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Chapter	9:	Chemical	Bonding	
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Chapter 9: Bonding Vocabulary 

Molecule – a COVALENTLY bonded substance; can be atoms of the same element (Ex: 
diatomic elements/molecules); molecular substance = covalent substanc 

Compound – a substance composed of two or more atoms from different elements 
CHEMICALLY bonded together 

Bond – forces of attraction that hold atoms together in a molecule or compound 

Octet Rule – atoms bond together in order to have 8 electrons in their valence shell 

Exothermic – energy is RELEASED as a product of a chemical reaction 

Endothermic – energy is CONSUMED as a product of a chemical reaction 

Ionic Bond – chemical bond involving the TRANSFER of electrons between a metal and 
nonmetal atom (metals lose, nonmetals gain); electronegativity difference between 
elements typically GREATER than 1.7 

Covalent Bond – chemical bond involving the SHARING of electrons between two 
nonmetal atoms; electronegativity difference between elements typically LESS 
than 1.7 

Oxidation number – the “charge” an element has within a compound 

Polyatomic ions – atoms of two or more elements chemically bonded together and having 
a NET CHARGE 

Polar molecule – a covalent molecule with an unequal sharing of electrons; contains atoms 
of two different nonmetal elements (all covalent compounds that are NOT diatoms) 

Nonpolar molecules – a molecule with symmetrical/equal sharing of electrons 

Intermolecular forces (IMF’s) – weak forces between molecules that hold the molecules 
to one another; not actually chemical bonds 
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Chemical 
Bonding	

Video Lesson 91. 

Objectives	
• Describe the 2 major types of chemical

bonds in terms of electrons.
• Describe the properties of ionic and

covalent bonding

Chemical Bonds	
• Chemical bond is the force between

atoms or ions
• Atoms will gain, lose, or share electrons

to achieve the same electron
configurations as the noble gases

Bond Energy – Bond 
Formation	

• Bond formation is spontaneous
o Energy is release when bonds are formed
• EXOTHERMIC 
• Atoms go from high energy to lower energy
• Creating bonds creates stability

A  +  B  à  AB  +  Energy	
   (heat)	
   (560 kJ)	

Bond Energy – Bond 
Breaking	

• Breaking bonds is not spontaneous
o Energy is required/absorbed/consume
o ENDOTHERMIC

BC  +  energy  à  B + C	
            (heat)	
            (600 kJ)	

Bond Types	
• Ionic Bonds

o Bonds that involve IONS
• Covalent Bonds

o Bonds between nonmetals
oMolecules

• Metallic Bonds
o Bonds that hold metals together.
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Ionic Bonds	
• Bond formed between ions

o Metals bonded to nonmetals
o Compound that contain polyatmoic ions 

• Involves a transfer of electrons 
• Electronegativity difference typically greater than 

1.7 (subtraction) 
o The greater the difference the more ionic 

character 

Properties of Ionic 
Compounds	

• Very strong bond
• High melting points and high boiling points
• Hard 
• Form crystal lattice shape (regular geometric 

pattern) 
• Electrolytes

o Can conduct electricity in solution (aq) 

Crystalline Structure	

Covalent Bonds 	
• Found in molecular substances. 
• Involves a sharing of electron pairs. 
• Nonmetals bonded to nonmetals

o Or diatomic elements
• Br2 I2 N2 Cl2 H2 O2 F2 

• Similar electronegativities

55



Properties of Covalent 
Bonds	

• Weaker bonds than ionic bonds
• Low melting and low boiling points
• Do not form electrolytes
• Typically soft 

Types of Covalent Bonds	
Nonpolar Covalent Bonds	 Polar Covalent Bonds	
• Form between atoms

with the same 
electronegativity 

• Electrons are shared
equally 

• H2

• Form between 
nonmetals with 
different 
electronegativity

• Electrons are shared
unequally 

Nonpolar Covalent Bonds	 Polar Covalent Bond	

Partial Charge	 Summary	
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Lewis Dot 
Diagrams 

Chemistry 200 
Video Lesson 9.2 

 H   

Objective:	
How do we show the arrangement of 
electrons for Ionic and Molecular 
substances using Lewis Dot Diagrams?	

(Lewis Structures)	

 	
Valence electrons – electrons in the 	

	outermost shell of an atom or ion	
• Establish chemical characteristics of elements

• The only electrons shown in Lewis electron
dot structures

• Group # indicates valence e- except for Helium
Kernel	

Lewis Structures or Dot Diagrams	

Atoms 	
• Determine valence electron number
• Write the symbol for the element
• Place a dot on each side of the symbol for each

electron

N
�	

�	
�	

�	
�	

Nitrogen à 5 valence e-	

à	

 	
Ions	

• Cations(+) lose valence e- &  Anions(-) gain valence e-

• Place [ ] around the symbol & indicate the charge :

à	 à	

Creating Lewis Dot Diagrams for molecules	
Ionic 	
• create dot diagrams for each ion and put

them together

à

• use subscripts if more than one cation or anion
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Lewis dot diagram for MgCl2	

 

Molecular	

Step 1	
Obtain the sum of the valence electrons from all of 
the atoms.  Do not worry about keeping track of 
which electrons come from which atoms.  It is the 
total number of valence electrons that is 
important.  Be aTentive to the charge if applicable.	

