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SUMMARY

The deactivation of glass capillary columns by polydentate phosphonium
bromides has been demonstrated and compared with other methods of deactivation
in the temperature range of 150 to 325°. Glass capillary columns treated with tetra-
dentate phosphonium bromides proved to be considerably more stable than cclumns
treated with benzyltriphenylphosphonium chloride (BTPPC)), toasted Carbowax or
silapizing agents. Columns deactivated with the polyphosphonium bromides and
subsequently coated with a liquid phase showed excellent peak symmetry for highly
polar compounds even after having been heated to 275° for 16 h. A column deacti-
vated with BTPPCI and similarly coated showed a considerable loss of resolution
when subjected to the same conditions.

INTRODUCTION

Glass capillary gas chromatography (GC) is rapidly becoming the preferred
method for a wide variety of analytical problems. Compared with packed columns,
capillaries offer higher efficiencies and iower pressure drops and therefore open the
possibility for faster analysis using short columns?.2.

Glass is the preferred material for the manufacturing of capillary columans
due to its chemical inertness and low cost. The surface of glass, however, shows great
adsorption activity, particularly for polar compounds. This activity is manifested in
the tailing of chromatographic peaks and the apparent loss of trace compounds
during analysis; it is presumably due to the presence of free hydroxyl groups on the
silica surface® . A variety of methods for deactivating the surface of glass are com-
monly used in preparing glass capillary columns: silanization®:5, carbonizing’, addi-
tion of surface active agents®°, formation of polymers!®!!, non-extractable films'?.!3,
and treatment with barium carbonate®®. .

The analysis of heavy organic compounds or biological materials by glass
capillary GC is a very complex and difficult task. Due to their low volatility, tempera-
tures upwards of 300° are sometimes necessary to satisfactorily elute these compounds
from a chromatographic column. The last decade has seen the number of high
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temperature GC phases increase rapidly, and there are presenily phases available
which are stable to over 350°'%:.15, Unfortunately, not much is known concerning the
temperature stability of glass surfaces treated by various deactivation methods. Al-
though severai studies are available comparing the merits of various deactivation
procedures’-!5, to our knowledge, there does not exist a thorough study of the effect
of temperature on treaied glass surfaces. We have observed, in our Iaboratory, that
columns treated by any of the methods described above begin to exhibit peak-tziling
after being heated to approximately 300° for extended periods of time.

The mechanism for deactivation of the glass wall by a surface active agent has
been inierpreted as involving the reaction of a surface silanol group with a deactivant!,
At high temperatures these linkages can be broken and the surface active agent either
eluted from the column or thermally degraded. Indeed, Malec® found that trioctade-
cylmethylammonium bromide decomposes at ca. 200° and columns deactivated by
this agent show loss of resolution when heated above that temperature.

With the aim of preparing glass capillary columns which would be stable for
long periods of time to temperatures in ~xcess of 300°, we began looking at poly-
phosphonium salts analogous to benzyliriphenylphosphonium chloride (BTPPCI)
as possible column deactivants. We reasoned that these salts could act as polydentate
ligands on the glass surface and by virtue of their multiple points of attachment in-
creased stabilization of the glass-deactivant linkages would occur. Additionally,
because of their high molecular weight, they would not readily elute from the column
at high temperatures. In this work we wish to report on the use of two novel com-
pounds for the deactivation of glass capillary columns, 1,1,4,7,10,10-kexaphenyl-1.4,
7,10-tetraphosphadecane-1,4,7,10-tetrabenzyltetrabromide (PPBr-1) and tris(2-ben-
zyldiphenylphosphoniumethyl)benzylphosphonium tetrabromide (PPBr-2), and their
application for high temperature analysis.
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The polyphosphonium compounds were compared with the more common
methods of deactivation in terms of their ability to yield symmetric peaks from a glass

capillary column which had been deactivated but not ccated with a liquid phase.
The effectiveness of the various deactivants against thermal degradation was investi-
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gated by heating the columns to progressively bigher temperatures and noting any
loss of peak symmetry. Additionally, the temperature stabilities of some of the de-
activants were compared using deactivated columns which had been conventionally
coated with a liquid phase.

