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SOLVENT STILLS

1. Process


Reflux and subsequent distillation of organic solvents over drying materials and under nitrogen or argon. The equipment consists of a gas cylinder, gas regulator, an oil bubbler, and for each solvent there is a still pot (2 L round bottom flask), a still head, and a condenser.

2. Hazardous Chemicals


a) Solvents (benzene, toluene, hexane, heptane, ethanol, ether, THF, chloroform, methylene chloride, etc.). Some of these are flammable and some are carcinogenic.

b) Drying agents (sodium, benzophenone, magnesium, iodine, phosphorus pentoxide, calcium hydride etc). Many of these are hygroscopic and flammable and react violently with water. Byproducts include hydrogen gas, metal hydroxides, phosphoric acid and organic wastes.

3. Personal Protective Equipment

- Eye protection: Goggles or face shield must be used. 

- Hand protection: Dry gloves are required when handling drying agents and some solvents. While almost any water-proof gloves will protect you from the drying agents, the choice of gloves should be dictated by the nature of the solvent. A chart of solvent permeability of several gloves is shown in the last few pages of the Fisher catalogue.

4. Engineering/Ventilation Controls


a) Fume hood is required for distillation of carcinogenic solvents, toxic solvents or pyridine.


b) All of these stills must be operated under an atmosphere of argon or nitrogen gas, which is supplied via rubber tubing and contained within the glassware.

5. Handling Procedures

Equipment


Each still consists of a heating mantle, heating mantle controller, 2 litre round bottom flask (24/40 female joint), still head, condenser, and nitrogen/argon adapter. The still head returns the condensed liquid back to the round bottom flask unless a valve is closed, in which case the solvent collects in the 1 L chamber which forms the center of the still head. A solvent overflow path allows the solvent to flow back into the round bottom flask if too much solvent (> 1000 mL) is collected. A flow monitor measures the flow of water coming out of the condensers.

Preparation

There are several choices of drying agent.


- Sodium/benzophenone (for alkanes, toluene, benzene, tetrahydrofuran): Reflux the solvent with 4g of fine sodium particles (per litre of solvent) for one working day (8 h). Add 5 g of benzophenone and reflux for a second day. The level of dryness is indicated by the colour. Purple (best) > blue > green > yellow (terrible). For alkanes, it is difficult to get better than green. If the solution is yellow and remains yellow even after continued reflux, then the benzophenone is used up and the sodium may also be used up. In this situation, do one of the following:

a) deactivate the still (see Waste Disposal) if there are a lot of solids on the bottom of the flask, 

b) add more sodium if there is no sodium left inside (feel with a long spatula), reflux for 4 h, cool, and add more benzophenone, or

c) chop up the remaining sodium if there is some sodium left inside (chop it up with a long spatula), reflux for 4 h, cool, and add more benzophenone. 


- Sodium/potassium alloy (for low boiling alkanes and ether): Fill three neck distillation flask with the solvent. Add equal amounts of freshly cut sodium and potassium metals. Reflux the solvent with stirring for >8 h. If alloy solidifies add more potassium metal. 

Still deactivation: 


- Magnesium/iodine (for alcohols): Start with only 200 mL of alcohol. Add 2-3g of magnesium turnings and 1-2 crystals of iodine. Let stir over 5-6 hours. Do not heat. Wait until the brown color disappears. Then add more alcohol and heat it up to reflux for 8 h. 

- Calcium Hydride (acetonitrile and methylene chloride): Add methylene chloride or acetonitrile to a round-bottom flask which contains 10-20g of CaH2 per litre of solution. Reflux for >4 h.


- Phosphorus pentoxide (for methylene chloride): Treat methylene chloride with potassium permanganate (a few grams per litre). Shake it and let it sit until no more reaction occurs, and then for half an hour longer. Pour it into a round-bottom flask which contains 10-20g of P2O5 per litre of solution. Reflux for 8 h.

Distillation Procedure


- Select the three neck flask which contains the appropriate solvent/drying agent combination from the flammable storage cabinet, place it on the cold heating mantle and assemble it with the drying head, and with the nitrogen supply. Start the N2 flow at a slow rate (~1 bubble per second) and confirm that the tubing connection between the still and the argon flow is not obstructed (ie. check for bends, constrictions, or closed stopcocks and open them). Start the water flow at a flow rate strong enough that the flow fills the exit tube but not so strong that the flow is turbulent or excessive pressure builds up. Check the flow rate now and after 10 minutes. Close the stopcock which is attached to the sidearm of the upper chamber. Also close the teflon stopcock which leads to the collection port below the upper chamber. Open the teflon stopcock which allows solvent in the upper chamber to flow down to the lower chamber or still pot. Confirm that there are no foreign objects between the heating mantle and the flask. Turn on the heating mantle to a setting appropriate for the solvent (ie. higher boiling solvents require a higher setting, see Table). Adjust later if necessary.


- Check the water flow rate.


- After reflux has been achieved, wait an hour or until the color of the solution shows that the solvent is dry, whichever is later, and then close the teflon stopcock which allows solvent in the upper chamber to flow down to the lower chamber or still pot. After the desired volume of solvent has accumulated in the upper chamber, turn off the heating mantle. At this point, watch for suckback of bubbler oil into the argon lines and if necessary increase the rate of flow of the argon gas to prevent this.


- Remove the collected solvent by either of the following two methods:


a) By using a syringe (flushed twice with argon) with a long needle, passing the needle through a septum and then the stopcock which is attached to the sidearm of the upper chamber, or 


b) by attaching a solvent storage flask to the collection port below the upper chamber. The male joint of the distillation head has to be purged with nitrogen from a separate hose before the receiver flask is connected. Open the teflon stopcock in the collection port to transfer the solvent, then close the teflon stopcock at the distillation head, and close the receiver flask with a glass stopper while purging with nitrogen.


- Open the teflon stopcock which allows solvent in the upper chamber to flow down to the lower chamber or still pot.


- After the still pot is cool to the touch, stop the argon and cooling water flow. 

