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SUMMARY

Scanning electron microscopy was used to study the appearance of Chro-
mosorb 101 with different amounts of stationary phases Ethofat 60/25, squalane,
Fractonitril VI, and also to reveal whether there exists any relationship between the
surface appearance and the chromatographic behaviour of different solutes on these
packings.

It can ke concluded that the support does not remain completely covered until
large amounts of liquid phase are present, and that the presence of uncovered zones is
the cause of the observed adsorption. The percentage of the stationary phase at which
the support becomes practically completely coated changes with the nature of the
stationary phase, and corresponds to the value at which a change in the chromato-
graphic behaviour is observed.

INTRODUCTION

In two previous reports’? we have studied the solute-stationary phase—ad-
sorbent interaction phenomena associated with the use of active Chromosorb 101
support in gas chromatography. In order to determine the influence of the nature of
the support and the amount and the nature of the stationary phase in the chromato-
graphic process, a series of compounds of different polarity were chromatographed
on different columns, and their experimental partition constants Kj and adsorption
constants K were calculated. Ethofat 60/25, squalane, and Fractonitril VI were used
as stationary phases, and Chromosorb 101 was the support. The values of K| are
compared with those obtained for the same stationary phases on Chromosorb P
HMDS.
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The value of K] can be obtained from the plot Vi/Wg = (W, /W) and accord-
ing to the expression

Vel Ws = Ki Wi /Ws + KA W + KAg/Wy

assuming that the mechanism of partition of the solute between the gas phase and the
stationary liquid phase and the mechanism of adsorption on the gas-liquid and
liquid—solid interfaces are essentially independent. (V3 is the adjusted retention
volume; W and W, are the weights of the support and the stationary phase, respec-
tively; and Ag and A4, are the surface areas of the support and the stationary phase,
respectively. Three kinds of relationship between V7 and the amount of stationary
phase were obtained for the 26 studied compounds (Fig. 1).
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Fig. 1. Relationship between adjusted retention volume per gram of solid support Vi/W; and liquid
loading W, /W x 102

The shape of the graph obtained depends on the nature of the compound and
of the stationary phase, but always for each stationary phase a common interval of
change in slope is observed. Thus in the column of Ethofat 60/25 and Chromosorb
101 it corresponds to 10 9] of the liquid phase, and in the squalane and Fractonitril
VI on Chromosorb 101 it corresponds to 20-259/ of the liquid phase. From these
observations we concluded that the support remains active until the amount of
stationary phase is 109} or 20-259/ higher than the amount necessary to form a
uniform monolayer?2.

This observation of continued activity of the support may be due to incomplete
covering of the support by the stationary phase, leaving some active points uncovered
that would be responsible for the adsorption. The reason for poor covering could be
the different chemical natures of the support and the stationary phase, which de-
termine the type and strength of the interactions. Thus, if the polarities of the
stationary phase and the support are very different, the latter will not be properly
wetted and drops may form on the support, leaving uncovered zones that will be more
or less numerous according to the amount of stationary phase added.

There is another possible explanation of these phenomena. This is that the
stationary phase really does cover all the support, but that one with a strongly ad-
sorbent power acts on the molecules of the solute that have crossed the liquid phase.
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L]
According to the thickness of the stationary liquid phase the effect of the support will
be greater or lesser.

Therefore, it would be of interest to know the real state of the stationary phase
on the support. A suitable technique for this purpose is scanning electron microscopy
(SEM), and several authors have already used it. Drew and Bens*** published scan-
ning electron micrographs of several supports (PTFE, Chromosorbs P, W and G)
with various stationary phases (SE-30 and Carbowax 4000). De Mets and Lagasse®©
studied supports such as Porapak Q, and Aue er al.” several kinds of silicones on
Chromosorbs W and G. Berezkin er al.® also studied some polar and non-polar
stationary phases on Chromaton N, and Gearhart and Burke® the supports Porapak
Q and Chromosorbs 101 and 102. However. no information has been found of
studies carried out by SEM of these last supports when covered with stationary
phases. For this reason, we proceeded to study the surfaces of the different aforemen-
tioned packings by SEM in order to reveal whether there is any correlation with the
observed chromatographic behaviour.

EXPERIMENTAL

Scanning electron microscopy

The samples of packing materials were mounted on specimen holders using a
thin layer of adhesive. After they had thoroughly dried, the specimens were coated
with a 400-600 A layer of gold in a vacuum evaporator (pressure, 0.2 Torr) fitted with
a sputtering diode. They were examined with a stereoscan Model S-4 scanning elec-
tron microscope, using an accelerator voltage between 5 and 10 kV and with a magni-
fication of 5000.