EXPERIMENTAL

Glass capillary columns were drawn on 2 Shimadzu GDM-1 glass-drawing
machine using flint glass tubing which had been previously rinsed with acetone and
dried. Columns with an I.D. of approximately 0.25 mm were cut to 20m length and
etched at 350° for 1 k with gaseous HCI as described by Franken et al.?®.

Following etching the columns were deactivated by one of the following
micthods: silanization, application of BTPPCI, heat treated Carbowax 20M, heat
treated SP-2100 (Supelco, Bellefonte, Pa., U.S.A.) or application of one of the poly-
dentate phosphonium bromides.

Silanization

Silanization was carried out by the method described by Novotny and Tesarik®.
Dry nitrogen was bubbled through hexamethyldisilazane-trimethylchlorosilane
(1:5) and passed through the column at room temperature for 1 h. The ends of the
column were then sealed and the column heated to 200° for 48 h. The column was
then opened and flushed thoroughly with nitrogen at room temperature.

BTPPCI

A plug of a 1-29 (w/w) solution of BTPFCI (Aldrich, Milwaukee, Wisc.,
U.S.A)) in dichloromethane was pushed through the column using dry nitrogen. The
column was then washed with dichloromethane and dried with a stream of nitrogen.

Heat treated Carbowax 20M

The method described by Blomberg!® was used for the pieparation of a non-
extractable layer of Carbowax 20M on a glass capillary. A slug of a 2-5% (w/w)
solution of Carbowax 20M in dichloromethane was passed through the column at a
rate of 10-20 mmy/sec. The column was then flushed with dry nitrogen for several
hours and the nitrogen-filled column sealed at both ends. The column was heated to
280° for 2448 h and then thoroughly washed with 15 ml of dichloromethane and
dried.

Heat-treated SP-2100

A method similar to the one described above for Carbowax 20M was used for
the preparation of heat-treated SP-2100 columns. The major difference was the heat
treatment temperature which in this case was 350°.

Application of polydentate phosphonium bromides

The polydentate phosphonium salts?® PPBr-1 and PPBr-2 were dissolved in
dimethylsulfoxide at a concentration of 1% (w/w) and approximately 3 ml of the
solution were forced through the column. The column was then dried using a stream
of nitrogen, sealed and heated to 200° for 3-5 h. At the end of this time period the
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column ends were brcken and the column flushed with 5-10 mli of dichloromethane
followed by nitrogen flushing. .

Procedure
After deactivation by the methods outlined above, the columns were connected

to a Hewlett-Packard 5750 gas chromatograph which had been modified to operate
~ith glass capillary columns. The column ends were connected to the splitter and the
detector by means of graphite ferrules. A split of approximately 150:1 was used and
the make-up gas flow 'was 30 ml/min. Helium was used exclusively as the carrier gas.
Ali columns were operated isothermally at 150° and flow velocity was adjusted, by
measuring an “unretained” peak (i.e., hexane), to 20 cm/sec.

The procedure for measuring the thermal stability of the deactivation treat-
ment consisted of connecting the column to the gas chromatograph and raising the
temperature to the desired test temperature. After heating for a chosen length of time
(asually 3 h) the temperature was brought down to 150° and a series of six compounds,
each representing a different functional group, was injected. The tailing factor, as
described by Schicke and Pretorius'” was used as a measurement of the effectiveness
of deactivation. The tailing factor is defined as

TF = afb x 100
where ¢ and b are the half width of the front and rear portion of the peak at one-
tenth the height, respectively.

The test compounds used were: (a) n-decane, a hydrocarbon; (b) 1-hexanol,
an alcohol; (c) 5-non:danone, a ketone; (d) 2,5-dimethylaniline, a basic amine; (e)
salicylaldehyde, a highly polar aromatic aldehyde; (f) linalyl acetate, a labile ester.