	Solvent
	b.p. °C
	suggested controller setting
	appropriate glovesc
	inappropriate gloves

	Benzeneb
	80
	5
	SS best, V ok
	B, N, R

	Diethyl ethera
	34.5
	4
	SS
	V, B, N, R

	Hexane
	69
	5
	SS, V, N
	B, R

	Methanol
	65
	5
	N, R
	

	Methylene chloride
	40
	4.5
	SS best, V ok
	B, N, R

	Pentane
	36
	4.5
	SS, V, N
	B, R

	Pyridineb
	116
	6
	SS
	B, N, R

	Tetrahydrofuran
	67
	5
	SS
	V, B, N, R

	Toluene
	111
	6
	SS, V
	B, N, R


a Boiling point is so low that vapors may travel through condensers and contaminate lines and other stills. Use pre-cooled water (cold tap water is not cold enough).

b Needs to be distilled in a fume hood.

c SS=Silver Shield, V=Viton, B=Butyl, N=Nitrile Latex, R=natural rubber

Deactivation of Stills


Collect most but not all of the solvent in the upper chamber. Use this collected solvent to start your new still pot. At least 50 mL should remain in the lower flask. The remnants of solvent, drying agent and junk in the old still pot must be transferred to a vacuum/gas manifold in a fume hood, flushed with argon or N2 and deactivated by the following procedures while still under argon or N2:


- Sodium/benzophenone mixtures: Inject isopropyl alcohol (a few drops, then after 10 minutes a few mL) through the stopcock using a syringe while N2 gas is flowing. Then break up all chunks of sodium and sodium salts using a very large spatula (you will have to flush with N2 again after that). Repeat until no further reaction occurs. Treat similarly with ethanol. Break up all chunks. Repeat until no further reaction occurs. Treat similarly with water. Break up all chunks. Repeat until no further reaction occurs. Be absolutely sure there is no more sodium. Add 500 mL more water, then separate the organic and aqueous layers, if possible. The aqueous layer will contain less than 24% alcohol and therefore can be poured down the drain. The organic layer is now waste and should be put into a properly labeled organic hazardous waste container. If the layers can not be separated, then the entire mixture should be put into a properly labeled organic hazardous waste container.


- Magnesium/iodine: Treat with dilute (1 M) hydrochloric acid slowly, until there is no further reaction and no magnesium is visible. Neutralize the aqueous phase with sodium bicarbonate (if necessary). The aqueous phase is now nonhazardous and can be poured down the drain. The organic fraction should be put into a properly labelled organic hazardous waste container.

- Calcium hydride: Treat with ethanol water mixture (1:1 by volume) until the hydrogen gas evolution has stopped. Dilute with water and pour the aqueous solution down the drain.


- Phosphorus pentoxide (for this mixture the argon atmosphere is not necessary): Add water slowly, until there is no further reaction. After the reaction is complete, neutralize with sodium bicarbonate and then pour the aqueous portion down the drain. The organic waste should be put into a properly labelled organic hazardous waste container.

6. Accident Procedures


- In case of fire or potential fire at the stills, cut the power at the circuit breakers (near the fridge), not at the heating mantles. The heating mantle power switches and wall sockets are too close to the mantles and therefore would be in a danger zone if the stills were to catch fire or explode.



- If there is a significant spill of flammable material, keep all spark sources away. Keep lab doors and windows closed; the fumehood will exhaust the room and keep it at negative pressure with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.

- A fully loaded still on fire is too large a fire, or could rapidly become too large a fire. In such a case, evacuate the lab, close the door, and call 911, or pull the fire alarm. Any fire fighting efforts, by laboratory staff or fire fighting personnel should be aimed at putting out the solvent fire. 

- In case of a fire during deactivation of the sodium, potassium, or calcium hydride, immediately close the hood. If the fire is small, let it burn out by itself. DO not add water to extinguish the fire! Subsequent cleanup should be performed extremely carefully because of the possibility that unreacted sodium and flammable solvent vapors remain. 

7. Approval Required


Use of the solvent stills is restricted to those researchers who have been trained in their use by the PI or by an experienced user with the specific approval of the PI. Permission from the PI is required before any of the following solvent stills may be prepared: benzene, carbon tetrachloride, any other carcinogenic solvent, or any solvent with a boiling point higher than 130°C. Potassium or potassium/mercury amalgam may not be used in a solvent still without the specific permission of the PI.

8. Decontamination


See waste disposal

9. Preventive measures


- Deactivation of the stills must be performed under argon or N2, not air, and by the special procedure described below.


- Never add fresh solvent, drying agent or indicator when the still is hot. Do not dismantle the equipment while the still is hot.


- Never leave the apparatus unattended while collecting distilled solvent. The still pot could overheat or run dry and result in an explosion.

10. Maintenance: 


- Every six months, check to make sure that all water lines are adequately wired or clamped and are not cracked or weakened. Check whether the mantles are in reasonable condition (cables and fabric are not frayed, mantle is not contaminated or dirty).


- Do not allow solid material to accumulate in the round bottom flasks. Deactivate the stills according to the procedure given in the waste disposal section.

ROTARY EVAPORATOR

1. Process


Evaporation of solvent under normal or reduced pressure. The equipment consists of the rotary evaporator, and a heated water bath. 

2. Hazardous Chemicals


a) Solvents (acetonitrile, benzene, toluene, hexane, ethanol, ether, THF, chloroform, methylene chloride, etc.). Some of these are flammable and some are carcinogenic.

3. Personal Protective Equipment

Goggles must be used, especially with reduced pressure evaporation. Rotary Evaporator has to be shielded by plexi-glass shield. 

4. Engineering/Ventilation Controls


a) Fume hood is required for distillation of carcinogenic solvents, toxic solvents or pyridine.

5. Handling Procedures

Equipment


Ensure that cooling water is turned on and that pressure relieve valve on top of condenser is open. Charge evaporator flask with solution (in fume hood) and connect to condenser while motor is in elevated position. Secure flask with screw and turn on motor on slowest setting. Adjust rotating speed, and immerse flask in water bath using the lift. Do not apply vacuum when low boiling solvents (Bp <60 deg Celcius) are evaporated, because these solvents will not condense under reduced pressure. When finished, first open pressure relieve valve (after work under reduced pressure), lift flask out of water bath, reduce rotational speed and turn of motor, then disconnect flask with residue. Dispose organic solvent distillate in appropriate waste container. Turn off water. Clean spills into the condenser. Clean condenser, when water or carcinogenic solvents have been evaporated. 

