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Lewis Dot Symbols

Show the outermost electrons only
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Melting Points of the Elements

Melting
point, °C

-259
-272
180
1278
2300
3500
-210
-218
-220
-249
98
639
660
1410
44
113
-101
-189
64
839
1539
1660
1890
1857
1245
1535

Sym

Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr

Zr
Nb
Mo
Tc
Ru
Rh
Pd
Ag
Cd

Sn
Sb
Te

bol

Atomic
number

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Melting
point, °C

1495
1453
1083
420
30
937
81
217
-7
-157
39
769
1523
1852
2468
2617
2200
2250
1966
1552
962
321
157
232
630
449

Symbol

Xe
Cs
Ba
La
Ce
Pr
Nd
Pm
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

Re
Os

Pt

Atomic
number

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Melting
point, °C

114
-112
29
725
920
795
935
1010
1100
1072
822
1311
1360
1412
1470
1522
1545
824
1656
2150
2996
3410
3180
3045
2410
1772

Symbol

Au
Hg
Tl
Pb
Bi
Po
At
Rn
Fr
Ra
Ac
Th
Pa
U
Np
Pu
Am
Cm
Bk
cf
Es
Fm
Md
No
Lr

Atomic
number

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

Melting
point, °C

1064
-39
303
327
271
254
302
-71
27
700
1050
1750
1568
1132
640
640
994
1340
986
900
860
1527

827
1627
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Boiling Points of the Elements

Boiling
point, °C
-253
-269
1347
2970
2550
4827
-196
-183
-188
-246
883
1090
2467
2355
280
445
-35
-186
760
774
1484
2832
3287
3380
2672
1962

Symbol

Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr
Y
Zr
Nb
Mo
Tc
Ru
Rh
Pd
Ag
Cd
In
Sn
Sb
Te

Atomic
number
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Boiling
point, °C
2870
2732
2567
907
2403
2830
613
685
58.8
-153
688
1384
3337
4377
4927
4612
4877
3900
3727
2927
2212
765
2000
2270
1750
990

Symbol

|
Xe
Cs
Ba
La
Ce
Pr
Nd
Pm
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Re
Os
Ir
Pt

Atomic
number
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Boiling
point, °C
184
-108
678
1140
3469
3257
3127
3127
3000
1900
1597
3233
3041
2562
2720
2510
1727
1466
3315
5400
5425
5660
5627
5027
4527
3827

Symbol

Au
Hg
Tl
Pb
Bi
Po
At
Rn
Fr
Ra
Ac
Th
Pa
U
Np
Pu
Am
Cm
Bk
cf
Es
Fm
Md
No
Lr

Atomic
number
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

Boiling
point, °C
2807
357
1457
1740
1560
962
337
-62
677
1737
3200
4790

3818
3902
3235
2607



Boiling point, °C
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Symbol

He

Atomic
number
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Density
g/mLor
g/L (gas)
0.09
0.18
0.53
1.85
2.34
2.26
1.25
1.43

1.7

0.9

0.97
1.74

2.7

2.33
1.82
2.07
3.21
0.86
1.78
1.55
2.99
4.54
6.11
7.19
7.43
7.87

Densities of the Elements

Symbol

Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr
Y
Zr
Nb
Mo
Tc
Ru
Rh
Pd
Ag
Cd
In
Sn
Sh
Te

Atomic
number

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Density
g/mLor
g/L (gas)
8.9

8.9

8.96
7.13
5.91
5.32
5.72
4.79
3.12
3.75
1.63
2.54
4.47
6.51
8.57
10.22
11.5
12.37
12.41
12.02
10.5
8.65
7.31
7.31
6.68
4.93

Symbol

Xe
Cs
Ba
La
Ce
Pr
Nd
Pm
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

Re
Os

Pt

Atomic
number

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Density
g/mLor
g/L (gas)
6.24