Several wall-coated opea-tubular columns were fabricated using one of these
deactivation methods in order to demonstrate the utility of the polydentate salts in 2
“real™ analysis. Thes: columns were deactivated with either BTPPCI or PPBr-1 and
dynamically coated using a 159 solution of SP-2100 dissolved in dichloromethane
using the mercury plug technique described by Schomburg and Husmann?2,

RESULTS AND DISCUSSION

The experiments conducted on glass capillary columns which had been de-
activated but not coated show that the degree of tailing exhibited by a columa
depends, as expected, on the method of deactivation employed, the treatmeni tem-
perature and the chemical nature of the compound used in determining the tailing
factor. Fig. 1a—f shows the dependence of peak symmetry (i.e., tailing factor) on treat-
ment temperature and deactivation procedure for the six test compounds at tempera-
tures ranging from 150 o 325.° In ail cases heat treated SP-2100 proved to be the most
ineffective deactivant, i1 most cases showing tailing factors less than 10 or no peaks
at all. For this reason iis results are not included in Fig. 1.

As chemical intuition would lead us to believe, it is relatively easy to deactivate
columns for the analysis of hydrocarbons and other non-polar compounds. Fig. la
shows that all methods of deactivation perform well at temperatures below 225°, with
the phosphonizm comgounds (including BTPPCl) performing marginally better. As
the temperature is increased however, we begin to see a breakdown on the peak sym-
metry of n-decane cluted from all colummns. The temperature at which symmetry
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Fig. 1. Typical temperature dependence of tailing factors on glass capillary columns deactivated
using various procedures. Test compounds used for the calculation of the tailing factors were: ()
n-decare; (b) l-hexanol; (c) S-nonanone; (d) 2,5-dimethylaniline; (€) salicylaldehyde; (f) linatyl
acetate. Lines are estimated and drawn for reference only. B, silanized; O, BTPPCI; @, PPBr-2;

3, PPBr-1; A, Carbowax 20M.
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breakdown occurs is different for each of the deactivation methods and is greatest for
the polydentate phosphonium bromides, followed by BTPPCI, heat treated Carbowax
20M and silanizing, in that order.

The behavior of the other test compounds (Fig. 1b—f) parallel the mults
observed with n-decane, but here the difference becomes more obvious. In all cases we
find that compounds ¢luting from columns deactivated with one of the tetradentate
phosphonium salts retain higher peak symmetry to higher temperatures and again
silanizing provides the poorest deactivation. It is interesting to note the behavior of
2,5-dimethylaniline on the phosphomum salts (Fig. id) We reproducxbly found that
mazximuim deactivation occurred after the column was heated to approximately 250°,
perhaps indicating that a certain optimum temperature must be reached before cover-
age of all active sites is attained. After this work was completed we modified the
deactivation procedure by increasing the initial temperature to which the column was
heated from 200 to 23)° (sece Experimental section) in order to fully deactivate sites
prior to coating with a liquid phase and although we have not explicitly investigated
the effect of this tempzrature change on column performance we have observed no
anomalous results.

In order to asce tain that the apparent higher temperature stability of the poly-
dentate saits was in fact due to better deactivation and not to some surface phenom-
enon which would disippear when coated with a GC phase, two columns were de-
activated with BTPPC] and PPBr-1, respectively and then coated with SP-2100. After
heating the columns for a period of 16 h at 275° a solution containing 1-hexanol,
n-decane, 5-nonanone and 2,5-dimethylaniline was analyzed in each column and the
tailing factors for the individual components calculated. The averages of duplicate
experiments are shown in Table I and, as expected, the column deactivated with
PPBr-1 showed markeily better peak symmetry. It should be noted that prior to
heating tc-275° the column deactivated with BTPPCI had been conditioned to 225°
and showed good peak symmetry. A more complex mixture containing as major com-
ponents the cis and trans aldehydes, neral and geranial, along with other minor com-
poneiits was also examined in the SP-2100 columns which had been heated to 275°.
These chromatograms are shown in Fig. 2 and demonstrate the severe tailing and
loss of trace components that can occur when using a column which, although
properly deactivated initially, has been heated to temperatures at which the deactiva-
tor breaks down.

