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Length

Meter m

Nanometer nm

Angstrom

Mass (m)

Kilogram kg

Atomic Mass Units amu or u

Volume (V)

Liter L

1 mL = 1 cm3

Pressure (P)

Standard Pressure 1 atm

Temperature (T)

Standard Temperature °C 32.0°F = 0.0°C = 273.15K

Energy

Heat Q 1 cal = 4.184 J

1 Cal = 4.184 kJ

Activation Energy E
a

kJ/mol

Specific Heat of water (l) C
p

4.18 J/g•°C

Specific Heat of water (g) C
p

2.02 J/g•°C

Specific Heat of water (s) C
p

2.05 J/g•°C

Heat of fusion of water 6.01 kJ/mol or

334 J/g

Heat of vaporization 40.7 kJ/mol or

of water      2260 J/g

Constants

Speed of light c

Avogadro’s number N
A

Charge of an electron e

Equilibrium constant K

Rate constant k

Reaction quotient Q

Universal gas constant R 0.08206 L-atm/mol K

62.4 L mmHg/mol K

8.314 J/K mol

8.314 L kPa/mol K

1.99 cal/K mol

               NAME                                SYMBOL                          VALUE (with units)

—24
1.66 10  g�

1 10 10× −  m

1 atm = 101.3 kPa = 760. Torr
= 760. mmHg = 14.7 lb/ in2

∆Hfus

∆Hvap

A
o

PHYSICAL CONSTANTS AND CONVERSION FACTORS

1 10 9× −  m

3.00 10  m/s8×

1.60 10  C× –19C
he

m
is

tr
y 

R
ef

er
en

ce
 T

ab
le
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23
6.022 10 particles/mol ×
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STANDARD UNITS

Symbol Name Quantity

m meter length

kg kilogram mass

Pa pascal pressure

K Kelvin temperature

mol mole amount of a substance

J joule energy, work, quantity of heat

s second time

C coulomb electric charge

V volt electric potential

L liter volume

NAME SYMBOL DENSITY BOILING MELTING

POINT  (K)POINT (K)

Ammonia NH
3

0.771 g/L@STP 240 195.3

Carbon Dioxide CO
2

1.98 g/L@STP 195 subl 216.4

Carbon Monoxide CO 1.25 g/L@STP 82 74

Chlorine Cl
2

3.21 g/L@STP 238 172.02

Ethanol CH
3
CH

2
OH 0.7893 g/cm3 351.5 155.7

Glucose C
6
H
12

O
6

1.54 g/cm3 decompose 359

Gold Au 19.31 g/cm3 3353 1337.43

Hexane C
6
H
14

0.6603 g/cm3 342 178

Hydrogen H
2

0.0899 g/L@STP 20 13.86

Hydrogen Chloride HCl 1.64 g/L@STP 188 158.2

Hydrogen Sulfide H
2
S 1.54 g/L@STP 212 187.5

Iron Fe 7.86 g/cm3 3023 1808

Lead Pb 11.3437 g/cm3 2013 600.502

Magnesium Mg 1.74 g/cm3 1380 921.8

Methane CH
4

0.716 g/cm3 109 91

Methanol CH
3
OH 0.7914 g/cm3 338 179.1

Nitrogen N
2

1.25 g/L@STP 77 63.14

Nitrogen(II) Oxide NO 1.34 g/L@STP 121 109.4

Oxygen O
2

1.43 g/L@STP 90 54.6

Silver Ag 10.5 g/cm3 2485 1234.93

Sodium Bicarbonate NaHCO
3

2.159 g/cm3 decompose 543

Sodium Carbonate Na
2
CO

3
2.532 g/cm3 decompose 1124

Sodium Chloride NaCl 2.165 g/cm3 1686 1074

Sucrose C
12

H
22

O
11

1.27 g/cm3 decompose 359

Sulfur Dioxide SO
2

2.92 g/L@STP 263 200.3

Tin Sn 5.75 g/cm3 2543 504.96

Water H
2
O 1.00 g/cm3 373 273
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WRITING CHEMICAL EQUATIONS

Writing correct chemical equations requires that you know how to predict products of reactions.  Even with

limited experience, one can use a few guidelines to accomplish this.  Seven frequently used elements naturally

occur as diatomic molecules:  H
2
, O

2
, N

2
, F

2
, Cl

2
, Br

2
, I

2
.  This is how they should always be written in a chemical

equation.  States of matter should be indicated by (s), (l), or (g) and ions in aqueous solution as (aq).

