
Page 1 - SMC Glovebox manual v1.1 

 

 

 

SMC Glovebox Manual 

version 1.0 

updated 18 June, 2021 

This manual has been adapted from the Dempsey glovebox manual version 1.0 October 26 2016 

  

 

 

 



Page 2 - SMC Glovebox manual v1.1 

I. Introduction 
a. Why this manual? 
b. What can I use the box for? 

II. Glovebox overview 
a. Schematic overview and description 
b. Touch screen controls 
c. The purifier catalyst 
d. Purging 
e. Noises… 
f. Pressure limits 

III. Using the box 
a. Log and verbal system 

b. Bringing things in and out 

c. Using solvents/chemicals 

d. Auxiliary vacuum 

e. Freezer 

f. Trash 
g. Cleaning up messes and spills 
h. Troubleshooting 

IV. Box supplies 
V. Glovebox maintenance 

VI. Safety 
VII. How to Purge 

VIII. Purge table 

IX. Chemical tests for water and oxygen  



Page 3 - SMC Glovebox manual v1.1 

 

I. Introduction 

a. Why this manual? 

Gloveboxes are invaluable tools for doing oxygen and water free, synthesis, spectroscopy, and electrochemistry. This manual outlines 
procedures for maintaining a rigorously pure atmosphere (free of contaminating chemical vapors including water, oxygen, 
coordinating solvents, etc.) for the SMC glovebox. Additionally, as the glovebox is a shared group resource, this manual describes 
protocols for shared group supplies and how to bring items into and out of the glovebox. Finally, as glovebox protocols vary widely 
between research groups, it is important to follow the procedures presented here to avoid miscommunication and contamination. 
It is required that users read this manual and receive training from the czar before using the box. 

b. What can I use the box for? 

Besides using the glovebox for air free synthesis and reaction workup, one can do… 
1. Electrochemistry. Electrode feedthroughs allow connection of electrodes to an external potentiostat. 
2. Blanket reaction with special gases: The glovebox has extra gas inlet/outlet ports on the backside for piping in, for example, carbon 
dioxide. 
3. Vacuum drying. An auxiliary vacuum system can be used to remove solvent from reactions and to dry products. 
4. Cold storage. Attached to each glovebox is a -35 °C freezer. The freezer is also useful for recrystallizations. 
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II. Glovebox overview 

a. Schematic overview and description 

 
As depicted above, an inert atmosphere glovebox has one automated system for cleaning the atmosphere (the purifier which can 
remove solvent vapor, water, and oxygen), gloves for manipulation of materials, freezer, vacuum inlet for drying chemicals and 
filtering, and two antechambers for bringing materials in and out. Turn the purification system off before doing any chemistry in the 
box. When done, purge if necessary (see How to Purge below) and then turn the purification system back on. 

b. Touch screen controls 
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Many glovebox mechanical operations can be carried out via the touch screen display. The central screen displays freezer temperature 
and box overpressure. Labeled boxes that are shaded indicate that a particular function is operating. Touching a labeled box will turn 
the function on/off. Box parameters can be also be changed through the touch screen; but talk to the glovebox responsible before 
changing any parameters. 

c. The purifier catalyst 

The glovebox has a closed-loop purification system where box atmosphere is repeatedly passed first over activate charcoal (trapping 
some solvents) and then over a copper-containing catalyst (trapping oxygen and solvent) and molecular sieves (trapping water). Some 
solvents and chemicals can irreversibly destroy the purification system. The SMC protocol is to turn the purification system off when 
working with volatile chemicals. The glovebox should be purged after working with volatile chemicals and then the purifier turned 
back on. 

d. Purging 

When the atmosphere is contaminated with oxygen (see Chemical Tests section) or with volatile chemicals, the box can be purged 
with fresh argon. Please refer to Purge Table posted at end of the manual for appropriate purge times; in general, 20 minutes is the 
minimum purge time required. Ask the glovebox czar in unique situations. 

e. Noises 

Gloveboxes are loud. The purification system makes a steady loud hum when running, the two vacuum pumps produce noise, and the 
automatic argon refilling system produces noise. Both a lack of expected noises and new unexpected noises are indications of problems 
and should be investigated immediately. When working with the box users cannot wear headphones nor have music playing too loud 
so that they can hear the box. 

f. Pressure limits 

The glovebox is maintained above atmospheric pressure to keep the gloves inflated and to prevent oxygen/water from getting in. Our 
box typically has working limits of 2.5 – 6.5 mbar. 

