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Note 

The preparation of stable glass capillary columns coated with Carbowax ZOM 

D_ A. CRONIN 

The rapidlv increasing use ol‘~\ull-coated glass capilfarv colunms in the analysis 
of- labile compounds 01‘ biological origin has. in recent years. stimi~fated much \VlJik 

aimed :tt improving the methods ol‘producin, _ 0 stable films of various stationary pfl:~ses 
on horosilicate &ss surlkes. Non-polar phases of tfie liquid pnmftin and pofydimtth- 

ylsilossne type, which tsflibit low contact angles_ spread efticiently on high-energ! 

glass surFaces: methods of preparin g non-polar coluni~x of high resolving power and 
excellent long-tern1 stability have been described For the analysis of small amounts 01‘ 
labile high-boiling substances. ca.g., steroids’. More pofar phases do not sive stable 
films on untreated glass surfaces. and some modification of‘ the surthce is necessary 
to increase its sprcitic surhce are;1 and hence to Iaver the contact angle of the \\etrins 
lirfuid. Novotn$ and Zlatkis’ have revielved the wrious methods which have been 
devised to produce suitable surfkes for coating. The most successliI1 OF these. I-C., 
carbonization 01‘ rhe inner capillary \\-all” and 2:~s phase etchin, A5 have allwved the . 
preparation of good columns from a number of phases of moderate polarity. 

kl ucll less SLICC~SS has been achieved SO Ihr in preparin g srable tilnx of p!~ascs 

of high pohrity such as tfle versarilr general purpose fx~1ygl~cof, Carbowas 20X1. In 
;L recent paper”, Novotnf and Grofmann, elaborating an earlier postulate’ tflni 
chemical similarities bet\veen the surl3ce and the liquid should greatly enha!?ce lilm 
smbifity. have described the use of a new reagent for silylatins the free silttwl groups 
o!? glass surlkes by means of \~hich 3 bonded monohyer is produced_ The larter also 
posscsscs reactive bcnzyf chloride terminal groups which may be moditied chrmicafl~ 
as desired to produce hydrosy, ester, or cyano groups, on which appropriate phases 
may be deposited. The authors reported very promising preliminary results for 3 
nuniber of- polar phases. 

An alternative method ol‘producing ii clieniicr~lfy compstibie surke. on \\hich 
10 coat a polar phase like Garbo\\-as 20M, stemmed from an interesting discovery b> 
Aue er rr/_‘_ These workers found that when Carbowas 2OM was coared on a dia- 
tonmceous earth support. such as Chromosorb W, heat treated at ZSO ._ and the 
packing eshtlustivel_v extracted \vith boiling methanoi to remove the phase. a highI) 
ellicient iveIl-deactivated packin E with very low bleed characteristics was produced. 
This material was considered to have a x&estractabfe, permanently bonded layer 
(nominally mononiolecular) of Carbowls ZOM in contact wih the support surtke. 
The layer was regarded as a “stretched-out” long polymer chain eshibiting optimtd 
physical bondins between the silicic surike and the polymer, by means of‘ hydrogen 
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and \-arious types of Van dcr Wtlals bonds. While some form of chemical bond, c.g_ 
condensation between surface silanol s-roups and terminal hydrosyl groups of the 
polymer_ cannot be entirely ruled out f-or Carbows ZOM, such bonds are not expected 
to withstand the vigorous estraction procedure with boiling methanol. 

Although glass surfaces have :I very nx.~cl~ smaller specific surfitce area on 
which to deposit an orztlnic liquid than have diatomite supports, they resemble the 
latter (especially after treatment with concentrated acids) in possessing a large 
number of free silanol groups. The possibility of modifyins glass surfaces by heat 
treatment with Carbowas 20 M so as to improve their subsequent coating properties 
for this liquid seemed worthy of examination. This note describes the preparation 
and some properties ofstable Ctirbowas 2OM wtll-coated glass capiiIarics using such 
an approach_ 