5.9

1.87
3.59
6.15
6.77
6.77
7.01

7.3

7.52
5.24

7.9

8.23
8.55

8.8
9.07
9.32

6.9

9.84
13.31
16.65
19.35
21.04
22.6
22.4
21.45

Symbol

Au
Hg
Tl

Pb
Bi

Po
At
Rn
Fr

Ra
Ac
Th
Pa

Np
Pu
Am
Cm
Bk
cf
Es
Fm
Md
No
Lr

Atomic
number

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

Density
g/mLor
g/L (gas)
19.32
13.55
11.85
11.35
9.75

9.3

9.73

5.5
10.07
15.4
11.72
20.2
18.95
13.67
19.84
13.5
14.78
15.1



Density, g/mL (solids) and g/L (gases)
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Atomic Radii

The atomic radius is
defined as one-half of
the distance between
covalently bonded
atoms.

Electron

distribution _

in molecule Nonbondmg
\ atomic radius

7 d
Bonding

Distance i
atomic

between S|
nuclei radius, 7 d



Metallic and covalent radii

Metallic radius

Atomic radius
Bond
IEngth\

>
| 199 pm |

Metallic
radius of Al

Covalent
CI—Cli radius of Cl
bond

Not every
element will
form covalent
o . bonds with

radiusofC  c_¢)  radius of CI itself
bond
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1A

@
H, 27
3A
, 152 Be, 113 B, 83
Na, 186 Mg, 160 Al, 143

Rb, 248 Sr, 215

4A 5A BA TA
o O o O

C, 77 N, 71 0, G&* F 71

5, 117 F 115 5, 104 Cl, 99

be, 123 As, 125 5e, 117 Br, 114

Sn, 141 Sb, 141  Te, 143 1,133

s, 265 Ba, 217 TL 170

Pb, 154 Bi, 155  Po, 1&7

Atomic Radii
of the main
group atoms
in pm



Atomic Radii

Size decreases across a period owing to
increase in nuclear charge.

Each added electron feels a greater + charge.

QO 00000

Na, 185 Mg, 160 Al 143 . 117 F, 115 5, 104 Cl, @9

Large Small

Increase in Z*



250

Radius (pm)

150

100

Period

Sizes of Transition Elements

Cs

B 6th Period il
=3 5th Period
B 4th Period
Rb
200
150
Au
Pt
£r W Re Os Ir
Nb PLE Cd
Tc Pd
Ru Rh
1A 2A 3B 4B 5B 6B 7B g; 1B 2B

Transition metals



Atomic radius (pm)

Lum

[ Group 1A(1)

Group 8A(18)

150 —
i
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] Ne L o
501 Periodicity of atomic radius
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10 20 30 40 50 60 70 80

Atomic number, Z2



Atomic radius
decreases from left to right across a period
increases from top to bottom down a group or family

Rb has the
largest size

E\J()J

—
L

Radius (A)




Atomic radii vs
Metallic radii



Atomic radius

Atomic radii vs
Metallic radii for

2"d period
elements



Atomic radius

Atomic radii vs
Metallic radii for

4th Period
elements
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lonization Energy

« Amount of energy required to remove an
electron from the ground state of a gaseous
atom or ion.

— First ionization energy is that energy required to
remove first electron.

— Second ionization energy is that energy required
to remove second electron, etc.



Symbol

He

First lonization Energies of the Elements

Atomic
number

O 00O NO ULl A WN -

NN NNNNNRRRRBRRRBRRRR B
OO U A WNEFRP,POOVOONOULEED WN R, O

lonization
energy, eV

13.5984
24.5874
5.3917
9.3227
8.298
11.2603
14.5341
13.6181
17.4228
21.5645
5.1391
7.6462
5.9858
8.1517
10.4867
10.36
12.9676
15.7596
4.3407
6.1132
6.5615
6.8281
6.7462
6.7665
7.434
7.9024

