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ABSTRACT 

Cyclodextrins linked to silica gel are used as gas-solid chromatographic stationary phases. They provide an effective means for 
separating a wide variety of gases. Evaluation of different cyclodextrin columns and the analogous silica gel support column with 
inorganic gas standards is reported. Separation selectivities and efficiencies differ between silica gel and the cyclodextrin phases. 
Capacity factors and chromatograms are presented for these gas-solid chromatographic stationary phases. The native cyclodextrin 
stationary phases appear to retain gases via at least two different retention mechanisms. 

INTRODUCTION 

Gas-solid chromatography (GSC) is a technique 
used for the separation of gases and compounds 
with low boiling points. Packed columns, and more 
recently, porous-layer open-tubular (PLOT) or sup- 
port-coated open-tubular (SCOT) [l-3] columns 
are preferred for the separation of these highly vola- 
tile materials. Many GSC stationary phases, includ- 
ing molecular sieves [46], alumina [7], silica gel 
[8,9], porous polymers [IO] and charcoal [11,12] 
have been cited as separating inorganic gases. For 
the separation of argon, oxygen and nitrogen, mo- 
lecular sieves [13-151 and porous polymers [16,17] 
are widely used. Several review articles have sum- 
marized the separation of inorganic gases on many 
different stationary phases [ 18-2 11. Generally, gas- 
liquid chromatographic (GLC) stationary phases 
have limited applicability in the analysis of com- 
pounds such as Hz, 02, Nz, CO and Ar due to the 
low solubility of these gases in liquid phases [ 191. 

columns. A column that is ideal for one separation 
may be completely useless for another (e.g. molec- 
ular sieves easily separate oxygen, nitrogen and ar- 
gon, but irreversibly retain carbon diodixe and wa- 
ter [2 11). The usual solution to this problem is to use 
several different types of columns. 

One of the problems associated with the analysis 
of a wide range of gases is the non-universality of 

The cyclodextrin molecule has been reported to 
be able to form stable complexes with gases. In- 
clusion complexes of cl-cyclodextrin with oxygen 
and carbon dioxide are formed when the gases are 
held at high pressure for several days over an aque- 
ous solution of cyclodextrin. The cyclodextrin- 
guest crystalline complexes are stable for long peri- 
ods of time. a-Cyclodextrin complexes 0.3 mol of 
oxygen and 1.4 mol of carbon dioxide per mole of 
cyclodextrin [22]. Carbon monoxide, unlike carbon 
dioxide, does not form an inclusion complex with 
a-cyclodextrin. Similarly, lower noble gases (heli- 
um, neon and argon) do not form inclusion com- 
plexes with a-cyclodextrin, whereas the larger mem- 
bers of the group (krypton and xenon) do when 
under high pressure [23]. GSC separation of a wide 
range of low-molecular-mass (Cr-C,) hydrocar- 
bons using cyclodextrin-bonded phases recently has 
been reported [24]. 

* Corresponding author. Cyclodextrins previously have been used as coat- 
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Fig. 3. Isothermal GSC separation of a four-component gas mix- 
ture on directly bonded B-cyclodextrin stationary phase. (A) 
- 30°C; (B) - 50°C. Peaks: 1 = nitrogen; 2 = carbon monoxide; 
3 = methane; 4 = krypton. 

thermal conductivity than the helium carrier gas. 
This separation is commercially important and cur- 
rently requires two separate columns [36]. Fig. 3 
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Fig. 4. Isothermal (135°C) GSC separation of nitrogen dioxide. 
(A) On silica gel; (B) on the directly bonded /&cyclodextrin sta- 
tionary phase (HIGH). Note that the two overlapping peaks are 
obtained for nitrogen dioxide only on HIGH. Peaks: 1 = nitro- 
gen; 2 = nitrogen dioxide. 

presents the isothermal separation of nitrogen, car- 
bon monoxide, methane and krypton (elution or- 
der) at temperatures of - 30 and - 50°C. These sep- 
arations can be achieved closer to or at room tem- 
perature with the use of a longer column. The elu- 
tion order of krypton and methane on a molecular 
sieve 5A column is the opposite of that obtained on 
the directly bonded j?-cyclodextrin phase [ 181. 

Fig. 4B shows an unusual chromatogram ob- 
tained for nitrogen dioxide when analyzed on the 
directly bonded /I-cyclodextrin column, compared 
with the same compound chromatographed on sil- 
ica gel (Fig. 4A) or any other column used in this 
study. Why this particular column produces two 
overlapping peaks for nitrogen dioxide while all 
other columns produce a single peak is unknown. 
Rechromatographing either peak from the HIGH 
column on a silica gel column gives a single nitrogen 
dioxide peak. It appears that the peak overlapping 
with nitrogen dioxide may be dinitrogen tetraoxide. 
However, we have no good explanation as yet for 
its appearance under these particular conditions. 

Cyclodextrin bonded to a silica gel support and 
used as a GSC stationary phases is shown to be 
useful in the separation of many inorganic gases. 
Unique selectivities for some compounds have been 
observed. The selectivity differences between silica 
gel and the cyclodextrin phases can be attributed 
partially to modified support polarity. In addition, 
the native cyclodextrin moiety allows for both polar 
interactions with the hydroxyl groups and non-po- 
lar interactions with the cavities. Continued re- 
search on cyclodextrins as GSC stationary phases 
will very likely provide a more selective and widely 
useful column for the separation of gases and vola- 
tile compounds. We are now attempting to perfect 
an equivalent open-tubular capillary column for 
these separations. 
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