Some Boiling points of common organic solvents. 

	Solvent
	b.p. °C
	suggested controller setting
	appropriate glovesc
	inappropriate gloves

	Benzeneb
	80
	5
	SS best, V ok
	B, N, R

	Diethyl ethera
	34.5
	4
	SS
	V, B, N, R

	Hexane
	69
	5
	SS, V, N
	B, R

	Methanol
	65
	5
	N, R
	

	Methylene chloride
	40
	4.5
	SS best, V ok
	B, N, R

	Pentane
	36
	4.5
	SS, V, N
	B, R

	Pyridineb
	116
	6
	SS
	B, N, R

	Tetrahydrofuran
	67
	5
	SS
	V, B, N, R

	Toluene
	111
	6
	SS, V
	B, N, R


a Boiling point is so low that vapours may travel through condensers and contaminate lines and other stills. b Need to be distilled in a fume hood.

c SS=Silver Shield, V=Viton, B=Butyl, N=Nitrile Latex, R=natural rubber

6. Accident Procedures


- In case of fire or potential fire at the stills, cut the power at the circuit breakers (near the fridge), not at the rotary evaporator. 

- Fire fighting efforts should only be attempted for small fires. A fully loaded evaporator flask could rapidly become too large a fire. In such a case, evacuate the lab, close the door, and call 911, or pull the fire alarm. Any fire fighting efforts, by laboratory staff or fire fighting personnel should be aimed at putting out the solvent fire.

- If there is a significant spill of flammable material, keep all spark sources away. Keep lab doors and windows closed; the fumehood will exhaust the room and keep it at negative pressure with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.


- Cleanup of the mess after an accident should be performed carefully. 

7. Decontamination


See waste disposal

8. Preventive measures

- Never leave the apparatus unattended while in operation. 

9. Maintenance: 


- Check whether the seals are in reasonable condition and tight. Check for squeaking noises. If necessary, disassemble glassware and clean it. 

INERT ATMOSPHERE GLOVE BOX

- Use of the glove box is restricted to those researchers who have been trained in its use by the PI or by an experienced user and with the approval of the PI.

- For first hand information consult the M.Braun reference manual.

0. General remarks

- Never attempt to wash the plexiglass windows with organic solvents. The windows will go blind, and you will have to watch your experiments through a haze until you finish the graduate program. Instead, clean the windows from inside with a dry paper towel (Kimwipe), and from the outside with water with some dishwashing agent.


- Never open both antechamber doors simultaneously. Air will leak in, and your and your colleagues’ chemicals will decompose.


- Never rush out of the gloves so quickly, that sub-atmospheric pressure is applied to the glove box. Air will come in through microscopic leaks, with mentioned consequences.

- Never open the inner door of the antechamber when you are not absolutely sure that the antechamber is under a clean nitrogen atmosphere. If you have doubt about the state of the antechamber, apply three evacuation/nitrogen purge cycles. When not in use, keep the antechambers under vacuum.

- Never release any chemicals into the glove box atmosphere. Most chemicals react with the catalyst and significantly reduce its lifetime. More importantly, vapors of harmful solvents/chemicals can penetrate the butyl rubber gloves and damage your health. Keep in mind, that the glove box is a closed system, and that everything you release into the atmosphere may at some later point interfere with either you or your experiments. Accordingly, do not carry out strongly exothermic reactions in the box, which may result in chemical spills. Because we cannot use reflux condenser in the box, never heat any chemical to above 50 deg. Celcius in the box.

1. Process


The glove box is used for storage or handling of air/moisture sensitive chemicals (i.e. chemicals which are either dangerous or rendered useless when exposed to air or water). The glove box is further used for carrying out small scale (<20 mL solvent) reactions that involve air and moisture sensitive compounds. Exceptions from this rule require the permission of the PI.

2. Hazardous Chemicals


All chemicals are to be stored in closed vessels within the glove box and this is especially important for hazardous and pyrophoric chemicals. Most chemicals react with the catalyst and significantly reduce its lifetime. More importantly, vapors of harmful solvents/chemicals can penetrate the butyl rubber gloves and damage your health. Keep in mind, that the glove box is a closed system, and that everything you release into the atmosphere may at some later point interferes with either you or your experiments. 

Other hazards of the glove box include overpressurization and venting of noxious materials. The gas purification catalyst consists of metals and their oxides which may react violently with air or water. The operating gas is nitrogen and the regeneration gas is a few percent hydrogen in argon. These gases are not toxic but will not support life.

3. Personal Protective Equipment


Operators should wear cotton gloves on their hands and put baby powder on the gloves. These precautions help prevent the buildup of sweat, which renders the skin more permeable to chemicals. If carcinogens such as chloroform or benzene are handled inside the glove box, wear a pair of Silver Shield or Viton gloves inside the box and over the main gloves. The main gloves themselves are either butyl rubber or neoprene and therefore will not protect you from such chemicals. 

4. Handling Procedures


Refer to the glove box reference manual for proper operating procedure.

Some general advice:

• After an antechamber has been evacuated and filled with argon/nitrogen 3 times, switch the sign to IN.

• If you open the outside door to the antechamber, change the sign to OUT. 

• If you take things out, change the sign to OUT.

• If the antechamber hasn’t been used for a few days, change the sign to OUT.

• Never open both doors to an antechamber at the same time.

• Always use the small antechamber unless you absolutely have to use the big one.

• Always take all visible rubbish out with you even if it is not your rubbish.

• Put rubbish into the dustbin inside the box, especially sharps.

• If you break glass, pick up all the pieces (with tweezers, not gloves) right away.

• Keep flasks covered if they contain liquids.

• The following chemicals are not permitted inside the glove box: H2, H2O, CO, air, O2, N2O, HF, HCl, HBr, HI, HCN, HCO2H, NH3. 