III. Using the box 

a. Log and verbal system 
The most important rule of using the glovebox is communication. Users should actively talk with other users and the czar about their 
glovebox plans, concerns, and usage of the box. The SMC uses a google calendar to reserve glovebox time. If you wish to use the 
glovebox during another user’s reserved time, discuss the possibility with that user. 

To facilitate communication, a paper log is kept next to the glovebox. It is crucial that users accurately fill out the log every 
time they use the antechambers or purge the atmosphere (record what is being done and/or what the O2 level is). 
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Here are the log in details to access the google calendar: 
smcequipment1477@gmail.com 
smcequipment1477 

b. Bringing things in and out 

Two antechambers are available for bringing things in and out. The antechambers are refilled directly from the box atmosphere – so 
if the antechambers were recently exposed to air (check the log), refilling them can back-contaminate the atmosphere. If you need to 
bring something out of the glovebox and the antechamber was recently opened to air, you must cycle the antechamber with argon 
and vacuum first. 

The antechambers share argon/vacuum lines, so it is important to isolate the chambers from one another while using them. 
To use the small antechamber 

1. Turn the large antechamber vacuum and argon valves to the closed position 
2. Refill the small antechamber – after refilling turn valve to ‘neutral’ position 
3. Insert your ‘vacuum-ready’ object (see Guidelines below) 
4. Seal the door 
5. Turn valve to vacuum 
6. Mark on glovebox log the time you put your object into the chamber 
7. Do five evacuation/refill cycles, with each evacuation lasting about one minute 
8. Refill antechamber, bring objects in, close the door, and return chamber to vacuum 
9. Mark on glovebox log that chamber is back under vacuum 

To use the large antechamber 
1. Turn the small antechamber vacuum and argon valves to the closed position 
2. Refill the large antechamber – upon finishing refilling turn valve to ‘neutral’ position 
3. Insert your ‘vacuum-ready’ (see ‘Guidelines’ below) object 
4. Seal the door 
5. Turn valve to vacuum 
6. Enter time on glovebox log 
7. Do five evacuation/refill cycles, with each evacuation lasting at least 5 minutes. Mark on glovebox log each time you do a 

cycle. 
8. Refill antechamber, bring objects in, close the door, and return chamber to vacuum 

Guidelines for bringing in chemicals and solvents 

mailto:smcequipment1477@gmail.com
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Solids: To bring in dry, air-exposed solids, cover the container with a Kimwipe secured with a rubber band. Make sure the solids are 
not prone to sublimation (e.g., ferrocene derivatives, carbon tetrabromide, some low molecular weight neutral organics, Co2CO8). 
Solids that are a sublimation risk should be degased under vacuum in a Schlenk flask or bomb cooled with dry ice/acetone and then 
sealed prior to bringing into the box. 

Reactions run in Schlenk flasks can be dried under vacuum to leave a solid residue before being brought into the box. Vials or 
glass bottles from other gloveboxes should be tightly sealed with electrical taped before exposure to air. These bottles can be usually 
be safely brought in directly (although beware odd-shaped glassware or very large bottles). 
Liquids: Purify and degas liquids by standard procedures and store outside of the box in a Teflon-stoppered flask (no ground glass 
stoppers! No Grease!). Vessels containing liquids can be pumped in under pressure or vacuum if in a Teflon-stoppered vessel (e.g., 
“bomb” or “Straus flask”) is used. Schlenk flasks are not recommended for bringing liquids in the box. If you must, make sure that the 
stopper is taped tightly to the flask; watch and listen for implosions! To bring in Sure-Seal bottles, seal the cap with electrical tape, 
then pump in the bottle, turn off the purifier, take the cap off, purge for 15 minutes, and turn on purifier. 