 	
   

Step 2	
Use one pair of electrons to form a bond btwn 
each pair of bound atoms.  For convenience, a 
line (instead of a pair of dots) is generally 
used to indicate each pair of bonding 
electrons.  The atom w/ the smallest 
electronegativity is usually in the middle.  
Oxygen tends not to be the central atom.  
Hydrogen is never the central atom because it 
only forms one bond.	

 	
  

Step 3	
Arrange the remaining electrons to 
satisfy the duet rule for hydrogen & 
the octet rule for each of the other 
atoms.  If each atom does not have an 
octet of electrons around it & there 
are still electrons to be assigned, 
consider a multiple bond.	

 	
Draw a Lewis Dot structure for CH3Cl	

1.  Total number of valence e- for the atoms in the compound.
	C =   	
	3H = 	
	Cl =	

4	
3	
7	

à Total 14 e-

2.  Put most electronegative element in the center & connect all 
 atoms to it using bond lines, one line for each e- pair.	

must have this amount	
 on your diagram when 	
completed	

 	3. Complete diagram using the Octet & Duet Rules

à	
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Draw a Lewis dot diagram for O2	

Each oxygen atom has 6 valence e-, therefore O2 	
	has a total of 12 valence e-.	

1. O − O	This leaves 10 e- left to use

2. 	O − O  	:	

:	

:	 :	

:	 There are a total of 12 valence e- which
is all that can be used.  Apply Octet rule.	

3. 		O − O  	:	

:	 :	−	

:	 Now we have an
Octet around each 	
oxygen atom	

ALWAYS COUNT  BONDS 
& ELECTRON PAIRS 
WHEN FINISHED!!! PLEASE	
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Molecular 
Shapes & 
Polarity	

Chemistry 200 
Video Lesson 9.3 

    

Objective:	
How do we determine the shape and 
polarity of a molecule?	

  

Shapes of Molecules (VSEPR -Valence Shell Electron )
Pair Repulsion	

	VSEPR Theory is just a fancy model used to identify the 
shape of a molecule in 3 dimensions.  The theory is based on the 
fact that atoms AND unbonded (lone) pairs of electrons found 
on the CENTRAL atom repel each other.  As a result, the 3 
dimensional shape of a molecule is simply the result of electron 
clouds geJing as far away from each other as possible while still 
being bonded to a central atom.  This should make sense since 
electrons are negative & repel each other	

 	
 	

Name of 
Shape	

Number of 
atoms 

bonded to 
the central 

atom	

Number of 
unshared pairs 
of electrons on 

the central 
atom	

Shape	 Examples	

     	       	

4	 0	Tetrahedral	

CH4

CH3I	

CCl4	

3	 1	Trigonal	
Pyramidal	

NH3	
PH3	

Tetrahedral	 Trigonal Pyramidal	

 	
Name of 

Shape	
Number of 

atoms 
bonded to 
the central 

atom	

Number of 
unshared pairs 
of electrons on 
the central atom	

Shape	 Examples	

* H-F is linear

2	 2	Bent	

Linear	 2	 0	

H2O	
H2S	

CO2	
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Bent	 Linear	

 	Polar Molecule: A molecule that has an overall slight 	
	(+) & (-) side.  For a molecule to be polar, it must	

	meet 2 important criteria:

1. It must contain polar covalent bonds
	AND	

2. It must have an asymmetrical (uneven) charge
	distribution	

Polarity within a Molecule	

**Failing either of these (or both) means the molecule	
	 is NONPOLAR**	

Nonpolar Molecule:  A molecule that lacks an overall 	
	(+) &(-) side.  Nonpolar molecules are created when	

	a molecule lacks polar bonds or has a symmetrical	
	(even) charge distribution	

 	
  

Determinining Polarity w/in a Molecule	

- look at the shape & central atom of the molecule

- the shape MUST permit a net displacement of charge
	(one end positive & one end negative) to be polar	

- if all polar bonds w/in a molecule are equal, the
	molecule is nonpolar	

- Ionic molecules are always polar

 	
Nonpolar Molecule	

Polar bonds	

Symmetrical charge 	
	distribution	

Nonpolar bonds	

Symmetrical charge 	
	distribution	

Polar Molecules	

Polar bonds	

Asymmetrical charge 	
	distribution	

61



Intermolecular 
Forces	

Video Lesson 9.4 

Objectives	
• Evaluate the strength and type of

intermolecular forces of attraction.

Intermolecular Forces 
(IMF’s)	

o Only in covalent molecules
o Weak forces that act BETWEEN

molecules
o Only exist in Gas and liquid phase
o Much weaker than chemical bonds
o IMF’s ARE NOT BONDS!!!

