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According to quantum mechanics, each electron in an atom is

described by four different quantum numbers, three of which (n, |,
and ml) specify the wave function that gives the probability of
finding the electron at various points in space. A wave function for
an electronin an atom is called an atomic orbital. An atomic

orbital is pictured qualitatively by describing the region of space
where there is high probability of finding the electrons. The atomic
orbital so pictured has a definite shape. A fourth quantum number
(ms) refers to a magnetic property of electrons called spin.
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Quantum numbers:
1. Principal Quantum Number (n):




This quantum number is the one on which the energy of an

electron in an atom principally depends; it can have any
positive value: 1,2,3 and so on. The energy of an electron in an
atom depends principally on n. The smaller nis, the lower the
energy. In the case of the hydrogen atom or single-electron
atomic ions, such as Li** and He", n is the only quantum number
determining the energy (which is given by Bohr’s formula,
discussed in Section 7.3). For other atoms, the energy also
depends to a slight extent on the L quantum number.

The size of an orbital also depends on n. The larger the value of

nis, the larger the orbital. Orbitals of the same quantum state n

are said to belong to the same shell. Shells are sometimes
designated by the following letters:
LetterK L M N...
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2. Angular Momentum Quantum Number (l) (Also Called
Azimuthal Quantum Number):

This quantum number distinguishes orbitals of given n having
different shapes; it can have any integer value from 0to (n-1).
Within each shell of quantum number n, there are n different kinds
of orbitals, each with a distinctive shape denoted by an |l quantum
number. For example, if an electron has a principal quantum
number of 3, the possible values for Ll are 0, 1, and 2. Thus, within
the M shell (n = 3), there are three kinds of orbitals, each having a
different shape for the region where the electron is most likely to
be found. Although the energy of an orbital is principally
determined by the n quantum number, the energy also depends
somewhat on the |l quantum number (except for the H atom). For a
given n, the energy of an orbital increases with L.
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Orbitals of the same n but different l are said to belong to different

subshells of a given shell. The different subshells are usually
denoted by letters as follows:
Letter sp d f g...
| 01 2 34...
To denote a subshell within a particular shell, we write the value of
the n quantum number for the shell, followed by the letter
designation for the subshell. For example, 2p denotes a subshell
with quantum numbersn=2and l=1.
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3. Magnetic Quantum Number (ml):

This quantum number distinguishes orbitals of given n and |—that
is, of given energy and shape but having a different orientation in
space; the allowed values are the integers from -l to +L. For =0 (s
subshell), the allowed ml quantum number is 0 only; there is only




one orbitalin the s subshell. For =1 (p subshell), ml=-1, 0, and

+1; there are three different orbitals in the p subshell. The orbitals

have the same shape but different orientations in space. In
addition, all orbitals of a given subshell have the same energy.

Note that there are 2L + 1 orbitals in each subshell of quantum

number L.
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4. Spin Quantum Number (ms)

This quantum number refers to the two possible orientations of
the spin axis of an electron; possible values are 1/2 and -1/2. An
electron acts as though it were spinning on its axis like the earth.
Such an electron spin would give rise to a circulating electric
charge that would generate a magnetic field. In this way, an
electron behaves like a small bar magnet, with a north and a south
pole.
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Table 7.1  Permissible Values of Quantum Numbers for Atomic Orbitals 0 n=ox
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4 3 =3 =9 =] 0 5143 £3 4f 7 Orbital energies of the hydrogen atom The lines for each

subshell indicate the number of different orbitals of that sub-

*Any one of the n; quantum numbers may be associated with the n and Shell. CRore brealk bR SRRy SenE)

[ quantum numbers on the same line.

Table 7.1 lists the permissible quantum numbers for all orbitals
through the n =4 shell. These values follow the rules just given.
Energies for the orbitals are shown in Figure 7.21 for the hydrogen
atom. Note that all orbitals with the same principal quantum
number n have the same energy. For atoms with more than one




electron, however, only orbitals in the same subshell (denoted by

a given n and l) have the same energy.
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Book Examples:
Example 7.6 Applying the Rules for Quantum Number