ESPERIMENTM.- 

Glass capillaries (0.5 mm I.D.) were drawn from Pyres tubing (7 mm 0-D.. 4 
mm I-D_), which had been tlioroughlv cleaned by washin, cv successiveiv xvith lo’!,, 
Dccon 90 (Decon Labs_ Ltd. Portslade~ Bri@ton. Great Britain) deter&t. distilled 
water, and acetone_ A 20-m capillar_v was filled with concentrated ( 10 N) HCI and let 
stand for 24 h- After removal of the acid, the column was washed with distilled \vater 
folIo\ved by dry acetone. A 2r.L wjv solution of Carbowas ZOM in dichloromethane 
(5 ml) w;ls then passed through the column, and the coltmm was subsequently dried 
in a flow of nitrosen. While still full of nitrosen, the ends were sealed off in a micro- 
burner flame and the coiumn was placed in an oven at 280’ for 16 h. After this 
treatment, the coating was removed bz washing the column successively with dichloro- 
methane (I5 ml) and methanol (IO ml). It was then coated with ;I solution of Garbo- 
\\‘;t_x ZOM (5 mg[ml) in dichloromtthane according to the static method of Verzclc 
rf oLS-9 

Analyses were carried out usins ;I Pzc 104 tempe~~turc-pro~r;lnltllcd s1s 
chromatoeraph equipped with ;i flame ionisation detector_ Column connections \vere 
made by means of thin-wall polytetrat~uoroeth~leiie (PTFE) tubing via a Zl-gauge 
hypodermic needle sealed into ;L low volume (6 mm 0-D.. I mm I.D.) glass injec- 
tion block by means of epoxy resin. The use of a sample splitter \v;ts avoided in the 
evaluation esperiments by injectin, tx vapour samples of the test substitnces with ;L I ;tI 
hypodermic syringe. 

Columns prepared by the method described gave excellent performances in 
respect of both separating power and ions-term stability of the polymer lilm during 
temperature programming_ A typical plot of plate lieipht wws gas velocity for 2- 
tmdecxnone (k = 4.3) at 120’ on a 20 m column is shown in Fig. 1. The minimum 
plate height was approximately 0.7 mm. iv.. 1330 plates per metre. The plot is rela- 
tively flat even using nitrogen as the carrier gs. The etliciency of this column has 
-remained substanriai!y the sdme after nine months of extensive use, with frequent 
‘programming up to 190’_ This may be seen in Fig. 2 which shows B recent separation 
of a mixture of low-boiling aliphatic alcohols containing a number of compounds 
which are normally rather ditiicult to separate on Curbowas 20M. The baseline 
separation of methanol and ethano1, as well as the partial resolution of isopropttno1 
from ethanol, is especially noteworthy, since it was achieved on a relatively short 
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colunm with substsnces having low capacity ratios (k), for which much Ionger capiI- 

Iaries are nornx~lly required. The rc’solution of these three con~pounds is superior to 
that reported for a 46 m :-: 0.25 mm copper capillary coated with Carbowas I540 
(ref_ IO), ;1 phase with separating characteristics similar to Carbowm 2Oiv1, but which 
alli,rds better resolution for lo\vcr-boiling substances: the resolution shown in Fig_. 1 
is in t:tct siniilttr to that obtained on a 15 m . 0.5 nun SCOT column coated with 
Carbowts 1540 (ret-_ 10). 

While the static method of coating undoubtedl_v produces better colunms. the 
process is rather skxv. usuall_v taking n number or days to complete. Columns of 
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somewhat lower (though still quite good) performance may be obtained in less than a 
day by the con&ntiork dynamic (&I@ method of coating”_ 

Although no attempt has been made to study the nature of the glass wsll after 
heat treatment with Carbowax ZOM, there is some evidence to indicate that it had 
undergone a change somewhat similar to that observed for the heat-treated dintomite 

support_ It has been pointed outh that for chemically treated glass the temperature 

dependence of srrrfat-e critical surbce tension ( yc) and of liquid surfkce tension (y) arc 
comparable only if the surface and liquid are chemically similar_ The long term stabili- 
ty of the coated column_ especially under temperature-progrxnmed conditions_ would 
seem to indicate s ctose similarity between surface and liquid_ a decrease in yc with 
increasing temperature bein 8 matched by a corresponding decrease in y for the 
liquid_ It was also observed that when an acid-treated glass column was coated with a 
thin film of Carbowas ZOM and evaluated before the heat treatment, small quantities 

of injected alcohols produced peaks with considerable tailins_ Evaluation of the 
column directly after heatin g indicated not only improved resolution but also total 
absence of tailing for the alcohols. Finally, examination by microscope of the film in 

an aged column sho\ved it to be composed of Iarge numbers of tiny_ evenly spaced 
droplets, but with no signs ofagsregation into larger pools_ ;1n etlkt usually observed 

\\hen a coated film is beginning to break up. 
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