Types of Intermolecular 
Forces	

• Van der Waal’s Attraction
o Weakest of All IMF’s
o Nonpolar molecules only
o H-H

• Dipole – Dipole Interaction
o Two poles – positive and negative
o Hydrogen Bonding
• Strongest
• HFON

Van der Waals AAraction	
Temporary dipoles	

62



Dipole – Dipole 
Interactions	 Hydrogen Bonding	
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Sketch Notes 
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Practice	Packet:	Matter	

Video	Lesson	9.1:	Bonding	

Ionic	Bond	 	 between	a	Metal	and	Non-Metal	 	 (M	+	NM)	

Covalent	Bond	 between	a	Non-Metal	and	Non-Metal	 (NM	+	NM)	
Metallic	Bond		 between	a	Metal	and	Metal	 	 (M+	M)	

Determine	if	the	elements	in	the	following	compounds	are	metals	or	non-metals.		Describe	
the	type	of	bonding	that	occurs	in	the	compound.			

Compound	 Element	1	
(metal	or	non-metal?)	

Element	2		
(metal	or	non-metal?)	

Bond	Type	

NO2 N	=	non-metal	 O	=	non-metal	 covalent	

NaCl	

SO2

PO43-	

MgBr2

CaO	

H2O	

K2O	

Cu-Zn	alloy	

O2

CuCl2

NO2-	

TiO2

HF	

Rb2S	

Au-Ag	
mixture

Fe2O3
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Practice	Packet:	Matter	

Types	of	Chemical	Bonds:	
Classify	the	following	compounds	as	ionic	(metal	+	nonmetal),	covalent	(nonmetal	+	
nonmetal)	or	both	(compound	containing	a	polyatomic	ion).	

1. CaCl2					_____________________________ 11. MgO						____________________________

2. CO2								____________________________ 12. NH4Cl				___________________________

3. H2O											___________________________________________	 13. HCl 		____________________________

4. BaSO4				____________________________ 14. KI 	____________________________	

5. K2O								_____________________________ 15. NaOH				___________________________

6. NaF 		____________________________ 16. NO2								___________________________

7. Na2CO3			__________________________ 17. AlPO4					___________________________

8. CH4	 							___________________________	 18. FeCl3							___________________________

9. SO3									____________________________	 19. P2O5								____________________________

10. LiBr 		____________________________ 20. N2O3							____________________________
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%RQG�7\SHV

�� EURNHQ�DV�HQHUJ\�LV�DEVRUEHG
�� EURNHQ�DV�HQHUJ\�LV�UHOHDVHG
�� IRUPHG�DV�HQHUJ\�LV�DEVRUEHG
�� IRUPHG�DV�HQHUJ\�LV�UHOHDVH

�� 7ZR�PROHFXOHV�RI�+%U�FROOLGH�DQG�WKHQ�IRUP�+�
�DQG�%U����'XULQJ�WKH�FROOLVLRQ��WKH�ERQGV�LQ�WKH
+%U�PROHFXOHV�DUH

�� (QHUJ\�LV�DEVRUEHG�DV�ERQGV�DUH�EURNHQ�
�� (QHUJ\�LV�DEVRUEHG�DV�ERQGV�DUH�IRUPHG�
�� (QHUJ\�LV�UHOHDVHG�DV�ERQGV�DUH�EURNHQ�
�� (QHUJ\�LV�UHOHDVHG�DV�ERQGV�DUH�IRUPHG�

�� *LYHQ�WKH�EDODQFHG�HTXDWLRQ�UHSUHVHQWLQJ�D
UHDFWLRQ�

:KDW�RFFXUV�GXULQJ�WKLV�UHDFWLRQ"

�� $�ERQG�LV�IRUPHG�DV�HQHUJ\�LV�DEVRUEHG�
�� $�ERQG�LV�IRUPHG�DV�HQHUJ\�LV�UHOHDVHG�
�� $�ERQG�LV�EURNHQ�DV�HQHUJ\�LV�DEVRUEHG�
�� $�ERQG�LV�EURNHQ�DV�HQHUJ\�LV�UHOHDVHG�

�� :KDW�RFFXUV�DV�WZR�DWRPV�RI�IOXRULQH�FRPELQH�WR
EHFRPH�D�PROHFXOH�RI�IOXRULQH"

��
��
��
��

�� :KLFK�IRUPXODV�UHSUHVHQW�RQH�LRQLF�FRPSRXQG�DQG
RQH�PROHFXODU�FRPSRXQG"

�� . �� )H �� .U �� %U

�� :KLFK�HOHPHQW�IRUPV�DQ�LRQLF�FRPSRXQG�ZKHQ�LW
UHDFWV�ZLWK�OLWKLXP"

�� LRQLF�FRPSRXQG
�� PROHFXODU�FRPSRXQG
�� PHWDOOLF�HOHPHQW
�� QRQPHWDOOLF�HOHPHQW

�� :KLFK�W\SH�RI�VXEVWDQFH�FDQ�FRQGXFW�HOHFWULFLW\�LQ
WKH�OLTXLG�SKDVH�EXW�QRW�LQ�WKH�VROLG�SKDVH"

�� FKORULQH�DQG�VRGLXP
�� FKORULQH�DQG�\WWULXP
�� R[\JHQ�DQG�K\GURJHQ
�� R[\JHQ�DQG�PDJQHVLXP

�� $�PROHFXODU�FRPSRXQG�LV�IRUPHG�ZKHQ�D�FKHPLFDO
UHDFWLRQ�RFFXUV�EHWZHHQ�DWRPV�RI

�� &D&2� �� &+�&O�
�� &+�2+ �� &�+��2�

�� :KLFK�FRPSRXQG�KDV�ERWK�LRQLF�DQG�FRYDOHQW
ERQGLQJ"

