Laboratory Standard Operating Procedure
Name of Procedure:___Pyrophoric Chemicals
Lab Location __Chem. Sci. 409
1. Type of SOP: (Select what the SOP addresses)

Procedural Hazardous Material_X___ Equipment Specific Other

Prepared by:_M. Tanasova Date Established_05/12/2015 Revision date: 08/27/15

2. Prior Approval Required: This procedure is considered hazardous enough to warrant prior
approval from the laboratory supervisor. Yes_X__ No

Supervisor Signature

Hazards- The following materials and equipment associated with this procedure present
exposure or physical health hazards. Safety precautions are prudent and mandatory:

Lithium hydride, sodium hydride, lithium tert-butoxide, n-butyl lithium, t-butyl lithium, alkyl
lithium, alkyl magnesium bromide are potentially flammable reagents.

Lithium hydride and sodium hydride are pyrophoric powders safe to weigh and transfer under
normal conditions (air, room temperature). All weighing boats/papers must be washed with
water prior to disposal.

Lithium t-butyl lithium, tert-butoxide, n-butyl lithium, alkyl lithium, and alkyl magnesium
halide solutions must be used under nitrogen or argon atmosphere in the chemical fume
hood, transferred via syringe or cannula (if more than 50 ml), use only oven or flame-dried
glassware. Non-disposable needles used with these solutions must be rinsed with
acetone/water/acetone.

Procedures for the safe handling of pyrophoric liquids:

General: Before commencing any experiment involving a pyrophoric liquid ensure that the
fume hood to be used is clear of clutter and that any unnecessary potentially combustible
materials have been removed (REMEMBER, fume hood space should never be used for
solvent storage). Appropriate PPE must be worn and other safety equipment as detailed
above should be in place and in good working order (Section B). The control of an inert
atmosphere is best handled by a dedicated gas manifold system provided with exit bubblers
and multiple gas delivery lines (see Image C1-1). Argon gas is to be generally preferred over
nitrogen gas because it is heavier than air. At all times during operation, the inert gas delivery
system must have at least one open bubbler protected vent point to prevent over
pressurization and the possibility of explosion.

Storage: Pyrophoric liquid reagents are typically shipped in bottles provided with gas
impermeable septa such that transfers can be made via needles under a chemically inert
atmosphere (e.g., the "Sure/Seal" packaging system used by Aldrich, see Image C2-1). NEVER
remove the protective septum from such a bottle in an air atmosphere without good reason




and unless you are sure that the contents are not pyrophoric nor toxic. The reagent bottle
should be kept within a secondary containment vessel (the metal can that the reagent bottle
ships in is convenient for this purpose) and stored appropriately with other materials of the
same hazard class. Many pyrophoric liquids benefit from being stored in a refrigerator below
10 °C (MSDS and supplier information will indicate if this is essential); however, the material
should usually be allowed to warm to ambient temperature shortly before being dispensed.
Specialized glass bottles equipped with glass or teflon stopcocks are superior for the storage
of pyrophoric liquids and can be purchased from most laboratory suppliers (e.g., Aldrich Cat.
No. 210,733-6).

Dispensing via syringe: A single syringe transfer is appropriate for delivery of reagent volumes
of up to ca. 15 mL. A little above this threshold, multiple separate syringe transfers may be
employed; however, for signficantly larger volumes (>50 mL) the cannula transfer technique
described below should be contemplated. Gas-tight glass syringes with needle-locking
mechanisms are generally to be preferred; however, polyethylene/polypropylene syringes
with friction needle locks may be used with caution (PE/PP syringes are naturally hydrophobic
and seldomly seize during operation, unlike glass syringes). Before starting, check that the
syringe is in good working order (plastic syringes that are old, cracked, or larger than 20 mL in
barrel volume should not be used) and that the needle is not blocked (18 or 20-gauge
stainless-steel needles of at least 8" in length are recommended). The syringe size selected
should be AT LEAST 25% bigger than any single volume to be dispensed to minimize the
possibility of pulling the plunger clear out of the barrel during operation. Once the reaction
vessel (the contents of which should already be under an inert gas atmosphere) is ready to
receive the liquid pyrophoric reagent of interest, navigate the following operations in turn:

(a) stand the reagent bottle on the base of the fume hood within a secondary containment
vessel (e.g., a glass crystallizing dish) and clamp to prevent accidental tipping;

(b) with a gentle flow of inert gas passing through the manifold (i.e., exit bubbler open), spike
the protective septum of the reagent bottle with an open inert gas input line (Image 1). Any
excess pressure inside the bottle will be safely relieved via the open manifold exit bubbler;

Image 1: Restraint of reagent bottle prior to use and ~ Image 2: Purging the reagent bottle with inert gas; the
introduction of inert gas input line. tube on the left is an input flow of Ar, while that on

the right is a bubbler terminated output line.




(c) to ensure that the reagent is properly protected by an inert gas atmosphere, it is
recommended that a gentle flow of gas be passed through the space above the liquid for a
short period of time. This inert gas purge can be achieved by adding a bubbler terminated
output line to the bottle and temporarily closing off the usual manifold exit bubbler (Image 2).
DO NOT leave the purging flow in place for too long (1-2 min will suffice) because it may result
in evaporative loss of solvent from the reagent bottle and undesirable concentration of the
stock solution;

(d) liquid may now be withdrawn from the reagent bottle providing that the inert gas input
line remains in place to prevent air from entering the vessel. Purge the dry syringe and needle
to be used with inert gas (Image 3), then use the syringe needle to puncture the reagent
bottle septum and withdraw a small volume of the liquid. Any gas in the syringe and needle
should be excluded at this point by carefully inverting the syringe and pushing the plunger
upwards. With the entire syringe assembly now completely full of liquid, gently pull the
plunger out to the desired graduation point, taking extreme care not to pull the plunger
beyond the limits of barrel (Image 4). Check the manifold exit bubbler to ensure that a slight
positive pressure remains in the system throughout this operation (i.e., no suck-back of air
into the inert gas system);

(e) with the desired volume of reagent measured in the syringe, gently pull the syringe
needle up such that its tip remains within the reagent bottle but comes clear out of the
liquid. Now, with the syringe inverted, pull a protective layer of inert gas into the syringe
such that it resides over the liquid, again, be very careful not to pull the plunger beyond
the limits of the barrel (Image 5);

(f) with a protective cushion of inert gas over the pyrophoric liquid, and with the needle
now completely empty of material, the inverted syringe with attached needle can be
safely transported to the proximal reaction vessel (Image 6);

Ima?ge 5: I?roviding the_ pyroph.oric liquid in the Image 6: Transport of the pyrophoric reagent to the
syringe with a protective cushion of Ar gas for reaction vessel while under a protective cushion of

subsequent safe transport to reaction vessel. inert gas within the inverted syringe.




(g) push the syringe needle through the septum covering the reaction vessel and, keeping
the syringe inverted for now, gently push the plunger up (Image 7). When the plunger
reaches the graduation mark originally targeted, the dead volume in the needle will be full
again; pushing the plunger further will now begin to introduce the reagent to the reaction
vessel (Image 8). Add the reagent at a rate appropriate for the experiment. When the
plunger reaches the zero mark, the exact volume of reagent measured will have been
added to the reaction. At this stage, the needle should still be full of reagent - DO NOT add
this volume to the reaction, it would be in addition to that measured (NOTE: the needle
dead volume is compensated for because it was fully occupied when the desired reagent
volume was measured and it remains full after this same volume has been dispensed);

(h) draw the excess reagent in the needle back into the inverted syringe and transfer it
back into the reagent bottle. The tiny quantity of residual reagent remaining in the needle
and syringe at this point (< 0.05 mL) still presents a fire hazard. In most cases, sucking
excess water rapidly into the syringe will suffice to safely quench this material; however,
only do so away from flammable solvents because a small spark may form momentarily.
Finally, after ensuring that the pyrophoric reagent bottle remains well purged with inert
gas, the gas input line can be removed and the bottle resealed and returned to its
appropriate storage location (typically a refrigerator).