• Avoid using chromatography columns in the box unless absolutely necessary. The silica/alumina powders plug up the oxygen monitor. Clean up powders as soon as possible, avoiding dispersing them in the box.

Vacuum applications

Install a freshly cleaned cold trap between the vacuum pump before starting to use the vacuum. Ensure that evacuated flasks are secured against fall.


What kind of objects can be brought through the antechambers into the glove box: 

If possible, objects have to be dried over several hours in the drying oven. 

a) Solid objects such as glassware, metal implements, open boxes of Kimwipes, etc. may be brought in as long as they are not capable of trapping air.

b) Reagents which are in their original unopened bottles and were packaged under argon may be brought into the glove box without further preparation. The unopened bottle is all the containment that is required. 

c) Dried and distilled solvents from the stills must be transferred into a solvent flask which has been evacuated to a minimum possible pressure which depends on the solvent. Stopcocks have to be secured with clamps, and rubber bands, and must be at room temperature. Flasks must be contained in secondary containers, which prevent solvent from leaking into the vacuum pumps. 

d) Other liquids should be degassed. The liquids should be at room temperature when they go through the antechamber. 

e) Bottles or jars of air-stable solids should be opened, and a folded Kimwipe should be placed over the jar and held down with rubber bands to protect powders from spilling out into antechamber and vacuum pump. The original cap should go into the glove box along with the Kimwipe-covered jar.


Procedure for bringing an object into the glove box via the small antechamber.
Ensure that inside door, vacuum valve and the N2 valve are closed, and that the antechamber pressure is 1 atm. Further ensure, that the vacuum valve of the big antechamber is closed. Open the outside door, place object inside the antechamber, close the outside door, and open vacuum valve. Evacuate antechamber until vacuum is attained, but at least for 1 minute. Close vacuum valve, open refill valve until pressure reaches atmospheric, close refill valve, repeat vacuum/refill cycle twice more. Open inside door, extract object, close inside door. Change sign to “IN”. For standby leave antechamber under vacuum. 

Bringing an object into the glove box via the KF40 port (next to fridge). Ensure that the box pressure is at least 0.8 units, and that no sub-atmospheric pressure can result from sudden movements of a person working in the box. Open the outside port by unscrewing the screw, place object inside the antechamber, and close the port again by locking the screws. During the procedure, avoid sudden movements that may cause air circulations. Reduce the glove pressure to working pressure. Only objects with smooth sufaces (nmr tubes, UV/Vis cells, screw cap bottles, vials) should be brought into the box through the KF40 port.


Bringing an object into the glove box via the large antechamber.
Use big antechamber only, when object to big for small antechamber. Procedure is the same as for small antechamber, except that due to larger size, evacuation time takes at least 20 mins for each cycle. 


Procedure for bringing an object out of the glove box via either antechamber.
Ensure that the outside door is closed and the sign says “IN” (if the sign says “OUT” then you have to go through the “bringing in” procedure as described above, before trying to bring anything out). Open the inside door, place object inside the antechamber. Close the inside door. Open outside door, extract object, close outside door. Change sign to “OUT”.

5. Accident Procedures


If for some reason the pressure climbs too high so that the gloves start to balloon, close the main valve on the cylinder supplying the inert gas. If the gloves burst, close the main valve on the cylinder supplying the inert gas and put the port cover in place to block off the burst glove. This will prevent the smell of the glove box from spreading into the room and will also minimize the contamination of the glove box with air. 


In case of a fire or overheating of the drying catalyst during regeneration, close the main valve on the cylinder which is supplying the regeneration gas (H2/Argon) to the glove box.


If inert gas has been or is being released and there is no danger of fire, close the valve to the inert gas supply. 


If a glove breaks, rips or is punctured, use that hand to pull the glove port cover over the glove hole. The glove port cover is stored just below the ceiling of the glove box. Read the operating manual to find out how to replace the damaged glove. (Note: during the procedure for flushing the new glove, do not evacuate the new glove so much that the knob on the glove port cover becomes too difficult to turn.) If the other three gloves are undamaged and the O2 and H2O levels are acceptable (less than 10 ppm), then the glove box can be used even while the damaged glove remains unreplaced.

Power Outage……


If the oxygen level rises above 200 ppm, stop the recirculation, solve the leak, then purge with N2 or argon until the O2 level falls to 200 ppm and then start the recirculation again until the level falls to below 10 ppm. If the oxygen level rises slowly or fails to come down after a leak despite continued recirculation, regenerate the drytrain as described in the manual. 


If the oxygen level is high and does not respond to purging with fresh N2, or if the measured oxygen level does not seem to correspond to the true oxygen level, then the circulation may be turned off. 

The true oxygen level can be checked independently by the following procure: a) remove the upper half of the glass from a normal 60 watt light bulb using a glassblowing torch, b) bring this light bulb into the glove box, c) put it into a lamp socket clamp onto a stand, and d) turning on the lamp. If the light bulb glows for more than a minute, then the oxygen level is very low (probably less than 10 ppm). 

6. Waste Disposal


Chemical waste has to be removed from the glove box in suitable containers, e.g. sealed plastic bags for used kimwipes, or flasks for both liquid and solid chemicals. The latter have to treated according to waste disposal regulations. Used pump oil should be put into a properly labeled hazardous waste container. 

7. Decontamination


All materials exposed to hazardous chemicals in the glove box have to be decontaminated in a fume hood. 

8. Preventive measures



- The following materials are banned from being introduced into the glove box: mercury, air, oxygen, nitrogen oxides, sulfur oxides, sulfuric acid, nitric acid, hydrochloric acid, aqueous solutions, water, halogens, and any other chemicals related to any of the above. Alcohols may be introduced but preferably in only small quantities.

9. Maintenance: 


- Every 2 months, check that the oil in the vacuum pump is clear and nearly colorless and of sufficient volume (as indicated by the markings on the view window). 


- Every 2 months, clean the condenser fins on the Dri-Cold refrigerator. Check the sight glass, located in the condensing line, for presence of moisture (refer to manual if moisture is detected). Replace battery if the display is dim (refer to manual).


