
Periodicity and the Electronic
Structure of Atoms

102.5 ΜΗζ= 102.5 X 10٥ Hz= 102.5 X 10٥ ร-1
3.00 xl0٥ m/sc

λ

5.1

= 2.93 m
102.5 xio^s 1V

,2 The wave with the shorter wavelength (b) has the higher frequency. The wave with the
larger amplitude (b) represents the more intense beam of light. The wave with the shorter
wavelength (b) represents blue light. The wave with the longer wavelength (a) represents
red light.

5

5.3 IR, λ-1.55xlOيm

t m/she ةX 10 3.00إ
= (6.626 X 10-34 J٠s) (6.022 x 1023/mol)E =

λ 1.55xlO"öm
E = 7.72 X 104 J/mol = 77.2 kJ/mol

9UV. λ = 250ιηΏ = 250χ10-ΐΏا )

3.00x10« m/sh
(6.626 X 10-34 ٠ل

E - 4.79 X 10ة J/mol 479  ت kJ/mol

Ε =
λ (6.022 X 1023/mol)-9250 X 10' m

Xi'ay, λ = 5.49 nm = 5.49 X 10-9 m

= (6.626 X 10-34 J-s)
(

3.0h cE
λ )

0 X 10« m/s
(6.022 x 1023/mol)

5.49 X 10-5 m
E = 2.18x 10? J/mol = 2.18 X 1Q4 kJZmol

ا 3.00x10« m/sheا
= (6.626 x!0-34j٠s) (6.022 X 1023/mol)5.4 E

λ 2.3х10_Зт
E = 52 J/mol = 0.052 kj/mol

1 mol photons
174 kJ X .4 X 10إ mol photons

0.052 kJ

ا )

3.00x10« m/she
= (6.626 x 10-34 J-s) (6.022 x 1Q23/mol)5.5 E

λ 390 X 10-5 m
E = 3.07 X 10ذ J/mol = 307 kJ/mol
The energy is less than the work function. Electrons will not be ejected.

Copyright © 2020 Pearson Education, Inc. 107



Chapter 5 - Periodicity and the Electronic Structure of Atoms

(a) Ag is predicted to have the higher work function because Rb is ftrrther left on the
periodic table aird holds its electrons less tightly,
(b) Rb because lower energies correspond to longer wavelength.

5.6

-١R= 1.097xlO-2nr٥ 2؛ =m5 7
1 1 11 1 1 11 k = 397.0nm _2.519؛١xlO-3nm^=

λ
= R  = R

λ λ 22 2 2 72m ا 1m/s 3.00؟x10he
= (6.626 x 10_34j٠s) (6.022 x 1023/mol)Ε =

λ 397.0 χ10-9ιη
J/mol - 301.5 kJ/mol 10؛  Ε = 3.015 X

m= ؛R“= 1.097xlO-2nm 3؛-
1  111 R 1

5

٠ا 1 1 1
مل=  X 104 nm 5.333؛)-

λ
λ- 1875 nm = لم)a( λ

= R
2 2 λ ا2 243m n

1 1 1 1 11 11 λ = 820.4 nm "'1.219؛xlO-Зnmلم=λ(b)ب=Rλ
 = R

λ 2 22 2 3m n

h ؛ 6.626  xlQ-34kgm2s-‘
(1150 kg)(24.6 m/s)mv

-385.9 λ = 2.34x10 m

!05.10 к=1пт/10=1х10- m
6.626 X 10-34kgm2s-ih h = 7xl0٥ m/sλ V

mk (9.1xl0-3)kg)(lxl0-)٥m)mv

5.11 4f

No. of Orbitals/ Orbital5.12 n m/
5 5ร 1

31 - -
-2,-1,0, tl, 2؛
-3,-2,-l,0,tl,t2, +3
4,-3,-2,-l,0,tl,t2, 4+,3؛

5p
5d 52
5f 73
5g 94

Ehere are 25 possible orbitals in the fifth shell.

5.13 n = 4,/ = 0, 4s

5.14 The g orbitals have four nodal planes.
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Tl, Is22s22p٥3s23p٥4s23d2 or [Аг]4з23٥2
Ar) 1؛ T T

5.15

4ร 3d

5.16 (а) 43 electrons = Tc (b) 28 electrons = Ni

5.17 Si (valence shell of n = 3) and Sn (valence shell of n = 5) are in the same group (4Α).
Atoms get larger as you go down a group, therefore, Sn is larger than Si. Cs (valence shell
ofn = 6) is in group lA. atoms get smaller as you go across a period. Cs is below and to
the left of Si and Sn, therefore Cs Is larger than both Si and Sn.
smallest Si < Sn < Cs largest

5.18 Iodine has the largest atomic radius of the three lialogens. C-I would be the longest boird
length.

5.19 (a)5٥/٥ (b) 20٥/٥

5.20 (b) kinetic energy of Irigh speed electrons

5.21 (a) The fluorescent bulb does not emit all the wavelengths of light that would be emitted
ftom a white light source. Notice that there are dark regions between the colored peaks,
(b) Fluorescent light does appear as “white light” because its line spectrum has
contributions ftom all the colors (blue, green, yellow, orange, and red).

Xe)6s24f)45d 5.22)؛ (a
1 1[(b) [Xe

10

TT 11 TT TT TT TT TT TT 11 Tl
6s 4f 5d

(c٠) There are no unpaired electrons.

(a) [Xe] 6s'4f'45di٥6p'
(b) [Xe) T

5.23
Tl Tl Tl Tl 11 Tl Tl Tl Tl Tl Tl Tl T

6s 4f 5d 6p
(c) There are 2 unpaired electrons.

