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The adsorption of some polar vo1atiEe compounds ok glass capiftary coiumns 
has bee3 investigated. l& genera& sllanization and etching with hydrogen fluoride or 
chIoride reduces the column activity onIy slightly. Coating of such ca$Iaries with 
some polar phases deactivates AR-glass but not Pyrex. As lnitiafly described by Aue 
for packed columns, a tin layer of non-extractable Carbowax 25M provides a wefl 
deactivated surface for fcrther coating with polar or non-polar stationary phases. 
Such deactivated non-polar ca$lary columns are varuabie for the separatiorr of 
samples, e.,o., tobaccc smoke, containing both polar and non-polar compounds. 

Because of its inert nature, glass Is a suitabfe material for columns used In gas 
chromatopphy (GC) and columns of high efiiciency can be prepared’. For polar 
compoirnds, however, the surface of glass exhibits ac undesirable activity. This is 
caused to a great extent by boron, potassium and hydroxyl gro~ps~*~. The activity of 
the gIass ~&ace leads to tailing of chromatographic peaks and sometimes to total 
adsorption of polar compoundsz-9. Several methods for the de.ac~ivadm_ of g&s 

have bee2 investigated, e.g., siIanizztion, etching with hydrogen &.uide, addition of 
surf&x-active agents to the stationary phase or uti&adon of some pofar stationary 

1 phases. The composition of the glass is an important factor influencing the results 
achieved2. Aue ef g/.9 coated Chromosorb W wZth Carbowax 25M, after which the 
material wzs heat-treated a~ 280’ and then exhaustively extracted. After this treatment 
the suppprt was stiill coated with a thin non-extractable film of polymer. This support 
was found to be a weI1 deactivated chromatopphic packing suitable for further 
coating with stationary phaseLO. 

Some methods for the deactivation of gIass capiIIaries have been tested and 
~compared in this investigation. Heat treatment with Carbowax 25M has been found 
to give the best result. The deactivated surface thus obtained can be coated with polar 

-or tioz-polar stationary phases to give inert and stable columns. 





cohmms were i&ted for acidity, pokirity and adsorption accord@ to Grab aad 
Grab”. The ag&tY Was indicated by the relative peak areas of Z&dimethylan&e 
and 2,6_dimethYIphenol. The polarity was demonstrated by the retaiztion v&ties of 
5-nonaf~~I~ ~-~~tald and naphthahe (polarity mixture) relative to those of the 
~-Z&UXS Cd% @dit~ irrdeQ. 33~ adsorption was denoted by the peak symmetry 
of the polar s~b~fa~~s tested and of the reiative peak hei-_ The solutions tested 
contained O-I*? of I% substances in hexane and I-PI amounts were injected eth 
a splitting ratio of 135% LE., ~a. 15 ng Were allowed to enter the coIumn, the tempera- 
ture af which WCS f 14”. 

The acidity is an impotianr property of a column. It affects the elutioo of 
typical acidic or basic compounds and atlso many so-&led neutral substances, e.g., 
slightly basic cofumns are preferred for alcohols and s.lightIy acidic for most ketoaes6*Ls. 
AR-@ass cohunns cozted directly with SF-96 were sIig&fy basic, but siianfzation or 
etching with HF prior to coating gave neutral coiumns. This may increase the column 
stability, since it is possible &at the Gkones and poly@ycoEs are sensitive to a basic 
eMronment7J”. It was not possible to determine the acidity of the Pyrex coirrmns 
because of strong adsorption of 2,6-dimethyfar&ne. These columns aIso adsorbed 
l-octanol and no peak was obtained with this compound. The alcohol was eluted as 
a peak on AR-glass, but it showed severe t&ing (Figs. IA and 1B). The ketone 5 
nonanone gave symmetric& peaks in both cases. 

Tfre adsorption properties of Pyrex were also evident when attempting to 
deactivate the capSaries with polar stationary phases. Pyrex c@larks which had 
been etched w&h HF and coated with fiuoroaikyl silicone SP-2401 or W%l C~ZICH&‘~ 

s&one XH;-IIM gave no aIcoho1 peak. FCF columns coated with the polar phase 
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none 

t AR SF-96 - 0.56 
2 AR SF-96 HF etched 0.59 
3 Pyrex SF-96 HF etched 0.5s 
4 AR SP-24Of HF etched 0.20 

