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[TF] Ionization energy can be expressed as k] /mol and as eV /atom. The first Lecture 5 CH1 31 Fall 2020
ionization energy of Na atom is 5.14 eV. How many k] are required to ionize Tuesday, September 22, 2020
one mole of Na atoms? Remember: electron charge is 1.60 x 101 Cand [V =1
J/C. Begin ch3: Chemical bonding: The classical description
 Jonization energy: X (g) = X*(g) + e~
11% 1. 300K * Anatomy of electron clouds —
60% 2. 500k] » [E, - electron cloud expansion
26% 3. 700K . Next lecture: Electron affinity: X=(g) — X(g) + e~; Electronegativity:
39, 4' 900 k EN ~ IE; + EA; Dipole moment and ionic character: ~ AEN; Lewis
A J diagrams, shapes, resonance, and polarity of molecules; Begin
ch9.1-9.6. The gaseous state ;
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First ionization energy, IE; X(fD — )C% ve Q)
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eV/atom and kJ/mol ‘

1 eV is the energy of 1 electron charge in a potential
e~ =1.6022x1071°C

16V =1.6022 x 10719€'x 1 ]///: 1.6022 x 10719
—_ Wl ——
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[TF] Tonization energy can be expressed as k] /mol and as eV /atom. The first
ionization energy of Na atom is 5.14 eV. How many k] are required to ionize
one mole of Na atoms? Remember: electron charge is 1.60 x 101 Cand [V =1

J/C. =

/ Na,(@ — Hc{(g) te (@ IEf 9. eY
2% 1. 300K

@. 500 kj
5% 3. 700K
2% 4. 900K]

173322
168 of 191 E

BOSTON
UNIVERSITY

10

Copyright © 2020 Dan Dill dan@bu.edu

9/22/2020 9:52 AM

ecture 5 CH131 Fall 2020

eV/atom and kJ/mol
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For H atom (only; not other atoms),
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Anatomy of electron clouds
The volume of atoms is due to their electron clouds.
Studying successive ionization energies (how much energy is needed to
remove an electron from the cloud) reveals the anatomy of the cloud.
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[TF] The energy required to remove a second electron from nitrogen,
Anatomy of electron clouds j:[’-( 5 il N*(g) » N2*(g) + e~ (g), is called the second ionization energy, I,. Compared
Let’s do this for the nitrogen atom. to the first ionization energy, /;, the second ionization energy
T T + - T
Here is the equation describing removal of one electron from a neutral N atom. 1. must be smaller "Z< | f\l ( V- N (BB +c "L/

2. must be about the same ‘sz" l

1ust be larger T z>—£l
I, is called the first ionization energy, and 1 aJ = 1 x 10718 ] (attojoule) 4. Further information required

N@ - N*(9) + e (g), s = 2.322a] = 2.32 x 10738 ]

N+L35 ~ Ny I,
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Anatomy of electron clouds T >1 Structure of electron clouds
Z
The key in comparing ionization energies, the ionizations The key in comparing ionization energies, the ionizations -+
N(g) > N*(g) + e (9), I N(g) aﬂ)(/g)+f7_|g) L (\MSX - N (133 +Z(a/ J‘\+‘\’Z
_ ‘ - . !
N*(g) > N**(9) + e (). I MO - @+ g b
e = 7 2
is Coulomb’s law, The greater the product of the charges, the more energy required to separate
them.
102

Q
Ecoutomb™ a4
Therefore, I must be larger than I, because
In words, Coulomb’s law says that opposite charges attract, the more so the

greater the charges, Q;and Q,, and the more so the closer, d, they are. for Iz, Q1Qz = (+2)(-1) = -2
for Iy, 0,Q, = (+1)(-1) = -1
=
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Coulomb’s law charges Q; and Q,? Qk
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Successive ionization energies

TABLE 3.1

Successive lonization Energies of the Elements Hydrogen through Argon (in eV Atom )