Chemicals should be labeled in accordance with SMC protocols (e.g., commercial source info and purity, opening date, 
notebook page number if synthesized, initials). Chemicals that are going to be a risk to the box (e.g., liquid acids, chlorinated solvents, 
etc.) must be taped tightly to prevent contamination. 

Commercial chemicals shipped in glass ampoules that are packed under inert gases may be pumped directly into the glovebox. 

c. Using solvents/chemicals 
Only certain solvent bottles should be open at the same time to reduce cross-contamination. To use solvents simultaneously it is 
suggested that the user fill 20 mL vials filled with the desired solvent, cap those vials, purge, open the next solvent bottle and fill more 
20 mL vials, cap the bottle and then continue with chemistry.  

Wear disposable gloves over the glovebox gloves inside the box if working with particularly hazardous solvents or chemicals 
(i.e., butyl penetrating chemicals and strong acids like triflic acid). 

Unseasoned researchers – i.e., grad students with little/no glovebox experience and undergraduates at all times unless cleared 
– may not break open ampules in the glovebox. 

Solvent storage flasks may not be kept inside the glovebox when not in use (unless specifically agreed with a glovebox csar). 
This is to maximize the amount of workspace for glovebox users. 

d. Auxiliary vacuum 
The glovebox is equipped with an auxiliary vacuum pump for filtrations and removing solvents. The first time you use this 

system the czar or a senior lab member must instruct you in its proper use. To use the vacuum, first setup the liquid N2 cooled trap. 
You will be responsible for the trap until the trap is dropped or responsibility is passed on to another user. 
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The last person working in the box for the day should check that the trap was taken down and all vacuum valves inside the box 
are closed. If the trap is to be left up overnight, remember that a full dewar only lasts about 6-8 hours, so plan to stay late or arrive 
early the following morning. 

e. Freezer 
The box freezer is set to -35 °C and is used to store thermally unstable chemicals, to chill solvents, and for recrystallizations. 

Bottles stored in the freezers should be well capped to avoid solvent leakage. The freezer should not be opened if volatile chemicals 
are being used to avoid trapping vapor in the freezer. If the freezer becomes contaminated, purge with the freezer propped open. Be 
careful when accessing your chemicals, as your labmates may have crystallizations set up in the freezer. 

f. Trash 
As a source of potential contamination, users must remove their contaminated trash (pipettes, kimwipes, etc.) when done with their 
glovebox time. Be careful when removing waste contaminated with pyrophoric materials, highly toxic, or smelly chemicals – if 
concerned, please ask a labmate or the czar how to proceed. Two strategies to decrease exposure of the lab to these volatiles are: 1) 
purging the glovebox prior to bringing contaminated waste out (you will need to purge again) and 2) putting contaminated waste into 
a sealable container and then purging prior to bringing this container out of the glovebox. 

g. Cleaning up messes and spills 
1. Another source of potential contamination is compounds leftover from spills. As such they must be cleaned up by the glovebox user 
at the end of their glovebox time. To do this, you can wet a kimwipe slightly with solvent, and wipe away the spill. In order to protect 
the glovebox catalyst you should do this when the circulation is turned off and purge afterwards. 
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Be careful when removing waste contaminated with pyrophoric materials, highly toxic, or smelly chemicals – if concerned, please ask 
a labmate or the czar how to proceed. Two strategies to decrease exposure of the lab to these volatiles are: 1) purging the glovebox 
prior to bringing contaminated waste out (you will need to purge again) and 2) putting contaminated waste into a sealable container 
and then purging prior to bringing this container out of the glovebox. 
 
2. A common problem in the glovebox is the build-up of small pieces of debris that cannot be picked up by the small dustpan and 
brush provided inside the glovebox. This debris is usually small pieces of broken glass from glass pipetted or broken vials. To get rid of 
this, you can use the electrical tape (also provided inside the glovebox) to pick up the debris. Simply collect together the debris using 
the small brush, and use the sticky side of the electrical tape to pick up the dust. The glass dust can be sharp, so remember to wear 
the XL-gloves over the glovebox gloves for protection from punctures. 
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h. Trouble shooting 
Issue Fixes 

Noise in 
cyclic 
voltammog
rams 

check all of the electrical connections. Including the connections between the cables inside and outside the 
glovebox. Turn off the internal glovebox power. 

