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Lecture 3 CH131 Summer 1
Thursday, May 23, 2019

• Complete	ch2:	Chemical	formulas,	equations,	and	reaction	yields

Begin	ch3:	Chemical	bonding:	The	classical	description
• Successive	ionization	energies,	ܧܫn,	and	shell	structure

Next	lecture:	Continue	ch3:	Electron	affinity	ሺEAሻ,	electronegativity	
ሺENሻ,	ionic	character.	Lewis	diagrams	and	shapes	of	molecules

General limiting reagent recipe
2	A		3	B	→	C		2	D,	7.00	mol	of	A	and	10.00	mol	of	B	react	with	52	%	yield.	
How	much	A,	B,	C,	and	D	at	the	end	of	the	reaction?
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ܰܧ and ,ܣܧ ,ܧܫ
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First ionization energy, ܧܫଵ
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eV/atom and kJ/mol
1	eV	is	the	energy	of	1	electron	charge	in	a	potential	of	1	V	ൌ	I	J/C

݁ି ൌ 1.6022 ൈ 10ିଵଽ C

1	eV	ൌ	1.6022 ൈ 10ିଵଽ C	ൈ 1	J/C	ൌ	1.6022 ൈ 10ିଵଽ J

For	H	atoms,	

ଵܧܫ ൌ 13.6 ୣ
ୟ୲୭୫

ൌ	13.6	 ୣ
ୟ୲୭୫

ൈ 1.6022 ൈ 10ିଵଽ 
ୣ
ൌ	21.8 ൈ 10ିଵଽ 

ୟ୲୭୫

ଵܧܫ ൌ 21.8 ൈ 10ିଵଽ 
ୟ୲୭୫

ൈ ேఽ	ୟ୲୭୫
୫୭୪

ൌ 21.8 ൈ 10ିଵଽ ൈ 6.022 ൈ 10ଶଷ J/mol

ൌ	1.31 ൈ 10 
୫୭୪

ൌ1310	 ୩
୫୭୪
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ሾQuizሿ	Ionization	energy	can	be	expressed	as	kJ/mol	and	as	
eV/atom.	The	first	ionization	energy	of	Na	atom	is	5.14	eV.	
How	many	kJ	are	required	to	ionize	one	mole	of	Na	atoms?	
Remember:	electron	charge	is	1.60	ൈ 10‐19 C	and	I	V	ൌ	1	J/C.

1. 300	kJ
2. 500	kJ
3. 700	kJ
4. 900	kJ

0%
100%
0%
0%
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Successive ionization energies
Lecture 3 CH131 Summer 1 2019

10

Copyright © 2019 Dan Dill dan@bu.edu

Plot log(IEn) versus n for Mg
You	will	need	the	final	two	ionization	energies,	11ܧܫ and	12ܧܫ .

https://en.wikipedia.org/wiki/Ionization_energies_of_the_elements_ሺdata_pageሻ

ଵଵܧܫ ൌ 1762 eV

ଵଶܧܫ ൌ 1962 eV
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Plot log(IEn) versus n for Mg
Physically	ሺin	terms	of	Coulomb’s	lawሻ,	what	accounts	for	the	discontinuity	
between	݊ ൌ 2 and	݊ ൌ 3?
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Successive IEn →	electron cloud contraction
ଶܧܫ  ଵܧܫ :	Mg2 	Mg increase	in	residual	ion	charge
ଷܧܫ ≫ ଶܧܫ :	Mg3 ≫	Mg2 large	contraction	of	electron	cloud
ଵܧܫ  ଽܧܫܫ  ⋯  ଷܧܫ :	increase	in	residual	ion	charge
ଵଵܧܫ ≫ ଵܧܫ :	Mg11 ≫	Mg10 large	contraction	of	electron	cloud
ଵଶܧܫ  ଵଵܧܫ :	Mg12 	Mg11 integer	increase	in	residual	ion	charge
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IE1 →	electron cloud expansion 
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IE1 →	electron cloud expansion 
Lewis	dot	picture	summarizes	effect	of	electron	cloud	expansion.
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Electron	affinity,	EA
Electronegativity,	EN

Ionic	character
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Electron affinity, EA: X− → X + e−
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Problem 3.23a
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ଵܧܫ K ൌ 4.34	eV/atom
ଵܧܫ Cl ൌ 12.97	eV/atom
ܣܧ K ൌ 48	kJ/mol
ܣܧ Cl ൌ 349	kJ/mol

Electronegativity: ܰܧ 1ܧܫ	∝ 	ܣܧ
Lecture 3 CH131 Summer 1 2019
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Fig. 3-10, p. 90
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Dipole moment
μ ൌ	charge	ൈ separation

Dipole	moment	of	charges	e and	eെ	separated	by	0.2082	ൈ 10െ10 m	is	defined	
as	one	Debye,

1	D	ൌ	3.336	ൈ 10െ30 C	m

Lecture 3 CH131 Summer 1 2019

23

Copyright © 2019 Dan Dill dan@bu.edu

Dipole moment
Typically,	only	a	fraction,	δ,	of	an	electron	charge	is	displaced

േݍ ൌ	േδ |e|

Where	δ is	the	fractional	ionic	character.
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Ionic character
The	internuclear	distance	of	HF	is	Re ൌ	0.917	ൈ 10െ10 m	and	its	dipole	moment	
is	1.82	D.	

Calculate	dipole	moment,	assuming	charge	is	|e|.

Answer:	1.602 ൈ 10ିଵଽC ൈ 0.917 ൈ 10ିଵm ൈ ୈ
ଷ.ଷଷൈଵషయబେ	୫

ൌ 4.40	D
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Ionic character
The	internuclear	distance	of	HF	is	Re ൌ	0.917	ൈ 10െ10 m	and	its	dipole	moment	
is	1.82	D.	

Calculate	the	fractional	ionic	character	of	HF.

Answer:	ߜ ൌ ଵ.଼ଶ	ୈ
ସ.ସ	ୈ

ൌ 0.41
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Ionic character
The	internuclear	distance	of	HF	is	Re ൌ	0.917	ൈ 10െ10 m	and	its	dipole	moment	
is	1.82	D.	The	fractional	ionic	character	of	HF	is	0.41.

Percent	ionic	character	is	δ ൈ 100	%	ൌ	41	%

Lecture 3 CH131 Summer 1 2019

27

Copyright © 2019 Dan Dill dan@bu.edu

Percent ionic character
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Fig. 3-16, p. 107