Symbol

Co
Ni
Cu
Zn
Ga
Ge
As
Se
Br
Kr
Rb
Sr
Y
Zr
Nb
Mo
Tc
Ru
Rh
Pd
Ag
Cd
In
Sn
Sb
Te

Atomic
number

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

lonization
energy, eV

7.881
7.6398
7.7264
9.3942
5.9993
7.8994
9.7886
9.7524
11.8138
13.9996
4.1771
5.6949
6.2173
6.6339
6.7589
7.0924
7.28
7.3605
7.4589
8.3369
7.5762
8.9938
5.7864
7.3439
8.6084
9.0096

Sym

I
Xe
Cs
Ba
La
Ce
Pr
Nd

Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta

Re
Os

Pt

bol

Atomic
number

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

lonization
energy, eV

10.4513
12.1298
3.8939
5.2117
5.5769
5.5387
5.473
5.525
5.582
5.6437
5.6704
6.1501
5.8638
5.9389
6.0215
6.1077
6.1843
6.2542
5.4259
6.8251
7.5496
7.864
7.8335
8.4382
8.967
8.9587

Symbol

Au
Hg
Tl
Pb
Bi
Po
At
Rn
Fr
Ra
Ac
Th
Pa
U
Np
Pu
Am
Cm
Bk
cf
Es
Fm
md
No
Lr

Atomic
number

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

lonization
energy, eV

9.2255
10.4375
6.1082
7.4167
7.2856
8.417
9.3
10.7485
4.0727
5.2784
5.17
6.3067
5.89
6.1941
6.2657
6.0262
5.9738
5.9915
6.1979
6.2817
6.42
6.5
6.58
6.65
4.9



First lonization Energies of the Elements, eV

lonization energy in eV
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Atomic Number



Periodicity of first ionization energy, kJ/mol

First ionization energy (kJ/mol)
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1500 —
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| Kr
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500":-~_,._: ///\/
- e _
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[
10

| | [ | [
40 50 60 70 80

Atomic number, Z
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1st lonization energy (kJ/mol)

Trends in lonization Energy
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Ranking Elements by First lonization Energy

PROBLEM: Using the periodic table only, rank the elements in each of the
following sets in order of decreasing IE;:

(a) Kr, He, Ar (b) Sb, Te, Sn (c) K, Ca,Rb (d) I, Xe, Cs
RECALL: IE decreases as you proceed down in a group

IE increases as you go across a period

SOLUTION:
(a) He > Ar > Kr Group 8A(18) - IE decreases down a group.

(b) Te > Sb > Sn Period 5 elements - IE increases across a period.
(c)Ca>K>Rb Ca is to the right of K; Rb is below K.
(d) Xe>1>Cs | is to the left of Xe; Cs is furtther to the left and down

one period.



Trends in First lonization Energies

The trend in ionization
energies is not linear,
there are

discontinuities in this
trend.
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Trends in First lonization Energies

 The first exception occurs
between Groups IIA and IllIA.

2500

1000

nucleus

e Electron removed from p- o
orbital rather than s-orbital . t\:e
— Only one electroninthe ¢ || /
p-orbital j% sool | ;. B
— Electron farther from : J N / /

— Small amount of

— Filled s-orbital

. = 500 ¥ @ /f@ fj@
repulsion by s electrons i Na

0 10 20 30 40

Atomic number

50



Trends in First lonization Energies

 The second exception occurs
between Groups VA and VIA.

— Half-filled rule

— Electron removed comes
from doubly occupied
orbital.

— Repulsion from other
electron in orbital helps
in its removal.

2500
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500 j

First ionization energy (kJ/mol)
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Factors Affecting Atomic Orbital Energies

The Effect of Nuclear Charge (Z

effective)

Higher nuclear charge lowers orbital energy (stabilizes the
system) by increasing nucleus-electron attractions.

The Effect of Electron Repulsions (Shielding)

Additional electron in the same orbital

An additional electron raises the orbital energy through
electron-electron repulsions.

Additional electrons in inner orbitals

Inner electrons shield outer electrons more effectively
than do electrons in the same sublevel.