- Every 2 months, visually check the gloves and the O-rings around them for punctures, cracking, or wear; replace the gloves or o-rings if cracks are found. heck the O-rings on the antechamber doors for cracks; replace the o-rings if cracks are found. Clean the doors with a mild solvent and coat the sealing surfaces with a light coat of vacuum grease (Apiezon, not silicone).


- Every 6 months, replace the oil in the vacuum pump. 


- Every year, perform maintenance on the vacuum pump as called for in its manual.

FUME HOODS

1. Process


The fume hoods are used for the handling of smelly, toxic, mutagenic or carcinogenic volatile compounds, including solids, liquids and gases. The continuous air flow is intended to prevent the accumulation of hazardous vapors and the exposure of workers to such vapors.

2. Personal Protective Equipment


Operators should wear goggles, at a minimum. Additional personal protective equipment should be used if appropriate to the hazard level of the procedure. For example, workers using acidic or caustic solutions should wear an appropriate acid/base-resistant apron and gloves. Workers using hazardous organic solvents should wear gloves resistant to that organic solvent. 

3. Engineering/Ventilation Controls


The operator should confirm that there is air flow by observing a flow indicator such as a strip of magnetic tape attached to the bottom of the sash. If air is not flowing through the hood, do not use the hood, call facilities at 2-1655 to request repairs. The sash or velocity screen should be kept below the level indicated by a sticker to the side of the sash, except when absolutely necessary (e.g. when bringing oversize objects into the fume hood).

4. Handling Procedures


Avoid placing equipment or chemicals close to the front edge of the hood (this can not be avoided in the case of very large equipment).


Keep the sash glass clean. Do not obstruct your view with paper, notices, decals, or other items in the sashes.


Avoid sudden movements while working at the hood. Walking briskly past the hood can disrupt air currents and pull vapors out of the hood. Keep your head outside of the fume hood, but set equipment and perform tasks as far back in the hood as possible.


Before every use, check that there is air flow by observing a flow indicator such as a strip of magnetic tape attached to the bottom of the sash. The sash should be operated at the lowest possible position, but not more than 18 inches.


Avoid using flammable liquids in the same fume hood as a spark source such as a magnetic stirrer, hot plate, bunsen burner, or any electrical/electronic device.

5. Accident Procedures


If air flow has ceased, quickly close the sash and IMMEDIATELY call Facilities Services Emergency (752-1655) to arrange for repairs. Handle a fire in the hood as you would any other fire; attempt to extinguish a small fire only if others know you are doing so and if your escape route is not threatened. Be aware, however, that the air flow in the fume hood will fan the flames and may cause the fire to spread more quickly.


If there is a spill of flammable material in the hood, keep all spark sources away. Keep lab door and windows closed; the fumehood will exhaust the room and keep it at negative pressure with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.

6. Decontamination


The fume hood may need to be emptied and cleaned prior to some maintenance activities.

7. Maintenance: 


- Every 6 months, wash the sash windows.


- The fume hoods are inspected by facilities and the face velocity is measured and certified to be between 100-150 fpm every 12 months. Notify facilities if the last certification was more than 12 months ago.

Ultra-Sonicator

1. Process


The sonicator is used for the dispersion of colloids. 

2. Handling Procedures


Ensure proper filling level with water. Turn on the sonicator and insert the container that contains the sample while holding it with two fingers. Depending on the intensity of the ultrasonic waves, the glass container get hot for very brief periods of time. When the colloid is dispersed remove the sample from the bath, and close the lid of the sonicator to avoid evaporation of the water.

3. Precautions


Do not sonicate fragile equippment, such as microelectrode arrays, and UV/vis quartz cells. They will break immediately! 

4. Hygiene

Keep the water batch clean. Exchange water with fresh de-ionized water if necessary. 

Slow Speed Centrifuge

1. Process


The Centrifuge is used for the separation of liquid mixtures. 

2. Handling Procedures


The centrifuge has a swinging bucket rotor capable of accepting four containers. For the proper operation it is crucial that the containers are balanced to at least 0.5 g. Severe damage to the centrifuge can result, if containers are not balanced. After the containers have been properly inserted into the buckets, the lid is closed and the proper speed is chosen (usually the highest - 3,800 rpm). The start button is pressed to initiate the separation. In case of a problem the centrifuge can be stopped by pushing the stop button. 

3. Noise


The centrifuge is quite noise, especially if it has not been balanced well. In this case, either rebalance or shut the doors of the cabinet. 

4. Hygiene


Keep the centrifuge clean. In case of a spill, the buckets can be removed from the centrifuge and cleaned in the sink with detergent and water. 

High-Speed Centrifuge

1. Process


The Centrifuge is used for the separation of liquid mixtures. 

2. Handling Procedures


The centrifuge has a fixed rotor capable of accepting six large and twelve small containers. Use only the proper polyethylene containers with a plastic screw cap - no other containers are allowed in this centrifuge! For the proper operation it is crucial that the containers are balanced to at least 0.05 g. Severe damage to the centrifuge can result, if containers are not balanced. After the containers have been properly inserted, the black cover is placed onto the rotor (ensure good fit), the lid is closed and the proper speed is chosen. The start button is pressed to initiate the separation. In case of a problem the centrifuge can be stopped by pushing the stop button. 

3. Hygiene


Keep the centrifuge clean. In case of a spill, the rotor can be removed from the centrifuge and cleaned in the sink with detergent and water. 

SOLVENT CABINET

1. Process


The solvent cabinet is used for the storage of flammable and combustible organic liquids.

2. Engineering/Ventilation Controls


The flammables cabinet has self-closing doors. It also has a lip on the floor to contain a spill.

3. Handling Procedures


The cabinet should not be used to store more than 227 litres (60 US gallons) of flammable liquids. Up to 38 litres (10 US gallons) can be outside the cabinet at any one time. The cabinet doors must be kept closed except when removing or replacing a bottle. Do not use any device to prop open the doors.

4. Accident Procedures


If there is a fire in the flammables cabinet, evacuate the room and the building immediately and call 911. The cabinet doors should close on their own.


If there is a spill in the flammables cabinet, keep all spark sources away. Keep lab door and windows closed; the fumehood will exhaust the room and keep it at negative pressure with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.