Image 7: Puncture of reaction vessel septum and Image 8: Delivery of reagent to the reaction mixture.
displacement of inert gas cushion above reagent.

Dispensing via cannula (double-ended needle): Syringe transfer is not recommended for
delivery of single reagent volumes above 15 mL. Large syringes (50 mL and above) have a
greater tendency to mechanically fail than small ones (because of the higher pressures
involved) and the danger associated with any accidental release of reagent is significantly
heightened due to the increased volume. Transfer via a cannula enables large volumes of
pyrophoric liquid reagents to be safety dispensed in a hands-free operation that avoids
the possible pitfalls of syringe transfer. If the volume of reagent to be delivered must be
measured (as would generally be the case), then two transfer steps are necessary: the
liquid reagent is first "cannulated" (i.e., conveyed via double-ended needle by the action
of a pressure gradient driven siphon) under an inert atmosphere from its storage




container into a dry graduated measuring cylinder (or a similar volume measuring vessel),
then, once the desired volume has been collected, the material is further transferred in a
like manner into the reaction vessel. Once the reaction vessel (the contents of which
should already be under an inert gas atmosphere) is ready to receive the liquid pyrophoric
reagent of interest, navigate the following operations in turn:

(a) equip an oven dried clean graduated glass measuring cylinder with a close-fitting
septum (secure with a fastener if necessary to ensure that it cannot come off) and purge
with inert gas. Clamp the glass cylinder in place over a secondary containment vessel;

(b) clamp the pyrophoric reagent bottle over a suitable secondary containment vessel and
briefly purge it with inert gas as described above. To aid cannulation, it helps for the
reagent bottle to be at a higher level than the receiving cylinder (e.g., see Image 9);

(c) with open inert gas input lines fixed to both the reagent bottle and the graduated
cylinder, connect the two vessels with a clean and dry stainless steel cannula (24" long
and of 16 or 18 gauge is recommended), but do not dip the needle into the liquid reagent
yet (9). Add a bubbler terminated gas output line to the cylinder septum then close off
both the inert gas input line into the cylinder and the manifold exit bubbler. Providing the
cannula is not blocked, inert gas should now flow from the input line going into the
reagent bottle, through the cannula, into the measuring cylinder and out of the bubbler
output line (if not, reopen the gas input line into the measuring cylinder to prevent a
pressure build up, then replace the cannula);

Image 9: Preparing for cannula transfer. Note source Image 10: Transfer of reagent into measuring
vessel (reagent bottle) is placed at a higher level than cylinder. Note bubbler terminated output line on the

the receiving vessel (graduated measuring cylinder).  receiving vessel; at this stage, the inert gas input line
into the reagent bottle is open, but that into the

receiving flask is closed.

(d) with a flow of inert gas through the cannula established, dip one end of the cannula
well beneath the surface of the liquid reagent to be dispensed. Inert gas pressure above




the reagent will rise and the liquid will be gently forced through the cannula and into the
measuring cylinder. The transfer is aided by maintaining the level of the source vessel
above that of the receiving vessel (as illustrated in Image 10). The rate of the transfer can
be modulated by balancing the pressure inputs into the source and receiving vessels: to
slow the flow, slightly open the inert gas input line going into the receiving vessel. When
the desired volume of reagent has been delivered into the graduated cylinder, gently pull
the cannula above the liquid reagent level (but not out of the bottle altogether) and allow
inert gas to pass briefly through the cannula once again to clear it of pyrophoric material.
Now, fully reopen the inert gas input line into the cylinder and also reopen the manifold
exit bubbler for the moment;

(e) making sure that neither end of the cannula is below a liquid level, remove the end of
the cannula from the reagent bottle septum and reconnect it to the reaction vessel
septum. The reagent bottle should now be resealed and returned to its appropriate
storage location (typically a refrigerator);

Image 11: Cannulation of measured volume of reagent into reaction vessel.