Radial electron density

Effective Nuclear Charge

— Valence (3s) electron

(a)

- [Ne] core (10—)

T~ Nucleus (11+)

Combined effect
=11-10=1+

__—[Ne]

_-3s

A//

o

0.5

1.0 1.5
Distance from nucleus (A)

2.0

2.5

In a many-electron atom,
electrons are both
attracted to the nucleus
and repelled by other
electrons.

The nuclear charge that
an electron experiences
depends on both factors.



Effective Nuclear Charge

e Valence (3s) electron

_[Ne] core (10—)

i

The effective nuclear
Combined effect Chargel zeffl is found by:
=11-10=1+

T Nucleus (11+) Zeff — z — S

where Z is the atomic
numberand Sis a

(a)

Radial electron density

screening constant,
— e usually close to the
number of inner electrons.
_-3s
= Note: For simple estimation, we may
0 0.5 1.0 1.5 2.0 25

use the inner number of electrons

Distance from nucleus (A)



Effective Nuclear Charge, Z*

Z* is the nuclear charge experienced by the
outermost electrons.
Explains why E, < E,,

Z* increases across a period owing to incomplete
shielding by inner electrons.

Estimate Z* =[ Z - (no. inner electrons) ]
— Where Z = total number of electrons

Examples:
— Chargefeltby 2se-inLi Z*=3-2=1
— Be 2¥*=4-2=2

— B Z*=5-2=3



Probability of finding electron

(Radal probability)

—

~<——Region of highest

probability for
1s electrons

Probability
dhstnbution
for 25 electron

Distance from nucleus —

Electron cloud for
1s electrons

Effective
Nuclear
Charge

Z* is the nuclear
charge experienced
by the outermost
electrons.



Effective Nuclear Charge Z*

The 2s electron PENETRATES the region occupied by
the 1s electron.

2s electron experiences a higher positive charge than
expected.

+4
Effective +3
Muclear
Charge +e

+1

2 e ) b 10
Distance firom Mucleus (a,)
v_\ L nucleus
Ta i 3 &
el
"-‘ electron

Lit don



Effective Nuclear Charge, Z*

Atom  Z* Experienced by Electrons in
Valence Orbitals

: *
+2.58 Increase in Z
across a period

""OZnt'__.
+
W
N
N

[Values calculated using Slater’s Rules]



Slater’s Rules

In 1930, J.S. Slater formulated the following set of empirical rules
for determining the values of the shielding constant o.

Slater's Rules

Write out the electronic configuration of the element and group the orbitals in
the following order:
(1s)(2s, 2p)(3s, 3p)(3d)(4s, 4p)(4d)(4f)(5s, 5p)........

To establish the screening constant for any electron, sum up the following
contributions:

1. Electrons in groups outside (to the right) of the one being considered do not
contribute to the shielding.

2. Electrons in the same group contribute 0.35 to the shielding (except the 1s
group, where a contribution of 0.30 is used

3. For s or p electrons being observed, each electron in the (n-1) shell
contributes 0.85 to the shielding and each electron in the (n-2), (n-3), ...
shells contribute 1.00 to the shielding

4. Ford or f electrons being observed, each electron in an underlying group
contributes 1.00 to the shielding.



Slater’s Rules

Example:
e Calculate Z* for a 4s and a 3d electron in Zn

 Determine the electron configuration for Zn
(1s)%(2s, 2p)3(3s, 3p)3(3d)*°(4s)?

For a 4s electron:
Establish the screening constant for the 4s electron

o=(1x0.35)+ (18 x 0.85) + (10 x 1.00) = 25.65

Calculate the effective nuclear charge
Z*=7-0 = 30-25.65 =4.35

For a 3d electron:
Establish the screening constant for the 3d electron

o = (9 x 0.35) + (18 x 1.00) = 21.15

— Calculate the effective nuclear charge
Z*=27-0 =30-21.15 =8.85
* From this example, you can see that the 3d electrons experience a much
greater positive charge than the 4s electron and would be held more
tightly. Thus, the 4s electrons will be the first removed when Zn is

ionized.