State whether each of the following sets of quantum numbers is
permissible for an electron in an atom. If a set is not permissible,
explain why.
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a.n=1,1=1, m=0,msg=+1/2 b.n=3,l=1,m=-2,ms=-1/2
c.n=2,=1, m=0,mg=+1/2 dn=2,1=0,m=0,ms=1

a. Not permissible. The l guantum number is equal to n; it must be
less than n.
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b. Not permissible. The magnitude of the ml quantum number (that is,

the myvalue, ignoring its sign) must not be greater than |
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c. Permissible.
L8

d. Not permissible. The ms quantum number can be only +1/2 or -1/2
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Exercise 7.7 Explain why each of the following sets of quantum

numbers is not permissible for an orbital.
a.n=0,l=1, m=0,msg=+1/2
b.n=2,1=3,m=0,ms=-1/2
c.n=3,=2,m=+3, ms=+1/2
d.n=3,l=2, m=+2,ms=0

a. Not permissible. n can be any positive integer (it cannot be zero).
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b. Not permissible. The l quantum number is greater than n; it must be
less than n.
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c. Not permissible. The magnitude of the m quantum number (that s,

the myvalue, ignoring its sign) must not be greater than L.
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d. Permissible.

Problems 7.69 & 7.70

7.69 Explain why each of the following sets of quantum numbers
would not be permissible for an electron, according to the rules
for quantum numbers.

a-n=1,1=0,m=0, ms=+1

b-n=1,1=3, m=+3, ms=+1/2

c-n=3,l=2,m=+3, ms=-1/2

d-n=0,l=1,m=0, ms=+1/2

e-n=2,l=1, m=-1, mg=+3/2

a- Not permissible. The ms quantum number can be only +1/2 or -1/2
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b- Not permissible. The L quantum number is greater than n; it must be
less than n.
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c- Not permissible. The magnitude of the ml quantum number (that is,

the myvalue, ignoring its sign) must not be greater than L
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d- Not permissible. n can be any positive integer (it cannot be zero).
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e- Not permissible. The ms quantum number can be only +1/2 or -1/2
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7.70 State which of the following sets of quantum numbers would
be possible and which impossible for an electron in an atom.
a-n=2,1=0,m =0, ms=+1/2

b-n=1,1=1,m=0, ms=+1/2

c-n=0,l=0,m =0, ms=-1/2

d-n=2,1=1, m=-1,ms=+1/2

e-n=2,l=1,m=-2,ms=+1/2

a-Possible
OSaa
b- Impossible. The |l quantum number is equal to n; it must be less
than n.
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c- Impossible. n can be any positive integer (it cannot be zero).
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d- Possible
S

e- Impossible. The magnitude of the ml quantum number (that is, the
my value, ignoring its sign) must not be greater than |
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Atomic Orbital Shapes
An s orbital has a spherical shape, though specific details of the

probability distribution depend on the value of n. Figure 7.22
shows cross-sectional representations of the probability
distributions of a 1s and a 2s orbital. The color shading is darker
where the electron is more likely to be found.

ol Aadall Jualaill (b el pay g 98 JS Sadys LM Gl jlad) (e g 55 sa sl
23y A et I WS 22 oA g (n)Aad o aadad laal) a8 g SV 0 g Jladal)
el Al (g giua

$25871 gl (b VLAY ) 5l dpmdaie COLAS (e &5 07,22 JSA

235 o el e ) Gl (8 Ba T sl (s s caua sl B Sl Il el
Bt g B g3l pa AN 2 g U atial ST () 65 ¢y g AN o (g 138 g ASIY) g
B3 e Ganial LS JlaiaY) 13




Figure 7.22 4
99% contour Cross. tional tations of the

repr .
probability distributions of s orbitals I n th e case Of a 1 SO rb |ta l, th e
In a 1s orbital, the probability distribution

is largest near the nucleus. In a 2s orbital,

wsgresina preral et bou e @l@ctron is most likely to be

e dedviemrenes— found near the nucleus. The
shading becomes lighter as the
distance from the nucleus