�� .U �� /L2+
�� 1�2� �� 1D,

�� :KLFK�IRUPXOD�UHSUHVHQWV�D�PROHFXODU�FRPSRXQG"

�� JRRG�KHDW�FRQGXFWLYLW\
�� JRRG�HOHFWULFDO�FRQGXFWLYLW\
�� ORZ�PHOWLQJ�SRLQW
�� KLJK�PHOWLQJ�SRLQW

��� :KLFK�FKDUDFWHULVWLF�LV�D�SURSHUW\�RI�PROHFXODU
VXEVWDQFHV"

�� QRQSRODU�FRYDOHQW
�� SRODU�FRYDOHQW
�� PHWDOOLF
�� LRQLF

��� :KLFK�W\SH�RI�ERQG�LV�IRXQG�EHWZHHQ�DWRPV�RI
VROLG�FREDOW"

�� LRQLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV�DUH
VKDUHG�EHWZHHQ�DWRPV

�� LRQLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV�DUH
PRELOH

�� PHWDOOLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV�DUH
VWDWLRQDU\

�� PHWDOOLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV�DUH
PRELOH

��� $�VROLG�VXEVWDQFH�LV�DQ�H[FHOOHQW�FRQGXFWRU�RI
HOHFWULFLW\��7KH�FKHPLFDO�ERQGV�LQ�WKLV�VXEVWDQFH
DUH�PRVW�OLNHO\
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Practice	Packet:	Matter	

Video	Lesson	9.2:	Lewis	Structures	

Lewis	Dot	Diagrams	for	Molecular	substances	

Step	1	

Obtain	the	sum	of	the	valence	electrons	from	all	of	the	atoms.		Do	not	worry	about	keeping	
track	of	which	electrons	come	from	which	atoms.		It	is	the	total	number	of	valence	

electrons	that	is	important.		Be	attentive	to	the	charge	if	applicable.	

Step	2	

Use	one	pair	of	electrons	to	form	a	bond	btwn	each	pair	of	bound	atoms.		For	convenience,	
a	line	(instead	of	a	pair	of	dots)	is	generally	used	to	indicate	each	pair	of	bonding	electrons.		

The	atom	w/	the	smallest	electronegativity	is	usually	in	the		middle.		Oxygen	tends	not	to	

be	the	central	atom.		Hydrogen	is	never	the	central	atom	because	it	only	forms	one	bond.	

Step	3	

Arrange	the	remaining	electrons	to	satisfy	the	duet	rule	for	hydrogen	&	the	octet	rule	for	
each	of	the	other	atoms.		If	each	atom	does	not	have	an	octet	of	electrons	around	it	&	there	

are	still	electrons	to	be	assigned,	consider	a	multiple	bond.	

Draw	Lewis	Dot	Diagrams	for	the	following	substances:	

CH4	 	 	 	 CH3Cl	 	 NH3	 H2O	

HBr	 F2	 O2	 N2	

CO2	 C2H2	 CCl4	 PCl3	
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Practice	Packet:	Matter	

PO4-3	 ClO3-1	 NH4+1	

NaF	 Li2S	 MgCl2	 Al2O3

Video	Lesson	9.3:	Molecular	Shapes	and	Polarity	

1. VSEPR	theory	specifies	“valence	shell”	electrons.	Explain	why	these	are	the	most

critical	electrons	for	determining	molecular	shape.

2. In	the	VSEPR	theory,	what	is	repelling	what?
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 Chemical Bonding  Lewis Dot Structures 
 Indicate the number of valence electrons for each. Write the correct Lewis electron dot structure for each. 

 F 
 # valence electrons = _____ 

 O 
 # valence electrons = _____ 

 K 
 # valence electrons = _____ 

 F  -1 

 # valence electrons = _____ 
 O  2-

 # valence electrons = _____ 
 Al  3+

 # valence electrons = _____ 

 HF 
 # valence electrons = _____ 

 CaCl  2
 # valence electrons = _____ 

 NH  3
 # valence electrons = _____ 

 SO  4 
 2- 

 # valence electrons = _____ 
 CO 
 # valence electrons = _____ 

 Li  2  O 
 # valence electrons = _____ 
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 NF  3 

 # valence electrons = _____ 
 PO  4 

 3- 

 # valence electrons = _____ 
 CBr  4 

 # valence electrons = _____ 
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Practice Packet: Bonding 
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Practice	Packet:	Matter	

For	each	molecule	below,	identify	their shape and determine if they are	polar or 
nonpolar	molecules.