Orbital Energies

Orbital energies “drop” as Z* increases
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The effect of
another
electron in the
same orbital:

He vs He*
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The effect of
other electrons in
inner orbitals:

Li vs Li%*

Copyright € The McGraw-Hill Companies, Inc. Permission requried for reproduction or display.
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Radial probability

-

The effect of orbital shape

Copyright & The McGraw-Hill Companies, Inc. Permission requried for reproduction or display.
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Redox Reactions

A redox (oxidation-reduction) reaction is
one in which one element loses
electrons and another element gains
electrons

This is recognized by a change in oxidation
number of the elements involved

Why do metals lose electrons in their
reactions?

Why does Mg form Mg?* ions and not
Mg3+?

Why do nonmetals take on electrons?



lonization Energy

IE = energy required to remove an electron from
an atom in the gas phase.

Mg, + 738kl — Mg* , +e-

e, dkely 152 252 2pb6 352 @ 152252 2p6 351

-2 R
y
e

2"d |E = energy required to remove a second electron
from an atom
Mgt + 1451k} — Mg?* , +e-

Mg* has 12 protons and only 11 electrons.
Therefore, IE for Mg* > Mg.



lonization Energy

Mg, + 735kl — Mg, +e-  (1%IE)
Mg* , + 1451kl —> Mg ,+e- (2" [E)

MgZ*

M 9 Mo* i
g : g g = 152 252 EDE

b " 1s22s22p63s2 @ . 1s22s22p63s1 iR

3" |E = energy required to remove a third electron
from an atom

Mg?* (g) + 7733 kl — Mg3* (g) + e-

Mg?* has a noble gas electron configuration.
Energy cost is very high to dip into a shell of lower n.
This is why ox. no. = Group no.
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lonization Energies, IE,-IE,,

* It requires more energy to remove each successive electron.

e When all valence electrons have been removed, and the ion
is isoelectronic with the nearest noble gas, the ionization
energy shows a very large increase

:::;:::;r o lonization Energy (M)/mol)*
” 4 Element Electrons IE; IE, |E3 | |E5 IEs IE; IEg IEg IE“]
3 Li 1 0.52 |7.30 11.81
4 Be 2 0.90 1.76 21.01 Core electrons
5 B 3 0.80 243
6 6 4 1.09 235
T N 5 1.40 2.86
8 O 6 1.31 3.39
9 F 7 1.68 3.37 106.43
10 Ne 8 2.08 3.95 115.38 131.43
11 Na 1 0.50 |[4.56 6.91 9.54 13.35 16.61 20.11 25.49 28.93 141.37

*MJ/mol, or megajoules per mole = 10® kJ/mol.



lonization Energies, IE,-IE,

Element L I, I I, I5 Ig I-
Na 495 4562 (inner-shell electrons)
Mg 738 1451 7733
Al 578 1817 2745 11,577
Si 786 1577 3232 4356 16,091
1012 1907 2914 4964 6274 21,267
S 1000 2252 3357 4556 7004 8496 27,107
Cl 1251 2298 3822 5159 6542 9362 11,018