5.24 (a) 7d, n = 7, مل= 2  , rn/ = -2,-1,0, 1,
(b) 6p, n = 6, ًا= 1  , m/ = -1, 0, 1

(6.626 Xl0٠34j٠s)

2

he)ء( Ε =
λ ( 13.00 X 10ة m/s

(6.022 X 1023/то1)
т10 434.7 X؟-

E = 2.75 X 105 J/mol = 275 kJ/mol

5.25 The shortest wavelength corresponds to the highest energy, therefore, 126.8 nm
corresponds to 8p > 6s; 140.2 nm corresponds to 7p ^ 6s; and 185.0 nm corresponds to
6p -> 6s.
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Chapter 5 - Periodicity and the Electronic Structure of Atoms

Conceptual Problems

The wave with the larger amplitude (a) has the greater intensity. The wave with the
shorter wavelength (a) has the higher energy radiation. The wave with the shorter
wavelength (a) represents yellow light. The wave with the longer wavelength (b)
represents infrared radiation.

5.26

(a) Transitions (a) and (b) are absorptions, (a) is of lower energy and longer wavelength,
(b) Transitions (c) and (d) are emissions, (d) is of higher energy and shorter wavelength.

٦دة

(b) 4dz2 η = 4,^ = 25.28 (а)Зру П-3,^=1

(b)5.29

)ء(
I

i

The green element, molybdenum, has an anomalous electron configuration. Its predicted
electron configuration is [Ar] 5ร2 4d4. Its anomalous electron configuration is [Ar] 5s' 4d؛
because of the resulting half-filled d-orbitals.

5.30

.is Ga ٥4p٠(Ar] 4s23d5.31؛

5.32 There are 34 total electrons in the atom, so there are also 34 protons in the nucleus. The
atom is seleniunr (Se)
Se, [Ar] ع Ti TT TT TT TT T TTT

3d 4p4s

Ca and Br are in the same period, with Br to the far right of Ca. Ca is larger than Br. Sr
is directly below Ca in the same group, and is larger than Ca. The result is
Sr (215 pm) > Ca (197 pm) >Br(114 pm)

5.33

Section Problems
Wave Properties of Radiant Energy (Section 5.1)

Violet has the higher fiequency and energy. Red has the higher wavelength.5.34

Ultraviolet light has the higher ftequency and tlie greater energy. Infi'ared light has the
longer wavelength.

ةا2.ة
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へ

1.15xlO-7m=115xlO-9m=115nm=UV

2.0xlO-6m=2000xlO-9m=2000nm=IR

Thevisibleregionis(380to780nm)iscompletelywithinthis
infifaredregionsarepartiallyinthisrange.

536

range. Theultravioletand

290MHz=290xlO6Hz=2.9xlO8Hz=radiowaves

90GHz=90xlO9Hz=9.0xlO'0Hz=microwaves

Radiowavesandmicrowavesareinthisregion.

5.37

~~

3.OOxlO8m/s
~
~Ｃ
ｌ
Ｖ
~
~へ

人 =5.5xlO-8m5.38

5.5xlO'5s-'

3.00xlO8m/s
b

~
~Ｃ
ｌ
Ｖ
~
~へ

人 =6,93xlO'os-'=6.93xlO'0Hz5．39

4．33xlO-3m

3．00xlO8m/s 1cmC

(a)A===
V

5．40 =36.4cmX

825xlO6s-' 1xlO-2m

3.00xlO8m/s lcm
X(b) A=2=

V

=34.3cm

875xlO6s-l lxlO-2m

へ

3．00xlO8m/s=2.3xlO'4s-'二＝

1300xlO-9m

12xlO3m =4.OxlO-5sdistance
＝＝

C

(a)v=
入

5.41

(b) time=
speed 3．00xlO8m/s

ParticlelikePropertiesofRadiantEnergy(Section5.2)

5.42 (a)v=99.5MHz=99.5xlO631

E=hv=(6.626xlO-34J.s)(99．5xlO6s-')(6.022xlO23/mol)
E=3.97×10-2J/mol=3.97×10-5kJ/mol

v=1150kHz=1150xlO35'

E=hv=(6.626xlO~34J･s)(1150xlO3s~')(6.022xlO23/mol)
E=4.589xlO-4J/mol=4.589xlO-7kJ/mol

TheFMradiowave(99.5MHz)hasthehigherenergy.
(b)A=3.44xlO-9m

l猟慨|"型~‘一等={"26×10-､‘小，）
E=3．48xlO7J/mol=3.48xlO4kJ/mo1

入＝6．71×10-2m
~／

11慨'牌["翌、ロー等-("26"10-3.昨s) (6.022x

1023/mol)

毎皇

lO23/mol)
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へ

E=1.78J/mol=1.78xlO-3kJ/mol

TheXray()L=3.44xlO-9m)hasthehigherenergy.

v=400MHz=400xlO6s-1

E=(6.626xlO-34J･s)(400xlO6s-')(6.02xlO23/mol)=0.160J/mol=1.60xlO-4kJ/mol
5.43

(a)E=90SkJ/mol%l"Jx !mo!xx ' ''｣u' =1.50xlO-19J
lkJ 6.02xlO23

E= 1.50xlO~'9J=2.27xlO'4T!V=-=

h 6.626xlO-34J.s

入=2=3.00xlO8m/s=1.32x,0-6m=1320xlO-9m=1320nm,nearlR
v 2.27xlO14s-l

(b)E=8.05x10~4kJ/molxlOOOJx lmolxx ' '''uL =1.34xlO-24J
lkJ 6.02xlO23

E 1．34xlO~24J =2.02xlO95'V＝－－＝二

h 6.626xlO~34J｡s

,=2=300xlOim/9=0149m,radiowavo人＝－＝

v 2.02xlO9g'

