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Physical constants and unit conversions

Absolute zero 0 K 273 C= − °

Atomic mass unit 271 amu 1.66 10  kg−= ×

Avogadro’s constant 23 1
A = 6.02 10  molN −×

Faraday’s constant 1 = 96485 C molF −

Ideal gas constant 1 18.31 J mol  KR − −=

Ionic product constant for water (at 298 K) 14 2 6
w = 1.00 10  mol  dmK − −×

Molar volume of an ideal gas (at STP) 2 3 1 3 12.27 10  m  mol  = 22.7 dm  mol− − −×

Specific heat capacity of water (at 298 K) 1 1
w = 4.18 J g  Kc − −

Standard temperature and pressure (STP) 273 K and 100 kPa

Volume and capacity conversions 3 3 3 3 31 dm  = 1 10  m  = 1 10  cm  = 1 L−× ×

Reaction pathways

primary secondary

aldehyde

alcohol

alkenealkane

ester

polyalkane

haloalkanedihaloalkane

carboxylic acid

ketone

amine

amide
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Formulas

Processing of data

( )Absolute uncertainty of the mean  = 
2

max minx x
x

−
∆ ±

( ) absolute uncertaintyPercentage uncertainty %  = 100%
measurement

×

( ) measured value true valuePercentage error %  = 100%
true value

−
×

Chemical reactions — reactants, products and energy change

T= ∆Q mc

( ) ( )products reactantsH H H∆ = −

( ) ( )= bonds broken bonds formedH∆ Σ −Σ

mass (m)Moles ( ) = 
molar mass (M)

n

( ) experimental yieldPercentage yield %  = 100%
theoretical yield

×

Intermolecular forces and gases

PV TnR=

Aqueous solutions and acidity

moles of solute ( )Molarity/Concentration (c)
volume of solution (V)

n
=

Rates of chemical reactions

increase in product concentration ( [P]) decrease in reactant concentration ( [R])Rate of reaction =  or 
time taken time taken

∆ − ∆
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Chemical equilibrium systems

c d

a b
[C] [D]= for the reaction aA + bB cC + dD
[A] [B]

Q 

[ ] [ ]
[ ] [ ]

c d

c a b
C D

 for the reaction: aA bB cC dD
A B

= + +K

c d
sp = [C] [D]  for the reaction aA(s) cC(aq) + dD(aq)K

w = H OHK + −   
   

10pH log H+ = −  

10pOH log OH− = −  

w a bK K K= ×

[ ]
3

a
H O A

= 
HA

+ −   
   K

[ ]b
BH OH

= 
B

K
+ −   

   

Oxidation and reduction 
o o o
cell (reduction half-cell) (oxidation half-cell)E E E= −

,Charge (q) = moles electrons ( (e )) × Faraday s constant ( )n F−

Charge (q) = current (I)  time (t)×

Properties and structure of organic materials

F
distance moved by amino acid = 

distance moved by solvent
R
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Solubility of selected compounds at 298 K

bromide carbonate chloride hydroxide iodide nitrate oxide phosphate sulfate

aluminium s s i s s i i s           

ammonium s s s s s s s s

barium s i s s s s s i i

calcium s i s p s s p i p

cobalt(II) s i s i s s i i s

copper(II) s s i i s i i s

iron(II) s i s i s s i i s

iron(III) s s i s s i i s

lead(II) p i s i i s i i i

lithium s s s s s s s  s

magnesium s i s i s s i p s

manganese(II) s i s i s s i p s

potassium s s s s s s s s s

silver i i i i i s i i p

sodium s s s s s s s s s

zinc s i s i s s i i s

Key

Abbreviation Explanation

s soluble in water (solubility greater than 10 g L–1)

p partially soluble in water (solubility between 1 and 10 g L–1)

i insoluble in water (solubility less than 1 g L–1)

no data
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Average bond enthalpies at 298 K
Single bonds

∆H (kJ mol–1)

H C N O F S Cl Br I

H 436

C 414 346

N 391 286 158

O 463 358 214 144

F 567 492 278 191 159

S 364 289 327 266

Cl 431 324 192 206 255 271 242

Br 366 285 201 249 218 219 193

I 298 228 201 280 211 178 151

Multiple bonds

Bond ∆H (kJ mol–1)

