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Vacuum Transmission FTIR 

Standard Operating Procedure 

Lab: Davenport 270 

Department: Chemical and Biomolecular Engineering 

PI/Manager of Space:  Prof. David Flaherty 

Written By: Megan Witzke 

Section 1: Overview 

Type of SOP:    ☐Process  ☐Hazardous Material  ☐Hazardous Class of Materials ☒Equipment  

Synopsis:  

This SOP is to provide guidelines and standard procedures for the Vacuum Transmission FTIR. 

Section 2: Risk Assessment Summary (Hazards and control measures) 

Information obtained from performing a risk assessment should be entered into this section. 

 

Materials: 

Material (name, CAS #, other ID) Hazards 

Carbon Monoxide Toxic, flammable, asphyxiant 

Hydrogen Flammable, asphyxiant 

Oxygen Flammable 

Pyridine Flammable, skin and eye irritant 

 

Relevant References for Material Hazards: 

Carbon Monoxide 

https://airgas.com/msds/001014.pdf 

 

Hydrogen 

http://airgas.com/msds/001026.pdf 

 

Oxygen 

http://airgas.com/msds/001043.pdf 

 

Pyridine 

http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=US&language=en&productN

umber=270970&brand=SIAL&PageToGoToURL=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog

%2Fproduct%2Fsial%2F270970%3Flang%3Den 

 

Equipment Hazards:   

Watlow controller and power supply—electric shock, high current 

https://airgas.com/msds/001014.pdf
http://airgas.com/msds/001026.pdf
http://airgas.com/msds/001043.pdf
http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=US&language=en&productNumber=270970&brand=SIAL&PageToGoToURL=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial%2F270970%3Flang%3Den
http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=US&language=en&productNumber=270970&brand=SIAL&PageToGoToURL=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial%2F270970%3Flang%3Den
http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=US&language=en&productNumber=270970&brand=SIAL&PageToGoToURL=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial%2F270970%3Flang%3Den
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Mechanical Pumps—electrical shock 

Turbo molecular pump—electrical shock 

Hazardous Conditions: 

Power supply is capable of 25amps, a dangerous current. The system has very low resistance. Insure all 

wires are insulated properly, good/stable connections are made, and the system is grounded.  Turn main 

power switch on controller before adjusting any connections. 

 

Keep lab mates aware any time CO is in use.  Keep detector nearby. 

 

 

Technique Hazards: 

 

 

Personal Protective Equipment 

Wear gloves to avoid burns when filling detector or probe with liquid nitrogen. 

 

Wear safety glasses at all times when operating system. 

 

Engineering Controls 

CO and H2 are stored in gas cabinet with pneumatic controls to avoid  high flow rates.  Valves on regulator 

system are Normally Closed if power is out or house air pressure is not high enough. 

 

Multiple fuses are set within the temperature controller unit and power supply in case of a short in the 

system or drawing too high of a current. 

 

CO detector should be kept near FTIR system.  When first filling manifold with CO, hold near VCR 

connection to ensure there is no leak. 

 

Section 3: Procedures 
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Figure 1.  FTIR manifold and probe.   
 

Start Up Procedure 

1. Turn FTIR power on via a power switch at the rear of the system, directly above the power connection. 

Upon powering up wait about 5 minutes for the system to become fully operational.  

2. Open OPUS 7.0, the software used to take measurements via the Bruker TENSOR 37 FTIR. PW: OPUS 
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Figure 2. Liquid nitrogen funnel inserted into dewar on Tensor 37 FTIR 

3. Insert the liquid nitrogen funnel into the detector dewar as shown in figure 2. Fill MCT detector slowly 

with liquid nitrogen until the funnel is full. Allow time for the funnel to drain into the dewar and repeat. It 

is very important to not overfill the dewar. This can cause irreparable damage to the detector. To prevent 

this issue always watch the blue plastic spacer ring that the funnel sits on. When the dewar begins to 

approach capacity, liquid nitrogen will start splashing into this spacer ring. When this occurs the filling is 

complete and one should dump any remaining liquid nitrogen in the funnel and place the dewar cap on the 

plastic spacer. 