Draw	Lewis	Dot	Diagrams,	determine the shape,	molecular	polarity	and	bond	type	for	
each	of	the	following	substances:	

N2 HF	 H2O	
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Practice	Packet:	Matter	

CO2 H2S	 NH3

CH4 CH3Cl	 O2	

PO4-3 ClO3-1 NH4+1

Video	Lesson	9.4:	Intermolecular	Forces	

Intermolecular	Forces	of	Attraction	Summary	
Van	der	Waal’s	Attraction	 Dipole-	Dipole	Attraction	 Hydrogen	Bonds	

(weak)	 (medium)	 (very	strong)	

• Weak	attractions	found
between	nonpolar

molecules

• Temporary	dipole	due	to

asymmetrical
distribution	of	electrons

• The	electron	cloud	is
always	moving

• Examples

• Attraction	between	polar
molecules	that	occur

with	oppositely	charged
regions	of	the

neighboring	molecule

• Examples

• FON

• Very	strong	attraction
between	molecules

where	the	hydrogen

atom	of	one	molecule	is
attracted	to	the	F,	O	or	N

atom	in	another
molecule

• Responsible	for	the	high
BP	of	water

• Examples
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Practice	Packet:	Matter	

The	graph	on	the	right	shows	the	boiling	
point	of	compounds	of	hydrogen	and	them	

members	of	group	16.	

1. What	is	the	electronegativity

difference	in	each	compound?

2. How	can	the	differences	in	boiling

point	be	explained?
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1DPH� ,QWHUPROHFXODU�)RUFHV

�� LRQLF�ERQGLQJ
�� K\GURJHQ�ERQGLQJ
�� SRODU�FRYDOHQW�ERQGLQJ
�� QRQSRODU�FRYDOHQW�ERQGLQJ

�� 7KH�ERLOLQJ�SRLQWV��DW�VWDQGDUG�SUHVVXUH��RI�IRXU
FRPSRXQGV�DUH�JLYHQ�LQ�WKH�WDEOH�EHORZ�

:KLFK�W\SH�RI�DWWUDFWLRQ�FDQ�EH�XVHG�WR�H[SODLQ�WKH
XQXVXDOO\�KLJK�ERLOLQJ�SRLQW�RI� "

�� VWURQJ�FRYDOHQW�ERQG
�� ZHDN�LRQLF�ERQG
�� VWURQJ�LQWHUPROHFXODU�IRUFH
�� ZHDN�LQWHUPROHFXODU�IRUFH

�� +\GURJHQ�ERQGLQJ�LV�D�W\SH�RI

�� +)� �
�� +�� �

�� &+�� �
�� 1+�� �

�� ,Q�ZKLFK�OLTXLG�LV�K\GURJHQ�ERQGLQJ�VWURQJHVW"

�� 7KH�GLVWDQFH�EHWZHHQ�PROHFXOHV�RI�&�+���LV
JUHDWHU�

�� 7KH�IRUFH�RI�DWWUDFWLRQ�EHWZHHQ�PROHFXOHV�RI�&�

+���LV�JUHDWHU�
�� &�+���KDV�D�ODUJHU�QXPEHU�RI�LRQLF�ERQGV�
�� &�+���KDV�D�ODUJHU�QXPEHU�RI�GRXEOH�ERQGV�

�� :KLFK�FKDUDFWHULVWLF�RI�WKH�FRPSRXQG�&�+���FDXVHV
LW�WR�KDYH�D�KLJKHU�QRUPDO�ERLOLQJ�SRLQW�WKDQ�&�+�"

�� LRQLF
�� PHWDOOLF
�� PROHFXOH�LRQ
�� YDQ�GHU�:DDOV�IRUFHV

�� :KLFK�W\SH�RI�DWWUDFWLRQ�UHVXOWV�IURP�WKH�IRUPDWLRQ�RI
ZHDN�PRPHQWDU\�GLSROHV"

�� 0ROHFXOHV�RI�%U��DUH�SRODU��DQG�PROHFXOHV�RI�,�
�DUH�QRQSRODU�

�� 0ROHFXOHV�RI�,��DUH�SRODU��DQG�PROHFXOHV�RI�%U�
�DUH�QRQSRODU�

�� 0ROHFXOHV�RI�%U��KDYH�VWURQJHU�LQWHUPROHFXODU
IRUFHV�WKDQ�PROHFXOHV�RI�,���

�� 0ROHFXOHV�RI�,��KDYH�VWURQJHU�LQWHUPROHFXODU
IRUFHV�WKDQ�PROHFXOHV�RI�%U���

�� :KLFK�VWDWHPHQW�H[SODLQV�ZK\�%U��LV�D�OLTXLG�DW�673
DQG�,��LV�D�VROLG�DW�673"

�� +�2�KDV�JUHDWHU�PRODU�PDVV�WKDQ�1��
�� +�2�KDV�OHVV�PRODU�PDVV�WKDQ�1��
�� +�2�KDV�VWURQJHU�LQWHUPROHFXODU�IRUFHV�WKHQ�1��
�� +�2�KDV�ZHDNHU�LQWHUPROHFXODU�IRUFHV�WKDQ�1��

�� :KLFK�VWDWHPHQW�H[SODLQV�ZK\�+�2�KDV�D�KLJKHU
ERLOLQJ�SRLQW�WKDQ�1�"