Ar 1521 2666 3931 5771 7238 8781 11,995



Atomic Electron lonization Energy, k) mol!
Number Symbol Config 1st 2nd 3rd 4th 5th 6th 7th 8th
1 H 1s! 1312.48
2 He 152 2371.53 5248.83
3 Li 2s! 520.03 7296.06 11811.43
4 Be 252 899.23 1756.57 14844.00 21000.33
5 B 2s22p? 800.44 2426.47 3658.66 25017.81 32816.37
6 C 2522p? 1086.79 2351.87 4617.88 6220.77 37820.01 47270.83
7 N 2522p3 1402.85 2856.37 4575.62 7472.62 9442.03 53249.77 64337.37
8 0] 2s22p* 1313.52 3391.01 5300.29 7467.18 10986.77 13322.27 71333.02 84073.30
9 F 2s22p° 1680.55 3374.98 6044.21 8416.12 11019.82 15159.05 17862.75 92006.16
10 Ne 2s22p® 2080.08 3962.54 6174.75 9374.25 12195.52 15235.62
11 Na 3st 495.72 4562.65 6912.80 9540.36 13372.48 16629.73 20110.81 25486.42
12 Mg 3s? 737.51 1450.13 7730.36 10544.52 13626.45 18028.86 21738.39 25661.73
13 Al 3s23p? 577.35 1816.11 2743.99 11574.20 14836.05 18372.36 23342.12 27510.22
14 Si 3523p?2 786.26 1576.53 3228.33 4354.29 16086.64 19789.48 23774.32 29318.12
15 P 3s523p3 1017.88 1895.90 2909.55 4954.69 6272.23 21266.02 25404.83 29838.20
16 S 3s23p* 999.26 2257.69 3376.91 4562.65 6994.81 8493.10 27110.65 31723.51
17 Cl 3s23p° 1255.24 2296.30 3849.66 5161.80 6541.68 9329.90 11025.26 33605.05
18 Ar 3s23p® 1520.09 2664.87 3946.14 5768.90 7236.23 8808.99 11963.73 13841.51
19 K 4s1 418.65 3069.13 4438.39 5876.01 9619.43 11385.08 14954.87
20 Ca 452 589.61 1145.24 4940.89 6464.28 8142.06 1234991 14182.92
21 Sc 3d14s2 632.91 1234.99 2387.93 7129.95 8876.36 10719.41 15340.64
22 Ti 3d24s? 658.98 1309.26 2715.04 4171.91 9629.06 11577.96 13584.61
23 Vv 3d 34s2 650.28 1413.48 2865.54 4631.27 6290.64 12436.52 14569.11 16759.01
24 Cr 3d°4s? 652.62 1591.01 2990.97 4862.64 7024.10 8711.09 15547.74
25 Mn 3d°4s? 717.05 1509.00 3087.46 5017.03 7303.59
26 Fe 3d®4s2 762.20 1561.09 2941.35
27 Co 3d74s? 758.35 1645.02
28 Ni 3d84s? 736.47 1751.17
29 Cu 3d104s1 745.25 1967.27 2846.25
30 Zn 3d104s2 906.09 1732.85 3859.32
31 Ga 3d104s24p? 578.90 1978.86 2952.40 6155.50




Identifying an Element from Successive lonization Energies

PROBLEM: Name the Period 3 element with the following ionization energies (in
kJ/mol) and write its electron configuration:
IE, IE, IE, IE, IE. IE¢
1012 1903 2910 4956 6278 22,230
PLAN: Look for a large increase in energy which indicates that all of the valence

electrons have been removed.

SOLUTION:
There is a large increase after removing 3 electrons

The largest increase occurs after IE, that is, after the 5th valence
electron has been removed.

Three electrons and five electrons would mean that the valence
configuration is 3s23p3 and the element must be phosphorous, P (Z = 15).

The electron configuration is 1522522p%3s23p3 OR [Ne] 3s23p3



lon Sizes: Formation of a cation

Li, 152 pm Li*, 78 pm
3e and 3p* 2e and 3 p*

e CATIONS are SMALLER than the atoms
from which they are formed

* The proton/electron attraction has
increased and size DECREASES.



lon Sizes: Formation of an anion

F, 71 pm F, 133 pm
9e” and 9p* 10e” and 9p*

e ANIONS are LARGER than the atoms
from which they are formed

* The proton/electron attraction has
decreased and size INCREASES.

e Trends in ion sizes are the same as atom
sizes.



lonic Radius

lonic radius is a measure of
an ion size in the crystal
lattice of an ionic
compound.

