Quantum Numbers: 4
The Atomic Blueprint

Locating electrons using the
SRS MRS MR T eX AT Clnye:

Orbital
(Quantum Probability)

Atomic Orbital: A mathematical wave function (y)
defining the 3D region where the probability of

finding an electron is maximum (=90%). Defined
entirely by quantum numbers.
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1. Principal Quantum Number (nY"

|\. '|_.'

n=2 (L) Wn=3 mn=s v}

n=1, 2, 3, .. (Positive Integers)

| Defines: Physical Meaning:

Determines the size of the orbital and the

The Principal Shell. primary energy level of the electron.

Max Electrons per Shell: Max Orbitals per Shell:
| 2n2 n2




2. Azimuthal Quantum Number (¢)

=0 1, A om e F¥.)

Also Known As: Defines:

Orbital Angular The Subshell.
Momentum.

Physical Meaning: Allowed Values:
Determines the 3D Always strictly less
shape of the orbital than n.

and the number of

angular nodes. Té%




The Subshell Map A

TopAll
Quantum Value (¢) Subshell Notation 3D Shape
£ =0 S Spherical 1 Orbital
£ =1 p Dumbbell 3 Orbitals
. E: 2_ | SRS d_ 5 'Dog'ble_bun:]'hbelul 5 Urbitu_I;___.____._ |
- Ez _3.__________ alises f_ ___EU;L;EX Gt ___7Drh lmls )

PRO TIP: In multi-electron atoms, energy within the same shell increases as s < p <d < f due to shielding.
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The Trap: [ Cannot Equal n

The value of [is capped atn-1. A

subshell’s quantum number can never
equal or exceed its principal shell.

Valid States: Invalid States:
1sv 2pv 3dv | 1pX 2dX 3fX

Exam Application Breakdown

1p orbital? -»> n = 1.
Allowed 1 = @. INVALID.

p requires 1 = 1.

2d arbital®? > n = 2.
Allowed 1 = 0, 1. INVALID.

d requires 1 = 2.

3f orbital? -
Allowed 1 = 0,
f requires 1 =

n:

i
2 INVALID.

1,
5%
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3. Magnetic Quantum Number (ml)

1 =2

-1 0 +1

N

5 spatial orientations (d-orbitals)

ml =

=1, .y 0, «/BFl

Defines:

The exact Orbital within a
subshell.

Physical Meaning:

The spatial orientation of
the orbital with respect to
a standard coordinate axis.

Total Orbitals:

For any given 1, there are
exactly (21 + 1) possible
values for ml.




Visualizing Shape & Orientation

While ¢ dictates the geometric shape (spherical vs.
lobed), m; dictates how those lobes align along the
X, Y, and Z axes Iin space.
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-|_=1, My = '1; E]: = Px, p‘y; Pz
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4. Electron Spin Quantum Number (m,) o

Defines: The individual Electron. The Pauli Limit:

Physical Meaning: The intrinsic angular An orbital can hold a maximum of 2 electrons,
momentum (spin state) of the electron. and they must have opposite spins.
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. The Quantum Hierarchy
:/ n->1->ml->ms -
- (7 Layer 1: n = 3 (3rd Shell) ] \<
BN

J
[ Layer 2: 1 = 1 (p-subshell) ]

N

| Layer 3: mL = O (pz orbital) ]
J,

2/}\?;_0 e Layer 4: ms = +1/2

RESTRICTED

POSSIBILITIES /
AN

§ 7 RESTRICTED
POSSIBILITIES

(Specific Spin-up Electron)

gpi—

No two electrons in an atom can have the same set of four quantum
numbers. Together, they form a unique mathematical address.




Principal

Key Takeaways: The Master Cheat Sheet ™*

=

Shell / Size / Energy

Azimuthal

Subshell / 3D Shape

Magnetic

Orbital / Orientation

Spin

Total Orbitals in Shell = n2

Electron / Spin State

| Total Electrons in Shell = 2n?2




What TopAll Pro Does Differently
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