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Figure 8: Two views of the hydrogen atom. The model a right wiews
the electron as a “probakility ol oad.”
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Introduction

Acceptance of the dual
nature of matter and energy
and of the uncertainty
principle culminated with the
quantum-mechanical model of
the hydrogen atom.
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The atomic orbital and the probable location of the electron

The Bohr's orbit was a path followed by the electron; the orbital is a
mathematical function that can show the probability to find the
electron in a given spatial region.
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Quantum numbers of an
atomic orbital

An atomic orbital is
specified by three quantum
numbers:

-one is related to the
orbital's size

-another to its shape, and
the third fo its
orientation in space.

The quantum numbers have
a hierarchical relationship:
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mween energy and principal
quantum number Is shown In
[a). The relationship between
size of the charge cloud and
principal gquantum number s

shown In [B].

b n delermines elfective volume
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Quantum numbers of an
atomic orbital

The principal quantum number
(n) is a positive integer (1, 2,
3...).

It indicates the relative size
of the orbital and therefore
the relative distance from the
nucleus.

The higher the n value, the
higher the energy level.
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Quantum numbers of an atomic

orbital

Relationship Among Values of n, /, and m; Throughn =4

Possible ) Number Total Number

Values |Subshell Possible of Orbitals of Orbitals in
n ofl Designation | Values ofm, in Subshell _Shell The anQUIar' momen’rum quantum
1 0 1s 0 1 1 . .
20 e 0 ! . number (1) is an integer from O to
B oot s g n-1. It is related to the shape of
MR 0 o 4 ! the orbital and is sometimes called

2 4d 2,1,0,—-1,-2 5 .

3 e 3.21,0,21,-2,-3 7 16 the orbital-shape quantum number.

http:/ /www.chem.ufl.edu/~itl /2045 s99/matter /TBO& 002.6IF o 5

i The principal quantum number sets

a limit on its values. For orbitals
with n=2, | can have a value of O or
1; for those with n=3, | can be O, 1,

or 2.
size-related shape-related orientation-related
number (n) —™ 5  number (1) limits number (m)
1,2, 3, .. O to n-1 -, ...,0, ... +l
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Quantum numbers of

Relationship Among Values of n, /|, and m, Through n = 4 an atomic orbital
Possible| Number Total Number
Values |Subshell Possible of Orbitals of Orbitals in
n ofl |Designation | Values ofm, in Subshell Shell The mqgneﬁc
1 0 1 0 1 1
2 0 28 0 1 quantum number (m,)
1 2p 1,0,—1 3 4 . )
3 0 3s 0 1 is an integer from -|
> 30 210, -1, -2 5 9 through O to +l.
4 0 4s 0 1
1 4p 1,0, —1 3
5|4 5,2,1,0,21,-2,-3 | 7 16 It prescribes the
— : 5 orientation of the
http: / /unww.chem.ufl.edu/~itl /2045 _s99/matter/TBO6_002.6IF orbital in the space
around the nucleus.
size-related shape-related orientation-related
limi limi
number (n) —=—-  number (I) mits_, number (m)
1,2,3, .. O ton-1 -1,...,0, ..+l
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Shapes of atomic orbitals

W _n

The “s” orbital: an orbital with I=0 has a spherical shape with the
nucleus at its center and is called an s orbital.
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Shapes of atomic orbitals

The “p” orbital: an orbital with |=1 has two regions (lobes) of high
probability, one either side of the nucleus and is called a p orbital.
Each p orbital has a specific orientation in space.
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Shapes of atomic orbitals

The "“d” orbital: an orbital with I=2 is called a d orbital. There are
five possible m, values for the I=2 value: -2, -1, O, +1, and +2. This,
a d orbital can have any one of five different orientations.
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Hydrogen atom:
energy levels
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Enrgy levels of the hydrogen
atom

The energy state of the H atom
depends on the principal
quantum number n only.

An electron in an orbital with
higher n value spends its time,
on the average, farther from
the nucleus, so it is higher in
energy.
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