5. Decontamination


The solvent cabinet may need to be cleaned prior to repair or disposal. If organic residues are visible, these should be scraped or washed off and added to a properly labelled hazardous waste container. If no residues are visible, wipe the surfaces with wet paper towels.

6. Maintenance: 


If the doors fail to close at any time, adjust the feet of the cabinet, oil the doors, or request repair assistance from the machinist or the manufacturer.

REFRIGERATOR/FREEZER

1. Process


The refrigerator/freezer is used for the storage of chemicals. The electrical components and switches are isolated from the internal atmosphere to prevent the possibility of a spark-induced fire.

2. Hazardous Chemicals


The refrigerator may contain a wide variety of hazardous chemicals, including flammable, reactive or toxic compounds. Under no circumstances should food or drink be stored in this fridge.

3. Personal Protective Equipment


Operators should wear goggles, at a minimum. Workers using hazardous organic solvents should wear gloves resistant to that organic solvent.

4. Handling Procedures


The refrigerator/freezer doors must be kept closed except when removing or replacing a bottle. Open the door slowly to prevent agitation of chemicals containers stored in the door shelves.

5. Accident Procedures


If there is a fire in the refrigerator/freezer, evacuate the room and the building immediately and call 911. 


If there is a significant spill of a flammable material in the refrigerator/freezer, keep all spark sources away. Keep lab doors and windows closed; the fumehood will exhaust the room and keep its pressure negative with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.

6. Decontamination


If necessary for decontamination, remove the freezer door and pivot down the evaporator assembly to obtain complete access to the cabinet interior.

9. Maintenance: 


Wipe clean the wire shelves periodically. Clean the inside surface of the cabinet with warm water with detergent. Rinse thoroughly with clean warm water and wipe dry. Be sure the power is off before cleaning.


Defrost the freezer as required.


Every 6 months, clean the condenser coils with a soft brush or a vacuum cleaner with a brush attachment. Be sure the power is off before cleaning.


Do not modify or work on any electrical components. Contact facilities at 752-1655 for any repairs.

GAS/VACUUM MANIFOLD

1. Process


The gas/vacuum manifold is used for the handling of air or water sensitive chemicals. It consists of a gas manifold (for delivering either argon or nitrogen), a vacuum manifold (for evacuating glassware), and a vacuum pump (attached to the vacuum manifold). The inert gas is supplied by a gas cylinder via a regulator, passes through the gas manifold, and then bubbles through an optional oil bubbler. 

2. Hazardous Chemicals


The gas/vacuum manifold is used for the handling of air or water sensitive chemicals. Some of these chemicals could be very pyrophoric. Other than the hazards of the chemicals to be handled, the principle hazards of the gas/vacuum manifold include explosion due to overpressurization, implosion of evacuated vessels, frostbite from contact with liquid nitrogen, and overheating during regeneration of the drying catalyst. The inert gas, argon, if vented in sufficient quantities, could displace enough air to cause asphyxiation of people in the room. However, standard size argon gas cylinders contain only 330 cu. ft. or less of gas while room 203 contains approximately 12,000 cu. ft. of air.


Oil bubblers are used at the exit of the gas manifold. Mercury should not be touched and its vapors should not be inhaled. 

3. Personal Protective Equipment


Operators should wear goggles, at a minimum. Workers using mercury or hazardous organic liquids should wear gloves resistant to those materials.

4. Engineering/Ventilation Controls


The oil or mercury bubbler serves to allow inert gas to escape from the manifold if the pressure rises over 1 atm. The bubbler also prevents air from coming into the manifold The mercury bubbler must always be held in or over a bucket, and the vent from the bubbler must be directed into the same bucket or a different bucket. Thus mercury spills should be contained. The mercury bubbler has an extra bubbler before it and another after, to catch any mercury sucked back or blown out of the main bubbler.

5. Handling Procedures


Replacing a gas cylinder: Close the fine valve on the regulator and the valve on the old (empty) cylinder. Detach the regulator from the old cylinder. Put the cap on the old cylinder. Unstrap and remove the old cylinder and put in its place the new argon or high-purity nitrogen (99.97%) cylinder. Do not move a cylinder unless its protective cap is in place. Strap in the new cylinder and remove its the cap. Attach the regulator and open the cylinder valve but not the fine valve. Close the cylinder valve again and open the joint between the cylinder and the regulator slightly to let the pressure escape. This allows the connection to be flushed with gas. Then tightly attach the regulator, and slowly open the regulator valve.


When starting to use the vacuum manifold, confirm that all of the valves leading to the flexible tubing are closed, check that the trap bottoms are attached to the trap, and then put liquid nitrogen into two Dewar flasks and put them around the traps. Turn on the vacuum pump.  When finished with the equipment, reverse the above procedure. That is, turn off the vacuum pump, open the valves which allow air into the traps, and remove the liquid nitrogen Dewar flasks from around the traps.

WARNING NOTE: After you remove the liquid nitrogen Dewar flasks, if you see a clear blue (oxygen) liquid in the traps, Close the sash of the fume hood and LEAVE IMMEDIATELY. Do not continue with the procedure, because the oxygen may explosively react with organics in the trap. After about 10 minutes, the liquid will have boiled off and passed through the pump. If the liquid was oxygen, this will have created a temporary fire hazard (hence the need to leave the room).


Evacuating a flask: Examine the flask for cracks before evacuating it. This will reduce the risk of implosion. Always secure evacuated flasks, so that they cannot fall or roll on the benchtop, and explode. 


Beware of condensing argon. Argon's boiling point (-185.7°C) is higher than that of nitrogen (-195.8°C). It is therefore possible to condense liquid argon. If a vessel containing condensed liquid argon were closed and then removed from the liquid nitrogen coolant, the vessel would explode.


Beware of condensing oxygen. Oxygen's boiling point (-183.0°C) is higher than that of nitrogen (-195.8°C). It is therefore possible to condense liquid oxygen. If a vessel containing condensed liquid oxygen were closed and then removed from the liquid nitrogen coolant, the vessel would explode. Also, if liquid oxygen condensed in a vessel or trap along with some flammable or combustible compounds, an explosive reaction could result.