Z  Element i 1 IE IE, IE; IEg

T W ¢

2 He > 54.42

3 Li 7564 122.45

4 Be 1 15389 21771

5 B 830 2515 3793 25937 36022

6 L o 11.26 2438 47.89 64.49 392.08 489.99

70N 1453 2960 4745 7747 9789 5520/ 66703

8 o 1362 3512 54.93 7.4 113.90 138.12 739.32

5 F 17.42 3497 62.71 87.14 11424 157.16 185.18
10 Ne 21 40.96 63.45 97.11 12621 157.93 207.27
n Na 47.29 7164 98.91 138.39 17215 208.47
12 Mg 7 80.14 10924 14126 18650 22494
13 Al 599 1883 2845 119.99 153.71 190.47 24143
14 Si 8.15 1635 3349 45.14 166.77 205.05 246.52
[C 1049 1973 3018 5137 eso2 22083 26322
16 s 1036 2333 3483 47.30 7268 88.05 280.93
17 <l 1297 2381 39.61 53.46 67.8 97.03 114.19
18 Ar 2763 40.74 59.81 75.02 91.01 12432
vk 3163 4572 6091 8266 1000 11756
20 Ca .11 8 50.91 67.10 8441 108.78 127.7
21 Sc 654 1280 2476 7347 91.66 1ma 138.0
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871.39
95389 1103.08
23909 119579 136216

264.18 29987 146510
265.90 327.94 36753
284.59 33021 39857
303.17 35110 40143
300.41 37173 424.50
32823 37900 447.10
348.28 400.03 455.62
14346 a22.43 478.68
154.86 175.82 503.44
147.24 188.54 21127
1587 180.02 22532
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[TF] The energy required to remove a third electron from nitrogen,
N2+ (g) - N3+(

energies compare? Tell your classmates why.

11% 3.
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) + e~ (g), is called the third ionization energy, /5. How do the
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Plot log(/E,,) versus n for Mg

You will need the final two ionization energies, IE; and IE, .
https://en.wikipedia.org/wiki/lonization_energies_of_the_elements_(data_page)

Ey; = 1762 eV

1E;, = 1962 eV
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Plot log(/E,)) versus n for Mg

Physically (in terms of Coulomb’s law), what accounts for the discontinuity
betweenn = 2 andn = 3?
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Successive IE, - electron cloud contraction ,~
IE, > IE, : Mg*™ > Mg~ increase in residual ion Ch:?r’ge P’gz+®§ Mgr(%\'l/&
IE; > IE, : Mg3* » Mg?* large contraction of electron cloud z
IE o = IIEy > --- = [F5 : increase in residual ioun charge
1E11 > IEjy: Mg!'™ > Mg!'% large contraction of electron cloud
IE1, > 1E;; : Mg'?* > Mg!'* integer increase in residual iqg charge

ety
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Structure of electron clouds
Evidence of charge cloud contraction is seen in every element other than H and
He. For example,
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Structure of electron clouds
The “egzzer to remove” electrons are calledqalence electrons. Phe remaining
"harder to remove” electrons are called core €lectro
s
N
i1 A
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TABLE 4.2 A simple representation of the first 18 elements,

StrUCture Of eleCtron CIOUdS e hmm;‘;p“mm PrOblem 3'21 >r each of the following atoms or ions, state the total

« » . i ber of el I ber of val lectrons, and
The “easy-to-remove” part of electron clouds account e el e K/V( ;I]UE'TN gc]cs;i"m [1:::1:‘ PR T A
for the periodicity of atom properties. ) S - % 7 (a) (¢) S (d) Sb
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The Lewis electron-dot formula summarizes the
number of easily removed (valence) electrons until N
the much smaller cloud of inner-core electrons remains. @
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IE, — electron cloud expansion IE, — electron cloud expansion

He

Elements in successive rows of the sa}n@&l_lmm of the periodic table contain
the same number of valence electrons but increasing numbers of core
electrons.

— 2123

This means the valence portion of the electron cloudg of successive elements in
the same column is larger and so farther from the nuf:leus

This in turn means it is increasingly easier to remove valence electrons going
down a column of the periodic table.

Ionization energies decrease due to this/£xp e valence region of the 2
electron cloud. / s
0 - ce 3 =
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IE, — electron cloud expansion

Lewis dot picture siunmarizes effect of electron cloud expansion.
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