(f) it remains to transfer the measured volume of liquid reagent into the reaction vessel,
this operation is achieved in an identical manner to the first transfer. Raising the
graduated cylinder above the level of the receiving flask will again help the cannulation
(Image 11). Following completion of the transfer, the cylinder and cannula can be cleared
of residual pyrophoric reagent by adding a small volume of an appropriate dry solvent to
the cylinder and cannulating this into the reaction vessel. Reset inert gas lines and the
manifold system as appropriate and disconnect the cannula. If properly washed, neither
the cannula nor cylinder will present a fire risk, but it is advised that both pieces of
apparatus be submerged in a water detergent bath immediately.




Engineering Controls- Prior to performing this procedure, the following safety equipment
must be accessible and ready for use: (ex. Chemical fume hoods, laminar flow hood, chemical
spill kits)

All manipulation of pyrophoric materials must be conducted inside a well vented fume hood
with the sash level at the lowest height possible to perform the required operations. Before
starting work, clear the fume hood of any unnecessary equipment or chemicals. An
eyewash/safety shower station should be within a ten second travel time of the site of the
experiment. Familiarize yourself with the location of this important safety equipment and
check that the eyewasher is functioning (pass water through it until it runs clear) and that the
safety shower passed a recent inspection (within last 12 months). Also before starting work,
know the location of the nearest fire extinguisher and fire alarm pull station and check that
the fire extinguisher passed recent inspection and that it is not empty.

Protective Equipment-Prior to performing this procedure, the following personal protective
equipment must be obtained and ready for use: (ex. Acid resistant gloves, safety eyewear, lab
coat, chemical splash apron)

Appropriate eye and skin protection must be worn during all stages of any experiment
involving a pyrophoric liquid reagent, as follows:

(a) Eye protection: chemical splash goggles or safety glasses that meet ANSI standard Z-87.1
must worn whenever handling pyrophoric chemicals. Ordinary prescription eye glasses will
not provide the necessary level of protection unless they also meet the same ANSI standard. A
face shield, worn over safety eye wear, is required in addition if there is a possible risk of
explosion.

(b) Skin and body protection: gloves should be worn when handling pyrophoric liquids;
however, these should not be overly cumbersome because manual dexterity is required to
perform the techniques described below. MSDS for specific chemicals to be used should be
consulted for direction on which glove type is recommended. A fire resistant fully-buttoned
knee-length laboratory coat must be worn to protect the body. In addition, fully enclosed
shoes which cover the entire foot (with no holes in the top) must be worn.

Waste disposal-This procedure will result in the following regulated waste which must be
disposed of in compliance with environmental regulations:

The quality of any pyrophoric reagent will deteriorate over time and with usage; for example,
precipitates of metal oxides/hydroxides often become visible in hydrocarbon solutions of
alkylmetal reagents. Titration methods should be used to establish the molarity of a reagent
before disposal is considered; however, if activity has diminished below a chemically useful
threshold, or if too little of the compound is left to be worth using, then disposal is
recommended. Even in small quantity or at low molarity, pyrophoric reagents present a fire
hazard and a container with any residual material within it MUST NEVER be opened directly to
the atmosphere. The last traces of reagent should be washed out under an inert atmosphere