(c)E=183xlO3kJ/moMl"J" !mo!xx ' '''u' =3.04xlO-18J
1kJ 6.02xlO23

g= 3.04xlO-'8J =4.59x10''s-!V=-=

h 6.626xlO-34J.s

入=2=3.00x108m/s=6.54xlO-8m=65.4xlO-9m=65.4nm,UV
v 4.59xlO'5s-'

5．44

へ

’ 1淵"型､10塗‘皿．Ⅱ(a)E=hv=(6.626xlO-34J･s)(5.97xlO'9s-')

E=2．38xlO7kJ/mol

I !""""!'"'｡｡Ⅲ(b)E=hv=(6.626xlO-34J･s)(1.26xlO6s-1)

E=5.03xlO-7kJ/mol

に'ﾋ~州~{""、'仙州I蝋'慨、 I,;fIII@'翼ﾕ1023/mol)
E=4.66xlO-7kJ/mol

5.45

3.00xlO8m/sC

(a) )L===
V

=1.0xlO-lom5.46

2.9xlO18s-1
へ
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Chapter 5 - Periodicity and the Electronic Structure of Atoms

IkJ,-34ا J-s)(2.9xl0'8s-.)(b) E = hv = (6.626 X 10'

E=1.2xl0٥ kJZmol
(c) Xrays

(6.022 X 1023/mol)lOOOJ

m/s 3.00؟x10 = 6.67χ10'4 ร-เ5.47 (a) V = بλ 450x 10-5 m

( )

IkJ
(b) E = hv = (6.626 X 10-34 J٠s)(6.67 X 10 !4„-1s (6.022 X 1023/mol))

1000 ل
E = 266 kJ/mol

(c) Blue

V = 9,192,631,770 ร-’ = 9.19263 X 10و ร-|

E = hv = (6.626 X 10-34 9263()9.ل ٠5ا X  و0ا ร-')

5.48 ا )

IkJ
(6.022 X 1023/mol) = 3.668 X 10_3 kJ/mollOOOJ

)( ا1 1(kJ lOOOJ 1 mol = 5.15x10')5j5.49 Ε= 310
mol IkJ 1023 6.022 X

s/m(6.626 10؟ X 10_34j٠s)(3.00 X)he heE = λ = 3.86 X 10-2 m = 386 nm
λ E 5.15 X I0_)5j

m/s 3.00؟x10c
= 7.79 X 10-2 m = 779 X 10.5 m = 779 nm5.50 (a) λ = ت

3.85x10)4s_i

4  510ا_ل ร-1) =2.55 X10؛  E = hv = (6.626 X 10-34 J٠s)(3.85 X
m/s 3.00؟x10

4.62x10؛4s؛_

E  10-34()ة٠لX 10)4ร-.) =3.06χ 4.62 10لو'- = hv = (6.626 X
m/s 3.00؟x10

4s_)7.41؛x10

٠5j-hv = (6.626 X 10-34J٠s)(7.41 X io'4s-i)=4.9ixio

V

c
= 6.49 X 10-2 m = 649 X 10-و m =(6)λ =

V

c
= 4.05 Xl0_2m = 405 X 10_و m =(c) λ = ะ

V

E

649 nm

405 nm

m/s 3.00؟x10
= 6.90 X 10.2 m = 690 X 10_5 m = 690 nm, yes.5.51 (a) λ

4.35x10٠4s_i
lOOOJ

V

1 mol 7.1 X 10-2.ل(b) E = 43 kJ/mol X X
IkJ 6.02χ1023

7.1x10_2٥JE
10)4 ร-เ1.1V X

h 6.626x 10-34 J-s

m/s 3.00؟x10 = 2.8 xl0٥ m = 2800x 10'λ -9 m = 2800 nm, no.141.1x10V s
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3.00x10« m/sc
= 4.25 xl0"m = 425 X 10_و m = 425 nm, yes.(c) λ = I

706x 10١2sV؛_

Both (c) & (d) are below the threshold energy and no electrons would be ejected, (b) would eject
the least nunrber of electrons.

5.52

(a) is above the threshold energy and has a high amplitude. It will cause the largest number of
electrons to be ejected.

5.53

)ا)1

1 mollOOOJ
= 7.24 X 10_او J/photon5.54 E = (436kJ/mol)

6.022 x1Q22 photoir

= 1.09x10'5s-٠ = 1.09x10'5Hz

IkJ
7.24x10-15 لE

v =
h 6.626x 10-34 J-s

206.5 x 1Q3 ل 1 mol J3.429xlO206.5 kJ = 206.5x 103 j;5.55؟'- Ε = X
1 mol 236.022x 10

J-s)(3.00xl0«m/s) =
he-ا34 he - (6.626 X 10'  5.797 X 10-2 m = 580. nmλΕ =

3.429 xl0-)5jλ E

Atomic Line Spectra and Quantized Energy (Section 5.3)

The deuterium lamp produces a coirtinuous emission spectrum.5.56

The sodium-vapor lanrp produces a line emission spectrum.٦ة.ة

 m_10و  λ = 656.3 nm = 656.3  X 35.58= ؛ For n

( = (6.626 x 10-34 J-s
2.998 xheΕ =

λ )( m/s »10 ا IkJ
(6.022 X 1023/то1)

lOOOJ656.3 X lO-.m
E =182.3 kJ/mol

For η = 4؛λ = 486.1 nm = 486.1 X 10'

