Chapter 7:

Quantum Theory
and the
Electronic
Structure of
Atoms
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Name: lass:

Waves Quantum Numbers and Electron conficuration Quiz Review

Summarize:
The principal quantum number, f, can have the values of: , etc.
The angular momentum quantum number, {, can have integer values from to

The magnetic quantum number, my, can have integer values from . to

When n =3, Lcan have values of

For the 3d orbital, L has a value of .

When n =4, Lcan have values of

For the 4p orbital, Lhas a value of

When n= 2, Lcan have values of

For the 25 orbital, {has a value of

Summarize:

£

orpital I A

value of &

There are five 4d orbitals. List the quantum numbers for each orbital.

e { mi

electromagnetic radiation that has a freguency of



6. Calculate the frequency of electromagnetic radiation that has a wavelength equal to 667

Draw The orbifaf

Diagram for
%ﬂ R

> Circle Tre \e

7. Write the complete ground state electron configurations for the following:

a) lithium
° 1& This dianog
or
b) oxygen pe\re‘\ma(ﬁv\'zh ¢ Z
c) calcium
d) titanium

8. Write the abbreviated ground state electron configurations for the foliowing:

a) helium
b) nitrogen
c) chlorine
d) iron

9. Compare and contrast Bohr's model and Heisenberg’s electron cioud model.

2



Name

QUANTUM NUMBERS WORKSHEET Date class

1. State the number of possible electrons described by the following quantum numbers

an=31=0
b.n=3,1=1
c.n=3,1=2 ml=-1

dn=51=0 ml=0 ms-1/2
3. Give the n and | values for the following orbitals

a. ls b. 2p c. 4d

4. What is the my values for the following types of orbitals?
a.s b.p c.d

7. Write the complete set of quantum numbers using an orbital diagram for the elements below
then circle the valence electrons:

N

Br

8. Write the electron configurations and orbital diagram for the elements below.

O F&

02- :; o



9. Sketch an example of a paramagnetic and diamagnetic orbital diagram.

Paramagnetic Diamagnetic

10. What is harder to remove and electron in the n=2 energy level, or an electron in the n=7
energy level. Please explain your answer on an atomic level.
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6.33

6.34

6.35

6.36

spectrum is this absorption found? (b) Determine the ini-

Hal and final values of 1 associated with this absbrption. :

Use the de Broglie relationship to determine the wave-
lengths of the following objects: (a) an 85-kg person ski-
ing at 50 km/hr; (b) a 10.0-g bullet fired at 250 m/s; (c) a
Jithium atom moving at 2.5 X 10° m/s.

Among the elementary subatomic particles of physics is
the muon, which décays within a few nanoseconds after
formation. The muon has a rest mass 206.8 times that of
an electron. Calculate the de Broglie wavelength associated
with a muon traveling at a velocity of 8.85 X 10° cm/s.
Neutron diffraction is an important technique for deter-
mining the structures of molecules. Calculate the veloci-
ty of a neutron that has a characteristic wavelength of
0.955 A. (Refer to the back inside cover for the mass of the
neutron.) .

The electron microscope has been widely used to obtain
highly magnified images of biological and other types of

6.37

6.38

materials. When an electron is accelerated through a par-
ticular potential field, it attains a speed of 5.93 X 10°m/s.
What is the characteristic wavelength of this electron? Is
the wavelength comparable to the size of atoms?

Using Heisenberg’s uncertainty principle, calculate the
uncertainty in the position of (a) a 1.50-mg mosquito
moving at a speed of 1.40 m/s if the speed is known to
within £0.01 m/s; (b) a proton moving at a speed of
(5.00 £ 0.01) X 10* m/s. (The mass of a proton is given
in the table of fundamental constants in the back inside
cover of the text.) _
Calculate the uncertainty in the position of (a) an elec-
tron moving at a speed of (3.00 + 0.01) X 10° m/s; (b) a
neutron moving at this same speed. (The masses of an
electron and a neutron are given in the table of funda-
mental constants in the back inside cover of the text.)
(c) What are the implications of these calculations to our .
model of the atom?

‘Quantum Mechanics and Atomic Orbitals

6.39

6.40

6.41

6.42

6.43

6.44

6.45

6.46

According to the Bohr model, an electron in the ground

state of a hydrogen atom orbits the nucleus at a specific

radius of 0.53 A. In the quantum mechanical description

of the hydrogen atom, the most probable distance of the

electron from the nucleus is 0.53 A. Why are these two

statements different?

(a) In the quantum mechanical description of the hydro-

gen atom, what is the physical significance of the square

of the wave function, ([/2? (b) What is meant by the expres-

sion “electron density”? (c) What is an orbital?