�� LRQLF�ERQGV
�� K\GURJHQ�ERQGV
�� PROHFXOH�LRQ�DWWUDFWLRQV
�� YDQ�GHU�:DDOV�IRUFHV

�� 7KH�SULPDU\�IRUFHV�RI�DWWUDFWLRQ�EHWZHHQ�ZDWHU
PROHFXOHV�LQ�+�2� ��DUH
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1DPH� %RQGLQJ�5HYLHZ

�� *LYHQ�WKH�EDODQFHG�HTXDWLRQ�UHSUHVHQWLQJ
D�UHDFWLRQ�
&O��o�&O���&O

�� $�ERQG�LV�EURNHQ�DV�HQHUJ\�LV�DEVRUEHG�
�� $�ERQG�LV�EURNHQ�DV�HQHUJ\�LV�UHOHDVHG�
�� $�ERQG�LV�IRUPHG�DV�HQHUJ\�LV�DEVRUEHG�
�� $�ERQG�LV�IRUPHG�DV�HQHUJ\�LV�UHOHDVHG�

:KDW�RFFXUV�GXULQJ�WKLV�UHDFWLRQ"

�� (QHUJ\�LV�DEVRUEHG�DV�D�ERQG�LV
IRUPHG�

�� (QHUJ\�LV�DEVRUEHG�DV�D�ERQG�LV
EURNHQ�

�� (QHUJ\�LV�UHOHDVHG�DV�D�ERQG�LV
IRUPHG�

�� (QHUJ\�LV�UHOHDVHG�DV�D�ERQG�LV
EURNHQ�

�� :KLFK�VWDWHPHQW�GHVFULEHV�ZKDW�RFFXUV�DV
WZR�DWRPV�RI�EURPLQH�FRPELQH�WR�EHFRPH
D�PROHFXOH�RI�EURPLQH"

�� 1H �� &O �� &D �� 1D

�� :KLFK�RI�WKHVH�HOHPHQWV�KDV�DQ�DWRP�ZLWK
WKH�PRVW�VWDEOH�RXWHU�HOHFWURQ
FRQILJXUDWLRQ"

�� NU\SWRQ�DQG�QHRQ
�� NU\SWRQ�DQG�DUJRQ
�� QHRQ�DQG�KHOLXP
�� QHRQ�DQG�DUJRQ

�� :KHQ�D�VRGLXP�DWRP�UHDFWV�ZLWK�D�FKORULQH
DWRP�WR�IRUP�D�FRPSRXQG��WKH�HOHFWURQ
FRQILJXUDWLRQV�RI�WKH�LRQV�IRUPLQJ�WKH
FRPSRXQG�DUH�WKH�VDPH�DV�WKRVH�LQ�ZKLFK
QREOH�JDV�DWRPV"

�� $V �� %L �� 1 �� 3

�� :KLFK�HOHPHQW�KDV�DQ�DWRP�ZLWK�WKH
JUHDWHVW�DWWUDFWLRQ�IRU�HOHFWURQV�LQ�D
FKHPLFDO�ERQG"

�� PHWDOV
�� PHWDOORLGV

�� QRQPHWDOV
�� QREOH�JDVHV

�� %DVHG�RQ�HOHFWURQHJDWLYLW\�YDOXHV��ZKLFK
W\SH�RI�HOHPHQWV�WHQGV�WR�KDYH�WKH
JUHDWHVW�DWWUDFWLRQ�IRU�HOHFWURQV�LQ�D�ERQG"

�� DONDOLQLW\
�� DWRPLF�PDVV
�� HOHFWURQHJDWLYLW\
�� DFWLYDWLRQ�HQHUJ\

�� :KLFK�WHUP�LQGLFDWHV�KRZ�VWURQJO\�DQ�DWRP
DWWUDFWV�WKH�HOHFWURQV�LQ�D�FKHPLFDO�ERQG"

�� $V±&O
�� %L±&O

�� 3±&O
�� 1±&O

�� :KLFK�ERQG�LV� OHDVW�SRODU"

�� *LYHQ�WKH�HOHFWURQ�GRW�GLDJUDP�

�� K\GURJHQ��ZKLFK�KDV�WKH�KLJKHU
HOHFWURQHJDWLYLW\

�� IOXRULQH��ZKLFK�KDV�WKH�KLJKHU
HOHFWURQHJDWLYLW\

�� K\GURJHQ��ZKLFK�KDV�WKH�ORZHU
HOHFWURQHJDWLYLW\

�� IOXRULQH��ZKLFK�KDV�WKH�ORZHU
HOHFWURQHJDWLYLW\

7KH�HOHFWURQV�LQ�WKH�ERQG�EHWZHHQ�K\GURJHQ�DQG
IOXRULQH�DUH�PRUH�VWURQJO\�DWWUDFWHG�WR�WKH�DWRP
RI

�� VWURQWLXP�DQG�FKORULQH
�� K\GURJHQ�DQG�FKORULQH
�� QLWURJHQ�DQG�R[\JHQ
�� VXOIXU�DQG�R[\JHQ

��� $Q�LRQLF�FRPSRXQG�LV�IRUPHG�ZKHQ�WKHUH
LV�D�UHDFWLRQ�EHWZHHQ�WKH�HOHPHQWV

�� +�

�� &+�

�� &+�2+
�� 1+�&O

��� :KLFK�IRUPXOD�UHSUHVHQWV�DQ�LRQLF
FRPSRXQG"