Degassing a liquid. Choose a round bottom Schlenk flask of the appropriate volume. Evacuate the flask and then fill it with argon or nitrogen. Add the liquid by syringe or pipette. Close the sidearm stopcock and cool the flask in a dewar with liquid nitrogen until the liquid freezes. Then evacuate the vapor phase by turning to vacuum and opening the sidearm stopcock. After 1 minute, start thawing the vessel. When some melting of the solid is observed, turn the stopcock to argon/nitrogen. Keep the sidearm stopcock open. When the solid is completely melted (but not necessarily warmed to room temperature) repeat the procedure. A total of three cycles is usually sufficient. 

6. Accident Procedures


If there is a large fire, evacuate the room and the building immediately and call 911.


If there is a significant spill of a flammable material, keep all spark sources away. Keep lab doors and windows closed; the fumehood will exhaust the room and keep its pressure negative with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup.


If there is an implosion or explosion due to vacuum or overpressurization and no subsequent fire, close off the valves leading to any vessels containing chemicals, remove the liquid nitrogen dewars, turn off the vacuum pump, allow air into the traps, and turn off the argon supply.


After you remove the liquid nitrogen Dewar flasks, if you see a clear colourless (argon) or clear blue (oxygen) liquid in the traps, LEAVE IMMEDIATELY. Do not continue with the procedure, because the oxygen may explosively react with organics in the trap or it may boil so quickly that the glassware bursts. After about 10 minutes, the liquid will have boiled off. If the liquid was oxygen, this will have created a temporary fire hazard (hence the need to leave the room) and will have made it necessary for the oil in the pump to be replaced.

7. Waste Disposal


Waste argon gas can be vented. Liquid wastes condensed in the traps should be disposed of in a manner appropriate to their nature. Organic condensates can be poured into a properly labeled organic hazardous waste container. Waste mercury should be labeled as hazardous waste and sent for disposal separately from other hazardous wastes.


Spent catalyst is pyrophoric; it should be wetted prior to its discharge and stored and transported in a wet condition.

8. Approval Required


No prior approval is required for use of the gas/vacuum manifold, but use of the equipment is restricted to those people who have been trained in its use by a competent user and who have read these SOP’s and signed on their training form that they have read these SOP’s.

9. Maintenance: 


The pump should be serviced as described in its manufacturer's manual.

BASE BATHS

1. Process


The base bath is used to clean glassware. 

2. Hazardous Chemicals


The base bath contains ethanol and potassium hydroxide. Ethanol is toxic and flammable. Potassium hydroxide solutions are caustic. Do not inhale the vapors from the bath.

3. Personal Protective Equipment


Operators must wear goggles and ethanol- resistant gloves with medium or long sleeves. A lab coat and splash apron is also required. Do not put your unprotected hand in either bath. The base bath is not only caustic but it is organic, so your skin offers no protection from any toxic impurities in the bath.

4. Engineering/Ventilation Controls


Always keep the bath tightly covered except when transferring items. Keep spark sources away from the base bath.

5. Handling Procedures

To prepare the base bath, dissolve 500 g KOH in 1.5 L of distilled water. After the KOH dissolves, add 8 L of ethanol. To prepare the acid bath, add 0.5 L HCl to 8 L of distilled water. 

To wash glassware in the baths: Hand wash the glassware with soap and water. Rinse off the glassware with distilled water thoroughly and shake off excess water before putting it into the KOH/EtOH bath. Leave it in that bath for at least an hour. Remove it from the bath, let excess EtOH drip back into the bath. Rinse off the glassware with distilled water before putting it into the dilute HCl bath. Leave it in that bath for at least 30 minutes. Remove it from the bath, let excess HCl drip back into the bath, then rinse again several times with distilled water and let it dry.

Do NOT put any of the following items into the KOH/EtOH bath:


- volumetric glassware


- stopcock keys


- glass frits/filters


- rubber items


- IR or UV cells or NMR tubes


- fragile or broken glassware


- glassware that still has grease or bulk dirt on it


- anything with mercury, sodium, potassium metal


- anything with high acute toxicity (e.g. mercury, thallium or cyanide salts)

To wash NMR tubes, don't put them in the baths. Rinse the empty NMR tubes with acetone, then dilute HCl, then distilled water, then acetone. If the tubes are still dirty, rinse them with distilled water then fill them with KOH/EtOH from the bath, leave them for an hour in the fume hood (no longer than 1 h), then dump the contents back into the bath. Rinse with distilled water then repeat with the dilute HCl. Rinse and dry. If elemental metal solid remains on the NMR tube, fill it with aqua regia (3:1 HCl:HNO3) and leave it overnight in the fume hood. Then rinse with distilled water and repeat the KOH/EtOH and HCl treatments. 

To wash UV cells, don't put them in the baths. Hand wash with soap and water. Rinse off with distilled water thoroughly and shake off excess water before rinsing them with acetone, and air dry them. 


To deactivate the base bath: Add dilute HCl very slowly to the base bath to neutralize it. Check the pH frequently with pH paper. After neutralization, pour the mixture down the drain (if it contains less than 24% alcohol) or package as hazardous waste for disposal (if it contains more than 24% alcohol).

6. Accident Procedures


If there is a fire, evacuate the room, closing the door behind you. Pull the fire alarm and call 911. 


If there is a spill of the base bath, keep all spark sources away. Keep lab doors and windows closed; the fumehood will exhaust the room and keep its pressure negative with respect to the hall and other rooms. Call 911 to report the incident. The Hazardous Materials Emergency Response Team will supervise the cleanup. 

7. Waste Disposal


After deactivation (see Handling Procedures), the aqueous phases may be poured down the drain (if they contain less than 24% alcohol). Otherwise package as hazardous waste for disposal.

8. Maintenance: 


Always keep the baths covered. If evaporation occurs, top up with ethanol for the base bath or distilled water for the acid bath.

WASTE DISPOSAL


Always collect heavy metal wastes. Pt, Pd, Rh, Ru, and Ir can be recycled for credit. Other heavy metals (especially Hg) must be prepared separately for disposal.