The values are determined
by x-ray crystallography

Values of ionic radii vary
with the ionic compound
and with the method of
measurement
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Isoelectronic Series of Main-Group Atoms

in Groups 6A to 2A
8A
(18) 1A 2A
6A 7A | ") (2)
(16) (17) 4 2
> O F , 3
4 Se | Br , S
5 | 6
| |
— ————————
Gain Lose
electrons

electrons



Sizes of lons (lonic Radii

* Jonic radius decreases from left to right across a period
for similar charged ions

— Due to increasing nuclear charge.

* |n an isoelectronic series, ions have the same number of
electrons.

Group 1A Group 2A Group 3A Group 6A Group 7A

Li+‘ Li Be?* Be B3+ ’02 IF‘

0.68 1.34 0.31 090 0. 2'% 0.82 1.40 0.71
\

| I

These ions are isoelectronic with He These ions are isoelectronic
with Ne



Sizes of lons (lonic Radii

Group 3A Group 6A
B* B 0 loz--
* lonic radius increases e BT
as you go down a xbe
group 0
— Due to increasing 051 1.8
value of n.
Ga’* Ga
062 1.26

3+

In In




Trends in lon Sizes
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Arranging lons by Size

PROBLEM: Rank each set of ions in order of decreasing size, and explain your ranking:

(a) Ca?*, Sr?*, Mg?* (b) K*, S%, Cl - (c) Aut, Au3*

PLAN: Compare positions in the periodic table, formation of positive and
negative ions and changes in size due to gain or loss of electrons.

SOLUTION:

- - - These are members of the same Group (2A/2) and

(a) Sr?* > Ca?*> Mg .. .
therefore decrease in size going up the group.

These ions are isoelectronic;

(b) $*>CI->K* S2 is an anion with the smallest Z_ and is the largest

K* is a cation with a large Z ;; and is the smallest.

(c) Au*>Au3*  The higher the + charge, the smaller the ion.



Electron Affinity

Energy released when an electron is added to
a neutral gaseous atom:

Cl+ e > CI- + 349 kJ/mol




Trends in Electron Affinity

H He
—73 > ()
Li Be B C N O F Ne
—60| =0 —27 e > () |—141|—328| =0
Na | Mg Al Si P S Cl Ar
—53 = —43 I —72 | —200| —349| =0
K Ca Ga | Ge | As | Se Br Kr
—48 == —30 Bl —78 | —195| —325| =0
Rb Sr In Sn | Sb | Te I Xe
—47 . —30 = —103|—190( —295( > 0
1A 2A 3A 4A 5H5A 6A 7A 8A

In general:

Electron affinity
increases
(becomes more
exothermic) going
from left to right
across a period

Electron affinity
decreased going
down a group

Note: Energy released is indicated by a negative sign



Trends in Electron Affinity

There are two
discontinuities
in this trend.




Trends in Electron Affinity

H He
/7?- \ > ()
" Li | Be B|lc|NTO]| F|Ne

—60 [ =0 —27 s >0 [-141]|—328[ =0

Na | Mg Al | Si P S Cl | Ar

—53 1 >0 —43 =134 —72 [--200| —349| >0

K Ca Ca | Ge | As | Se Br | Kr

—48 [=—_ —30 [—119| —78 [--195|—325| >0

Rb | Sr In Sn | Sb | Te I Xe

—47 =5 —30 |—107 —103'—190 —2951 >0

1A 2 3A  4A 5H5A 6A 7A 8A

* The first occurs
between Groups IA
and llA.

— Added electron
must go in a p-
orbital, not an s-
orbital.

— Electron is farther
from nucleus and
feels repulsion from
s-electrons.



Trends in Electron Affinity

H He
73 RN >0
Li | Be B/C| NNO | F | Ne
—60 [ =0 —27/ —122 >0 [%141|—-328| >0
Na | Mg A Si P S Cl | Ar
—53 1 >0 —43 [—134| —72 | —P00|—349| >0
K Ca G Ge | As e Br | Kr
—48 =2 — —119| —78 [195|—325| >0
Rb | Sr In Sn | Sb e I Xe
—47 =5 —30\|—107( —103(/190| —295| > 0
1A 2A 3A \dA 5A/ 6A 7A 8A

e The second occurs
between Groups
IVA and VA.