2 
AR XF-LlSO HF etched 0.29 
Pyrex Carbowax HF etched - 

7 Czrbowax HF etched - 
S &fkx SF-96 Na&D 0.47 
9 Pyrex SF-96 HCI erchcd 0.53 

60 AR SF-96 Carbawax 0.40 
1: Pyrex SF-96 Carbov.zx 0.53 
12 Pyfex - Carbowax - 
13 AR - Carbowax - 
I4 AR CEaoHzx carbow3.x - 
15 Pyrex Czrbowax Carbovvzx - 
16 Pyrex SP-2100 Czbowa 0.17 
I7 Pyrex SF-2100 Carbowax 0.48 
te tarbowzx 0.47 
19 & Z-E Carbowrx a.53 

* Height equivalent to 2 theoretical plate. 
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acidic. Rinsing the capiiky witi dry acetone I5 before coating had no effect -on the 
acidity. 

The cofumn effciency is in general higher for the Py?~x cohEmns; this might 
be expkined by the fact that Pyrex is less affected by etching with HF than AR-glass, 
and thhrrs possesses a smoother surface to which the stationary phase is applied. 



Capiifaries wkick were coated wf~fi Carbowax 20M, heat-treated and extracted 
had very thin Hms. In contrast ECI Carbowax-coated coiumn~ before keat&Z and 
extraction, such Fy-ex ca$laries showed. good deactivation (Figs. fC and 3a>. 
AK-glass caplEEaries with tfils tkin polymer coatin, (T skewed some activity towards 
i-octagon; at z lower temperat-me &w>’ I-octanol gave a slight& tailing peak, &ted 
after napktEaZen6 (Figs. 33 and 3Cj. Czrbowax-treated AR-gIass capillaries coated 
witi statiooary p&se extiblted no acrivity, capiHaries toated with SF-96 gave good 
alcohoE peaks (Fig. 4%) and on Pyrex the alcohol skewed sEght taifing (Fig. 4% 
However, @mmztrical alcohol pe&s wers achieved oil Carbowax-deactivated Pyrex 
capiflaties wken the GC-grade stationary phases OV-IOt and W-2100 were used 
(F-g. 4Q Furt&rmo~e, cokmms coated witk these phases showed higher e&iencies, 
and they couId be used up to 250”. 

The polari@ uf Carbowax-deactivated capi&q columns coated witk SF-96 
wzs essentialiy the same as for capiltaries etched with KF and coated with this phase, 

as can be seen from tke Kov6t index in Table If; tkis was afso found by Hastings and 
he'* for packed columns. However, sken a thinner layer of stationary @mse was 
VPfied 2s 0s cOh.mn 16 fT2Xe 11) the column poiarity increased. Polar coIumns 
could be prepared according to CronkP (Fig. 4~). 

When anal+ng UXXdabk, irsudy P&T, compcunds it is esse&aI to use zxs 

mild conditions as possible, e.g., iow tempemure. On polar phases kigh temperatures 
a~ r-tired for the elution of suck poiar compounds, and a fueker drawback is tkat 
PCiX Phases are in generai the least tkermaily stable. Consequent&, deactivation of 
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Fig. 5. Gzs chromatogram WD) of a fraction of the gas p&se of tobacco smoke; splitting ratio, 
1 :%I. Pyrex &ss CapitIq cohxm~ (20 M x 025 RXTI I.D.) teated with Carbowz and coated with 
SF-96, Carrier gzs, nitrogen. InitiZt temperature 011 injection, -70”: progzxmmed to -10’ zt XP/ 
min .z.zd to 63” &Y/min. Fe&s: I = propionitrile- , Z = kbutend zxnd 3 = 2,3-peatuledione. 

gkzss capillary columns by means of applying a polar stationary phase sometimes 
involves undesirabIe efEcts OE the analysis. Moreover, in this Laboratory, polar 
columns have been found to possess lower efliciency than non-polar ones. Thus, at 
present, non=poIzr capillary column s are preferred In most cases, provided the sup- 
port is carefully deactivated. Polar columns shouid be reserved for special separations, 
e.g., isomers difTering or& in the position of hydroxy! or other typical groups. En 
order to m&r&e adsorption and secondary reactions, the time the sampIe remains 
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5%. 6. Gas chromatogam @ID) of a fraction of the gas pt;rtse of tobacco smoke; sptitig ratio, 
f Sm. Initial temperature on injection, -70”; pro~mmxi ta 0” at 20”jtin aEd to 505’ at S”/min. 
3ther Wnditions a in Fig. f. %&S: 1 = _- f bots.none. 1 = -tme%ylbutanal and 3 = Z-merhythu- 
:ZRZ& 
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