 
Gloves are 
no longer 
inflated 

This indicates a low glovebox pressure – check that the argon in the lab is still available (see the regulator attached 
to the fumehood which regulates the flow of argon to the glovebox. If the regulator indicates that no pressure is in 
the line, then the house argon has run out. Stop work in the box and email the whole SMC email list to let everyone 
know that the argon is off. 
 

Glove 
puncture 

if safe to do so, patch the puncture with electrical tape and contact a glovebox czar immediately to fix it. 

Gloves have 
turned into 
balloons 
 

Immediately turn off the argon supply (regulator on fume hood by box). 

    
Then start refilling the large antechamber in order to remove argon from the box. Contact a glovebox czar 
immediately afterwards. If an alarm has appeared about a valve timeout, hit the ACK button (acknowledge). This 
usually fixes the problem. 
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IV. Box Supplies 

Item Size Pre-glovebox 
treatment 

Bringing into the box Needs restocking 

The following are frequently used items in the glovebox. It is the responsibility of every glove box user to refill them 
when they are running out 

Scintillation vials Large (20 mL) Dry in oven at 130 C for 
at least 4 hours 

Preferably degas 
overnight, but 5 x 1 
minute evacuate/refill 
cycles will do. 

 

 Medium (4 mL)  

 Small (1.5 mL)  

Scintillation vial caps Large (20 mL) Degas overnight in the antechamber under active 
vacuum 

 

 Medium (4 mL)  

 Small (1.5 mL)  

Glass pipettes  Dry in oven at 130 C for 
at least 4 hours 

Preferably degas 
overnight, but 5 x 1 
minute evacuate-refill 
cycles will do. 

 

Glass microfibre filter 
paper 

 Dry in oven at 130 °C for 
at least 4 hours 

Preferably degas 
overnight, but 5 x 1 
minute evacuate-refill 
cycles will do. 

 



Page 12 - SMC Glovebox manual v1.1 

Electrical tape  Degas overnight in the antechamber  

Permanent markers  Tightly wrap the 
markers in electrical 
tape. 

Rapidly cycle between 
argon and vacuum (5x) 
without allowing the 
antechamber to reach 
full vacuum. 
When you bring the 
markers into the box, 
remove the caps and 
purge the glovebox for 
5 minutes. 

 

XL-gloves  Remove from the 
cardboard box. 

degas overnight in 
antechamber 

 

Weigh paper  Dry at 130 °C in oven all 
day 

Degas overnight in the 
antechamber 

 

Syringe filters   Degas in antechamber 
overnight 

 

Molecular sieves  Pre-dry in a Schlenk 
flask in an oven 
overnight, then heat at 
ca. 200 °C in a sand bath 
under vacuum for a 
second night before 
pumping into the 
glovebox under 
vacuum. 
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The following items are rather specialist. For this reason, it is the responsibility of the individual user to prepare them 
for the glovebox as needed 

Alumina  Dry under vacuum on a 
Schlenk line for 12 
hours. Use a heating 
mantle to heat the 
vessel to >200 °C 

In the sealed Schlenk 
flask, do the 5 x 
evacuate-refill cycles 

 

Celite  Dry in oven at 130 °C at 
least overnight 

Degas overnight in 
antechamber 

 

Silica gel  Dry under vacuum on a 
Schlenk line for 12 
hours. Use a heating 
mantle to heat the 
vessel to > °200 C 

In the sealed Schlenk 
flask, do the 5 x 
evacuate-refill cycles. 

