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Various Aromatic Substituents
Ortho-Para Directors Meta Directors

Strong 
Deactivators

-N+R3, -NO2, -CN, 
-CCI3, -CF3

Moderate 
Deactivators

-CN, -SO3H, -COR, 
-N+H3, -COOH, 

-COOR, -COONH2

Mild 
Deactivators -F, -CI, Br, -I

Various Aromatic Substituents

13C NMR Chemical Shifts

1H NMR Chemical Shifts

Scale Conversions
Celsius to Fahrenheit  °C ×   + 32
Fahrenheiht to Celsius (°F - 32) × 
Celsius to Kelvin  °C + 273
Kelvin to Celsius    K - 273            

SI Prefixes

Prefix Base 10 Decimal Symbol

Tera- 1012 1 000 000 000 000 T
Giga- 109 1 000 000 000 G
Mega- 106 1 000 000 M
Kilo- 103 1 000 k
Hecto- 102 100 h
Deca- 101 10 da
Deci- 10-1 0.1 d
Centi- 10-2 0.01 c
Milli- 10-3 0.001 m
Micro- 10-6 0.000 001 µ
Nano- 10-9 0.000 000 001 n
Pico- 10-12 0.000 000 000 001 p

Temperature Scales
°Celsius Kelvin °Farenheit

Boiling 
Point of 
Water

100 373 212

Freezing 
Point of 
Water

0 273 32

Absolute 
Zero -273 0 -460

Physical Constants Symbol
Atomic Mass 1.66054 x 10-27 kg mu

Avogadro’s Constant 6.02214 x 1023  mol-1 NA

Boltzmann Constant 1.38066 x 10-23 JK-1 k
Ideal Gas Constant 0.0821 L atm / mol K R=NAk
Planck Constant 6.62607004 × 10-34 m2 kg / s h
Speed of Light 2.9979 x 108 m / s c

Data Manipulations
Percent Yield                    

Yield (%) = 
     experimental result  
      theoretical result        

x 100

Percent Recovery      
Recovery (%) = 

         weight recovered 
   original sample weight 

x 100

Average Value                     
Average =  

           sum of values 
        number of values

Standard Deviation                   
S.D. = [sum of (value - average)2

      number of values - 1    ]
1/2

Relative Standard Deviation 
R.S.D. (%) =

      standard deviation 
               average              

x 100

Conversion Factors
Mass 1 lb 0.45359 kg

Length 1 A 0.1 nm
1 in 2.54 cm

Volume 1 L 0.001 m3

Pressure 1 bar 105 Pa
1 atm 1.013 x 105 Pa
1 atm 760 torr
1 atm 14.696 lb/in2

Energy 1 cal 4.184 joules

Enthalpy Changes Involving Water
Per Mole Heat Capacity 75 J/mol K

Heat of Fusion 5.99 kJ/mol
Heat of Vapor 40.63 kJ/mol

Per Gram Specific Heat 4.184 J/g K
Heat of Fusion 333 J/g
Heat of Vapor 2257 J/g

Concentrations of Reagents

Molarity                                                            number of moles solute                           Molarity =          
number of liters of solution            

Percent Composition for Non-Water Solutions                                                                 weight of solute            Composition (%) =             
total weight of solution        

x 100

Percent Composition for Water Solutions                                                                weight of solute (g)            Composition (%) =        
total volume of solution (mL)  

x 100
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Conduct

• Do not engage in practical jokes or 
boisterous conduct in the laboratory.

• Never run in the laboratory.
• The use of personal audio or video 

equipment is prohibited in the laboratory.
• The performance of unauthorized 

experiments is strictly forbidden.
• Do not sit on laboratory benches.

General Work Procedure

• Know emergency procedures.
• Never work in the laboratory without 

the supervision of a faculty member.
• Always perform the experiments or 

work precisely as directed by a 
member of faculty.

• Immediately report any spills, 
accidents, or injuries.

• Never leave experiments unattended 
while in progress.

• Never attempt to catch a falling object.
• Be careful when handling hot glassware 

and apparatus in the laboratory. Hot 
glassware looks just like cold glassware.

• Never point the open end of a test tube 
containing a substance at yourself or 
others.

• Never fill a pipette using mouth 
suction. Always use a pipetting device.

• Make sure no flammable solvents are in the 
surrounding area when lighting a flame.

• Don’t leave lit Bunsen burners unattended.
• Turn off all heating apparatus, gas valves, 

and water faucets when not in use.
• Do not remove any equipment or chemi-

cals from the laboratory.
• Coats, bags, and other personal items 

must be stored in designated areas,  
not on the bench tops or in aisleways.

• Notify your instructor if you have any 
sensitivities that you may have to 
particular chemicals, if known.

• Keep the floor clear of all objects 
(e.g., ice, small objects, spilled liquids).

Housekeeping

• Keep work area neat and free of any 
unnecessary objects.