4. Cooling can be confirmed on the instrument (indicator in the top righthand corner should be green, not red) 

and through the OPUS software. On the top toolbar select Measure>Advanced Measurement. Navigate to 

the check signal bar and wait a moment for the FTIR to scan. The intensity should read between 10,000 and 

20,000 if the correct amount of sample has been loaded, the optics are properly adjusted, and the detector is 

cooled. The standard optics settings used are 4x gain and 6mm aperture size. 

5. Turn on both mechanical pumps in the pump room.  Make sure the oil level is in the proper range—there 

are two markings on the look glass for a lower and upper limit.  Allow 30 min for those to warm up. 

6. After 30 min, turn on turbo pump on the shelf using the power switch on the back of the silver control box 

(easiest to go near Taka’s system so you can look directly at it).  Green light should turn on.  Give the 

pump 30 min to spin up.  It will sound like a jet engine, so let people know. 

Loading a New Catalyst 

1. Cut a new mesh from Monel (100x100, 0.0045” wire diameter, McMaster Carr  

http://www.mcmaster.com/#monel-mesh/=sxnnq4).  Figure 3 is an example of a mesh template.  The mesh 

height is dependent on the highest temperature required for pretreatment and testing.  For temperatures 

>300oC, reduce height to 9mm by trimming from the top and bottom.  The notches for screws are important 

to hold the mesh in place and the beam hits the center of the mesh. 

2. Weigh the mesh once it is cut.  This helps determine how much catalyst actually gets onto the sample. 

http://www.mcmaster.com/#monel-mesh/=sxnnq4
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Figure 3. Example mesh template 

3. Clean the pellet press cylinder template using acetone.  The sharp edges on each half of the template face 

each other and where the mesh and catalyst are pressed together.  The outward facing top and bottom are 

marked with a T and B. (Figure 4) 

4. Measure out between 10 – 20 mg of catalyst material.  Dust the bottom portion of the pellet press template 

with ~1/2 of the material.  Spread it evenly.  Place the mesh on the pellet press template with the catalyst.  

Form a mound in the center of the mesh with the remaining material.  Place the top pellet press template on 

top of the mesh creating a sandwich as shown in Figure 4.   

 

Figure 4. Pellet press template with mesh placed in the center 

5. Push this setup into the center of the press and use the lever to compress to 10,000 psi. Wait one minute and 

then compress further to 15,000 psi for another minute.   

6. Once the material has been compressed onto the mesh shake any loose catalyst off. This prevents 

contamination within the UHV chamber. The final mesh loaded sample should resemble figure 5. 
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Figure 5.  Pressed catalyst material on monel mesh 

7. Weigh mesh to measure how much catalyst was added. 

8. Attach mesh to probe using screws and insert the probe into the cell with the mesh perpendicular to the 

beam path.  Do not tighten probe to cell yet.  ‘Check signal’ using OPUS—it should be 10,000-20,000 to 

make sure there is enough catalyst in the proper location on the grid for a clear signal.  If it is too low, 

remove some lose catalyst.  If it is too high, press more catalyst on the mesh. 

9. Remove probe from cell and remove mesh from probe. 

10. Assemble the K-type thermocouple junction using bare alumel and chromel wires (0.0003”).  First, cut 2 

pieces (one of each metal) ~2” long.  Cross wires ¼” from the ends.  Turn on spot welder and increase 

voltage to ~3V.  Grip the wires just where they cross each other. Make sure you are not touching the wires 

or the metal end of the spot welding tweezers.  Tap the pedal which will run the current through the 

tweezers and crossed wires.  LIGHTLY tug on the wires to see if you’ve successfully welded them 

together. 

11. Cut the small ends off the wires as close to the junction as possible. 

12. Increase voltage on spot welder to 5-7V.  Find a spot near the edge of sample on the mesh to place the TC 

junction.  Grip tweezers so you are just holding the wires at the junction ontop of the mesh.  Remove your 

hands from anything metal in the circuit. Tap the pedal.  Again, lightly tug on the wires to see if you’ve 

attached it to the mesh.  Carefully examine the junction to see that only the junction is attached to the mesh 

and not a larger portion of the wires.   

13. Mount the mesh onto the probe using the screws and nuts, with the TC junction facing the loose wires the 

red and black wires on the probe. 

14. Reduce the voltage to 2-3V on the spot welder.  Weld the magnetic wire to the RED wires.  Weld the non-

magnetic wire to the BLACK.  This is important, otherwise the temperatures won’t make sense and 

electronics in power supply/controller may be damaged. 