General Classification of Reactions

(A, B, C, D represent elements and M represents a metal)

5.   

Hydrocarbon + oxygen Carbon dioxide and water
CH  ( ) + 2O  ( ) CO  ( ) + 2H O ( )4 2 2 2

Combustion Reaction

→
→g g g l

2.   

a.   Binary compounds     -heat/electricity +
2HgO ( ) + heat 2Hg ( ) + O  ( )

b.   Metallic carbonates    CO O + CO
CaCO  (s) + heat CaO ( ) + CO  ( )

c.   Metallic hydrogen carbonates    HCO O + H O + CO
2NaHCO  ( ) + heat Na O ( ) + H O ( ) + 2CO  ( )

d.   Metallic hydroxide

2

3 2

3 2

3 2 2

3 2 2 2

Decomposition

AB A B
s l g

M M
s g

M M
s s g g

→
→

→
→

→
→

s    s    OH O + H O
2NaOH ( ) + heat Na O ( ) + H O ( )

e.   Metallic chlorates decompose    ClO Cl + O
2KClO  ( ) + heat 2KCl ( ) + 3O  ( )

f.   Some acids decompose to nonmetal oxides and water
H CO  ( ) + heat H O ( ) + CO  ( )

g.   Hydrate decomposition    • H O + H O
CuSO • 5H

2

2 2

3 2

3 2

2 3 2 2

2 2

4

M M
s s g

M M
s s g

aq l g

AB x AB x

→
→

→
→

→

→
22 4 2

2 2 2 2

O ( ) + heat CuSO  ( ) + 5H O ( )

h.   Peroxide
2H O  ( ) + heat or catalyst 2H O ( ) + O  ( )

s s l

l l g

→

→

3.    + +

a.   Metal-metal replacement
2Al ( ) + 3Fe(NO )  ( ) 2Al(NO  ( ) + 3Fe ( )

b.   Active metal + water reactions
2Na ( ) + 2H O ( ) 2NaOH ( ) + H  ( )

c.   Metal-Acid reactions
2HCl ( ) + Mg ( ) MgCl  ( ) + H  ( )

d.   Halide-Halide replacement
Cl  ( ) + 2HBr ( ) 2HCl ( )

3 2 3

2 2

2 2

2

Single Replacement: A BC AC B

s aq aq s

s l aq g

aq s aq g

g aq aq

→

→

→

→

→

)3

++ Br  ( )2 l

1.    +

a.   Reaction between hydrogen and a nonmetal
H  ( ) + Cl  ( ) 2HCl ( )

b.   Metal-Nonmetal reactions
2Na ( ) + Cl  ( ) 2NaCl ( )

c.   Metal oxide-water reactions
CaO ( ) + H O ( ) Ca(OH)  ( )

d.   Nonmetal oxide-water reactions
SO  ( ) + H O ( ) H SO  ( )

2 2

2

2 2

2 2 2 3

Synthesis: A B AB

g g g

s g s

s l s

g l aq

→

→

→

→

→

4.      + +

a.   Formation of a precipitate from solution
Pb(NO )  ( ) + 2KI ( ) PbI  ( ) + 2KNO  ( )

b.   Formation of a gas
CaCO  ( ) + 2HCl ( ) CaCl  ( ) + H O ( ) + CO  ( )

c.   Acid-Base Neutralization Reaction
HCl ( ) + NaOH ( ) NaCl ( ) + H O ( )