Chromatographic packings

The samples observed by SEM were the supports Chromosorb P HMDS and
Chromosorb 101 from Johns-Manville (Denver, CO. U.S.A.); their physical prop-
erties are listed in Table I. The following packings were used: Ethofat 60/25 (Carlo
Erba, Milan, Italy); squalane (Merck, Darmstadt, G.F.R.); and Fractonitril VI
(Merck).

TABLE |

PHYSICAL PROPERTIES OF THE SUPPORTS CHROMOSORB P HMDS AND CHROMOSORB
101

Chromosorb P HMDS Chromosorb 101
Type Calcined diatomite STY-DVB
Free fall density (g cm™?) 0.38 0.30
Surface area (m® g~ 1) 4.0 <350
Average pore diameter (um) <5 0.3-0.4
Colour Pink White
Mesh size 80-100 80-100

Temp limit (isothermal) (°C) — 300
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RESULTS AND DISCUSSION

In this work a set of photographs from Chromosorb 101 support with Ethofat
60/25. squalane and Fractonitril VI stationary phases are shown. We have selected
them according to the following criteria.

(1) The information that can be deduced, mainly from the viewpoint of com-
paring the supports with different amounts of stationary phase.

(2) How representative the pictures are. The packing particles are not homoge-
neous and, in fact. not uniformly covered. Therefore. in order to do an exhaustive
study. it would be necessary to take photographs of a lot of particles or zones of
particles of a certain packing. We have chosen the most representative samples, that is
to say. the most frequently occurring ones for every percentage of stationary phase.
Furthermore. in order to study the internal coating of the particles of Chromosorb
101. some of them have been cut and their appearance compared with the outer one.
For the purpose of checking the effect of the column conditioning in the chromato-
graph. some packings have also been studied after that treatment.

The photograph of Chromosorb 101 without stationary phase (Fig. 2a) shows
a very porous structure made up of microsized particles closely attached to one
another. This model. according to Gearhart and Burke®. is attributed to the poly-
merization process. The regions of high cross-linking become connected with less
highly cross-linked material, and thus the pore structure results.

Comparing the photographs obtained for Chromosorb 101 without stationary
phase with those of Chromosorb 101 with different amounts of Ethofat 60,25 (Fig. 2).
it can be seen that the number of observable holes remarkably decreases as the
amount of stationary phase increases. The extent of this decrease is significant even at
10, of stationary phase. This value of 10 %, of liquid phase agrees with the value of
the percentage of stationary phase at which the slope changes in the plot of /I
against W /W, for a group of non-polar and semi-polar compounds®.

When larger amounts of stationary phase are added, ca. 20-25 %, the support
appears to be fully covered. at least superficially (Fig. 2d. €). However, small holes can
be detected even in these cases. which probably are the originators of the observed
adsorption when columns with large amounts of stationary phase arc used. Exami-
nation of the interior of the support confirms this idea; for instance. Fig. 2f represents
a cut support grain with 309, of Ethofat. We can see a high degree of porosity, as we
noted with 2.5, of Ethofat. This fact leads us to consider a non-uniform coating of
the stationary phase on the support surface, in such a way that the stationary phase is
not slowly filling the pores. but so that it has a certain tendency to lie on the external
surface of the grain and it superficially coats the pores. Under this external surface
there exists uncoated support which causes the adsorption effects.

This placing of the stationary phase on the external surface of the support
grain may be due to the difficulty of introducing the polymer into the small pores or.
as other authors pointed out®. to solvent migration towards corners and edges of
holes. resulting in transport of dissolved material to these regions. Whatever the
reason. the column will work with the stationary phase unevenly distributed. This
fact allows us to explain the adsorption effects. We can say that large changes in the
distribution of the stationary phase have not been observed before even after a few
hours of maintaining the column at work conditions, according to the results ob-
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Fig. 2. Microphotographs of: (a) Chromosorb 101 (80-100 mesh): (b) 2.5, Ethofut 60,25 on Chromosorb
101 (80-100 mesh); (¢) 10°, Ethofat 60,25 on Chromosorb 101 (80-100 mesh): (d) 20", Ethofat 60 25 on
Chromosorb 10! (80-100 mesh); (e) 30", Ethofat 60 23 on Chromosorb 101 (80-100 mesh): (1) 30",
Ethofat 60,25 cut on Chromosorb 101 (80-100 mesh).
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Lig 3 Mraophotogtaphs of: () 347 squalane on € hromosorb 10T (50 100 meshiz (b) 15 37 squalane
on Chiomosorb 101 (80 100 nieshy: o) 237, squalane on Chromosorh 101 450 100 meshy. (dy 407,
sgtdlane on Chiromosorb 101 (50 100 meshy
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Fg. 4 Microphotographs of: (a) 89, Fractonitril VI on Chromosorb 101: (b) 21 ¢, Fractominl VI on
Chromosorb 101: (¢) 40", Fractonitnl VI on Chromosorb 101; (d) S0, Fractomtnl VEplus 0 8", Zony| A
on Chromosorb 101.
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Fig. 3. Microphotographs of: (a) Chromosorb P HMDS (80 100 mesh): (b) 8 37, squabane on Chro-
mosorb P HMDS (80-100 mesh); (¢) 13°, Ethotat on Chromosorb P HMDS (80- 100 mesh); (d) 1 8*
IFractonitril VI on Chromosorb P HMDS (80 100 mesh).
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tained by other authors*. We should also comment that this observation of the
stationary phase on the surface would probably be due to the sample treatment
during the preparation, when it was introduced into the microscope under conditions
of high vacuum (10~° Torr). At any rate, the fact that the covering process with the
gold layer is done under slight vacuum (0.2 Torr) and that the thickness (400-600 A)
of this gold layer is important, leads us to suppose that microscopic treatment will not
seriously affect the appearance of the packing material observed.