15. Place a new copper gasket on top of the cell on the FTIR. 

16. Gently lower the sample probe into the chamber—be careful not to bump your thermocouple off.  Make 

sure that the thermocouple and leak valve ports are facing the correct directions as shown in figure 8. 

Attach two screws to keep the system from tipping but do not fully compress. 

17. Connect thermocouple plug onto top male TC leads on probe. 

18. Remove fuse from front of power supply.  Turn power switch on Watlow controller ON.  Note the 

temperature (does it make sense).  Change the set point (in green) using the up and down arrows on the 

controller to room temperature.  Turn controller OFF.  Plug leads in heating wires on top of probe.  Replace 
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fuse (make sure controller is OFF).  Turn controller ON.  Increase set point to 50oC.  Make sure the 

temperature increases and stops at settles to the set point. 

19. Turn controller OFF. Switch the leads on the heating wires so the current flows the opposite direction.  

Turn controller ON.  Make sure temperature increases again and settles at the set point of 50.  This ensures 

that the TC is properly attached to the mesh and the temperature is not affected by the directionality of the 

current.  Decrease set point back to RT and turn controller power OFF. 

20. Finger-tighten screws connecting probe to cell.  Then, tighten using the wrench in a star pattern to avoid 

leaks from a misaligned probe. 

21. Open bellows valve closest to you on the left-hand side (from the cell to the mechanical pump, part C in 

Figure 1) to pump down the cell.  Close the bellows valve when the pressure is below 0.200 Torr on the 

baratron gauge (the bottom one).  Open the valve to the turbo pump (the black handle near the center of the 

cell) and pump the cell down to 0.000 torr on the baratron gauge for ~30min.  Close the valve, and see how 

fast the pressure goes up—should be less than 0.001torr / 15 min to make sure there’s not a leak.  Open the 

turbo pump valve back up and pump down over night. 

Pretreating the catalyst 

1. Recheck leak rate after pumping overnight.  Should be < 0.001 torr / 30 min. 

2. Pump out manifold by opening VAC bellows valve on gas manifold.  Make sure it is not open at the same 

time as the bellows valve on the chamber.  Pump on it for ~5 min.  Close the valve. 

3. Open the bellows valve on the gas manifold for the pretreating gas. Close the valve.  If you are using 

oxygen, check with Andy (UHV system)!  Vacuum out the manifold again for 2 min. Repeat 3 times. 

4. Fill the manifold with the pretreating gas one last time. Close the valve for the turbo pump. 

5. Leak in the required amount of gas (typically 1-5 Torr) using the gas leak valve.  This takes practice,  

slowly turn the valve until you start to see the pressure on the baratron gauge increase.  Approach your 

desired pressure slowly, and close quickly once it is achieved. 

6. Turn Watlow controller ON.  Slowly increase the setpoint in intervals of 30-50o. wait for the temperature to 

reach the setpoint before increasing again. Keep an eye on the current on the front of the power supply—

Do Not Exceed 18 Amps.  If you can’t achieve the desired temperature at 18Amps, you will need to adjust 

your mesh size. 

7. While it is pretreating, cool the detector again with liquid nitrogen. 

8. Complete the pretreatment. 

9. Pump down the cell again while remaining at the high temperature.  (Mehcanical pump first until < 0.200 

Torr, then turbo pump).  Pump on the cell for 1 hr at the high temperature. 

10. Reduce setpoint on Watlow controller to the initial temperature for the experiments.  Allow to cool while 

still pumping on the cell with the Turbo pump.  Liquid nitrogen can be added to the probe to provide faster 

cooling.  If the initial tempereature is RT, only add ~5-10mL.  Give the sample time to dissipate the cold 

from the liquid N2. If the first temperature is < RT, use liquid nitrogen more liberally to cool.  Cooling to 

cryogenic temperatures (~120-150K) will take 2 of the small dewars full. 

Running experiments 

1. Setup the file name and destination using OPUS.  Measure> Repeated Measurement.  Complete the sample 

description including catalyst name and pretreatment conditions. 

2. Once the temperature for experiments is reached, take a background scan (Measure>Repeated 

Measurements) 
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3. Using the repeated measurements, setup the number of scans for each measurement.  You will need to 

determine how many scans it takes for the adsorption/desorption to equilibriate.  Start with 10 scans if 

unsure—it’ll take ~ 30min.  3-5 scans is typical. 