 

Recrystallised 
tetrabutylammonium 
hexafluorophosphate 

 See document “Protocol 
for Bu4NPF6 rextal” in 
the SMC Standard 
Operating Procedures 
folder on the shared 
network drive 
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V. Glovebox maintenance 

See separate SMC glovebox maintenance manual for full instructions. 
a. Pumps 
The main vacuum pump oil should be changed after catalyst regeneration. 

b. Catalyst regeneration 
The glovebox catalysts should be regenerated every four months by the maintenance czar or as 
needed. 

c. Argon supply 
The SMC glovebox can run off house argon or argon gas cylinders. Gas cylinders are not preferred 
as each cylinder only contains enough argon for about 30 minutes of continuous purging. We 
currently use house argon. 

VI. Safety 

Gloveboxes enable us to work with hazardous chemicals that would otherwise 
decompose (perhaps violently) in the presence of a normal atmosphere. This does not remove 
all risk, however. These chemicals can burn through the rubber gloves, react with solvent vapors, 
or result in thermal runaway reactions. Perhaps the most common hazard is the creation of 
hazardous waste. Waste contaminated with dangerous chemicals must be removed from the box 
and if not done safely can result in unexpected fires or exposure to toxic fumes. Prior to removing 
toxic waste, please see the Trash section above. 

Using a glovebox shares some of the risks associated with using a Schlenk line – 
underneath the glovebox is a liquid nitrogen trap and dewar – accidental condensing of liquid 
oxygen or shattering of the dewar or glass trap are dangerous explosion hazards. 

Gloveboxes are supplied with pressurized argon gas. Incorrect handling of the regulator 
system that supplies this gas can result in injury. While the glovebox has automated systems to 
prevent over-pressurization, these systems can fail and result in over-pressurization of the 
glovebox. In these cases, the antechambers can be refilled to reduce the amount of argon inside 
the box. In extreme cases, the antechambers can be opened from the outside and set to “refill,” 
allowing argon to escape from the box. 

Serious rupture of a glovebox glove (either hole or a glove popping off) can expose the 
user to toxic fumes or cause hazardous chemicals inside the box to decompose violently. For 
smaller holes, immediately patch the hole with electrical tape and inform the box czar. For larger 
holes or catastrophic glove failure, use the glovebox port cover (inside the glovebox) to seal the 
hole – if it is safe to do so – and inform the czar. 

Follow the group protocols for storm watches and warnings. If power fails, the glovebox 
will no longer maintain pressure. Users should secure any chemistry they are currently working 
on (e.g., cap volatile chemical containers and stop hazardous reactions if possible). This will 
require going in and out of the glovebox – the number of times this is done should be minimized 
to preserve the maximal amount of argon inside the glovebox. Finally, leave a note describing 
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the current state of the glovebox (e.g., volatiles in atmosphere). After power is restored and it is 
safe to return to lab, the glovebox should be purged.  
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VII. How to purge

Step 1: close the small antechamber valve 

 

Step 2: open the large antechamber to 

vacuum 

 

Step 3: slowly open red refill valve to large 

antechamber far enough so that the 

glovebox is refilling most – but not all – of 

the time. You should be able to hear the 

glovebox refill sound. The glovebox refills 

when its internal pressure drops below a 

setpoint (usually 2.5 mbar), and refills up to 

the upper limit setpoint (usually 4.5 mbar). It 

will sound like the box is “breathing.” 

 

Step 4: Wait minute to make sure the 

glovebox is not refilling constantly or refilling 

too infrequently. If it is refilling too fast, the 

vacuum pump will win, the gloves will be 

sucked inside the box and they will 

eventually explode! 

 

If it is refilling too infrequently, you are not 

purging effectively. 

Step 5: Purge for 20 minutes (see Purge 

Table below for how long to purge more 

aggressive vapors). This is mandatory. It is 

required to stay near the glovebox the 

entire time just in case the pressure sensor 

fails and the gloves get sucked inside. 
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Step 6: Close the refill valve 

 

Step 7: Turn the circulation purifier and 

analyzer back on 

Step 8: Let the large antechamber pump all 

the way back down to maximum vacuum. 

Step 9: Shut off the vacuum to the large 

antechamber fully (you should hear a ‘click’) 

 

Step 10: Return the small antechamber to 

Evacuate 

Step 11: Record the water and oxygen 

values in the logbook.
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VIII. Purge table 

Table 1. Purge times. 

