A Visual Manga Story of Chemical
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Today's topic:
Equilibrium.

Observe this
analogy.
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Patience, Hiro.
It's about the
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THE ESCALATOR EQUILIBRIUM -

' Today's
topic:

/]

‘| CHAPTER I: THE CLASSROOM DISCOVER

|l 7" ) Equilibrium.

\ '.

An

important
concept. ‘
S

Professor

i
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THE ESCALAT
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R EQUILIBRIUM
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THE ESCALATOR EQUILIBRIUM -
CHAPTER 2: THE RULES

Kai, you'll /
move people Y4/

| UP the escalator. jjf
=\ Rin, you WRIT.

= You can't bring A&
-/ )"\ down what doesn't
exist yet - no
products formed
| yet.

|l

That’s not
fair to Rin/ | =

fairness isn't
the point. It's
about the
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THE ESCALATOR EQUILIBRIUM -
CHAPTER 3: THE WAITING GAME

' N
veryone sees
him working...

_ | look lazy.
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THE ESCALATOR EQUILIBRIUM -
CHAPTER 4: RIN'S ACTIVATION

Products
&2 Formed!
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STATIONARY | —

NOW.

You can el
start! |
S |
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Products enable | —
reverse reaction! 2=

| STATIONARY [—=—8}.
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THE ESCALATOR EQUILIBRIUM -
CHAPTER 5 THE COMPETITION

Sumeone g /' Someone's

sluwing me f= working S|
agamst me! SN

It's like group min K
projects where L 3
we work
against each




THE ESCALATOR EQUILIBRIUM - CHAPTER 6: THE CONVERGENCE

T=15 minutes
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GROUND FLOOR

40 people '
|___
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Finally! The
rates are equal. The
system has reached
dynamic equilibrium. The
overall numbers on
each floor are constant,
but individuals are
still moving!

Exactly, Mira. This is
what we call 'dynamic
equilibrium’,




THE ESCALATOR EQUILIBRIUM - CHAPTER 7: THE ACCUSATION
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TOP FLOOR: GROUND FLOOR: ”é
60 people 40 people —

NO CHANGE (LAST 15 MIN) NO CHANGE (LAST 15 MIN)
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What have
you BOTH been
doing?! The
numbers haven't
changed!
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THE ESCALATOR EQUILIBRIUM - CHAPTER 8: THE MICROSCOPIC TRUTH

- .
We There must
SWEAR we're be a way to
working! prove it!

4 Professor! Exactly, Mira.
They ARE Let me show

working!
e

MACROSCOPIC VIEW: No Observable Change )
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Top Floor: 60 || ,—ﬁ

Ground Floor: 40

MICROSCOPIC VIEW: Continuous Dynamlc S """ __.1|1
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Dynamic
Equilibrium is only
static from afar!
Up close, the reaction
is always active!




THE ESCALATOR EQUILIBRIUM - CHAPTER 9: THE MASTER'S LESSON

Behold,
the essence
s of balance.

RS T Let us explain
. 1A /@\ Dynamic Equilibrium
¥ @ \W together.

EQUAL OPPOSITE RATES CONSTANT UNEQUAL

= CONCENTRATIONS
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= The total amounts (concentrations) are
k,[AlIB] = k,[C][D] constant, but NOT necessarily equal!




THE ESCALATOR EQUILIBRIUM - CHAPTER 10: UNDERSTANDING & UNITY

| understand
NOW! Motion
without visible

Ohh! Equilibrium\ Equal rates,
means BALANCED NOT equal
not stopped! amounts!

It's always
{ moving, like
life! :
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SUMMARY: What We Learned From The Story

| 8 people/min

DOWN:

7 identical speeds, forward and reverse

CONCEPT 1:
Chemical Equilibrium
= Equal Rates

Rate, . = Rate

reverse

Just like Kai and Rin working at

reactions proceed at SAME RATE

o

NO
CHANGE

GROUND FLOOR:

40 people (Constant)

NO
CHANGE

CONCEPT 2:
Dynamic Equilibrium =
Constant (but not necessarily
equal) Concentrations

kq[Al[B] = k,[C][D]

constant over time, but are

The total amounts of
reactants and products
(concentrations) remain

NOT necessarily equal

Equilibrium is a state of

The reaction CONTINUES

BALANCE, not a stop!

dynamically g




THE ESCALATOR EQUILIBRIUM - CHAPTER 12: REAL CHEMISTRY - THE HABER PROCESS 12
=, a 2 o — A %
{ REAL-WORLD APPLICATION: Ammonia Synthesis |-/ Z Z

Forward
N, + 3H, ;) =—= 2NH
2(9) 2(g) 3(9)
O 8 e 8E
Nitrogengas  Hydrogen gas Ammonia
from air

Rateforward = Ratereyerse
| | | I

H Constant Concentrations
of Ny, Ha, and NH3 /e
(not necessarily equal) [Z/che= e

STORY PARALLEL II'//

Top Floor = 2NH; (Products)

—

Forward Reaction
(N2 +Hz = NH3) ||

—_—

=

B ~//| Reverse Reaction |
(NH3 = Nz + H:) |

Just as the escalator
system finds balance,
the Haber process
reaches dynamic
equilibrium!