The analogous bidentate and tridentate phosphonium bromides were also
evaluated for their effectiveness to properly deactivate the glass surface. These two

TABLEE
COMPARISON OF (_ZQLUMNS TREATED WITH BTPPC1 AND FPBr-1
Test compound -~ -~ Tailing factor
" 7 BrPPC! PPBr-1
I-Hexanol 13 66
n-Decape %6 7
5-Nonanone % 89

2,5-Dimethylaniline 67 " 88
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Fig. 2. Gas chromatographic trace of complex mixture analyzed on columns deactivated with PPBr-1
and BTPPCI, after the columns had been heated to 275° for 16 h. Fixed phase: SP-2i00; initial

temperature 75° programmed at 4°/min.

compounds proved to be good deactivants but their temperature stability was only
marginally better than BTPPCI.

Much work remains to be done in the characterization of the polyphospho-
nium bromides and their utility as surface deactivants. We do not know if deactiva-
tion of borosilicate glass is possible with the polydentate salis, although we have no
reason to believe the contrary. Now that these compounds are being made available®
we hope other investigators will study them in more detail.

CONCLUSIONS

The severe tailing normally observed in glass capillary columns which have
been taken to elevated temperatures can, in some cases, be attributed to breakdown
of the deactivant—surface linkages. Polydentate phosphonivm salts have been shown
to iccrease the upper temperature limit of the inertness of capillary columns and
improve the effectiveness of high-temperature liquid phases for GC analysis.

REFERENCES

1 T. H. Gouw, I. M. Whittemore and P. E. Jentoft, Anal. Chem., 42 (1970) 1394.
2 G. Schomburg, R. Diclmann, H. Husmann and F. Weeke, J. Chromatogr., 122 (1976) 55.
3 A. M. Filbert and M. L. Hair, J. Gas Chromatogr., 6 (1968) 218.

* These compounds are now available through PCR Research, P.Q. Box 1778, Gainesville,
Fla. 32602, US.A.



64 G. MARCELIN, S. G. TRAYNOR, W. GOINS, Jr,, L. M. HIRSCHY

4 M. L. Hair and W. Hertl, J. PAys. Chem., TT (1973) 1965.
5 M. Novotny and K. Tesarik, Chromatograpkia, 1 (1968) 332.
6 A. L. German and E. C. Homing, J. Caromatogr. Sci., 11 (1973) 76.
7 K. Grob, Helv. Chir.. Acta, 51 (1968) 718.
8 E. J. Malec, J. Chroinatogr. Sci., 9 {1971) 318.
9 M. Novotny and K. Grohmann, J. Chromatogr., 84 (1973) 167.
10 C. Madani, E. M. Chambaz, M. Rigaud, J. Durand and P. Chebroux, J. Chromatogr., 126 (1976)
161.
11 A. L. Gordon, P. J. Taylor and F. W. Harris, J. Chromatogr., Sci. 14 (1976) 428.
12 W. A. Aue, C. R. Hastings and S. Kapila, J. Cikromatogr., 77 (1973) 299.
13 L. Blomberg, J. Caromatogr., 115 (1976) 365.
14 K. Grob, G. Grob aad K. Grob, Jr., Chromatographia, 10 (1977) 181.
15 M. Novotny, R. Segura and A. Zlatkis, Anal. Chem., 44 (1972) 9.
16 G. A. F. M. Rutten acd J. A. Luyten, J. Chromatogr., 74 (1972) 177.
17 J. D. Schieke and V. Pretorius, J. Caromatogr., 132 (1977) 217.
18 G. Schomburg, H. Husmann and F. Weeke, J. Chromatogr., 99 (1974) 63.
19 M. Novotny and K. D. Bartle, Chromatograpkia, T (1974) 122,
20 J. 3. Franken, G. A. . M. Rutien and J. A. Rijks, J. Chromarogr., 126 (1976) 117.
21 G. Marcelin and S. G. Traynor, U.S. Patent Application, No. 14131 (1979).
22 G. Schomburg and H. Husmann, in R. E. Kaiser (Editor), Proceedings of tke First International
Symposium ir Glass Capillary Chromatography Including Glass Micropacked Columns, Hindelang|
Allgdn, May 4-7, 1975, Institut fir Chromatographie, Bad Darkheim, 1975, p. 61.