In our study of the appearance of the support coated with different amounts of
Ethofat 60/25, it appears that the Ethofat settles on the support surface and wets it,
without forming isolated drops. This can be explained if we take into consideration
the nature of the stationary phase (a polyoxyethylene monostearate of an average
relative molecular mass of 938), which contains ester and ether groups with dipole
moments which can preduce induction interactions with the benzenic groups or with
the unreacted vinyl groups, that are formed in a noticeable concentration on the
surface of the supports'®!!, slight specific adsorbents according to the Kiselev’s
classification’?.

In the case of Chromosorb 101 with squalane, the surface of the support when
coated with different amounts of stationary phase has a globular appearance that
shows up perfectly with large amounts of stationary phase (Fig. 3d). This appearance
leads us to suppose that the stationary phase does not properly wet the support and
that it settles in such a way that isolated drops are formed. The fact that the stationary
phase does not properly wet the support can be explained by taking into account that it
is a non-polar compound (a saturated hydrocarbon of 30 carbon atoms) and will not
have specific interactions with the support surface. Furthermore, if the dispersion
interactions between the hydrocarbon molecules are greater than those between the
support and the hydrocarbon, the result will be aggregation of the hydrocarbon
molecules, leading to the observed globular appearance.

Comparing the photographs of Chromosorb 101 with different amounts of this
stationary phase (Fig. 3) it seems as if the number of drops of the stationary phase
increases and the cracks between the drops decrease. However, the number of cracks
is large even with large amounts of stationary phase (Fig. 3c). This again agrees with
the plots of V3/W; against the amount of stationary phase Wy /W (ref. 2), because
only from 309 of stationary phase does the usual partition effect take place with an
increase of the retention volumes as the amount of stationary phase increases. If the
amount of stationary phase is lower than 309/, the support effect is important, par-
ticularly at 10 9 of stationary phase. At this percentage, a great number of holes can
be observed in the surface of the packing material.

Comparing by SEM the surface of Chromosorb 101 with Fractonitril (Fig. 4)
and those of Chromosorb 101 with Ethofat 60/25 and squalane a considerable dif-
ference is apparent. This is because of poor covering of the support by the stationary
phase so that a great number of holes can be seen, even with large amounts of
stationary phase (Fig. 4c). In this case the poor wetting can be easily interpreted,
because a polar phase such as 1,2,3,4,5,6-hexakis-(2-cyanoethoxy)hexane has only a
slight tendency to wet a support of low specific adsorbance, such as Chromosorb 101.
The addition of small amounts of Zonyl A, a surface-active agent (Fig. 4d), results in
a better coating of the support and a considerable decrease in the number of pores.

We have also taken SEM photographs of the studied stationary phases on
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Chromosorb P HMDS. In Fig. 5, photographs of each of these stationary phases are
shown. There 1s no essential difference in the appearance of the packing material
when the stationary phase is changed; nor is it possible to detect significant dif-
ferences with the amount of stationary phase. This is probably due to the bigger size
of the pores in the Chromosorb P HMDS (2-3 pm) than in Chromosorb 101 (0.3-0.4
upm), so that the stationary phase can get into the pores and not accumulate on the
periphere. This results in superficial layers so thin that we cannot detect any dif-
ference between them, which would be visible only with a great excess of stationary
phase. This argument agrees with different authors*7-8, who suggest that the station-
ary phase gradually fills the pores in this kind of support. On the other hand, we have
pointed out that when Chromosorb 101 is used a completely different effect occurs,
and the stationary phase is basically placed on the periphery of the support grain even
though a certain amount goes into it.

CONCLUSION

The SEM studies carried out do not lead to a definite conclusion about the
behaviour of the packing. However, they yield information that agrees with the
experimental chromatographic values and that leads us to think that, at least for
packing with amounts of stationary phase less than 10 or 209, the presence of
uncovered zones of the support is the cause of the observed adsorption.
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