
Gas-solid and k@i-solid chromatography have been performed OQ chromiz 
layers bonded to dica gel 62 and to IXhrosorb Si 100, 10 km, respectkely. Com- 
pared to gas chromatogrzphy on plain silica gel 62, 2liph2tic-s xe much stronger. 
2rom2tics much less retained on the chromia layers. There occurs 2 pecuhr cross-over 

between homologous series: I-olefins are less retained at low, but more retained at 
high molecuh weight than are 2-oleEns_ When Carbowax 20M is “bonded” to the 
cbromia surface, this retention behaviour is somewhat modented but remains still 
distinctiydi6erentfiomth2tofsiIic2. 

fi~osorbsupported chromia shows the same high e&ierxy as the bare 
silica gel in high-performance liquid chromatography, but differs in selectivity. Gen- 
erally, chromia is more retentive than silica tow2rds a variety of organic structures, 
but shows the opposite behavior towards free phenols. 

INIRODUCITON 

Apart from the popular phases based on Si0, Al,& and C, 2 vtiety of other 
inorganic materials have been used in chromatography. Some served in neat form; 
others, mainly due to problems of friability and undesirable pore structure, were 
coated onto the chromatogl-aphidy more suitable silicas or aluminas. The iield of 
metzkkont&ning phases has been well reviewed by Szczqxznizk et a1.l. 

Recently we reported the synthesis of certain inorganic Iayers and multilayers 
on chromatographic supports. We used such materials to defme the advantages and 
disadva.ntag?zs brought about by the presence of metal in the surface layer, and 
characterire the rofe they can play as supports for organic layers in gas chromato- 
graphy (cc)z_ It was also estabkhed that such layers can serve as selective adsor~ti 
in liquid chromatography (EC), where they can bring about pronounced changes in 
retention pztten&_ At that stagt it was probable but not yet established that multi- 
layers. Le. layers thicker than tie nominally “monomoIecuIar” one, could indeed be 
produced. We therefore ascertained this fact for oxides of iron, chromium, aluminum 

- hU&aI taken from Ph.D. thei& of P.P.W. 
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and titanium bonded to both diatomaceous earth and silica gel. The data strongly 
supported, though they did not prove, our initial hope that these layers would be 
homogeneousa. 

If these metal oxide layers were indeed homogeneous, chromatography on them 
may be as good as that of the base silica gel. Thus we decided to take one of the more 
interesting bonded layers, namely that of chromia [chromium(III) oxide], and apply 
it to areas of chromatography where silica [silicon(IV) oxide] excels: gas-solid chro- 
matography of light hydrocarbons, and solid-liquid chromatography of the high- 
performance liquid chromatography (HPLC) variety. A further point of interest was 
how the presence of an additional, “bonded” organic layer would influence the 
chromatographic properties of the chromia surface. 

The use of chromia has often been reported in the chromatographic literature. 
For instance, Van der Vlist and De Jon2 separated nitrogen from oxygen on Cr&. 
Chromia deposited on alumina served in the separation of hydrogen isotope@. For 
various catalytic reactions, chromia is often supported on alumina to prevent its 
decrease in surface area above 400”C7. Ref. 7 provides also an extensive review of the 
catalytic qualities of chromia at low temperatures. Returning to GC, the use of a 
coordination polymer of Cr(III) has been reporte@. 

EXPERIh4ENTAL 

. Silica gel 62,80-100 mesh, was modified by a nominal three layers of chromia 
as described earliefi. The product was treated with hydrogen at 800°C for 3 h to give 
the final, green phase. 

LiChrosorb Si 100, 10 pm, served as the support for LC. It was washed with 
hot 6 N IICi until no further colour was noticed, rinsed with excess distilled water and 
dried in vacuum at 110°C. Then one nominal layer was produced by treatment with 
Cr02C12 at 280°C as described earlier’. After 45 min of reaction, NH3 was introduced 

and the reaction tube heated to 500°C. This temperature and the flow of ammonia 
were maintained for 5 h, after which the product was allowed to cool down in a 
NH-N2 stream. It was then transferred to a quartz tube and heated at 800°C for 6 h 
in a NH,-N, stream; followed by a further 2 h in pure nitrogen. 

Carbowax 20M was “bonded” to chromia-modified silica gel 62 as described 
earlier for Chromosorb W. 

GC materials were tested in 100 x 0.2 cm I.D. glass columns; LC materials 
were tested in 9 x 0.41 cm I.D. LiChroma stainless-steel tubes. Packing the g-cm 
IIPLC columns was done in a conventionaltetrabromoethane%arbon tetrachloride 
slurry at 4500 p.s.i. The same pressure was used for conditioning; however, retention 
measurements were run below 2000 p.s.i. 