C = C 614

C ≡ C 839

C = N 615

C ≡ N 890

C = O 804

N = N 470

N ≡ N 945

O = O 498
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Reactivity series of metals

Element Reactivity

K most reactive
Na
Li
Ba
Sr
Ca
Mg
Al
C*
Mn
Zn
Cr
Fe
Cd
Co
Ni
Sn
Pb
H2*

Sb
Bi
Cu
Hg
Ag
Au
Pt least reactive

*Carbon (C) and hydrogen gas (H2) added for comparison. 
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Standard electrode potentials at 298 K

Oxidised species  Reduced species E° (V)

( ) ( )Li aq e Li s+ −+  –3.04

( ) ( )K aq e K s+ −+  –2.94

( ) ( )2Ba aq 2e Ba s+ −+  –2.91

( ) ( )2Ca aq 2e Ca s+ −+  –2.87

( ) ( )Na aq e Na s+ −+  –2.71

( ) ( )2Mg aq 2e Mg s+ −+  –2.36

( ) ( )3Al aq 3e Al s+ −+  –1.68

( ) ( )2Mn aq 2e Mn s+ −+  –1.18

( ) ( ) ( )2 22H O l 2e H g 2OH aq− −+ + –0.83

( ) ( )2Zn aq 2e Zn s+ −+  –0.76

( ) ( )2Fe aq 2e Fe s+ −+  –0.44

( ) ( )2Ni aq 2e Ni s+ −+  –0.24

( ) ( )2Sn aq 2e Sn s+ −+  –0.14

( ) ( )2Pb aq 2e Pb s+ −+  –0.13

( ) ( )22H aq 2e H g+ −+  0.00

( ) ( )2Cu aq e Cu aq+ − ++  +0.16

( ) ( ) ( ) ( )2
4 2 2SO aq 4H aq 2e SO aq 2H O l− + −+ + + +0.16

( ) ( )2Cu aq 2e Cu s+ −+  +0.34

( ) ( ) ( )2 2O g 2H O l 4e 4OH aq− −+ +  +0.40

( ) ( )Cu aq e Cu s+ −+  +0.52

( ) ( )2I s 2e 2I aq− −+  +0.54

( ) ( )3 2Fe aq e Fe aq+ − ++  +0.77

( ) ( )Ag aq e Ag s+ −+  +0.80

( ) ( )2Br l 2e 2Br aq− −+  +1.08

( ) ( ) ( )2 2O g 4H aq 4e 2H O l+ −+ +  +1.23

( ) ( )2Cl g 2e 2Cl aq− −+  +1.36

( ) ( ) ( ) ( )2 3+
2 7 2Cr O aq 14H aq 6e 2Cr aq 7H O l− + −+ + + +1.36

( ) ( ) ( ) ( )2+
4 2MnO aq 8H aq 5e Mn aq 4H O l− + −+ + + +1.51

( ) ( )2F g 2e 2F aq− −+  +2.89
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Common amino acids

Common name 
(symbol)

Structural formula pH of 
isoelectric point

Alanine
(Ala)

H

C

O

CH3

H2N C OH 6.1

Arginine
(Arg)

CH2

CH2

NH

NH2

C NH

H

C

O

CH2

H2N C OH

10.7

Asparagine
(Asn)

OC

NH2

H

C

O

CH2

H2N C OH

5.4

Aspartic acid
(Asp)

 OH

C O

H

C

O

CH2

H2N C OH

3.0

Cysteine
(Cys)

SH

H

C

O

CH2

H2N C OH
5.1
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Common name 
(symbol)

Structural formula pH of 
isoelectric point

Glutamic acid
(Glu)

H

C

O

CH2

OH

C O

CH2

H2N C OH

3.2

Glutamine
(Gln) CH2

OC

NH2

H

C

O

CH2

H2N C OH

5.7

Glycine
(Gly)

H

C

O

H

H2N C OH 6.1

Histidine
(His)