• Thoroughly clean your laboratory work 
space at the end of the lab session.

• Do not block the sink drains with debris.
• Never block access to exits or emergency 

equipment.
• Inspect all equipment for damage 

(cracks, defects, etc.) prior to use; do not 
use damaged equipment.

• Never pour chemical waste into the sink 
drains or wastebaskets.

• Place chemical waste in appropriately 
labeled waste containers.

• Properly dispose of broken glassware 
and other sharp objects (e.g., syringes) 
immediately in designated containers.

• Properly dispose of weigh boats, gloves, 
filter paper, and paper towels in the 
laboratory.

Laboratory Apparel

• Always wear appropriate eye protection 
(i.e., chemical splash goggles) 
in the laboratory.

• Wear disposable gloves, as provided in 
the laboratory, when handling hazard-
ous materials. Remove the gloves before 
exiting the laboratory.

• Wear a full-length, long-sleeved  
lab coat or chemical-resistant apron.

• Wear shoes that adequately cover the 
whole foot; low-heeled shoes with  
non-slip soles are preferable. Do not 
wear sandals, open-toed shoes, open-
backed shoes, or high-heeled shoes in 
the laboratory.

• Avoid wearing shirts exposing the torso, 
shorts, or short skirts; long pants that 
completely cover the legs are best.

• Secure long hair and loose clothing 
(esp. loose long sleeves, ties, or scarves).

• Remove jewelry (esp. dangling jewelry).
• Synthetic finger nails are not recom-

mended in the laboratory; they are made 
of extremely flammable polymers which 
can burn to completion and are not 
easily extinguished.

Hygiene Practices

• Keep your hands away from your face, eyes, 
mouth, and body while using chemicals.

• Food and drink, open or closed, should 
never be brought into the laboratory or 
chemical storage area.

• Never use laboratory glassware for  
eating or drinking purposes.

• Do not apply cosmetics while in  
the laboratory or storage area.

• Wash hands after removing gloves,  
and before leaving the laboratory.

• Remove any protective equipment (i.e., 
gloves, lab coat or apron, chemical splash 
goggles) before leaving the laboratory.

Emergency Procedure

• Know the location of all the exits  
in the laboratory and building.

• Know the location of the emergency phone.
• Know the location of and know how to 

operate the following: fire extinguish-
ers, alarm systems with pull stations, 
fire blankets, eye washes, first-aid kits, 
deluge safety showers. 

• In case of an emergency or accident, 
follow the established emergency plan 
as explained by the faculty member and 
evacuate the building via the nearest 
exit.

Handling Chemicals

• Check the label to verify it is the correct 
substance before using it.

• Wear appropriate chemical resistant 
gloves before handling chemicals. Gloves 
are not universally protective against all 
chemicals.

• If you transfer chemicals from their 
original containers, label chemical con-
tainers as to the contents, concentration, 
hazard, date, and your initials.

• use a spatula or scoopula to remove  
a solid reagent from a container.

• Do not directly touch any chemical  
with your hands.

• Never use a metal spatula when working 
with peroxides. Metals will decompose 
explosively with peroxides.

• Hold containers away from the body 
when transferring a chemical or solution 
from one container to another.

• Use a hot water bath to heat flammable 
liquids. Never heat directly with a flame.

• Add concentrated acid to water slowly. 
Never add water to a concentrated acid.

• Weigh out or remove only the amount 
of chemical you will need. Do not return 
the excess to its original container, but 
properly dispose of it in the appropriate 
waste container.

• Never touch, taste, or smell any reagents.
• Never place the container directly under 

your nose and inhale the vapors.
• Never mix or use chemicals not called 

for in the laboratory exercise.
• Use the lab chemical hood, if available
• Clean up all spills and dispose of 

chemicals properly and promptly  
as instructed by faculty members.

• When transporting chemicals  
(especially 250 mL or more), place the 
immediate container in a secondary 
container or bucket (rubber, metal or 
plastic) designed to be carried and large 
enough to hold the entire contents of  
the chemical.

• Never handle bottles that are wet  
or too heavy for you.

• Use equipment (glassware, Bunsen  
burner, etc.) in the correct way,  
as indicated by the the instructor.