Surface areas were measured by Micromeritics (Norcross, GA, U.S.A.) using 
the Nt BET method; nitrogen was analyzed by the blockdigestor-autoanalyzer method 
at the Experiment Station Chemical Laboratories of theUniversity of Missouri, Cohm- 
bia, MO, U.S.A.; carbon and hydrogen analysis was provided by Galbraith Labs 
(Knoxville, TN, -U.S.A.). Chromium was determined by neutron activation analysis 
at the SLOWPOKE reactor,Dalhousie University. 



Fig_ 1 shots sample chromatograms of two test mixtures on silica and chromia 
surfaces, both neat and covered by a CQ. 5 A thick “bonded” layer based on Carbowax 
20X (Layer ticknzss was approximately the same for silica and chromia). Two 
conclusions are imnxdiately apparent: list, the retention -patterns vary wideiy betwee= 
s&aandchromia;second, chromato~phice~~encyisap~roximatelythesamefor 

each of the two base packings and not much worse tbn for each &the two Carbow= 
ZOM mod&d pactigs. 

SELECTED RETENTION FATTERNS 
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Fq. 1 _ Retention pmeius of two test mixturrsonsllicaandchromiasurfaccs,bothbare~dmodiEed 
with Cartim MM (CW-MM). in temperatute-progzimmed gas chroaztography- 
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To wit, the reduced plate height (HETP/& where HETl? = height equivalent 
to a theoretical plate, and S, = particle diameter) for alkanes is typically 4 for silica 
and chromia-silica, and typically 3 for the same surfaces when modified by Carbowax. 
Isothermal tailing is more pronounced on the former than on the latter type of ma- 
terial. In comparison, the lowest reduced plate height we ever measured on a modified 
silica was 2.2; and that approached the theoretical minimum. The values generally 
expected of gas-solid chromatography are much highetiO_ Thus it is probabIy fair to 
consider these phases to be as good as they reasonably can be. 

On closer inspection, the retention patterns provides a surprise. This is shown in 
Fig. 2, which lists retention temperatures for various compound classes. Compared to 
silica gel, chromia adsorbs aliphatics more strongly, aromatics less strongly. (It should 
be realized, however, that this comparison is made between two packings of slightly 
different surface areas.) 

3 

0 

RETENTION TEMPERATURE ON CHROMIAISILICA GEL 

Fig. 2. Comparison of retention temperatures on silica VS. chromia. Temperature-programmed gas 
chromatography (hut different program and flow than in Fig. 1). I = Benzene; 2 = naphthalene; 
3 = toiuene; 4 = m-xylene; 5 = n-heptaae; 6 = n-no-e; 7 = n-undecaize; 8 = n-tridecane; 9 = 
cyclohexane; 10 = decalin. 

This difference between aliphatics and aromatics is quite surprising for a 
material whose general catalytic activity is attributed to surface coordinative un- 
saturation. We do not know, of course, the precise nature of our chromia. However, 
by analogy with data from catalysis’, one would assume it to be microcrystalline 
a-Crzoj, with CP and 02- being the predominant surface species, perhaps aug- 
mented by some Cr?*. Since chromium is a transition element and an excellent com- 
plex-former, one may have expected a stronger interaction with aromatic systems than 
is shown here. 

Within the realm of aliphatks and aromatics, then, chromia turns out to be a 
relatively “non-poIar” phase. (Its strong affmity for alkanes is not perhaps, as one 
might have conjectured, due to an increase in surface area brought about by formation 



of a suitably stsucturexi layer; in fact, silica gel 62 has a surface area of approximately 
300 m’/s and the chromia-coated material tested out at only 250 m’/g.) Somewhat 
surprisingly, too, cyclohexane and decalin appear “less polar” cm the representation 
of Fig. 2) than the straight<hain Ames. 

Why aromatics are Iess retained on chromia than on silica can be only a matter 
of ~ulation at present_ For insmce: because of the heat treatment it experienced, 
our chromia has likely much less (and different) hydroxyl groups on its surface than 
silica gel. And it is the hydrrxyl groups on silica that are presumed to be responsible 
for the acisorption of aromaticsxL. 

Speculations aside, the retention properties of the chromia Zayer make for some 
interesting plots in comparison with chromatoUmphies done on its bare carrier. 
Fig. 3 shows the retention of the homologous series of l-o!efins and 2-olefins on silica 
gel 62. Parallel curves are expected and f.his is indeed what is being obsemed_ In Fig_ 4, 
however, the same chromatography on the chromia surface looks quite merent: the 
retention curves now cross each other. 

The reason for this somewhat unusual behaviour is unclear at present. More 
than one retention mechanism may be at work; steric consideratioas may play a part; 
and one could think of a variety of other scenarios that could be made responsible for 
such a b&&our_ 

i SiOz 
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Fig. 4. Retention temperatures of l- and 2-oIe6ns on chromia (on silica gel 62). 