= (6.626 X 10-34 J-s)ا 2.99he
Ε =

λ

m

؛)٠ )

8 x 10« m/s IkJ
(6.022 X 1023/то1)

lOOOJ486.1 X I0_5m
E = 246.1 kJ/mol

For n = 5; λ = 434.0 nm = 434.0 X 10-و m

(6.626 X 10-34 J٠s)
2.998 xh cE

λ ا) m/s »10ا IkJ
(6.022 X 1023/mol)

xl0-5m 1000434.0 ل
E = 275.6kJ/mol
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5.59 486.1 nm-486.1 x 10-5 m

= (6.626 X 10-34 J٠s)
(

heE =
λ

:(|(٥.٠22xl0«/m٠.)

m/s 2.998 10؟ x

486.1 X 10-9 m
E = 246.1 kJ/mol

-.R„= 1.097 X 10-2 nm 5.60؛ m=l,n = TO

1 11 1 1 11:R 1 .ا 1.097 х10-2пт-.; λ = 91.16ιθΏ = R = R
λ 2 2 λ 2 21m n

( 1( Ịm/s 2.998؟ Χίοhe IkJ
= (6.626 X 10-34 J٠s)E (6.022 X 1023/mol)λ 91.16 X 10-9 m lOOOJ

E=1312kJ/mol

5.61 m = 2, n= ٩  R„= 1.097 X 10-2 nm؛-

1 11 1 1 1= R 1
R

=2.743 X 10.3 nm".; λ = 364.6 nm = R
λ 2 λ2 2 2 42m n

( :C)(6.٠22xlO«/m٠.)
m/s 2.998 10؟ xhe

= (6.626 X 10-34 J٠s)E =
λ 364.6 x 10-9 m

E = 328.1 kJ/mol

5.62 m = 4, n = 5; R„ = 1.097 X 10"2 nm"’

1  11 1 1 1= R : λ = 4051 nm "'2.468؛ X 1Q4 nm ==R
λ 2 λ2 2 24 5m ًا ا) 1he m/s 2.998 10؟ x IkJ

= (6.626 X 10-34 J٠s)

Ε = 29.55 kJ/mol, IR

E
λ (6.022 X 1023/то1)

4051 X 10-9т lOOOJ

m = 4, n = 6؛ R.. = 1.097 X 10-2 nm'
.1

1
1

1 1 1
1 1  1:R λ = 2625 nm -'3.809؛x 10-4nm == R

λ λ2 2 24 6m n

( 1( )

he m/s 2.998 10؟ x IkJ
= (6.626 X 10-34 J-s)

E = 45.60kJ/mol, IR

E =
λ (6.022 X 1023/mol)

2625 xlO_9m 1000 ل

5.63 m = 3, n = 4؛ R„ = 1.097 X 10_2 nm"!

1  1

32 4

1 1 1 11 = R i=R
λ 2 λ2 2m n

λ= 1875 nm -'5.333؛ x 10-4nm =
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)(( )

m/s 2.998 10؟ X IkJh
(6.022 X 1023/mol)= (6.626 X 10-34 J٠

E = 63.80 kJ/mol, IR

E =
λ 1875 xlO_9m lOOOJ

-(R„= 1.097x 10-2 nm 5؛
111 1 11

m = 3,n 11ا. λ= 1282 nm "7.801؛؛ x 104 nm =:R  = R
2λ 2λ 2 2 53m n

)( m/s ةX 10 2.998ا IkJhe
(6.022 X 1023/mol)= (6.626 X 10-34 J٠s)

E = 93.00kJ/mol, IR

E =
λ xlO-9m 10001282 ل

-'R^= 1.097xlO-2nm 2؛ =m5.64 mاا i_j
ة62 2

1 11
1

1 = 2.438 X 10-3 nm-' = R R
λ 2 2 λn

m k؟- = 410.2nm = 410.2xlO

( = (6.626 X 10-34 J.s
(

he
E

λ .)1 )

2.998 X 10ة m/s IkJ
(6.022 X 1023/mol)

410.2 X I0_9m lOOOJ
E = 291.6kJ/mol

m = 5; R~ = 1.097 X 10.2 nm"5.65

11 1
= R

λ 2 ท2m

٠ا 1 11
λ = 7458 nm = 7458 X 10-9  m“'1.341؛ X 1Q4 nm = ؛=R 6, =n

λ 5 6-

ا)(٠ )

m/s 2.998 10؟ x IkJhe
(6.022 X 1023/то1)= (6.626 X 10-34 J٠s)E

7458 xlO_9m lOOOJλ
E =16.04 kJ/mol

1  11
= 2.149 X 1Q4 nm-'; λ = 4653 nm = 4653 X 10-9 mRn

λ 2 25 7

ا]( .)

m/s 2.998 10؟ X IkJlic
(6.022 X 1023/то1)= (6.626 X 10-34 J٠s)

25.71 kJ/mol

The lines in this series are in the infrared region of the electromagnetic spectrum.

E =
X 10-9 mλ 10004653 ل

E

Wavelike Properties of Particles (Section 5.4)

6.626x 10-34 kgm2s-'h
= 2.45 xl0-)2m,٢ ray5.66 λ

 s/m(10؟ kg)(0.99 X 3.00 X
-31

(9.11x10mv
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6.626Χ 10-34 kgm2s-)h
ray -'؛m,٢5.28 xl0 =5.67 λ

s/m(1.673؟ x 10-27 kg)(0.25x3.00xl0)mv

156 km/h = 156 X lO^ ๗3600 s = 43.3 ๗ร; 145 g = 0.145 kg
h = 6.626x 10-34 kgm2s_i

(0.145 kg)(43.3m/s)

The wavelength is too small, compared to the object, to observe.