3 2 2 3

3 2 2 2

2

Double Replacement: AB CD AD BC

aq aq s aq

s aq aq l g

aq aq aq l

→

→

→

→
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v
i SOLUBILITY RULES:

SOLUBLE:

All Nitrates, Acetates, Ammonium and Group I salts
All Chlorides, Bromides, and Iodides, except Silver, Lead, and Mercury(I)
All Fluorides except Group II, Lead(II), and Iron(III)
All Sulfates except Calcium, Strontium, Barium, Mercury, Lead(II), and Silver
INSOLUBLE:

All Carbonates and Phosphates except Group I and Ammonium
All Hydroxides except Group I, Strontium, and Barium
All Sulfides except Group I, II, and Ammonium
All Oxides except Group I

INSOLUBLE means a precipitate forms when equal volumes of 0.10 M solutions or
greater are mixed

ACTIVITY SERIES of METALS:

Li

Rb

K

Ba

Sr

Ca

Na

Mg

Al

Mn

Zn

Cr

Fe

Cd

Co

Ni

Sn

Pb

[H
2
]

Sb

Bi

Cu

Hg

Ag

Pt

Au

1.  Any metal higher in the activity series will displace another metal in a single

     displacement reaction.

2.  Metals above water may react with water rather than a metal compound.

Replace  hydrogen from cold water

Replace hydrogen from steam

Replace hydrogen from acids

React with oxygen to form oxides

35���9
���0���#���

2�

,��
'��

�

Q mC Tp= ∆

Q mHf=

Q mHv=

∆T = change in temperature

Hf = heat of fusion
Hv = heat of vaporization

Q = quantity of heat

m = mass

0
0

100Error = Accepted value – Experimental value
Accepted value ×

pH H= − +[ ]log

pOH OH= − −[ ]log

K H OHw = = ×+ − −[ ][ ] 1 10 14

c = λυ
E h= υ

E = energy

h = Planck’s constant

c = speed of light
λ = wavelength
υ = frequency

Kw = equilibrium constant for 
the ionization of water

M = moles of solute
liters of solution

nM V nM V1 1 2 2=

v
v

mw

mw
1

2

2

1

=

P P P Pt = + + +1 2 3 . . .

PV nRT=

V P
T

V P
T

1 1

1

2 2

2
=

K =° +C 273

D m
V

=

D = density
m = mass

V = volume

R = universal gas constant

mw = molecular mass

P = pressure
T = temperature

V = volume

M = molarity

n = number of moles of ions

Cp = specific heat

KelvinK =

= rate of effusionv
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+ –
2 2 2

