I-12
APPENDIX IV.

Molecular Probe Analysis Procedure
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Procedure for Molecular Sigve Gas Adsorption t-sttnq

1. Load clean sample pans (clean by blowing out with freon
duster). Sample pans are kept in a plastic holder by carousel
position number. The order must not be mixed, since the weight
of sach pan in vacuo is not #easured for gach run, but is
deternined ssparately and used for following runs.

The sample weight in esach Pan is adjusted so0 that the full pans
all have the same weight within + 2 mg and no pan is more than
90X full. It is isportant to have all the $ull pang the same
weight s0 that you do not have to constantly change weight ranges

on the Cahn balance.

2. Place full sample pans in carousel, make sure they go into

'thc Corract position.
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S.. Carefully insert carousel inside vacuua tube.  Use one hand
to center and guide the carousel, steady this hand on the bottom
of the vacuum tube. Use the other hand to slowly push the
Carousel into place. With practice this step becoaes easier.
When the carcusel is fully inserted, place clasp on O~-ring
connector and seal finger tight. Do not over tighten seal or you
will not be able to rotate the Carousel freely and the carousel
Can become cocked to one side dus to uneven pressure on the )

O—-ring.

4. Make sure the outlet valves on all the gas regulators are
closed. Switch gas selector valve to the first gas that will be

adsorbed, carbon dioxide.

S. Change valving on the vacuums pump station to the rough pusp
Position (so that the mechanical Pusp is connected directly to
the gas adsorption systea and the oil diffusion pump is
isoclated). Very slowly crack open the large vacuus valve on the
9as adsorption system, while watching the systes pressure. Open
valve just wide encugh to cause a pressurs grop of about 1 torr
every second. It is critical that the samples, sspecially fine
powder with high surface area, are not svacuated too fast.
Adsarbed water and other saterial will be desorbed as the saaple
is evacuated. 1If the desorption is toe rapid, the force of the
9as savolution will cause the Powder to burst out of the sanple
fan. 1f this happens the sasples will have to be reloaded and

the vacuus tube cleansd.

Monitor the pressurs drop, opaning the vacuua valve a little
wider as tha pressure is reduced in order to kewp the same rats

of pressure drop. Continue until sSystes pressure is below one
torr, then slowly opan vacuus valve completely. Switch vacuua
Pusp station to oil diffusion pump position (close roughing valve
then open oil diffusion Pusp velve and then aain valve),

6. The systee is now ready for thersal denorption of the
Sasples. The wizard ig already progrased for the correct heating
€ycle. Connect the heater power andg thereocouple leads froma the
Carocusel to the wizerd. Turn on zons one on the Wizard and run
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program. This will heat sample at 10 deg C/minute to 110 deg C
and then at 30 deqQ C/minute to 350 deg C, soak at IR0 deg C for
one hour and then cocl to room temperature. ' '

7. When Wizard prograa is completed, attach stainless steel
tubing from pusp to heat exchanger leads on the carousel. Put
ice water in stainless stwel dewar feeding pump (inlet tube to
pump will rotate allowing the dewar to be removed and replaced).
Turn on pusp in forward direction. The first water geoing through
the heat exchange will be super heated to stsam, which will come
out the outlet line. For this reason make sure the outlet line
is inside the dewar and do not touch the outlet line for the:
first sinute, it gets quite hot. The carousel cools off very
quickly, usually in five to ten sinutes.

8. bWhen the caroussl is at 25 deg C turn off water pump. Allow
system to equilibrate for §ive minutes (do not want thermal

gradients when waighing sasple pans) .

9. Starting with carousel position one, pick up each pan and
,r.cnrd its weight in your notebook. To pick up the pan, position
the carousel %0 that the hang down wire is between position one
and two by rotating the carousel (disconnect heater, theraccouple
and water pusp lines first). Then using alectronic pesition
contrel, lower hang down wire to its lowest position. Now slowly
rotate carousal clockwise until hang down wire is touching sample
pan one’s wire lgop. Than uss electronic position variable
control to raise hang down wire slowly until hook on hang down
wire is touching the wire loop, but the pan is still resting on
the carousel. There is a little delay in the slectronic position
controller betwesn the time you move the knob and the hang cdown
wire moves. Now switch the electronic position control to the
raised position, causing the sample pan to ba raisad oféf the
carousel. If the pan is swinging, rotate the caroussl until the
hanging pan is touching a pan that is still resting on the
carousel, this will stop the swinging. Then very slowly, %0 that
you do not cause any new swinging, rotate the carousel to allow
the sasple pan to hang fresly. Make surs the pan is not rubbing
but looking at the weight pen on the recorder. It should showx 2
smooth line with no noisa. Rubbing usually causes randoa noise

spikes. ~

Note: The electronic pomition controller sust be in the raised

position to get & corract waight froam the Cahn balance! If it is
not you have introduced some slesctronic poiqht'lupprnlsion.

10. Now you know the weight of the clean sasple in vacuua (you
previocusly recorded the weight of the clean sample pans in
vacuum) by difference. The next step is to expose the sample to
the first gas. : .

11. The first gas adsorbed is carbon dioxide. Close the vacuus
valve on the gas adsorption system to isolate the balance
chasber. B8ince the gas salector valve was placed in the carbon

dioxide position previously, the line to the regul ated was
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evacuated and no air will be allowed into the system whan the
cCarbton dioxide valve is opened. Open the valve on the carbon
dioxide regulator allowing the gas into the balance chamber. The
Qas flow is restricted by the selector valve and jt will take
s@veral minutes to reach the desired pressure of 700 torr. This
is & good feature since too rapid an inflow of gas might blow the

powder uamples out of the pans.

12. When the adsorbate gas is At the correct pressure, close the
valve on the regulator. The correct pressures are shown below

for 25 deg C.

Aduorbate Pressure (torr) Relative Pressurs
carbon dioxide 700 ) 0.015
necpeantane 347 0.27
isobutane 703 0.27

n-butane 492 0.27

13. When the correct prassure is reached, allow the sample to
equilibrate for one hour (set the timer) and then weigh wach’
sample as in step 9 and record the values in your notebook.

14, Then evacuate the samples as in step S (there is not as
great a chance of bursting since there is neo water adsorbed on
the surface). Then thersally desorbt the carbon dioxide as in

step 6 through 6.

13. Weigh the samples at 25 deg C in vacuum as before and
compare with initial weight in vacuum. The difference should be
leass than « 0.05 ag, the repeatability of the Cahn balance at
this range. I+ the differenca is larger there is hysteresis and
not all the adsorbate was rescoved or soae of the sample could
have been lost from the pan,

16. Introduce the next gas in the saries, following the order in
the tables carboen dioxide, neopentane, isobutane and then
n-butane.

17. Repeat the process until all the gases have been cComplated.