.34λ = 1.06 X 10' m
mv

5.68

1.55 mg =1.55x 10-3 g=1.55x 10ىب kg
6.626 X 10-34 kg 1ฑ2 ร-1

(1.55xlO-6kg)(1.38m/s)

The wavelength is too small, compared to the object, to observe.

h
3.10xlO_28mλ

mv

5.69

-95.70 I45g = 0.145kg; 0.500 nm = 0.500x 10

6.626 X 10_34 kgm2 ร_٠

(0.145kg)(0.500 xl0'9m)

h
-V

mk

m

 9.14 X 10-24 m/s

750 nm = 750x 10-5 m5.71

6.626Χ 10-34 kgm2s-ih
970 ๗5V

mk (9.11 X 10-31 kg)(750x 10-9 m)

Orbitals and Quantum Mechanics (Sections 5.5-5.8)

0.68 g = 0.68x10-3 kg

(∆χ)(∆ητν) ة
h

4

5.72

6.626 X 10-34kgm2s_'h ; Δχ ة31- = 8 X 10 m
π’ 4π(Δητν) 4 π (0.68 X 10-3 kg)(0.1 m/s)

-271.660 540x 10' h
= 6.6465 x 10-27 kg; (Δχ)(Δητν) ة>2٦ة. 4.0026 amu X

1 amu 4π

6.626 X 10-34 m2s_.h -10Δχ ة = 5.833 X 10 m
4 π (Δ mv) 4π(6.6465χ 10-27 kg)(0.01 X ^

5.74 The Heisenberg uncertainty principle states that one can never know both the position and
tire velocity of an electron beyond a certain level of precision. This means we cannot
think of electrons circling the nucleus in specific orbital paths, but we can think of
electrons as being found in certain three-dimensional regions of space around the nucleus,
called orbitals.

The probability of finding the electron drops off rapidly as distance from the nucleus
increases, although it never drops to zero, even at large distances. As a result, there is no
definite boundary or size for an orbital. However, we usually imagine the boundary
surface of an orbital enclosing tire volume wlrere an electron spends 90٥/o of its time.

ร.า5
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n is the principal quantum number. Tire size and energy level of an orbital depends on n.

/ is tire angular-momentum quantum number. / defines the three-dimensional shape of an

orbital, nr, is the magnetic quantum number. ПГ/ defines the spatial orientation of an
orbital, nr؛ is the spin quantum number, nr؛ indicates the spin of the electron and can
have either of two values, +،2ا or -1/2.

5.76

.ة٦٦ (a) is not allowed because for / = 0, m/ = 0 only,
(b) is allowed,
(c) is not allowed because for n = 4, ًا= ,0 ,1 2   , or 3 only.

= m0,= ؛0 ؛;  m = 4;ًا =a) 4s n)
(b) 3p n= اً;3 = 1 ؛ /m = ,1- ,0 1؛ ؛ ؛m = 2ا'± 

(c) 5f n =اً;5= ؛m, = -3,-2, -1,  о 3,,1؛ ا 2١؛3ا ؛m = 2اا± 
(d) 5d n= اً;5 = ؛ПГ/ = -2, -1, о, tl  2,؛2+ ؛m = 2ا'± 

5.78

(c) 4f (d) 4d5.79 (a)3s (b) 2p

1ร2 2ร2 2p٥3s2 3ρ٥ 4s2 3d2
(a) is not allowed because for 0,1  =ًا ท/ = 0 only,
(b) is not allowed because n = 4 and  2 = ًا is for a 4d orbital,
(c) is allowed because n = 3 and ًا = lis for a 3p orbital.

5.80 Co

1ร2 2ร2 2p٥3s2 3ρ٥ 4s2 3d)٥4p4
(a) is not allowed because forn = 3, اً = ,0 1  or 2.
(b) is not allowed because n = 4 and  2 = ًا is for a 4d orbital,
(c) is allowed because n = 4 and ًا = lis for a 4p orbital.

Se5.81

orbital is filled:For n = 5, the maximunr number of electrons will occur when the
[Rn] 7s25fi4 6d'٥7p٥8s25g'8 = 138 electrons

n آ اً,4 = 0  is a 4s orbital. The electron configuration is 1ร2 2ร2 2ρ٥ 3ร2 3ρ٥ 4ร2. The
number of electrons is 20.

5.82

5.83

?^ = 330nm = 330xlO-5m

= (6.626 xl0-34j-s)
(

he
E =

λ

5.84

)( X 1.0* m/s 3.00ا IkJ
(6.022 X 1023/mol)

330 xl0_9m lOOOJ
E = 363 kJ/mol

5.85 795 nm = 795 X 10-5 m

)( )

3.00 X 10* m/sh IkJc
(6.022 X 1023/mol)= (6.626 X 10-34 J٠s)E =

λ 795 xl0-9m 1000 ل
Е=151кЗ/то1
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1ร2 2s2 2p25.86

/n m/ m.
1 2اا+

2اا-
2ا،+

1
2
2 2ال
2 21ا،+ 1
2 1 0 +2اا 

1ร2 2ร2 2ρ
45.87

nمل ГП/ m.ًا +2اا 
1
2 2ا،+
2
2 1 1 2ال+
2 1 2ال+
2 1؛ 21ال+
2 1 1 2ا‘■

5 Sr :Kr] 5ร؛

nمل ГП/ m.
5 +2ال 
5 2ال

5.89 Mo [Kr]5s2 4d4
(c) are vaJid quantum numbers for a 4d electron.

5.90 A 4s orbital has three nodal surfaces.

nodes are white

regioqs ỌÍ maximum electron
probability are black

4s orbital

5.91 The number of nodal planes in a subshell equals the valtie of the مل quantum number.

5.92 The different colors in the two lobes of the p orbitals iirdicate different phases. The
different phases play a role in bonding.

