Sample tube system for in situ MAS NMR studies under batch conditions

Commercial glass inserts for MAS NMR rotors are useful for studying the conversion
of reactants on solid catalysts under batch conditions. In this case, the reaction
systems are sealed in small glass ampoules, which can be heated in an external
oven without air contact or loss of reactants before their study via solid-state NMR.
For this purpose, the glass insert is connected with a vacuum valve system, which
allows the connection with a vacuum line as shown in the scheme of Fig. 1, left-
hand side (Fig. 7 in Ref. [1], Fig. 9 in Ref. [2], Fig. 2.4 in Ref. [3]). After sealing the
constriction of the glass insert containing the catalyst sample, the obtained glass
ampoule is introduced into the MAS NMR rotor as schematically shown in Fig. 1,
right-hand side.
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Often utilized glass inserts are PYREX MAS inserts offered by WILMAD and suitable
for Bruker 4 mm or 7 mm rotors (Fig. 2, left). Another way is the use of self-made
inserts utilizing a glass-pulling-device, such as shown in the Attachment. The glass
inserts are connected with common glass tubes, such as DURAN glass tubes (Fig. 2,
right), which are also used for the sample tubes described in Section “sample tube

system 17.

Fig. 2
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In Fig. 3, top, the sample tube system including the joint PYREX MAS insert, the
vacuum valve, and the vacuum connector described in Section “sample tube system

1”7 is shown. Fig. 3, bottom, is an enlargement of the PYREX-DURAN connection.

Fig. 3

The sample preparation with the sample tube system in Fig. 3, top, is performed as
described for the common sample tube system in Section “sample tube system 1”.
After the filling of the glass insert, the user must have attention that no powder
material remains in the insert constriction. If there is powder material during the
sealing of the insert constriction, the obtained glass ampoule may be not gas-tight. If
possible, the sealing should be performed using a double-flame gas burner as that

shown in Fig. 4.
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Independent on the type of the gas burner, the sample material inside the ampoule of
the insert must be protected against heating during the sealing. Therefore, sealing in
two steps is suggested. The first step is the sealing of the DURAN glass tube, far
away from the glass insert with the sample material (Fig. 5a). By this sealing, the
vacuum valve is removed and the remaining short sample glass tube is easier to
handle. The second sealing step is performed with the glass insert, containing the
catalyst sample, in a strongly cooled state (Fig. 5b). For this purpose, this part of the
insert is introduced into a clamp jaw with suitable inner diameter, which is cooled
down in a dewar with liquid nitrogen. This procedure has the advantage of protecting

the sample material against heating.
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A suitable clamp jaw (Fig. 6, top) can be that of the lathe shown in Fig. Al of the
Attachment. The clamp jaw is connected with a large metal tube, which has a high
heat capacity and helps to handle the clamp jaw during the sealing. Both together fit
well in a dewar, which is filled with liquid nitrogen (Fig. 6, bottom). After the glass
insert with the sample material is put into the clamp jaw and cooled down in liquid
nitrogen, the insert is sealed at the insert constriction as shown in Fig. 5b. Since the
glass walls of the inserts are very thin, the constriction of the insert is moved through
the flames of the gas burner for short times only. After successful sealing, a glass

ampoule like that shown in Fig. 7 is obtained. This ampoule fits well into a
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commercial MAS rotor and is able to spin under MAS conditions, often with a slightly

increased bearing pressure.

Fig. 6

Fig. 7
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Attachment:
Fig. Al shows a self-made lathe utilized as glass-pulling-device for the preparation of
glass inserts for applications as sample ampoules in MAS rotors. The electric engine

Fig. Al

In the black housing on the left-hand side is mechanically connected via a gear box
with the two clamp jaws on the right-hand side, bottom and middle. While slowly spin
the glass tube (e.g. common WILMAD tubes), fixed in the two clamp jaws, the
double-flame gas burner shown in Fig. 4 is utilized for heating the slowly rotating (0.5
to 1 s™) glass tube. If the glass tube starts to melt, the distance between the two
clamp jaws is slowly increased by moving down the black handle on the left-hand
side in Fig. Al. By this way, the hot glass tube is totally closed, such as necessary
for preparing the bottom of a glass insert. In a second step, the slightly melted glass
tube is narrowed only, such as necessary for preparing the constriction at the top of a

glass insert.
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