N
NH

H

C

O

CH2

H2N C OH
7.6

Isoleucine
(Ile)

H

C

O

CHCH3

CH2

CH3

H2N C OH

6.0
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Common name 
(symbol)

Structural formula pH of  
isoelectric point

Leucine
(Leu)

CHCH3

CH3

H

C

O

CH2

H2N C OH

6.0

Lysine
(Lys)

CH2

CH2

H

C

O

CH2

CH2

NH2

H2N C OH

9.7

Methionine
(Met)

H

C

O

CH2

CH2

CH3

S

H2N C OH

5.7

Phenylalanine
(Phe)

H

C

O

CH2

H2N C OH
5.7

Proline
(Pro)

O

C OH
HN

6.3
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Common name 
(symbol)

Structural formula pH of 
isoelectric point

Serine
(Ser)

H

C

O

CH2

OH

H2N C OH
5.7

Threonine
(Thr)

H

C

O

CHOH

CH3

H2N C OH
5.6

Tryptophan
(Trp)

H

C

O

CH2

HN

H2N C OH
5.9

Tyrosine
(Tyr)

H

C

O

CH2

OH

H2N C OH

5.7

Valine
(Val)

H

C

O

CHCH3

CH3

H2N C OH
6.0
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Glucose and fructose: straight chain and α-ring forms

CH2OH

OH

OH

OH

OH H

H

O

H
H

H

CH2OH

O

OH

OH

OH H

H
H

H

OH

H

CHO

CH2OH

C

C

C

C

H

HO

H

H

OH

H

OH

OH

=

 Straight chain D-glucose α-D-glucose

OH

H

H

H OH

CH2OH

O

HOH2C

OH

O

H

H

H HO

HOH2C

OH

OH

CH2OH

CH2OH

CH2OH

C

C

C

C

HO

H

H

O

H

OH

OH

=

 Straight chain D-fructose α-D-fructose
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Acid–base indicators

Name pKa
pH range of 
colour change

Colour change 
(acidic to basic)

Methyl orange 3.7 3.1–4.4 red to yellow

Bromophenol blue 4.2 3.0–4.6 yellow to blue

Bromocresol green 4.7 3.8–5.4 yellow to blue

Methyl red 5.1 4.4–6.2 pink to yellow

Bromothymol blue 7.0 6.0–7.6 yellow to blue

Phenol red 7.9 6.8–8.4 yellow to red

Phenolphthalein 9.6 8.3–10.0 colourless to pink

Infrared data
Characteristic range of infrared absorption due to stretching in organic molecules.

Bond Organic molecules Wavenumber (cm–1)

C – I iodoalkanes 490–620

C – Br bromoalkanes 500–600

C – Cl chloroalkanes 600–800

C – F fluoroalkanes 1000–1400

C – O alcohol, ester 1050–1410

C = C alkenes 1620–1680

C = O aldehydes, carboxylic acid, ester, ketones 1700–1750

C  C alkynes 2100–2260

O – H carboxylic acids (hydrogen-bonded) 2500–3000

C – H alkanes, alkenes, alkynes, aldehydes, amides 2720–3100

O – H alcohol (hydrogen-bonded) 3200–3600

N – H amines 3300–3500
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Formulas and charges for common polyatomic ions

Anions

acetate (ethanoate) 3 2 3 2CH COO  or C H O− −

carbonate 2
3CO −

chlorate 3ClO −

chlorite 2ClO −

chromate 2
4CrO −

citrate 3
6 5 7C H O −

cyanide CN−

dichromate 2
2 7Cr O −

dihydrogen phosphate 2 4H PO −

hypochlorite ClO−

hydrogen carbonate 3HCO −

hydrogen sulfate 4HSO −

hydrogen phosphate 2
4HPO −

hydroxide OH−

nitrate 3NO −

nitrite 2NO −

perchlorate 4ClO −

permanganate 4MnO −

peroxide 2
2O −

phosphate 3
4PO −

sulfate 2
4SO −

sulfite 2
3SO −

thiosulfate 2
2 3S O −

Cations

ammonium 4NH +

hydronium 3H O+
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