Organic Waste

Separate halogenated from non-halogenated chemicals. 

Keep the cap on. Do not leave funnels in open containers.

- Don’t put any waste in the bottle until the bottle is properly labeled with a hazardous waste label.

- Experimental procedures involving reactive species (eg. acids, bases, oxidizers, reducers, metal alkyls, hydrides) should include a neutralization as the last step in the procedure. Never put reactive species into the organic waste before such a neutralization step, or they may react with the other components already in the waste.

- No inorganic solids, precious metals, or mercury may be put in the organic waste.

- Leave a 3 to 4” headspace in the bottle.

Other types of Waste

- Precious metals are NOT WASTE. Collect them for recycling in properly labeled containers in the fume hood.

- Keep mercury waste in a separate container, properly labeled as hazardous waste.

- Unused silica gel, alumina, celite: put in a ziploc and then in the garbage.

- Used silica gel, alumina, celite should be put in a solid waste container.

Disposal

- Dispose of wastes promptly, preferably within 3 months from the start of waste accumulation in that container. No waste should be accumulated beyond 9 months.

SAFETY PROTOCOL FOR HANDLING OF CARCINOGENS

Principal Investigator: Frank Osterloh (office: 754-6242)

Other personnel:  Daniel Hewitt, Hiroki Hiramatsu, Jason Martino, Xiubin Qi, Alex Merrill, Jin Young Kim (lab: 754-6241)

	Reagents:
	Amount
	Form
	Concentration
	Storage location
	Use Location

	Benzene-d6
	20g
	liquid
	neat
	glove box, organics shelf, or flammables cabinet
	glove box, fume hood, or manifold


The only carcinogen in the laboratory is benzene. We may in the future handle nickel and chromium (VI) salts. All of these chemicals must be handled according to the following rules.

Personal Protective Equipment: 


a) Eye protection: Goggles or face shield must be used.


b) Hand protection: Gloves are required when handling solvents. The choice of gloves should be dictated by the nature of the solvent. A chart of solvent permeability of several gloves is shown in the last few pages of the Fisher catalogue. For use with benzene, Silver Shield gloves are best while Viton gloves are acceptable. Disposable latex, rubber or butyl gloves do not offer protection against these reagents. The glove box gloves are neoprene or butyl and therefore should not be considered sufficient protection; Silver Shield or Viton gloves should be worn over the glove box gloves.


c) Body protection: A lab coat and proper shoes should be worn. Open-toed shoes and sandals are not permitted. 

Procedures


The reagents are to be used in the glove box, the fume hood or on a vacuum/gas manifold. If they are to be used on a manifold, they must be transferred into and out of the Schlenk ware by syringe through septa, so that the vapors are not released into the room. Alternatively, the reagents could be placed in the Schlenk ware while in a fume hood; the glassware would then be capped and carried to the manifold.

Emergency Procedures:

When volatile liquid or gaseous chemical carcinogens are spilled in the fume hood or glove box:

a. Immediately put on additional layers of gloves and be sure the laboratory coat is buttoned and chemical splash goggles are securely in place. Put on an apron if large amounts of liquid are present. 

b. Contain the spill by absorbing it in towels, rags, or other materials. Place spill materials, towels, rags, or other materials in a double layer of plastic bags. Seal the bag and label with a hazardous waste label. Leave the bag of spill waste in the hood. 

c. Call EH&S (752-1493) for the safe removal of contaminated absorbent from hood. 

d. Decontaminate the spill area. 

e. Check for residual spillage by looking for visible wet areas. Decontaminate again if necessary. 

f. Thoroughly wash arms, hands, and face. As soon as possible, shower and wash hair if Class III carcinogens are spilled. (Our group does not use Class III carcinogens).

When volatile liquid or gaseous chemical carcinogens (e.g. benzene) are spilled in the general room:
 a. Evacuate the room. 

 b. Call UCD Fire Department (911) and EH&S (752-1493), in that order, for assistance. 

 c. Do not re-enter the room until cleared by EH&S. 

 d. Shower if advised to do so by EH&S.

Spills of nonvolatile liquid carcinogens:

 a. Put on additional protection (gloves, lab coat, apron, disposable booties). 

 b. Place the contaminated absorbent in double bags for disposal by EH&S. 

 c. Decontaminate the spill area. Specify decontamination method. 

 d. Check for residual spillage by looking for visible wet areas. Decontaminate again if necessary. 

 e. Thoroughly wash arms, hands, and face. Shower and wash if Class III carcinogens were spilled.

Spills of particulate carcinogens (e.g. lead salts):

 a. Isolate the area by barricading or other means so that the spill is not spread. 

 b. Put on additional protection (gloves, lab coat, apron). If the spill is extensive, respirators and/or impermeable coveralls may be necessary. Contact EH&S (752-1493) for guidance. 

 c. Gradually push particles from outside of the spill area towards the center, using moist towels. Do Not Dry Sweep!! 

 d. Pick up particulates by using moist towels or sponges. Dispose of waste in double plastic bags. Call EH&S (752-1493) for pickup. 

 e. Additional wet-mopping or special vacuum may be necessary depending on the extent of the spill. Call EH&S (752-1493) for guidance. 

 f. Decontaminate the spill area. Specify decontamination method. 

 g. Check for residual spillage. Decontaminate again if necessary. 

 h. Thoroughly wash arms, hands, and face. Shower and wash hair if Class III chemical carcinogens were spilled.

Emergency procedures for accidental inoculation (injection of carcinogen by syringe): 

 1. Immediate thorough washing of the injection site. 

 2. Reporting immediately to Employee Health Services or Cowell Student Health Center for medical evaluation. Follow-up if necessary.

Waste Disposal


In all cases, any used protective equipment, towels, wash water, etc. are considered contaminated hazardous waste.  This must be double-bagged, labeled, and disposed of by EH&S.

Reporting Procedures


Researchers should contact Employee Health Services (752-2330) after any significant exposure to chemical carcinogens.| Any emergency incident or exposure to a chemical carcinogen must be reported to EH&S or the UC Davis Fire Department immediately, and followed up by a written incident report to EH&S within ten days.

27
1