http://www.ansi.org/

using an appropriate dry carrier solvent (using either a syringe or cannula transfer), and the
washings quenched via a suitable neutralization process conducted under inert gas and with
sufficient cooling. Most alkylmetal solutions (< 2.0 M) can be safely quenched by their
controlled addition to a 0.5 M solution of isopropanol in anhydrous tetrahydrofuran below —
40 °C and under an atmosphere of Ar. If in any doubt whatsoever as to the proper and safe
manner with which to quench a given reagent, contact OSU Environmental Health and Safety
and request a waste chemical pick-up. Representatives from EH&S will remove and dispose of
any PROPERLY LABELED chemicals without direct charge upon completion of the following
web request form [LINK]. Further guidance on the disposal of pyrophoric liquids can be found
in Aldrich technical bulletin AL-164 [LINK].

Non-toxic waste is generated upon quenching of reactions (Lithium hydroxide, tert-butanol,
low molecular weight alkanes (volatiles)

Accidental Spill- In the event that a hazardous material spills during this procedure, be
prepared to execute the following emergency procedure:

DO NOT expose to water (flammable upon reaction with water).

Remove all sources of ignition. Soak up with inert absorbent material. Take precautionary
measures against static discharges. Keep in suitable and closed containers for disposal.

Further reading and cited information sources

1. Aldrich Technical Bulletins AL-134, "Handling Air-Sensitive Reagents," 1997, 8 pp, and AL-164,
"Handling Pyrophoric Reagents," 1995, 2 pp. Available
from:http://www.sigmaaldrich.com/chemistry/chemical-synthesis/learning-center/technical-
bulletins.html

2. The development of this SOP was prompted by a tragic fatal accident that occurred recently
within the Department of Chemistry at UCLA. The following articles describe the accident and
highlight the dangers associated with improper handling of pyrophoric liquids.

(a) "UCLA Lab Assistant Dies," Trager, R. Royal Society of Chemistry, Chemistry World feature
January 2009. Available
from:http://www.rsc.org/chemistryworld/News/2009/January/23010903.asp

(b) "Taken for Granted: The Burning Question of Laboratory Safety," Benderly, B. Science

Magazine, Science Careers feature from May 2009. Available

from:http://sciencecareers.sciencemag.org/career magazine/previous issues/articles/2009 05
01/caredit.a0900054

3. The following well written and useful SOPs from peer institutions were consulted during the
construction of this document:

(a) "Procedures for Safe Use of Pyrophoric Reagents," University of California at Irvine,
Environmental Health & Safety. Available from: http://www.ehs.uci.edu/programs/sop library



http://oregonstate.edu/ehs/sites/default/files/webform/chempickup.html
https://www.sigmaaldrich.com/etc/medialib/docs/Aldrich/Bulletin/al_techbull_al164.pdf
https://www.sigmaaldrich.com/etc/medialib/docs/Aldrich/Bulletin/al_techbull_al134.pdf
https://www.sigmaaldrich.com/etc/medialib/docs/Aldrich/Bulletin/al_techbull_al164.pdf
http://www.sigmaaldrich.com/chemistry/chemical-synthesis/learning-center/technical-bulletins.html
http://www.sigmaaldrich.com/chemistry/chemical-synthesis/learning-center/technical-bulletins.html
http://www.rsc.org/chemistryworld/News/2009/January/23010903.asp
http://sciencecareers.sciencemag.org/career_magazine/previous_issues/articles/2009_05_01/caredit.a0900054
http://sciencecareers.sciencemag.org/career_magazine/previous_issues/articles/2009_05_01/caredit.a0900054
http://www.ehs.uci.edu/programs/sop_library

(b) "The Safe Use of Pyrophoric Reagents," McGhee, K.; Norton, J. Columbia University,
Environmental Health & Safety. Available from: http://ehs.columbia.edu/pyrophorics.pdf

Prior Approval- This procedure is considered hazardous enough to warrant prior approval from
the laboratory director. Yes

Certification- | have read and understand the above SOP. | agree to contact my Supervisor if |
plan to modify this procedure.

Signature Name (print)

Date Room
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