��

��

��

��

��� :KLFK�/HZLV�HOHFWURQ�GRW�GLDJUDP
FRUUHFWO\�UHSUHVHQWV�D�K\GUR[LGH�LRQ"
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�� D�K\GURJHQ�ERQG
�� DQ�LRQLF�ERQG
�� D�QRQSRODU�FRYDOHQW�ERQG
�� D�SRODU�FRYDOHQW�ERQG

��� :KLFK�W\SH�RI�ERQG�UHVXOWV�ZKHQ�RQH�RU
PRUH�YDOHQFH�HOHFWURQV�DUH�WUDQVIHUUHG
IURP�RQH�DWRP�WR�DQRWKHU"

�� &+�2+
�� &�+��

�� &D&O�
�� &&O�

��� %DVHG�RQ�ERQG�W\SH��ZKLFK�FRPSRXQG
KDV�WKH�KLJKHVW�PHOWLQJ�SRLQW"

�� &+�2+
�� &�+��2�

�� +�2
�� .2+

��� :KLFK�VXEVWDQFH�LV�DQ�HOHFWURO\WH"

��� $�VROLG�VXEVWDQFH�ZDV�WHVWHG�LQ�WKH
ODERUDWRU\��7KH�WHVW�UHVXOWV�DUH�OLVWHG
EHORZ�
��GLVVROYHV�LQ�ZDWHU
��LV�DQ�HOHFWURO\WH
��PHOWV�DW�D�KLJK�WHPSHUDWXUH

�� &X
�� &X%U�

�� &
�� &�+��2�

%DVHG�RQ�WKHVH�UHVXOWV��WKH�VROLG�VXEVWDQFH
FRXOG�EH

�� &D&2�

�� &+�&��
�� &+�2+
�� &�+��2�

��� :KLFK�FRPSRXQG�KDV�ERWK�LRQLF�DQG
FRYDOHQW�ERQGLQJ"

�� FKORULQH
�� IOXRULQH

�� K\GURJHQ
�� QLWURJHQ

��� :KLFK�HOHPHQW�LV�FRPSRVHG�RI�PROHFXOHV
WKDW�HDFK�FRQWDLQ�D�PXOWLSOH�FRYDOHQW
ERQG"

�� VKDUHG�WR�IRUP�DQ�LRQLF�ERQG
�� VKDUHG�WR�IRUP�D�FRYDOHQW�ERQG
�� WUDQVIHUUHG�WR�IRUP�DQ�LRQLF�ERQG
�� WUDQVIHUUHG�WR�IRUP�D�FRYDOHQW�ERQG

��� $V�D�ERQG�EHWZHHQ�D�K\GURJHQ�DWRP�DQG
D�VXOIXU�DWRP�LV�IRUPHG��HOHFWURQV�DUH

��� :KDW�LV�WKH�WRWDO�QXPEHU�RI�HOHFWURQV
VKDUHG�LQ�WKH�ERQGV�EHWZHHQ�WKH�WZR
FDUERQ�DWRPV�LQ�D�WKH�PROHFXOH�VKRZQ
EHORZ"

�� � �� � �� � �� �

�� .U
�� /L2+

�� 1�2�

�� 1D,

��� :KLFK�IRUPXOD�UHSUHVHQWV�D�PROHFXODU
FRPSRXQG"

�� &2��J�
�� 1D&O�DT�

�� +�2� �
�� &��+��2���V�

��� ,Q�ZKLFK�PDWHULDO�DUH�WKH�SDUWLFOHV
DUUDQJHG�LQ�D�UHJXODU�JHRPHWULF�SDWWHUQ"

�� � �� � �� � �� �

��� :KDW�LV�WKH�PD[LPXP�QXPEHU�RI�FRYDOHQW
ERQGV�WKDW�D�FDUERQ�DWRP�FDQ�IRUP"

�� QRQSRODU�FRYDOHQW
�� SRODU�FRYDOHQW
�� PHWDOOLF
�� LRQLF

��� :KLFK�W\SH�RI�ERQG�LV�IRXQG�EHWZHHQ
DWRPV�RI�VROLG�FREDOW"

�� LRQLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV
DUH�VKDUHG�EHWZHHQ�DWRPV

�� LRQLF��EHFDXVH�WKH�YDOHQFH�HOHFWURQV
DUH�PRELOH

�� PHWDOOLF��EHFDXVH�WKH�YDOHQFH
HOHFWURQV�DUH�VWDWLRQDU\

�� PHWDOOLF��EHFDXVH�WKH�YDOHQFH
HOHFWURQV�DUH�PRELOH

��� $�VROLG�VXEVWDQFH�LV�DQ�H[FHOOHQW
FRQGXFWRU�RI�HOHFWULFLW\��7KH�FKHPLFDO
ERQGV�LQ�WKLV�VXEVWDQFH�DUH�PRVW�OLNHO\

�� +J� �
�� +�2� �

�� 1D&O�V�
�� &�+��2��V�

��� :KLFK�VXEVWDQFH�FRQWDLQV�PHWDOOLF
ERQGV"
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��� $�FKHPLVW�SHUIRUPV�WKH�VDPH�WHVWV�RQ�WZR�KRPRJHQHRXV�ZKLWH�FU\VWDOOLQH�VROLGV��$�
DQG�%��7KH�UHVXOWV�DUH�VKRZQ�LQ�WKH�WDEOH�EHORZ�

