Handling Liquid Pyrophoric Reagents

Pyrophoric liquids are liquids that can ignite spontaneously upon contact with air or moisture. Because of their high reactivity, special precautions must be taken when using them. The most important safety consideration is to protect them from air and moisture. Only trained researchers should handle pyrophoric liquids; in addition to reading this document, you must be trained by an experienced researcher before you use pyrophoric reagents.
 
Examples of pyrophoric reagents: 
· alkyl lithium reagents (RLi) 
· Grignard reagents (RMgX) 
· alkyl zinc reagents (R2Zn, RZnX)
· alkyl aluminum reagents (R3Al, R2AlX, RAlX2) 
· LiAlH4 and DIBAL-H solutions 
· organoboranes (R3B) 
· BH3 
· LDA (LiNiPr2)
· phosphines
· silanes

Particularly hazardous pyrophoric liquids include: 
· tBuLi
· sBuLi
· 10 M nBuLi
· R3Al (especially when neat)
· neat DIBAl-H 

Preparation
Before using a pyrophoric reagent, you should
1. Undergo standard Lab Safety and Fire Safety training.
2. Undergo pyrophorics training with an experienced researcher, either your PI or someone appointed by your PI. Watch the following video which explains safe handling of pyrophoric reagents: http://www.youtube.com/watch?v=RaMXwNBAbxc
3. 
4. Consider if an alternative, less dangerous reagent can be used. If an alternative reagent is appropriate, use it. 
5. Read the Material Safety Data Sheet for your pyrophoric liquid of choice. 
6. Remove clutter from the fume hood or glovebox where you will be using the pyrophoric liquid. Note: pyrophoric compounds should only be used in a fume hood or glovebox.
7. Put on appropriate Personal Protective Equipment: 
a. Fire-resistant lab coat
b. Safety glasses or goggles
c. Nitrile gloves
d. Closed-toe shoes
e. Long pants
f. Non-flammable clothing (no flammable synthetic materials)
g. A face shield if a splash hazard exists
8. Know the location of emergency safety equipment in your area: 
a. Fire extinguisher: 
i. Do not use a CO2 extinguisher!
ii. Class ABS dry chemical extinguishers should be used for most organometallic reagents in organic solvents. 
b. Safety shower
c. Eye wash
9. Be sure an experienced lab mate is present and knows you are using pyrophoric liquids. You should never use a pyrophoric reagent without others present in the lab.
10. Flame- or oven-dry all glassware. 
11. Have a beaker with sand ready to extinguish any small flames that may emanate from your needle.
12. Prepare for quenching any excess reagent in your syringe or cannula (see below).
13. Be sure your nitrogen or argon manifold has a steady flow (about 1–2 psi pressure).
14. Prepare a mineral oil bubbler to prevent over-pressurizing vessels with pyrophoric reagents.
15. Use a chemical carrier to safely transport bottles of pyrophoric reagents.


Procedure for Transferring Pyrophoric Liquids
	The following protocols describe the safe use of pyrophoric reagents in a fume hood. If you are using pyrophorics in a glovebox, you may be able to skip steps. However, you still need to carefully quench all excess reagents on your pipettes or syringes upon removing them from the glovebox!

