
Miller Group “Do Not Use” List 
Introduction 
Part of the power and wonder of synthetic chemistry is the huge array of reagents and 
reactions that are possible. This is also an inherent challenge from a safety perspective, 
because researchers must consider the safety of a huge diversity of chemicals and 
weigh safety concerns against synthetic interests. It takes years of experience to build 
intuition on what classes of compounds are most concerning, and even experienced 
chemists can be surprised when reading about the safety profile of a reagent.  
In the Miller group, we believe that communication is one of the keys to safe lab 
practices. Before running any reaction, a safety assessment is performed: this involves 
reading the SDS for each component, researching the components on PubChem, and 
considering byproducts that might be formed during the reaction or during workup; 
physical hazards are also considered; and proper protective equipment and safety 
controls are put in place before beginning. Even with all of this, it is important to talk to 
lab mates or Alex about the reaction, especially if it is a new reaction or poses specific 
challenges.  
This “Do Not Use” List provides guidelines for deciding when to avoid a particular 
reagent. Some reagents will never be used in the Miller group, while others require a 
conversation with Alex before proceeding. A search for alternative synthetic procedures 
should be carried out in each case — if there is a safer way to achieve the synthetic 
goal, try that first. If you are considering a reaction involving anything on this list, you 
must talk to Alex. The list is organized by categories first, with GHS codes and general 
reagent classes. Specific reagents, most of which fall within the general classes above 
them, are listed at the end. 
 
Reagents with the following GHS Codes 
Physical Hazards: 
H201: Explosive; mass explosion hazard 
H202: Explosive, severe projection hazard 
H203: Explosive; fire, blast, or projection hazard 
H220: Extremely flammable gas 
H240: Heating may cause an explosion 
H241: Heating may cause a fire or explosion 
H242: Heating may cause a fire 
H250: Catches fire spontaneously if exposed to air 
H251: Self-heating: may catch fire 
H252: Self-heating in large quantities; may catch fire 
H260: In contact with water, releases flammable gases which may ignite spontaneously 
H270: May cause or intensify fire; oxidizer 
H271: May cause fire or explosion; strong oxidizer 
 
Health Hazards:  
H300: Fatal if swallowed 
H310: Fatal in contact with skin 
H330: Fatal if inhaled 
 



Reagents with the following toxicity profiles 
• A chemical with a median lethal dose (LD50) of 50 milligrams (mg) or less per 

kilograms (kg) of body weight when administered orally to certain test 
populations. 

• A chemical with an LD50 of 200 mg or less per kg of body weight when 
administered by continuous contact for 24 hours to certain test populations. 

• A chemical with a median lethal concentration (LC50) in air of 200 parts per 
million (ppm) by volume or less of gas or vapor, or 2 mg per liter or less of mist, 
fume, or dust, when administered to certain test populations by continuous 
inhalation for one hour, provided such concentrations or conditions are likely to 
be encountered by humans when the chemical is used in any reasonably 
foreseeable manner. 

 
Reagent classes to avoid when possible 

• Alkyl lithium reagents 
• Heavy metal alkyl complexes (mercury, lead, tin, cadmium) 
• Thallium salts 
• Inorganic cyanide salts 
• Inorganic azide salts and hydrazoic acid 
• Perchlorate salts and perchloric acid 
• Light organic azides (guidelines: C/N > 3 or at least 6 carbon atoms per azide) 
• Group IV metallocene alkyl complexes 
• Actinides and actinide salts 
• Selenium reagents 

 
Specific Reagents to avoid 

• Dimethyl mercury  
• Mercury metal 
• Dimethyl sulfate 
• Thallium hexafluorophosphate 
• Dimethyl titanocene (Cp2TiMe2) 
• White phosphorus (P4) 
• Tert-butyl lithium (tBuLi) 
• Phosphine gas (PH3) 
• Phosphorus trifluoride (PF3) 
• Hydrogen cyanide (HCN) 
• Hydrogen fluoride (HF) 
• Piranha (H2SO4/H2O2) 
• Ethylene oxide 
• Osmium tetroxide 
• Allyl alcohol 
• Allyl chloride 
• Benzyl bromide 
• Benzyl chloride 
• FOOF 



• Ethylene diamine (en, NH2CH2CH2NH2) 
• Hydrazoic acid (HN3) 
• Methyl azide (MeN3) 
• Diazomethane (CH2N3) 
• Nickel tetracarbonyl (Ni(CO)4) 
• Hydrogen sulfide (H2S) 
• Hexamethylphosphoramide (HMPA) 
• Pentafluorophenyl lithium (C6F5Li) 
• Methane fluorosulfonate (“magic methyl”, MeOSO2F) 
• Diethyl azadicarboxylate (DEAD) 
 

 