�� ERWK�VROLGV�FRQWDLQ�RQO\�LRQLF�ERQGV
�� ERWK�VROLGV�FRQWDLQ�RQO\�FRYDOHQW�ERQGV
�� VROLG�$�FRQWDLQV�RQO\�FRYDOHQW�ERQGV�DQG�VROLG�%�FRQWDLQV�RQO\�LRQLF�ERQGV
�� VROLG�$�FRQWDLQV�RQO\�LRQLF�ERQGV�DQG�VROLG�%�FRQWDLQV�RQO\�FRYDOHQW�ERQGV

7KH�UHVXOWV�RI�WKHVH�WHVWV�VXJJHVW�WKDW

��

��

��

��

��� :KLFK�IRUPXOD�UHSUHVHQWV�D�PROHFXOH
KDYLQJ�D�QRQSRODU�FRYDOHQW�ERQG"

�� &±1
�� +±+

�� 6±&O
�� 6L±2

��� 7KH�FKHPLFDO�ERQG�EHWZHHQ�ZKLFK�WZR
DWRPV�LV�PRVW�SRODU"

�� &+��

�� &D+�

�� .+
�� 1+�

��� :KLFK�FRPSRXQG�KDV�K\GURJHQ�ERQGLQJ
EHWZHHQ�LWV�PROHFXOHV"

�� +�2
�� &&O�

�� 1+�

�� +�

��� :KLFK�IRUPXOD�UHSUHVHQWV�D�QRQSRODU
PROHFXOH�FRQWDLQLQJ�SRODU�FRYDOHQW
ERQGV"

�� +�

�� +�2
�� &2�

�� &&/�

��� :KLFK�IRUPXOD�UHSUHVHQWV�D�SRODU
PROHFXOH"

�� +&O
�� +�2

�� 1+�

�� &+�

��� :KLFK�IRUPXOD�UHSUHVHQWV�D�QRQSRODU
PROHFXOH"

�� VWURQJHU�FRYDOHQW�ERQGV
�� VWURQJHU�LQWHUPROHFXODU�IRUFHV
�� ZHDNHU�FRYDOHQW�ERQGV
�� ZHDNHU�LQWHUPROHFXODU�IRUFHV

��� $W�673��IOXRULQH�LV�D�JDV�DQG�EURPLQH�LV�D
OLTXLG�EHFDXVH��FRPSDUHG�WR�IOXRULQH�
EURPLQH�KDV

�� VTXDUH
�� WHWUDKHGURQ

�� UHFWDQJOH
�� SDUDOOHORJUDP

��� 7KH�IRXU�VLQJOH�ERQGV�RI�D�FDUERQ�DWRP�LQ
&+��DUH�GLUHFWHG�WRZDUG�WKH�FRUQHUV�RI�D
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%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����DQG����RQ�WKH�LQIRUPDWLRQ�EHORZ�

��� ,Q�WKH�VSDFH� LQ�\RXU�DQVZHU�ERRNOHW��GUDZ�D�/HZLV�HOHFWURQ�GRW�GLDJUDP�IRU�&)��

��� 6WDWH�HYLGHQFH�WKDW�LQGLFDWHV�1+��KDV�VWURQJHU�LQWHUPROHFXODU�IRUFHV�WKDQ�&)��

%DVH�\RXU�DQVZHUV�WR�TXHVWLRQV����DQG����RQ
WKH�LQIRUPDWLRQ�EHORZ�

,Q�������WKH�6ROYD\�SURFHVV�ZDV�GHYHORSHG�WR
PDNH�VRGD�DVK��2QH�VWHS�LQ�WKH�SURFHVV�LV
UHSUHVHQWHG�E\�WKH�EDODQFHG�HTXDWLRQ�EHORZ��

�����������������������������������1D&O���1+����&2����+�2�
o1D+&2����1+�&O

��� ,Q�WKH�VSDFH�GUDZ�D�/HZLV�HOHFWURQ�GRW
GLDJUDP�IRU�WKH�UHDFWDQW�FRQWDLQLQJ
QLWURJHQ�LQ�WKH�HTXDWLRQ�

��� ([SODLQ��LQ�WHUPV�RI�HOHFWURQHJDWLYLW\
GLIIHUHQFH��ZK\�WKH�ERQG�EHWZHHQ
K\GURJHQ�DQG�R[\JHQ�LQ�D�ZDWHU�PROHFXOH
LV�PRUH�SRODU�WKDQ�WKH�ERQG�EHWZHHQ
K\GURJHQ�DQG�QLWURJHQ�LQ�DQ�DPPRQLD
PROHFXOH�

��� 'UDZ�D�/HZLV�HOHFWURQ�GRW�GLDJUDP�IRU�D�PROHFXOH�RI�SKRVSKRUXV�WULFKORULGH��3&O�
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