Reason for Purge Length 

General solvents 20 min 

Diethyl zinc, volatile thiols, phosphines, and amines 30 min 

Protic solvents (e.g., water, alcohols) 45 min 

Acidic protic liquids (e.g., HBF4, trifluoroacetic acid, triflic acid) 45 min 

 

IX. Chemical tests for water and oxygen 

Our glovebox is equipped with an oxygen sensor and a water sensor. The oxygen sensors are 
vulnerable to damage from organic solvents and volatile chemicals; consequently, it is expected 
that the oxygen sensor will fail eventually & require repair or replacement. These sensors are 
expensive to repair (ca. $800) with a long turnaround. 

If the sensors are not available, chemical tests exist for checking the water and oxygen content: 

1) Benzophenone radical anion solution: use to check purity of most organic solvents. See 
below for instructions. Solvents directly from the solvent system are fairly dry but don’t 
always pass the benzophenone radical anion test. Consequently, any solvents for which 
water contamination would be an issue should be stored over activated 3 Å molecular 
sieves. If you are doing water-sensitive chemistry, please check the solvent you are using 
with the benzophenone radical anion test. Do not assume that the solvent is dry. If you 
find that solvent from a bottle with molecular sieves is not dry, oven-dry a new solvent 
bottle and load with fresh molecular sieves and solvent. 

2) Diethyl zinc in hexanes: gives white fumes in presence of oxygen (about 5 ppm detection 
limit). Purge glovebox after using for 30 minutes. Glovebox users are expected to test the 
glovebox atmosphere about 3x a week and note the results in the atmosphere test log 
next to the glovebox. To test, open the Et2Zn vial with the purifier off and check for fumes. 
Note the result on the log and purge for 30 minutes. The czar will assess the state of the 
glovebox from these tests and take appropriate action (e.g., finding and sealing leaks, 
modifying procedures, and regenerating the catalyst). 

3) Titanium tetrachloride: gives white fumes when exposed to trace water (forms TiO2 and 
HCl gas). Purge glovebox after using for 20 minutes. 

4) Ti(Cp2)(CH3CN)2
1+ solution in acetonitrile: a drop of this solution onto a Kimwipe will 

indicate if any oxygen is present – the color will turn from blue to yellow if oxygen is 
present. See J. Chem. Ed. 1998, 75, 460 for instructions. 

 
Benzophenone Radical Anion Recipe (adapted from material by Prof. Agapie, Caltech) 
Weigh 28 mg (1.22 mmol, 1.6 equiv) sodium metal into a 20 mL scintillation vial in the box. Add 
0.137 g (0.752 mmol) benzophenone (Ph2CO), 20 mL THF, and a stir bar (glass; Teflon stir bars 
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will turn black if used). Stir overnight. The clear, colorless solution should darken steadily to a 
blue color before eventually turning inky purple. The blue color is that of the radical anion while 
the purple color is that of the excess doubly reduced species. The excess sodium keeps the 
indicating solution active longer.  
To test a solvent: 

a. This benzophenone radical anion solution is about 40 mM in concentration. The 

benzophenone radical anion will react with acids, water, and oxygen to form a colorless 

or slightly yellow colored solution. 

b. Fill a 4 mL vial with solvent and add radical solution drop by drop until it stays purple 
or blue, shaking the vial between drops. Use the following table to determine the 
approximate total water and oxygen concentration (assuming 4 mL solvent and that 1 
drop of radical test solution from a pipette is 1/20 of a mL). 

 

# drops required for color 

to stay purple/blue 

 

approximate mM of total 

water/oxygen present 

≤ 1 ≤ 0.5 mM 

≤ 2 ≤ 1 mM 

≤ 3 ≤ 1.5 mM 

≤ 4 ≤ 2 mM 

⋮ ⋮ 

c. Record the number of drops required to stay purple on the solvent testing log. This log 
will permit analysis of when the molecular sieves of a solvent run out of capacity. 