2 –+ –
2 4 4 2

– + –
4 2 2

– + – 2+
4 2

+ – 2+
2 2

– –
2

+ –
2 2

– –
2

– + –
3

H O +2H +2e 2H O 1.78

PbO +4H +SO 2e PbSO +2H O 1.69

MnO +4H +3e MnO +2H O 1.68

MnO +8H +5e Mn +4H O 1.51

PbO 4H 2e Pb +2H O 1.46

Cl +2e 2Cl 1.36

O +4H +4e 2H O 1.23

Br +2e 2Br 1.09

NO +4H +3e NO

→

+ →

→
→

+ + →

→

→

→

→ 2

+ –

– –
2

+ –

– –
2 2

– –
2 2

2+ –

2– + –
4 2 3 2

2+ – +

+ –
2

3+ –

2+ –

2+

+2H O 0.96

Ag +e Ag 0.80

I +2e 2I 0.54

Cu +e Cu 0.52

O +2H O+4e 4OH 0.40

Hg Cl +2e 2Hg+2Cl 0.34

Cu +2e Cu 0.34

SO +4H +2e H SO +H O 0.20

Cu +e Cu 0.16

2H +2e H 0.00

Fe +3e Fe –0.036

Pb +2e Pb –0.13

Sn

→
→

→
→

→
→

→

→
→

→
→

–

2+ –

– 2–
4 4

2+ –

2+ –

3+ –

2+ –

– –
2 2

2+ –

3+ –

2+ –

+ –

+2e Sn –0.14

Ni +2e Ni –0.23

PbSO +2e Pb+SO –0.35

Cd +2e Cd –0.40

Fe +2e Fe –0.44

Cr +3e Cr –0.73

Zn +2e Zn –0.76

2H O+2e H +2OH –0.83

Mn +2e Mn –1.18

Al 3e Al –1.66

Mg +2e Mg –2.37

Na +e Na –2.71

Ca

→
→

→

→
→
→
→
→
→

+ →
→

→
2+ –

+ –

+ –

+2e Ca –2.76

K +e K –2.92

Li +e Li –3.05

→
→
→

Standard Reduction Table

25°C

Half-Reaction E° (V)

In
cr

e
a
si

n
g
 s

tr
e
n

g
th

 a
s 

re
d

u
ci

n
g
 a

g
e
n

t



NCDPI Reference Tables for Chemistry (adopted 2000)viii

4
:
�

"

;

,
�6
3
'
<
:
�"
2
�6
0
:
�:
<
:
=
:
/
6
1

� �3

� �'
� �'

� �'
� �'

� �'
� �'

� �'
	� �'

		 	'
	� �'

	� �3
	� �3

	� �3
	� �3

	� �3

	 �
0
9 
��
#�
�

	)
��
�

	� �


=
�#
�
��
(
�

��
)�
	

� �
�

<
�
7
(
�

�)
��
	

	� �3
	 	3

� �
�

'
��
9�
�
(
�

�)
�	
�

		 '
�

1
� 
(
�

��
)�
�

	�
�

 



�
(
�7
��
��
� 
(
�

��
�	
�

� �
'
��
��

	�
)�
	

�� �
�

=
��

#�
�
��
�

��
)�
�

� &
,
��
��
�

	�
)�
	

� '
/
�
��
#�
�

	�
)�
	

� )
"
>9
#�
�

	�
)�
�

� *
2
�(
��
�
�

	�
)�
�

	� '
�

/
��
�

��
)	
�

� �
�

0
��
(
�

�)
��
�

	� �
�

3
�#
��

��
)�
�

�� "
�

?
��
��

	�
	)
�

��  
�

�
� 
��

��
��
�

�� +
�

.
�9
-�
��

��
)�
�

�� �
�

3
��
��
�
�

��
	�
�

�� ,
�

4
��
��
(
�

��
��
�

�� �
�

'
�
�
(
�7

��
�)
��

�� ,
�

<
��
 

��
�)
�

�	 %
	

6
7
��
�
(
�

��
�)
��

�� �


=
��
5(
�9

��
�)
��

�� �
�

&
��
 

	�
�)
��

�� �


1
�
��
�

	�
�)
�

�� &
�

,
�-
-�
�

��
)�
�

�� &
�

,
� 
�
(
�

		
�)
�

�� #�

�
 
(
�

		
�)
�

�� �
�

6
�

		
�)
�

�	 �
�

3
�
�
�
��
9

	�
	)
�

�� %
�

6
��
�(
�
(
�

	�
�)
�

�� #

�
 
�
�

	�
�)
�

�� �
�

'
��
�
�
�

��
)�
�

	� &
	

,
7
��
�
�
�

��
)�
�

	� �
1
(
��
(
�

��
)�
�

	� �
�

1
�
5
��

��
)�
�

	� �
	

3
�(
�
�
(
�

��
)�
�

�� -
�

@
�
5

��
)�
�

�	 $
�

&
��
�
(
�

��
)�
�

�� �
�

3
��
��
5

��
)�
�

�� �
�

1
��
��
(
�

��
)�
�

�� '
�

/
5
A�
�

��
)�
�

�� &
�

,
��
��
�

��
)�
�

�� *
�


�
��

��
)�
�

�� &
�

,
7
��
�
(
�

��
)�
�

�� �
�
��

� 
(
�

��
)�
�

�� %
�

6
�
��

(
�

��
)�
�

�	 �
�

1
5�
�
 
(
�

��
)�
�

�� &
�

,
��
5
(
�

��
)�
�

	� +
4
��
��
�
(
�

��
)	
�

��  
�

�
(
�
 
(
�

��
)�
�

�� �
�

1
��
��
�
(
�

��
)�
�

�� .
$
��
�
(
�

��
)�
	

�	 '
�

/
�
�
(
�

��
)�
	

��  
�

�
(
�7
��
(
�

	�
	)
	