For less than 10 mL of pyrophoric liquid: 
	For smaller volumes (<10 mL), a syringe may be used to transfer pyrophoric liquids. You should use a disposable plastic syringe or a glass syringe with a Teflon plunger. Glass syringes with glass plungers should not be used! The glass plungers can easily fall out of the syringe, exposing the pyrophoric to air.
1. Carefully secure the bottle of the pyrophoric liquid in your fume hood, using a clamp and supporting the bottle either on the bottom of your hood or with a lab jack.
2. Insert a N2 inlet needle through the Sure-Seal cap of the bottle. Insert venting needle to bubbler?
3. Use a dry needle and syringe to transfer the reagent. Be sure your needle is long enough for the reagent bottle you are using. Also, the syringe should never be more than 60% full of a pyrophoric reagent. 
4. Flush your needle and syringe with N2 three times. You may do this either by inserting the needle just into the top of the bottle of reagent (but not into the liquid!) or into an empty, N2-filled flask. Insert the needle, draw in N2, remove the needle from the bottle or flask, and then push out the N2.
5. Put the needle into the pyrophoric liquid and slowly draw up the liquid past your desired volume. If you pull the plunger too fast, air will move around the plunger and contaminate your material (and cause a hazard). There will be N2 gas bubbles in your syringe. 
6. Raise the needle out of the liquid and into the N2 layer at the top of the reagent bottle. Tilt the syringe upside down, so the gas bubbles rise towards the connection with the needle. Gently depress the plunger to remove the bubbles and obtain the desired volume.
7. You may need to repeat steps 5 and 6 until you have the correct volume without any gas bubbles.
8. [bookmark: _GoBack]With the needle tip in the N2 layer and with the needle connection at the top of the syringe, pull a layer of N2 into the syringe. This layer of N2 will protect the pyrophoric from air. Be sure the N2 layer stays on the top of the syringe!
9. Remove the needle from the reagent bottle and quickly insert it into your reaction vessel (which should be dried, filled with N2, and fitted with a N2 inlet needle).
10. Slowly push the plunger to inject the pyrophoric into your reaction vessel.
11. After you have depressed the plunger fully, pull some N2 into the syringe before removing the needle from your reaction vessel.
12. Quench excess reagent in your syringe by pulling hexanes into the syringe. Add the hexanes slowly to either EtOAc or acetone. Rinse your syringe with hexanes 3 times. Then rinse your syringe with EtOAc or acetone 3 times. You may now treat the needle or syringe normally, either cleaning them or disposing of them (if disposable). 
13. Remove the N2 inlet needle from the bottle of pyrophoric reagent, securely seal the bottle, and return it to its proper storage location. 

For 10 mL or more of pyrophoric liquid: 
	For larger volumes (>10 mL), syringe transfers are dangerous. Such volumes of pyrophoric reagents should be transferred using cannula (double-headed needles). If you need to transfer a precise volume, you should perform 2 transfers: first from the reagent bottle to a dried graduated cylinder under N2, and then from the graduated cylinder to the reaction vessel. Both transfers follow the same protocol, described below for the transfer to the graduated cylinder.
1. Carefully secure the bottle of the pyrophoric liquid in your fume hood, using a clamp and supporting the bottle either on the bottom of your hood or with a lab jack.
2. Insert a N2 inlet needle through the Sure-Seal cap of the bottle. Insert venting needle to bubbler?
3. Insert one end of the cannula (end #1) just through the Sure-Seal cap of the reagent bottle. Be sure it does not go into the liquid! 
4. Insert the other end of the cannula (end #2) through the septum on the top of the graduated cylinder.
5. Remove the N2 inlet needle from the graduated cylinder. You now have N2 flowing through the cannula from the reagent bottle to the graduated cylinder.
6. Put cannula end #1 into the reagent liquid. 
7. Put a venting needle attached to a mineral oil bubbler into the graduated cylinder septum. 
8. The pyrophoric liquid should begin to flow through the cannula and into the cylinder. If you do not see any flow, you may carefully increase the N2 pressure slightly. If this does not help, your cannula may be clogged; you will need to get another one. Be very careful not to over-pressurize the containers!
9. After you have the volume you want, remove cannula end #1 from the liquid and into the N2 layer at the top of the reagent bottle to ensure that no liquid remains in the cannula. Be sure that cannula end #2 is above the liquid in the graduate cylinder.
10. Insert a N2 inlet into the graduate cylinder and remove the venting needle.
11. Remove cannula end #1 from the reagent bottle and then remove end #2 from the graduated cylinder.
12. Immediately flush the cannula with hexanes and then with either EtOAc or acetone.
13. Remove the N2 inlet needle from the bottle of pyrophoric reagent, securely seal the bottle, and return it to its proper storage location. 	Comment by MGladle: Joe, would suggest something be added to re-emphasize proper quenching. The last incident of a lab fire resulted from paper towels used to wipe off glassware that was still contaminated.  The discarded paper product was discarded in lab trash receptacle and caught fire.


Additional Resources
	Please see the following resources for additional information. If you have any questions about these techniques, do not hesitate to ask for help from your PI or other experienced researchers.

UCLA’s Pyrophoric Safety Video: http://www.youtube.com/watch?v=RaMXwNBAbxc

Columbia’s Safe Use of Pyrophoric Reagents Bulletin: http://www.ehs.columbia.edu/pyrophorics.pdf 

Not Voodoo website: http://chem.chem.rochester.edu/~nvd/
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