5.93 The orbital is ad orbital with  =2مل .
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Orbita! Energy Levels in Muttielectron Atoms (Section 5.9)

5.94 Part of the electron-nucleus attraction is canceled by the electron-electron repulsion, an

effect we describe by saying that the electrons are shielded from the nucleus by the other

electrons. The net nuclear charge actually felt by an electron is called the effective

nuclear charge, Zgff, and is often substantially lower than the actual nuclear charge, z

Zeff=Zac،d - electron shielding
actua!'

5.95 Electron shielding gives rise to energy differences among 3s, 3p, and 3d orbitals in
multielectron atoms because of the differences in orbital shape. For example, the 3s
orbital is spherical and has a large probability density near the nucleus, while the 3p
orbital is dumbbell shaped with a node at the nucleus. An electron in a 3s orbital can
peiretrate closer to the nucleus than an electron in a 3p orbital can and feels less of a
shielding effect from other electrons. Generally, for any given value of the principal
quantum number n, a lower value of / corresponds to a higher value of Zi and to a lowei'
energy for the orbital.

5.96 4s>4d>4f

5.97 K < Ca < Se < Kr-

5.98 The number of elements in successive periods of the periodic table increases by the
progression 2, 8, 18, 32 because the principal quantum nunrber n increases by 1 fronr one
period to the next. As the principal quantum number increases, the nunrber of orbitals in
a shell increases. The progression of elements parallels the number of electrons in a
particular shell.

5.99 The n and مل quantum numbers determine the energy level of an orbital in a multielectron
atom.

5.100 (a) 5d (b) 4s (c) 6s

5.101 (a)2p<3p<5s<4d (b)2s<4s<3d<4p (c)3d<4p<5p<6s

5.102 (a) 3d after 4s (b)4p after 3d (c) 6d after 5f (d) 6s after 5p

5.103 (a) 3s before 3p (b) 3d before 4p (c) 6s before 4f (d)4f before 5d

Electron Configurations (Sections 5.10 -5.12)

Is2 2s2 2p٥3s23p٥4s23d2
Is2 2s2 2p٥3s23p٥4s23d’٥4p٥5s2 4d٥
Is2 2s2 2p٥3s23p٥4s23d)٥4p٥5s2 4d‘٥5p2
Is2 2s2 2p٥3s23p٥4s23d’٥4p٥5s
Is2 2s2 2p٥3s23p٥4s23d’٥4p4

2

5.104 (a)Ti, Ζ-22
(b) Ru, ζ = 44
(c) Sn, z = 50
(d) Sr, ζ = 38
(e) Se, Ζ-34
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へ

5.105 (a)Z=55,Cs [Xe]6s!
(c)Z=80,HgIXe]6s24f!45dlo

[Kr]5s24d2
[Xe]6s24f6

ｒ

ｍ

Ｚ

Ｓ

凸

琢

■

ゾ

０

２

４

６

~
~
~
~

Ｚ

Ｚ

ｊ

ｊ

ｂ

ｄ

~

Ｉ
~

１
｜
禿
Ⅱ
一
能
Ⅱ
｜
牝
上
窕

5.106 (a)Rb,Z=37 [Kr]

(b)W,Z=74 [Xe]

(c)Ge,Z=32 1Ar]

(d)Zr,Z=40 [Kr]

戸

Ⅱ
一
乢
一
仙
一
Ⅱ
｜
Ⅱ
｜
Ⅱ
一
仙
一 ↑ ↑~~ ↑｜

麺

↑~~

Ⅱ

一

一

“
側
一
一

Ⅱ
｜
弧
一
判

Ⅱ

｜

↑

｜

仙

一

↑

一

↑ ↑

~~~4p

[Ar] 11
4s

[Xe] _1L
6s

[Arl ll
4s

[Kr] _L
5s

↑
一
↑
｜
↑
｜
弧

１
－
１
－ｎ

ａ

．

１

ｇ

）

Ｍ

Ｂ

Ｎ

Ａ

９

り

り

９

５

６

８

７

２

５

２

４

~
~
~
~
~
~
~
~

Ｚ

Ｚ

Ｚ

Ｚ

１

ｊ

ｊ

ｊ

ａ

可

ｂ

Ｃ

１

ｑ

ｌ

１

１

~

７０Ｊ５

↑↓ ↑↓ ↑↓ 1 ↑
3d

1↓ ↑↓ ↑↓ ↑↓ ↑↓
4d

1S22S22p4

1S22S22P63S23p2

[Ar]4s'

[Ar]4s23d'04p3

↑↓ ↑ ↑

2p
↑ ↑

3p

5.108 (a)O

(b)Si

(c)K

(d)As

＝里
2unpairede-

2unpairede-

lunpairede-

1 1 ↑