��  
�

�
7
� 
(
�

	�
�)
�

�� ,
�

4
��
��
 
(
�

	�
�)
�

�� ,
�

4
��
�
�
(
�

	�
�)
��

�� #�

�
 
(
�

	�
�)
��

�� )
�

"
��

(
�

	�
�)
�

��  
�

�
7
��
(
�

	�
�)

�� �
6
(
�
#�
��
�

	�
�)
�

�� %
�

6
��

��
�(
�

	�
	)
�

�� �



0
��
�
(
�

	�
�)

�� �
�

'
��
(
�

	�
�)

�� &
�

,
��
(
�

	�
�)

�� *
�

2
��
�
5
(
�

��
��
�

��  
�

�
� 
(
�

��
�)
�

�� �
�

3
5�
�
(
�

��
�)
�

	�
�

(
�

;
(
��

(
�

��
��
�

	�
�

�
�

0
��
�
(
�

��
��
�

	� ,
4
7
��
-7

��
(
�

��
)�
�

�� $
�

&
��
�
��

(
�

��
)�
	

�� %
�

6
�5
7
�
��
(
�

��
��

�� �
�

=
��
9�
 �
�
(
�

��
)�
�

�� -
�

@
�
5�
�
(
�

�	
)�
�

�� �
�

<
��

�7
��

(
�

	�
�)

	�
�

�


1
��
��
�#
(
�

��
��
�

	�
�

�
�

'
�7
�
(
�

��
��
�

	�
�

�
�

=
�
��
��
(
�

��
��
�

�� &
�

,
��
(
�

	�
�)
	

�� ,
�

4
��
��
� 
9�

(
�

	�
�)
�

�� '
�

/
��
 9
�
(
�

	�
�)
�

�	 ,
�

4
��
�
��
7
(
�

�	
��
�

�� �
�

1
��

��
(
�

	�
�)
�

�� �
�

:
(
��
-
(
�

	�
�)
�

�� $
�

&
� 
��
�
(
�

	�
�)
�

�� %
�

6
��
�
(
�

	�
�)
�

�� (
�

;
9�
-�
��
(
�

	�
�)
�

�� �
�

0
��
�
(
�

	�
�)
�

�� �
�

:
��
(
�

	�
�)
�

�� %
�

6
7
(
�
(
�

	�
�)
�

�� .
�

$
��
��
�
(
�

	�
�)
�

�	 �
�

<
(
��
�
(
�

	�
�)
�

	�
�

�
�

<
�%

��
�
5
(
�

��
��
�

	�
�

'
�

/
��
��
(
�

��
��
�

	�
	

�
�

=
��
 �
��
�
(
�

��
��
�

	�
�

*
�

2
��
�
(
�

��
��
�

�� �
�

:
�
��
�
�
(
�

��
��
�

�� &



,
��
�
��
�
(
�

��
�	
�

�� �
/

'
��
A�
�
(
�

��
��
�

�� &
�

,
(
�
(
�

��
��
�

�� �
�

3
�
��
5
(
�

��
��
�

�� ,
�

4
�(
��
�
(
�

��
��
�

�� '
�

/
�-
�(
�
(
�

��
�)
�

�� �
�
��
�
(
�

��
�)
�

�	 ,
�

4
��
��
5�
�
(
�

��
	)
�

�� %
�

6
7
��
(
�

��
�)
�

		
�

�
�
�

�
�
(
�
�
�
(
�

��
��
�

		
	

�
�
�

�
�
(
�
(
�
(
�

��
��
�

		
�

�
�
�

�
�
(
�
�
(
�

��
��
�

Stock No. 7952


