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Atomic	Structure	
	

	
	
	 Mass	 Relative	Charge	 Symbol	

Proton	 	 	 	

Neutron	 	 	 	

Electron	 	 	 	

	
Atomic	Number	(Z)	=	Number	of	protons	
Mass	Number	=	Number	of	protons	+	neutrons	
Atomic	Weight	=	Weighted	average	of	the	isotopes	present	in	nature.	
	
12C		vs		13C		vs		14C		
	
	
	
	
	

You	Try	1-1	
For	each	species	below,	determine	the	number	of	protons,	neutrons,	and	electrons.		
15N						_____	p+					_____	e-					_____	no	

32S2-							_____	p+					_____	e-					_____	no	
39K+								_____	p+					_____	e-					_____	no	
21Ne				_____	p+					_____	e-					_____	no	
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Electrons	
The	outermost	electron	shell	(valence	shell)	is	responsible	for	bonding.	The	inner	shell	(core	shell)	does	not	
participate	in	bonding.	
	
Electron	Configuration:	Li	
	
	
Electron	Configuration:	Br	
	
	
	
	
	
	
	
	

You	Try	1-2	
Write	the	abbreviated	electron	configuration	for	each	of	the	following:	

Na	

Na+	

C	

S	

S2-	

Ionic	Bonds	
Octet	Rule	-	An	atom	will	donate,	accept,	or	share	electrons	in	order	to	obtain	a	filled	outer	shell.	

Ionic	bonds	involve	the	transfer	of	electrons	typically	between	a	metal	and	a	non-metal.	

Example:	LiBr	

	

	

	

Hydrogen	–	An	Exception	to	the	Octet	Rule	
A	stable	configuration	for	hydrogen	has	either	zero	or	two	valence	electrons.	
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Covalent	Bonds	
A	covalent	Bond	results	from	two	atoms	sharing	electrons.	

Covalent	bonds	occur	between	elements	of	similar	electronegativity	and	typically	involve	two	non-metals.	

Examples:	

	
	

Electronegativity	
Describes	the	tendency	of	an	atom	to	attract	electrons	towards	itself.	

	
	

Covalent	Bond	Types	
Nonpolar	Covalent	–	bonds	between	atoms	of	the	same	electronegativity.	
	

	
	
Polar	Covalent	–	bonds	between	atoms	of	different	electronegativity.	
	

	

	

	

H H H Cl C Br
H

H
H

H H Cl Cl H3C CH3 H3C H

H Cl H3C Br H3C O
H
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You	Try	1-3	
For	each	polar	covalent	bond	below,	write	in	“δ-,	δ+”	notation	and	draw	in	the	bond	dipole	arrows.	

	

How	Many	Bonds	Can	an	Atom	Have?	
Draw	an	electron	dot	symbol.	
Group	#	=	#	of	Valence	Electron	
	

	

Lewis	Structures	
Show	us	the	bonding	arrangement	of	atoms	in	a	molecule.	All	bonds	and	lone	pairs	are	drawn	in	a	Lewis	
structure.	
	
Basic	Rules:	
1.	Draw	only	the	valence	electrons	
2.	Hydrogen	can	have	only	2	electrons	(duet)	
3.	2nd	row	elements	can	have	no	more	than	8	electrons	(octet)	
	
Strategy:	
1. Add	up	the	total	number	of	valence	electrons	for	all	atoms.	

• Add	1	to	the	electron	count	for	a	negative	charge.	
• Subtract	1	from	the	electron	count	for	a	positive	charge.	

2. Divide	the	number	by	two	to	get	the	total	number	of	bonds/lone	pairs	to	use.	
3. Arrange	the	atoms	

• C,	N,	O,	S,	B	in	the	middle	
• H	and	halogens	on	the	periphery	(they	only	form	1	bond!)	

4. Connect	the	atoms	with	bonds.	Then	add	lone	pairs	until	all	atoms	(except	H)	have	an	octet.	
5. If	any	atoms	still	do	not	have	an	octet,	use	a	lone	pair	to	form	a	double	(or	triple)	bond	to	that	atom.		