(a) For n = 4, what are the possible values of 1? (b) For
= 2, what are the possible values of m,?

How many possible values for I and m are there when

@n=3M®)n=>5?

Give the numerical values of n and I corresponding to

each of the following designations: (a) 3p; (b) 2s; (c) 4f;

(d) 5d.

Give the values for n, I, and m, for (a) each orbital in the

2p subshell; (b) each orbital in the 5d subshell.

Which of the following represent impossible combina-

tions of nand I: (a) 1p, (b) 4s; (c) 5f; (d) 247

Which of the following are permissible sets of quantum

numbers for an electron in a hydrogen atom:

@n=21l=1m=LMbBn=11=0m= -1,

@n=41=2m=-2;,(d)n=3,1=3m=0?

- 647

6.48

6.49

6.50

For those combinations that are permissible, write the
appropriate designation for the subshell to which the
orbital belongs (that is, 1s, and so on).

Sketch the shape and orientation of the following types of
orbitals: (a) 5; (b) p,; (¢) dy.

Sketch the shape and orientation of the following types of
orbitals: (a) p,; (b) d;2; (c) d,2_,2.

(a) What are the similarities and differences between the
hydrogen atom 1s and 2s orbitals? (b) In what sense does
a 2p orbital have directional character? Compare the “di-
rectional” characteristics of the p,and d,2_ 2 orbitals (that
is, in what direction or region of space is the electron den-
sity concentrated?). (c) What can you say about the aver-
age distance from the nucleus of an electron in a 2s orbital
as compared with a 3s orbital? (d) For the hydrogen atom,
list the following orbitals in order of increasing energy -
(that is, most stable ones first): 4f, 6s, 3d, 1s, 2p.

(a) With reference to Figure 6.18, what is the relationship
between the number of nodes in an s orbital and the value
of the principal quantum number? (b) Identify the number
of nodes; that is, identify places where the electron densi- -
ty is zero, in the 2p, orbital; in the 3s orbital. (¢) The nodes
in s orbitals are spherical surfaces (Figure 6.18). What kind
of surface do you expect the nodes to be in the p orbitals
(Figure 6.20)? (d) For the hydrogen atom, list the following
orbitals in order of increasing energy: 3s, 2s, 2p, 5s, 4d.

Many-Electron Atoms and Electron Configurations

6.51

6.52

For a given value of the principal quantum number, 71,
how do the energies of the s, p, d, and f subshells vary for
(a) hydrogen; (b) a many-electron atom?

(a) The average distance from the nucleus of a 3s electron
in a chlorine atom is smaller than that for a 3p electron. In

6.53

light of this fact, which orbital is higher in energy?
(b) Would you expect it to require more or less energy t0
remove a 3s electron from the chlorine atom, as compared
with a 2p electron? Explain.

(a) What are the possible values of the electron spin quan-
tum number? (b) What piece of experimental equipment *

=
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6.54

6.55

6.56

6.57

6.58

6.59

can be used to distinguish electrons that have different
values of the electron spin quantum number? (c) Two
electrons in an atom both occupy the 1s orbital. What
quantity must be different for the two electrons? What
principle governs the answer to this question?

(a) State the Pauli exclusion principle in your own words.
(b) The Pauli exclusion principle is, in an important sense,
the key to understanding the periodic table. Explain why.
What is the maximum number of electrons that can oc-
cupy each of the following subshells: (a) 3d; (b) 4s; (c) 2p;
(d) 5f? .

What is the maximum number of electrons in an atom
that can have the following quantum numbers:
(@n=2m;=—1Mb)n=51=3;
@n=41=3,m=-3;(dn=41=1, my = 1.

(a) What does each box in an orbital diagram represent?
(b) What quantity is represented by the direction (either
up or down) of the half arrows in an orbital diagram?
(c) Is Hund's rule needed to write the electron configu-
ration of beryllium? Explain.

(a) What are “outer-shell electrons”? (b) What are
“unpaired electrons”? (c) How many outer-shell electrons
does an Si atom possess? How many of these are unpaired?
Write the condensed electron configurations for the fol-
lowing atoms, using the appropriate noble-gas core ab-
breviations: (a) Cs; (b) Ni; (c) Se; (d) Cd; (e) Ac; (f) Pb.

6.60

6.61

6.62

6.63

6.64

6.65

6.66
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Exercises

Write the condensed electron configurations for the fol-
lowing atoms: (a) Al; (b) Sc; (c) Co; (d) Br; (e) Ba (f) Re:
(g) Lu.

Draw the orbital diagrams for the valence electrons of
each of the following elements, and indicate how many
unpaired electrons each has: (a) S; (b) Sr; (c) Fe; (d) Zr;
(e) Sb; (f) U. '

Using orbital diagrams, determine the number of
unpaired electrons in each of the following atoms: (a) Ti;
(b) Ga; () Rhy; (d) I; (e) Po.