~~~4p
3unpairede-

5.109 (a)Z=31,Ga (b)Z=46,Pd

5.110 (a)Ra [Rn]7s2 [Rn] _1L
7s

(b)Sc [Arl4s23d! [Ar] _IL
4s

(C)Lr lRnl7s25f'46d' [Rn] _IL
7s

(d)B [He]2s22p! [Hel _IL
2s

(e)Te [Kr]5s24d'05p4 [Kr] _IL
5s

5.111 (a)3d,n=3,/=2

(b)2p,n=2,/=1,m/=-1,0,+1
3p, n=3,/=1,m/=-1,0,+1

3d,n=3,/=2,m/=-2,-1,0,+1,+2

↑

｜

“

↑

｜
↑

一

和

↑

｜

Ⅱ

｜

Ⅱ

｜

Ⅱ

一

Ｎ

一

口

麺

州

証

一

加

偲

一
Ⅱ
｜
↑
｜
Ⅱ
一

~~~~~~

へ
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へ

N,1s22s22p3sothe3s,3p,and3dorbitalsareempty.
C, 1s22s22p2sothelsand2sorbitalsarefilled.
Be, 1s22s2sothe2sorbitalcontainstheoutermostelectrons

2pand3p(_L_L_)and3d(1 1－－－).

(c)

(d)

(e)

(0

5.1120rderoforbitalfllling:

1s→2s→2p→3s→3p→4s→3d→4p→5s→4d→5p→6s→4f→5d→6p→7s→5f→6d→7p→8s→5g
Z=121

5.113 AgorbitalwouldbeginfIllingatatomicnumber=121(see5.82).Therearenineg
orbitalsthatcaneachholdtwoelectrons.Thefirstelementtohaveafilledgorbital
wouldbeatomicnumber=138.

5.114Na+ 1s22s22p6

5.115Cl- Is22s22p63s23p6

5.116Z=116 [Rn]7s25f'46d'07p4

5.117Z=119 [Rn] 7s25f'46d'07p68s!

ElectronConfigurationsandPeriodicProperties(Section5.13) へ

5．118Atomicradiiincreasedownagroupbecausetheelectronshellsarefartheraway廿omthe
nucleus.

5.119Acrossaperiod,theeffectivenuclearchargeincreases,causingadecreaseinatomicradii.

5.120F<O<S

5.121 CI<As<K<Rb

5.122 (a)

(b)

(c)

(d)

K,loweringrouplA

Ta・loweringroupSB

V,farthertotheleifinsameperiod

Ba,fburperiodslowerandonlyonegrouptotheright

Ge, loweringroup4A

Pt, loweringroup8B

Sn､farthertotheleftinsameperiod

Rb,loweringrouplA

5.123 (a)

(b)

(c)

(d)

須一
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Multiconcept Problems

m = 2; n 5.124= ؛3 - ■1

1 1 1 1
I)2؛(R--

1Z2r  =حل = 6.094 X 10-3 nm"'
λ 2 λ 23m n

λ =164 nm

5.125 m=l;n = 4;R= 1.097xl0-2nm-

ب= ( 32 )R

ا

1 1 1Z2r  =حل
λ 2 λ2 Ị _ا1

2ا 42
= 9.256x 10-2 пт-1

m
λ= 10.8 nm

5.126 (а) row 1 2 elements
6 elemeirts
10 elements
2 elements
6 elements
10 elements
14 elements

There would be 50 elements in the first two rows,
(b) There would be 18 elements In the first row ؛see (a) above]. The fifth element in the
second row would have atomic number = 23.
(c)z=12

1, / Isn
/=! Ip
1 = 2 Id

n = 2,  2 0 =ًا s
1=1 2p
1 = 1 là
/ = 3 2f

row 2

น n n n  1 1 1 1
Is Ip Id

115.127 (a) Sr,z = 38 [Kr]
5s
11 11 11 11 11(b) Cd,z = 48 [Kr] 11
5s 4d
11 1 1(c)Z = 22,Ti [Ar]
4s 3d
11 11 11 11(d)z = 34. Se 11 1 1[Ar]

4ร 3d 4ρ

5.128 La ([Xe] 6ร2 5d') is directly below Y ([Kr] 5ร2 4ď) in the periodic table. Both have similar
valence electron configurations, but for La tire valence electrons are one shell farther out
leading to its larger radius.

Although Hf ([Xe] 6ร2 4f'4 5d2) is directly below Zr ([Kr] 5ร2 4d2) in the periodic table, Zr
and Hf have almost identical atomic radii because the 4f electrons in Hf are not effective in

shielding the valence electrons. The valence electrons in Hf are drawn in closer to the

n,ucleus by the higher Zgff.
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(418.8 kJ/mol)(42)5.129 ForK z = 2.26efr
1312kJ/mo!

Ị (I350.7kj/mol)(42)ForKr, z = 4.06eff 13!2kJ/mol

W = 75J/s 75 5.130؛ nm = 550x 10-5๓ 550؛

(6.626 X 10-24 J.s )=
3.00xh cE =

λ

)3ال =  3.75 75)(0.05) J/s

= 3.61 X 10"٠5j/photon
٠)

108๓/8

550 X 10-5๓
บร2؛.า

= 1.0 X 105أ photons/snumber of photons =
3.61 X 10“i5j/photon

5.131 q = (350 4.184 ج() J/g٠٥C)(95 ٥c - 20 ٥c) = 109,830 ل
λ =15.0 cm = 15.0 X 10-2 ๓

Ε = (6.626χ 10-34 J٠s) ا )

3.00 X 1Q8 m/s
1.33xl0"24j/photon

15.0x10-2๓
109,830 3

= 8.3 X 1028 photonsnumber of photons =
1.33 x 10-24 J/photon

5.132 48.2 nm = 48.2x 10-5๓

E(photon) = 6.626 X 10  4ق J٠s X