1s orbital

99% contour

increases, indicating that the
electronis less likely to be
found there.
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The orbital does not abruptly end at some distance from %% conou
the nucleus. An atom, therefore, has an indefinite
extension, or “size.” We can gauge the “size” of the

orbital by means of the 99% contour.
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The electron has a 99% probability of being found within the space
of the 99% contour (the sphere indicated by the dashed line in the
diagram). A 2s orbital differs in detail from a 1s orbital.
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The electron in a 2s orbitalis likely to be found in two regions, one

near the nucleus and the other in a spherical shell about the

nucleus. (The electron is most likely to be here.)
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The 99% contour shows that the (2s) orbital
is larger than the 1s orbital. A cross- 3
sectional diagram cannot portray the three-

dimensional aspect of the (1s) and (2s) O
atomic orbitals. Figure 7.23 shows cutaway - -

diagrams, which better illustrate this three-
dimensionality.
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There are three p orbitals in each p subshell. All (p) orbitals have
the same basic shape (two lobes arranged along a straight line
with the nucleus between the lobes) but differ in their orientations

in space.
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Because the three orbitals are set at right angles to each other, we
can show each one as oriented along a different coordinate axis
(Figure 7.24). We denote these orbitals as 2px, 2py, and 2pz.
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A 2px orbital has its greatest electron probability along the x-axis,
a 2py orbital along the y-axis, and a 2pz orbital along the z-axis
Other p orbitals, such as 3p, have this same general shape, with
differences in detail depending on n.
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Electran distributicn in the Zp, orbital. Note that
it consists of wo lobes oriented along the x-axs.
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There are five d orbitals, which have more complicated shapes
than do s and p orbitals. These are represented in Figure 7.25.

i . : ’ Ji) Ll ‘;ﬂ\ ¢ (d)<l e dosad 2 gy
PSSl e I ikad i)
7.25 JRAI & 3liae & laall s3a

Figure 7.25 A

The five 3d orbitals These are labeled by subscripts, as in d,,. that describe their mathematical
characteristics and indicate their orientation




Summary of Concept 7.5: Quantum Numbers and Atomic

Orbitals
m Define atomic orbital.

Atomic orbital: A wave function for an electronin an atom
OF it B L il ASY) Lgiaa o g g 31 gilly Adaiaal) ABhalal) ga (o M) laall
LR O A
m Define each of the quantum numbers for an atomic
orbital.
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ePrincipal quantum number (n): Defines the energy level.
eAngular momentum quantum number (l): Defines the shape
of the orbital.
eMagnetic quantum number (m;): Defines the orientation of
the orbital.
eSpin quantum number (mg): refers to the two possible
orientations of the spin axis of an electron
n .A3Ual) g giusa dasy: (e ) (asl) dazlle
Lolaall JS& daay 16 ) ) pd 31 sl dazlle
my. il olad) dasy 1 whalizal) asl) dsalle
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m State the rules for the allowed values for each quantum
number.
1) n: positive values: 1,2,3,4...

2) l: any integer value fromOto(n-1) 0:s1:p2:d 3:f4:g
so if n=1; |=0=s
3) m;:the allowed values are the integers from -l to +l

so if =1 ; m=-1,0,1
4) mg: possible values are +1/2 and -1/2.
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m Describe the shapes of s, p, and d orbitals.

1) An s orbital has a spherical shape.

2) All p orbitals (they are 3 in number) have

the same basic shape (two lobes arranged gg
along a straight line with the nucleus Q (&2
between the lobes) o pee o

3) There are five d orbitals, which have more
complicated shapes than do s and p orbitals.

Past Papers

1. Which one of the following sets of quantum numbers is not
acceptable:

A. n=4, =3, ml=-3, ms=+1/2

B. n =4, =2, ml=+2, ms=-1/2

C.n=4, =4, ml=+2, ms=+1/2

D. n=4, |1=1, ml=0, ms=+1/2

E. n=4, 1=1, m(=0, ms=+1/2

2. The energy of an electron in the hydrogen atom is determined
by:

A. The principal quantum number (n) only.

B. The angular momentum quantum number (L) only.

C. The principal and magnetic quantum numbers (n&ml).

D. The principal and angular momentum numbers (n&1).

E. The principal, angular momentum and magnetic quantum

numbers.

3. Which of the following statements is correct for multi-electron
atoms?




A. The spin quantum number (ms) describes the energy of an
orbital.

B. The angular momentum quantum number (l) describes the

orientation of an orbital.

C. The spin quantum number (ms) describes the shape of an

orbital.

D. The magnetic quantum number(ml) describes the shape of

an orbital.

E. The principal quantum number (n) describes the size of an

orbital.

4. Which one of the following sets of quantum numbers can

correctly represent a 3p orbital?
A. n=3, =1, ml=2

B.
C.
D.
E.

5. What is the general shape of p orbitals?

A. Spherical

B. Double-lobed
C. Triple-lobed
D. Cylindrical

Answers:
1.C 2.A 3.E
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Thank you