Identify the specific element that corresponds to each of
the following electron configurations: (a) 1522522;7(*352;
(b) [Ne]3523p1; (c) [Ar]4s'3d"; (d) [Kr]5524d105p4.
Identify the group of elements that corresponds to each

.of the following generalized electron configurations:

(a) [noble gas] ns*np®

(b) [noble gas] ns*(n — 1)d>

(c) [noble gas] ns*(n — 1)d0np!

(d) [noble gas] ns?(n — 2)

What is wrong with the following electron configurations
for atoms in their ground states? (a) 152252351,
(b) [Ne]2522p3; (c) [Ne]3523a'5.

The following electron configurations represent excited
states. Identify the element and write its ground-state
condensed electron configuration. (a) 15225232 4p1;
(b) [Ar]3d"%4s4p*55"; (c) [Kr]4d®5525p!.

Additional Exercises

6.67

6.68

Consider the two waves shown here, which we will con-
sider to represent two electromagnetic radiations:

| ANVANVA
Q\/\\/_\/\/\

s N N\
N\

1.6 X 107" m

() What is the wavelength of wave A? Of wave B?

(b) What s the frequency of wave A? Of wave B?

() Identify the regions of the electromagnetic spectrum
to which waves A and B belong.

Certain elements emit Light of a specific wavelength when
they are burned. Historically, chemists used such emis-
sion wavelengths to determine whether specific elements
Were present in a sample. Some characteristic wave-
lengths for some of the elements are

Ag 3281 nm Fe  372.0 nm
Au  267.6nm K 404.7 nm
Ba 4554 nm Mg 285.2nm
Ca 4227nm Na 589.6 nm
Cu  324.8nm Ni  341.5nm

(a) Determine which elements emit radiation in the visi-
ble part of the spectrum. (b) Which element emits pho-
tons of highest energy? Of lowest energy? (c) When

6.69

6.70

6.71

6.72

burned, a sample of an unknown substance is found to
emit light of frequency 6.59 X 10 s71. Which of these
elements is probably in the sample?

Images of Ganymede, Jupiter s largest moon, were trans-
mitted from Galileo, the unmanned spacecraft, when its
distance from Earth was 522 million miles. How long did
it take for the transmitted signals to travel from the space-
craft to Earth? v

The rays of the Sun that cause tanning and burning are in
the ultraviolet portion of the electromagnetic spectrum.
These rays are categorized by wavelength: So-called UV-
A radiation has wavelengths in the range of 320-380 nm,
whereas UV-B radiation has wavelengths in the range of
290-320 nm. (a) Calculate the frequency of light that has
a wavelength of 320 nm. (b) Calculdte the energy of a mole
of 320-nm photons. (c) Which are more energetic, photons
of UV-A radiation or photons of UV-B radiation? (d) The
UV-Bradiation from the Sun is considered a greater cause
of sunburn in humans than is UV-A radiation. Is this
observation consistent with your answer to part (c)?

The watt is the derived SI unit of power, the measure of
energy per unit time: 1 W = 1]/s. A semiconductor laser
in a CD player has an output wavelength of 780 nm and a
power level of 0.10 mW. How many photons strike the CD
surface during the playing of a CD 69 minutes in length?
Carotenoids, present in all organisms capable of photo-
synthesis, extend the range of light absorbed by the
organism. They exhibit maximal capacity for absorption
of light in the range of 440-470 nm. Calculate the energy
represented by absorption of an Avogadro’s number of
photons of wavelength 455 nm.
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8 ¢ Electron Configurations & Periodicity
| WRITING ELECTRON CONFIGURATIONS

For each given element, fill in the orbital diagram and then write the electron configuration for the element.
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Element: Ar
#ofe’s:

Element: Mg
# of e’s:

Element: N
#ofe’s:

Element: Li
# of e”’s:

Element: P
#ofe’s:

Element: Cl
#ofe’s:

Ar
Ar

Mg
Mg

N
N

Li
Li

Write the electron configurations of each of these in long form and short form:

configuration of Fe in the long and short form.

Fe

Fe

Fill in the orbital diagram for the element, Fe, and write the electron




Draw the orbital diagram and both torms ot the electron contiguration ot tour members of Family VI:
Write the short form and then the long form for each of these elements.

Draw a box around the valence electrons.

10.

Selenium, Se
Se
Se

11.

Tellurium, Te
Te
Te

Family Similarities and Valence Electrons:

Write the symbols for the valence electrons (outermost s & p) found in the following elements. Note the similarities

in the vertical columns.