When chromia is covered by an organic layer based on Carbowax 20M, the 
two curves move closer to each other. Crossover still occurs, though at it somewhat 
different chain length (Fig. 5). 

Liquid chromatography 

It was known from an earlier, exploratory study’ that different metal oxides 
coated on silica gel lead to different retention patterns in LC. However, establishing 
the difference of retention patterns was the only aim of that study. It was conducted on 
Porasil, high pressures were not involved, and high efficiencies were not sought. 

Obviously, if there were to be any benefits to the use of layers of chromia 
-or, far that matter, of any other metal oxide- in modem LC, three conditions had 
to be met. First, the synthetic process had to be able to cope with typical, small- 
particle HPLC adsorbents. Second, the synthesized phases had to be stable under 
conditions of high flow and pressure. Third, these phases needed to perform at least 
as efficient as the silica gel on which they are based. These conditions were addressed 
in the present study. 

The synthesis of chromia layers on LiChrosorb differed somewhat from that 
used for silica gel 62. The use of ammonia and nitrogen is quite common for the 
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F= 5. Similar to Fig. 5. but chromia cowed by a ca. 5 A layer deriwzd from CW-2Ohl. . 

treatment of chromia catalysts’_ However, in this case we have to admit to au atiempt 
of producing a nitride-type structure_ As the analysis showed (13.6 o/0 chromium W. on- 
ly 023°A nitrogen), this objective was not met Most likely we produced a similar 
o-Cr,O, as on silica & 62; the colours were also very much alike. Nitrogen does not 
necessarily have to be in nitride form; chemisorption of ammonia is well-know= ou 
chromia catalysts. 

There were no unusual difficulties in working with LiChrosorb and we did not 
notice any chemical or mechanical instability in the coated product. 

Dif5erences in solute retention patterns on chromia vx silica were expected and 
were found. Table I lists a number of k’ values for different compounds run on the 
two columns. While silica-supported chromia is the somewhat more retentive phase 
(judged by the few compounds that were run), the two free phenols included in the list 
are exceptions. (2-Nitrophenol does not qualify here because of its intramolecular 
hydrogen bonding.) It could be presumed that the stronger retention of the phenois on 
si!ica gel is due to an increased opportunity for hydrogen bonding; however, no fur- 
ther study was made of this interesting aspect. 

The chromatograms obtained from the two phases packed into g-cm columus 
looked pretty much alike in terms of efficiency_ Fig. 6 shows rups with a typicd test 
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TABLE I 

RETENTION (CAPAClTY FACTORS, k’) OF VARZOUS SOLUTES ON SILICA AND 
CHROMIA SURFACES 

Solrrre 

Solvent: chloroform-hexane (I :J) 
Ciannmaldehyde 
Sakylaldehyde 
p-Quinone 
FlXfUml 
nr-Dinitrobenzene 
o-Nitroaniline 
Phenol 
p_Cresol 
wNitropheno1 

Sol;rent: hexane 
Anthncene 
Adsole 
Naphthalene 
Nitrobenzene 

k 

P&I LiChrosorb 

1.6 
0.43 
2.1 
2.3 
1.4 
2.9 
9.6 
9.0 
0.29 

0.28 
0.93 
0.21 
2.1 

Cr~O~/LiChrosorb 

2.6 
0.86 
3.0 
3.0 
1.8 
3.0 
5.1 
5.1 
0.43 

0.45 
1.1 
0.28 
2.9 

mixme. The HETP of the nitrobenzene peak on chromia is 28 pm; this can be con- 
sidered quite good on a nominal LO pm support. Since the corresponding number for 
LiChrosorb is simiIar (in fact, a bit larger), we presume that the dxerence of these 
numbers from the theoretical plate height minimum simply reflects our packing tech- 

a b 

2 

Fig. 6. Liquid chromatographies of a test mixture on g-cm coIumns of LiChrosorb Si 100, 10pm. 
bare (b) and with chromia layer (a). Mobile phase: hexane. Peaks: 1 = toluene; 2 = anthracene; 
3 = &sole; 4 = nitrobenzene. 
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nique and the band broadening in our IO-year old liquid chromatograpb, rather than 
some intrinsically detrimeMal influence of chromia 

One of the serious iimitations of sol&liquid chromatography is the very small 
number of adsorbents available. Hf other metal oxide layers will perform as well as 
that of chromia -and we can see QO reason why they should not- these would 
provide yet another tool for the liquid chromatographer to achieve his de&cd scpara- 
tions. Use of different metal oxides with the same mobile phase may also provide a 
convcnicnt approach toward practical two_dimensional LC_ 

This research was supported by NSERC Grant A-96@% We are highly grateful 
for the chromium analysis provided by A. Chatt and K. N. DeSiIva of IXhousie 
University and the nitrogen analysis by C. W. G&&e’s group at the University of 
Missouri_ 
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