Lab Safety - Best Practices

Source:
U.S. Consumer Safety Product Commission
Department of Health and Human Services
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health

It is critical to understand the importance of lab safety.  In addition to ensuring personal safety and enabling 
proper care for equipment, safe laboratory procedures prevent potential cross-contamination of chemicals and 
other materials, and therefore ensure better lab results. What follows is a list of safe lab procedures and practices 
that can help to prevent or avoid dangerous situation in the laboratory.
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Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine RadonIridiumOsmiumRheniumTungstenTantalumHafniumLanthanidesBariumCesium

Palladium Silver Cadmium Indium Tin Antimony Tellurium Iodine XenonRhodiumRutheniumTechnetiumMolybdenumNiobiumZirconiumYttriumStrontiumRubidium

Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton

Aluminum Silicon Phosphorus Sulfur Chlorine Argon

Boron Carbon Nitrogen Oxygen Fluorine Neon
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CobaltIronManganeseChromiumVanadiumTitaniumScandiumCalciumPotassium
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Hydrogen
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Alkali Metal Alkaline Earth Semimetal HalogenTransition Metal Noble Gas Lanthanide ActinideNonmetalBasic Metal

Element Symbol Atomic 
Number

Atomic 
Weight

Actinium Ac 89 (227)*
Aluminium Al 13 26.9815
Americium Am 95 (243)*
Antimony Sb 51 121.75

Argon Ar 18 39.948
Arsenic As 33 74.9216
Astatine At 85 (210)**
Barium Ba 56 137

Berkelium Bk 97 (247)**
Beryllium Be 4 9.0122
Bismuth Bi 83 208.980
Bohrium Bh 107 (262)**

Boron B 5 10.81
Bromine Br 35 79.904

Cadmium Cd 48 112.40
Calcium Ca 20 40.08

Cadmium Cd 48 112.40
Californium Cf 98 (251)**

Carbon C 6 12.011
Cerium Ce 58 140.12
Cesium Cs 55 132.905

Chlorine Cl 17 35.453
Chromium Cr 24 51.996

Cobalt Co 27 58.9332
Copernicium Cn 112 (285)**

Copper Cu 29 63.546
Curium Cm 96 (247)**

Darnstadtium Ds 110 (271)**
Dubnium Db 105 (262)**

Dysprosium Dy 66 162.50
Einsteinium Es 99 (254)*

Erbium Er 68 167.26
Europium Eu 63 151.96
Fermium Fm 100 (257)*
Fluorine F 9 18.9984

Francium Fr 87 (223)*
Flerovium Fl 114 (289)**

Gadolinium Gd 64 157.25

Element Symbol Atomic 
Number

Atomic 
Weight

Gallium Ga 31 69.72
Germanium Ge 32 72.59

Gold Au 79 196.966
Hafnium Hf 72 178.49
Hassium Hs 108 (265)**
Helium He 2 4.00260

Holmium Ho 67 164.930
Hydrogen H 1 1.0079

Indium In 49 114.82
Iodine I 53 126.904

Iridium Ir 77 192.22
Iron Fe 26 55.847

Krypton Kr 36 83.80
Lanthanum La 57 138.905
Lawrencium Lr 103 (256)*

Lead Pb 82 207.2
Lithium Li 3 6.941

Livermorium Lv 116 (293)**
Lutetium Lu 71 174.97

Magnesium Mg 12 24.305
Meitnerium Mt 109 (266)**
Manganese Mn 25 54.9380

Mendelevium Md 101 (258)**
Mercury Hg 80 200.59

Molybdenum Mo 42 95.94
Neodymium Nd 60 144.24

Neon Ne 10 20.179
Neptunium Np 93 237.05*

Nickel Ni 28 58.70
Niobium Nb 41 92.9064
Nitrogen N 7 14.0067
Nobelium No 102 (255)*
Osmium Os 76 190.2
Oxygen O 8 15.9994

Palladium Pd 46 106.4
Phosphorus P 15 30.9738

Platinum Pt 78 195.09
Plutonium Pu 94 (244)**

Element Symbol Atomic 
Number

Atomic 
Weight

Polonium Po 84 (210)**
Potassium K 19 39.098

Praseodymium Pr 59 140.908
Promethium Pm 61 (147)*
Protactinium Pa 91 231.036

Radium Ra 88 226.025
Radon Rn 86 (222)**

Rhenium Re 75 186.207
Rhodium Rh 45 102.906
Rubidium Rb 37 85.4678

Ruthenium Ru 44 101.07
Rutherfordium Rf 104 (261)**

Samarium Sm 62 150.4
Scandium Sc 21 44.9559

Seaborgium Sg 106 (263)**
Selenium Se 34 78.96

Silicon Si 14 28.086
Silver Ag 47 107.868

Sodium Na 11 22.9898
Strontium Sr 38 87.62

Sulfur S 16 32.06
Tantalum Ta 73 180.948

Technetium Tc 43 (98)**
Tellurium Te 52 127.60
Terbium Tb 65 158.925
Thallium Tl 81 204.37
Thorium Th 90 232.038
Thulium Tm 69 168.934

Tin Sn 50 118.69
Titanium Ti 22 47.90
Tungsten W 74 183.85
Uranium U 92 238.029

Vanadium V 23 50.9414
Xenon Xe 54 131.30

Ytterbium Yb 70 173.04
Yttrium Y 39 88.9059

Zinc Zn 30 65.38
Zirconium Zr 40 91.22

*Exact mass of radioactive element’s most stable isotope
**Average mass of radioactive element’s most stable isotope
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