Js o)
'."’-' I

S The reaction continues,
but the overall amounts |
of ammonia,
°| nitrogen, and hydrogen
become constant!

|| Ground Floor = N, + 3H; (Reactants)

Always muving,
always balanced...

So, making Chemical equilibrium is like
fertilizer uses the balanced escalator!
this principle... /‘ profound!

Indeed.
Balance is the

essence of nature,
from escalators to
the very air we
breathe.
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CRITICAL CONCEPT: The Closed System Requirement

Oh no!
The closed

The MOST
IMPORTANT

rule we almost
FORGOT!

OPEN SYSTEM =
NO EQUILIBRIUM

=

Matter and energy can escape! Nothing enters or leaves!
No balance possible! Balance is achieved!
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WHY CLOSED SYSTEM MATTERS - The Physics Behind It

B OPEN SYSTEM: o CLOSED SYSTEM:
| MOLECULES ESCAPE | ﬁ MOLECULES CONTAINED |
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All molecules
remain in system
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If NH; escapes, With sealed
[Products] decreases container, products
constantly — reverse accumulate until

reaction has nothing reverse reaction rate
\ to work with! equals forward rate
Master. — Equilibrium!
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SUMMARY: Common Mistakes Students Make About Closed Systems

; B .

But teacher, Happening YES, ] [ H200) == H20() Closed system \| — —"”rh .[\
the reaction is but reaching o means nothing SO

happening! equilibrium NO! -

Products evaporate!
Open system:
equilibrium Impossible
because gas phase
escapes

Equilibrium achieved

Remember! Equilibrium
requires a SEALED container
to prevent matter exchange, but
the reaction is still DYNAMIC,
not static!

Precisely!
No escape!




CAN YOU SOLVE THE
BUILDING MYSTERY?

Think you
P | understand
= /\Q)SIN \ equilibrium?

TEST YOUR UNDERSTANDING:
THE BUILDING CHALLENGE - PAGE 1 of 2

QUIZ FORMAT - 10 Multiple Choice Questions

%\\\ %
~>QUESTION 1:

H In THE BUILDING story, what
do Kai and Rin represent?

O A) Two different molecules
O B) Forward and reverse reaction forces
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_ CHEMICAL EQUILIBRIUM: Test Your Knowledge —

.i Rl

QUESTION 2: What does it mean when a reaction is at equilibrium?
@ The reaction has stopped completely © All reactants have become products

Forward and reverse rates are equal @ The temperature is constant

1 e A

| QUESTION 3: Which statement is TRUE about dynamic equilibrium?

@ Molecules stop moving © The forward reaction is faster than the reverse

. Concentrations remain constant @ Equilibrium only occurs in closed systems

QUESTION 4: Which reaction quotient Q represents the eqmllbnum condition?
®a=[AB  ® o - B ©a-=1 (© Q=[AllB] (for A=B)

QUESTION 5: For N,0,(g )—’~ 2N02(g) (brown), AH >0, what happens if temperature
increases?

@ Shifts left (less brown) @ No change
. (B) Shifts nght [mnre bruwn) @ Equilibrium constant K decreases

=3 R

QUESTION 6: What is the expression fnr I( fnr the reaction C(s) + CO,(g) = ZCO(Q)?

(Peo)? _ (Peo)? Peo2 (P
®%rrmy @b Ok-pk @by

co2

=ara— T =3 =

QUESTION 7: If K< 1, what is true at equilibrium?
@ Products > Reactants Reactants > Products

(©) Products = Reactants (D) Reaction goes to completion

QUESTION 8: How does adding a catalyst affect equilibrium?
@ Shifts to products @ Increases K value

Shifts to reactants @ Reaches equilibrium faster, no shift

QUESTION 9: For H,(g) + I,(g) = 2HI(g), if volume decreases, how does equilibrium shift?
@ Shifts right Shifts left @ No shift @ K increases




MANGA QUIZ PAGE 2 of 2 - “ANSWER KEY: Did You Master Equilibrium?”

ANSWERSIEIEXPLANATIONS

Let’s review
what you
learned/

NClg )7,

7 ANSWER 1: §
V*] B) Forward and reverse reaction forces ]
i Explanation: i

Kai represents the FORWARD reaction
force (moving people/molecules UP
the blue escalator to products).

Rin represents the REVERSE reaction
force (moving people/molecules DOWN
the red escalator back to reactants).

They are NOT the molecules
Lthemse[ves - they DIRECT the flow!
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" THESTORY - =

> Two workers. Two escalators. One buﬂdmg 7
When Kai starts moving people UP and Rin moves ” [/
people DOWN, something extraordinary happens — —
they discover the secret of DYNAMIC EQUILIBRIUM!
Follow their journey from rivalry to understanding
as they unlock the mysteries of chemical balance.
Can motion exist without change?
Can opposite forces create perfect harmony?
The answers lie within... THE BUILDING!
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| The Forward Force - = _ The Reverse Force - The Knowledge -
Energetic and determined, Controlled and precise, \§& . Guiding students to
. maintaining balance! ” understand equmbnum’

( driving change!
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A Ii';sua! Manga Stary uf Chemical Eqmlfbnum




