure coated
with a catalyst.
Stability: The
cathode is
generally more
stable than the
anode in a
discharging
battery, as it is
the site of
reduction and
does not actively
dissolve.
However, in
some systems, it
can still undergo
structural
changes.
Function: The
primary function
is to accept
electrons from
the external
circuit (galvanic)
or donate
electrons to the
electrolyte
(electrolytic).

THE FUTURE: NEW
FRONTIERS IN

ELECTRODE
RELATIONSHIPS

A s  t e c h n o l o g y
a d v a n c e s ,  t h e
relationship between a
cathode and an anode
involves  ever  more
sophisticated  designs.
In  next-generation
batteries  like  solid-
state  batteries,  the
e lect rodes  are  no
longer separated by a
liquid  electrolyte  but
by a solid one, allowing
for  h igher  energy
density  and  greater
safety. The relationship
between a cathode and
an  anode  involves  a
perfect  crystall ine
interface  that  allows
for rapid ion transport.
Similarly,  in  flow
b a t t e r i e s ,  t h e
r e l a t i o n s h i p  i s
decoupled  from  the
physical  electrode
itself ,  with  energy
being  stored  in  liquid
electrolytes  that  are
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pumped  through  the
cell.  The  electrodes
t h e m s e l v e s  a c t
pr imar i ly  as  iner t
surfaces for the redox
reactions to occur.
In the emerging field of
bioelectronics,  the
relationship between a

cathode and an anode
involves  interacting
with  l iv ing  t issue.
Electrodes  are  being
designed  to  stimulate
neurons, monitor brain
activity,  and  deliver
d r u g s .  T h i s
biocompatible