H3C O

CH3
H3C

H2
C

C
H2

Br

H3C
C

CH3

O

HC N
H3C

C
CH3

Cl Br
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Example	1:	C2H4Br2	
	

	

	

	

	

	

	

	

	

	

Example	2:	C2H6O	
	
	
	
	
	
	
	
	
	
	
Example	3:	C3H6	

	

	

	

	

	

	

	

	

	

	
Example	4:	CH6N+	
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Example	5:	NO3
-	

	

	

	

	

	

	

	

	

	

Octet	Rule	Exceptions	
An	uncharged	group	IIIA	element	(B,	Be)	can	have	less	than	an	octet	of	electrons.	

Example:	BH3	

	

	

	

	

	

Period	3	elements	and	beyond	can	have	expanded	valence	shells	(i.e.	more	than	an	octet	of	electrons).	

Example:	PCl5	

	

	

	

	

	

You	Try	1-4	
Draw	a	valid	Lewis	structure	for	each	of	the	following	

C3H9N	

	

	

	

C4H6	 HCO3
-	

C4H8	(acyclic)	

	

	

	

C4H8	(ring)	 C2H7O+	
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Lewis	Structures	for	Larger	Molecules	
As	molecules	become	larger,	counting	up	and	distributing	the	valence	electrons	becomes	increasingly	
cumbersome.	Solution	=	just	arrange	electron	dot	symbols	
	

Example	1:	C5H12O		
	
	
	
	
	
	
	
Example	2:	C4H7N	(cyclic	structure)		
	
	
	
	
	
	
	
Example	3:	C6H11OBr	(containing	C=O)		
	
	
	
	
	
	
	
Example	4:	C6H11OBr	(containing	C=C)		
	
	
	
	
	
	

Constitutional	Isomers	
These	two	Lewis	structures	represent	constitutional	isomers	–	molecules	with	the	same	molecular	formula,	
but	different	atom	connectivity.		
	

Constitutional	isomers	are	different	molecules.	
	

	
	
	

H C
O

C C C C C
H

H

H

H

H

H

H

H
Br

H

H
HO C

H
C C C C C
H H H

H

H

H
Br

H
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You	Try	1-5	
Draw	two	valid	Lewis	structure	for	each	of	the	following	

C5H13N	

	

	

C7H14	(with	5	C	ring)	

	

	

	

C7H14	(acyclic)	

	

	

	

C5H8O2	

Formal	Charge	
Formal	Charge	–	a	charge	assigned	to	an	individual	atom	in	a	molecule.	

Formal	Charge	=	Group	#	-	#	bonds	-	#	lone	pair	electrons	

Examples:	

	
	
Example:	CH2N2	–	Draw	the	Lewis	structure	and	assign	any	formal	charges.	
	
	
	
	
	
	

Charges	on	Carbon	
You	will	frequently	encounter	relatively	unstable	molecules	that	contain	a	carbon	atom	with	a	positive	or	
negative	charge.	

• A	charge	on	carbon	(	+	or	-	)	will	take	the	place	of	one	bond.	
• A	“+”	on	carbon	is	a	site	of	electron	deficiency.	
• A	“-”	carbon	has	a	lone	pair	of	electrons.	

	

H C H

O
H

H3C O

H3C
C

CH3
C3H8

H3C
C

CH3
C3H7

H3C
C

CH3
C3H7

H H HH

*Pro	Tip	–	an	atom	with	an	
unusual	number	of	bonds	
typically	carries	a	formal	
charge!	
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Example:	Draw	a	Lewis	structure	for	C3H6Br+	with	the	positive	charge	residing	on	a	carbon.	
	
	
	
	
	
	
	
	

You	Try	1-6	
Determine	the	formal	charge	on	each	of	the	indicated	atoms.	

	 	 	

	 	 	

	
	

You	Try	1-7	
Draw	a	valid	Lewis	structure	for	each	of	the	charged	molecules	below.	

C4H11O+		(+	on	oxygen)	

	

C4H9O+		(+	on	carbon)	

C4H10N-	(-	on	nitrogen)	 C4H10N-	(-	on	carbon)	

	

B
CH3

H

H

H C
NH3C

CH3

H3C
H2
C C
H

H

H3C
H2
C C
H

H
H O H

H

H3C
S CH3

O