4. Start the repeated measurements and immediately dose the sample with the probe molecule by opening the 

appropriate leak valve (gas or liquid).  For liquid dosing, keep bellows valve open for the dosing liquid 

throughout the experiment.  For gas dosing, evacuate and fill the manifold 3 times with the probe gas prior 

to dosing (similar to the pretreatment). 

5. Mark the dosed and final pressure and temperature, and general description for every scan number. 

6. Every hour or so take a background scan.  Make sure to note when you do. 

7. Evacuate manifold and cell upon completion.  Turn Watlow controller off.  Detach leads to heating wires 

on top of the probe. Leave a note when you’re finished with your timeslot.  The next user will remove your 

mesh.  Leave a marked culture dish with the name of your sample at the FTIR so the next user knows 

where to put the mesh. 

Removing probe 

1. Ensure that the manifold and cell have been pumped down to avoid releasing toxic gases.  Close all valves 

to pumps. 

2. Fill the manifold with O2 (ask Andy/UHV) and leak ~5torr into the cell.  This makes it easier to undo the 

connections. 

3. Unplug thermocouple.  Detach manifold from probe at VCR fitting. 

4. Loosen screws holding probe to cell in a star pattern (similar to tightening).  Remove probe straight up 

from cell. 

5. Cover cell with plastic or metal cover to avoid contamination. 

6. Remove mesh and cut TC wires from red and black leads.  Store used mesh in marked culture dish. 

 

Section 4: Waste Disposal/Cleanup 

No waste.  Just store used meshes appropriately. 

 

Section 5: Emergency Response 

If pumps fail (lack of vacuum), turn turbo pump off first.  Allow 30 min for it to spin down.  Turn off 

mechanical pumps in pump room. 

 

If power supply is not outputting current when setpoint > temperature (and fuse is in place), turn power to 

controller off.  Using digital multimeter, check connectivity of circuit in the probe.  Make sure the heating 

connection and the thermal couple connections are isolated from the outside of the probe.  Consult Megan 

or John Rosheck. 

 

If CO detector alarms, immediately vacuum out manifold and move everyone to safety until alarm stops. 

 

If CO alarm on gas cabinet goes off, hit the red button to shut down the flow.  This is caused by flow 

moving too fast out of the cabinet.  Make sure the CO bellows valve on the manifold is not open at the 

same time as the VAC bellows valve on the manifold.  Move to safety. 
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In case of fire, close all bellows valves.  Shutdown flow of CO and H2 in gas cabinet and close tank main 

valves if safe.  Follow proper fire safety procedures.  Move to safety.  Call 911. 

 

Section 6: Additional Information 

Advice: 

Keep detailed notes on the scans—temperature, pressure, and changes in either.  Note the time (number of 

scans) for adsorption/desorption to equilibriate. 

 

Before beginning experiments, write down where you expect to see peaks, and what vibrations the peaks 

indicate.  Note any ‘mystery’ peaks.  Are they from water?  CO2?  Hydrocarbons? Are they 

growing/shrinking with time? 

 

Take background scans! 

 

Find the ‘good’ scans as you go and make a note so you know which you’d like to save.   

 

Use your right hand when checking electrical connectivity.  If you’ve mistakenly left the power on, using 

your right hand will avoid putting your heart in a circuit if you get shocked. 

 

Oil in mechanical pumps should be changed monthly. 

 

Checklist: 

☐Read (Material) Safety Data Sheets. 

☐Proper fire extinguisher is nearby. 

☐Another researcher is nearby and knows the hazards present. 

☐All potential peaks are known prior to beginning the procedure. 

☐Pumps are turned on.  Oil levels are appropriate. 

☐Gases are turned on. 

☐ CO detector is on hand 

☐ Check with UHV system prior to using O2 

☐ Mesh has a signal 10,000-20,000 

☐ Heating and thermocouple lines are isolated from outside of probe. 

☐ Directionality of current does not affect temperature 

☐ Leak check 

☐ Change file name and path 

☐ Background scan 

 

References:  
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Training Documentation 

Signing this document means that you have read and understand all aspects of this Standard Operating Procedure. 

The supervisor is the person that acknowledges you took the training and understand the procedure. They can be a 

lab manager or researcher assigned by the PI to oversee this particular SOP. 

Name (Printed) Name (Signed) Supervisor Date 

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 

 

   

 