— Group VA has no
empty orbitals
(half-filled rule)

— Extra electron
must pair up in an
occupied orbital,
creating repulsion.



Writing Electron Configurations of Main-Group lons

PROBLEM: Using condensed electron configurations, write reactions for the
formation of the common ions of the following elements:

(a) lodine (Z = 53) (b) Potassium (Z = 19) (c) Indium (Z = 49)

RECALL: lons of elements in Groups 1A(1), 2A(2), 6A(16), and 7A(17) are usually
isoelectronic with the nearest noble gas.

Metals in Groups 3A(13) to 5A(15) lose their outermost p and/or s electrons.

SOLUTION:

(a) lodine (Z = 53) is in Group 7A(17) and will gain one electron to be isoelectronic with Xe:
([Kr]5s24d1%5p°) + e — |- ([Kr]5s24d1°5p®)

(b) Potassium (Z = 19) is in Group 1A(1) and will lose one electron to be isoelectronic with Ar:
K ([Ar]4s!) —— K*([Ar]) + e
(c) Indium (Z = 49) is in Group 3A(13) and can lose either one electron or three electrons:

In ([Kr]5s24d1%5pl) —— In* ([Kr]5s24d?) + e*
In ([Kr]5s24d1%5p!) —  In3*([Kr] 4d°) + 3e



The Period 4
crossover in
sublevel
energies

3d becomes
more stable
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stable

4s
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Period 4
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Writing Electron Configurations and Predicting Magnetic
Behavior of Transition Metal lons

PROBLEM: Use condensed electron configurations to write the reaction for the
formation of each transition metal ion, and predict whether the ion is
paramagnetic.

(a) Mn?*(Z = 25) (b) Cr3*(Z = 24) (c) Hg**(Z = 80)

PLAN: Write the electron configuration and remove electrons starting with ns
to match the charge on the ion. If the remaining configuration has
unpaired electrons, it is paramagnetic.

SOLUTION:

(a) Mn?*(Z = 25) Mn([Ar]4s?3d>)—— Mn?Z*([Ar] 3d°) + 2e- paramagnetic

(b) Cr3*(Z = 24) Cr([Ar]4s23d%)—— Cr3*([Ar] 3d°) + 3e paramagnetic

(c) Hg**(Z = 80) Hg([Xe]6s%4f145d10) —— Hg?* ([Xe] 4f145d%) + 2e- diamagnetic



General Applications of the Periodic Law

e Electronic structure is periodic and the following properties
have a dependence on electronic structure:
— Atomic volume
— Coefficient of expansion
— Compressibility
— Electrical conductivity (or resistance)
— Hardness
— Heats of solution, fusion, vaporization, and sublimation
— lon mobility
— Magnetic behavior
— Malleability
— Optical spectrum
— Refractive index
— Standard reduction potential
— Thermal conductivity



General Applications of the Periodic Law

e As illustrated by Mendeleey, it is possible to predict many
of the physical and chemical properties of an element

based on information of the elements surrounding it on
the periodic table.

— See: Mendeleev’s predictions

— See: Seaborg’s paper on expanding the periodic table



General Applications of the Periodic Law

e Prediction of formulas of inorganic compounds

— If you know the formula of a compound, you can substitute
another element from the same group into the formula and get a
correct formula for the new compound

Compound Compound Compound
NacCl CaSO, HCIO,
LiCl MgSoO, HBrO,
KCI SrSO, HIO,;
RbCl BaSO,
Kl MgSeO,
KBr CaTeO,

LiF



Anomalies of the Periodic
Classification

* Position of Hydrogen is not determined

* Prediction of formulas sometimes results in
writing of formulas of compounds that are
unstable or do not exist

* Properties of elements in the second period
differ from the properties of the elements
below them in the same family