3.00x 108๓/8 6.022x 1023IkJ

= 2.48 X 103 kJ/molX

48.2x10-5๓ 1000 ل mol

)( ا1 23IkJ 6.022 X 10
(2kg)(2.371 X 106๓/ร_310؛ Ek = E(electron) = 'Zty9.109 X

Εκ=1.54χ103 kJ/mol
940 kJ/mol  =10)د Ej = E(photon) - Εκ = (2.48 X 1θ3) - (1.54  X κΕ؛¡؛E(photon) = Ε

lOOOJ mol

5.133 Charge on electron = 1.602 X 10_'5 C; l٧-C=lJ=lkgm2/s2
(a) Ek = (30,000 v)(1.602 X 10_5ا c) = 4.806 X 10- لوال  2 X 4.806 X 10_٠و kg ๓2/ร2

= V؛Εκ = ^๓٧2 = 1.03 x 108 ๓/8
kg -39.109؛x10

6.626 χ10_34 kgm2/sh = 7.06xlO-'2mλ
kg)(1.03xl08m/s) -39.109 10؛Χ)

/83.00 x 108๓
(6

mv

1he
5j/photon !0-1.29؛  X== .626 X 10-34 J٠s(b)E =

λ ٥m_1.54؛xlO
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5.134 Substitute the equation for the orbit radius, r, into the equation for the energy level, E, to
Ze-2ت6ت2-

get E

)

2 2a_nna
2 z

Let Ej be the energy of an electron in a lower orbit and E؛ the energy of an electron in a
higher orbit. The difference between the two energy levels is

أجا٠ل-اجأل-  -Z2ẹ2 I Ik
2 Z2c2 2م27

ΔΕ = Ε,-Ε 1 2 2 2 2 2 2
2a_n 2a_n2a„n 2a_n 2a_n' 2a_n2 2 !

Z2e2 1 1
ΔΕ =

2a 2 2
П] n2

Because z, e, and a. are constants, this equation shows that ΔΕ is proportional to
1  1

where ท| and ท2 are iirtegers with ท2 > ท1٠2 2ท. n2

This is similar to the Balmer-Rydberg equation where 1/λ or V for the emission spectra of

where m and n are integers with n > m.
1  1

atoms is proportional to
2 2m n

5.135 (a)0 I ill IQI lof IQ IQ
Is 2s

Two partially filled orbitals,

(b) The element in the 3rd column and 4th row under these new rules would have an
atomic number of 30 and be in the s-block.

2p 3s 3p 4s

7.21x10_'9JE
1.09xl0i5s_'5.136؛ (a) E = hv v =

h 6.626 X 10-34 J٠s

(b) E(photon) = Ej t Ek؛ from(a), Ej = 7.21x10؟’-ل
3.00x10« m/s

(

he
(6E( 1.626 X 10-34J٠s) = (J7.95xlO“i =photon؟ λ 2.50xlO_2m

Εκ= E(photon)-Eị = (7.95χ 10-’ و (-)ل 7.21 X 10-’ آل)1 = 7.4 χ 10_2٠ ل
Calculate the electron velocity from tire kinetic energy, E
Ek = 7.4 X 10-2. 7.4  = ل X 10_2ه kg٠m2/s2 = >Zmv2  = ^(9.109 X 10-3’ kgty2

Κ-

2x(7.4x10_2٥ kg-m2/s2) m/s 4.0؛x10 =\ =
9.109x10-3’kg

6.626x 10-34 kg-m2/sh
m=1.8nm"1.8؟xlO =de Broglie wavelength

(9.109xl0-3’kg)(4.0xl05 m/s)mv

Copyright © 2020 Pearson Education, Inc. 125



6j-4.70؛xlOE = 7.09xlO'۶s-'5.137 (a) E = hv; v= —
h 6.626Χ 10-34 J٠s

3.00 xio^ m/sc m = 0.423 nm _10و  m = 0.423  X_4.23 ٥10؛ X=(0)λ=^
7.09x10)7s-)V

6.626Χ 10-34 kg٠m2/sh h = 1.72xl0٥m/s(c) λ = V ؛
(9.11 X 10-3. kg)(4.23xl0-i٥m)

= (9.11 X 10-3'kg)(1.72xl06m/s)

ιηλ
2

= 1

mv
2mv

.35χ 10-'ا kg - m2/s2 = 1.35 X 10_' = Εκ (d)ةل  2 2

5.138 (a) Sfsubshelk η = 5,/ = 3, m, = -3,-2,-1,0,+1,+2, 3؛
3d subshell: η = 3,/ = 2, m/ =

(b) In the H atom the subshells in a particular energy level are all degenerate, i.e., all
have the same energy. Therefore, you only need to consider the principal quantum
number, n, to calculate the wavelength emitted for an electron that drops ftom the 5f to
the 3d subshell,
m = 3, n = 5؛ R„ = 1.097 X 10_2 nm")

[٠m ؛ 1  1

(c) m = 3,n = ٥٠; R»= 1.097xl0-2nm-i
1  1

1 11 = R 1 = R
λ 2 λ 2n

1 11

1
λمل=  X 10-4 nm 7.801؛'.

λ= 1282ηπι

1ؤ
λ = 820.4 nm "'1.219؛ X 10_3 nm == R = R = R

λ 2 λ 2 λ2 23m

ţ )

m/s 3.00؟x10
J/mol = 146 kJ/mol 6.022 10؛ X 1023/то1) = 1.46χ)Ε=(6.626χ 10-34 ٠ل

820.4x 10-5 m

5.139 (а) [Kr] 5s2 4d'٥5p
(c) Both Xe* and Cs have a single electron in the 6s orbital with similar effective nuclear
charges. Therefore the 6s electrons in both cases are held with similar strengths and
require almost the same energy to remove.

(b) [Kr] 5s2 4d'٥5p5 6s١6
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