Per IA VIA VIIA VIIIA
1 |He1s! . | He « 152
2 |Lie2s] Be B C N 0 F Ne
3 [Na+3s! |Mg Al Si P S Cl Ar
4 | K 4s! Ca Ga Ge As Se Br Kr .

5 |Rbesst |sor In Sn Sb Te | Xe
6 |Cs+6s! |Ba Tl Pb Bi Po At Rn
7 | Fre7s! Ra




9

g

Y

enjeA 'd

uoniuep ‘5 |oquids 'g

aweu 'y

Ag siequunu wnjuenb 4 sy} 1si

JT—



pasn Jajpe]

¢ JO snjep

8|qe} ay) aje|dwo) G




— | | c o L IO =S
m | : m ! w ] * :
| SRS S I — e . R TNIE
- m _ | M
~ h | _ JF , | T OISR -adu U

A
&
Y
A

i

g8—— dL €9 €S ff ff g,
3301q-p

B e i SILDWD[D UONISUB], *— ¥ —
<= VL V9 VS Vv V¢ YT ey im
_— yo0|q-d | _

R J O[S
Y ; —~
e s1uawfa dnois-uiely . -

L







Name: Class: Date:
Chapter $ Practice Problems
Quantin 7
1. What is the frequency of 520. nm light?

3. Which of the following scientists developed the uncertainty principle that is used in the
quantum mechanical model of the atom?

a. Bohr b. Heisenberg c. Planck d. Schrodinger
4. True or False. Two electrons in the same atom can have the same four quantum numbers.

5. What is the energy of a single photon that has the frequency of 7.5 x 10714 s™?

6. What is the electron configuration for Na.
7. What is the maximum number of electrons that can be contained in any subshell (orientation)?

8. What is the electron configuration for silicon?

9. What is the electron configuration for Fe*™?

10. Write the condensed electron configurations for the following atoms, using the appropriate
noble-gas core abbreviations. (ir¢le the. Ve, .

a. Cs

b. Ni

c. Se

d. Cd

c.68 V
f. &r Aﬁ



11. What is the maximum number of electrons that can occupy each of the following subshells?
a.3d
b. 4s
c.2p
d. 5f

12. What is wrong with the following electron configurations for atoms in their ground states?
a. 15°2s%3s'

b. [Ne]2s*2p’

c. [Ne]3s?3d’

13. Calculate the energy of a photon of light, in Juoles, with a wavelength of 743 cm.

14. Which of the following is not a valid set of quantum numbers?
an=51=1,ml=0ms=+1/2
b.n=4,1=0,ml=1, ms=+1/2
c.n=3,1=2,ml=-1,ms=-1/2
d.n= I,ml=1,ms=-1/2
e.n= =0,ml=0, ms=+1/2
15. What is the maximum number of electrons that can occupy the orbitals represented by n =5,
1=1?
16. Which of the following ground state electron configurations is incorrect for the atom listed.
a. Argon — 1822822p63 s23p6
b. Sulfur — 15*2s*2p®3s*3p”
c. Iron — 1s%25%2p°®3s?3p%4s%3d°
d. Boron — 1s*25°2p'

e. Chlorine — 1s2s%2p°3s*3p°

"



17. Calculate the energy of a mole of photons, in Juoles, having a frequency of 1.79 x 10~15 Hz.

18. What is the chemical symbol for the atom whose ground state electron configuration has two
electrons in the 1s orbital only.

19. The light from one brand of laser used to correct and modify vision has a wavelength in the
ultraviolet region of the spectrum. If the wavelength of the Ar-F laser used in LASIK surgery is
close to 193.1 nm, what is the energy of a mole of photons having this wavelength?

20. What is the maximum number of electrons that can occupy the orbitals represented by n = 4,
1=2,ml=-2, ms=-1/2?

21. What is the chemical symbol for the atom whose ground state electron configuration has five
electrons in the 4p orbital?



8 ¢ Electron Configurations & Periodicity
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Write the electron configurations of the following elements using the shorthand notation m noﬂe
gas cores.

a. phosphorus

b. nickel

c. Ba

d. As

e. titanium

Which orbital is filled following these orbitals?
a. 3d

b. 4s

g Jp

d. 5f

How many electrons can be accommodated in
a d subshell

a f subshell

the n = 4 shell

the 7s orbital

a p orbital?

oo o

What is wrong (is any) with the following ground state electron configurations?

L__[L_DEED:

b. ml [Ij ’s
¢ (IR G
4 [T il Eﬁj
e. ,nii L] m

How many unpaired electrons are there in
a. anitrogen atom

an iodine atom

¢. anickel (I1) cation

o

cribe an impossible situation? Explain why.




