
CHROM. 7516 

PREPARATION OF HIGH-CAPACITY HIGH-RESOLUTION 
OPEN-TUBULAR COLUklNS 

nii.stLIres. sLicb 3s cxqine-exllaust analvsis;, reqLIire high resoliition Croni the iI?iti:tl 

gas chromatoyraphic separtttion step’-‘_ To obtain IXLS spectra c:Ipablc of providing 

component identitic:Ltion it is also JeskLble to LISC as large ;I sample inje_ctiction ;Is possi- 

ble. Tlie required resolution \vith masimum sample size can be xlli$ved \vith long 
lcngbs 0T large- bore open-tubular (LBOT) or porous-layer apcn-tubular (PLGT) 
coILInlIlsJ-*2_ The preparation ttilrt properties of these co1~1nms have been sLIInIn:Irized 

bv klod, Guioclion’” _ L _ .tnd Nikell?. - 
High-resolution LBOT or PLGT columns of- O.(Gin_ I.D. may he :Is long :I5 

sever4 thoLIs:Lnd feet_ h;I:lnipttI:ition ofsucll long lengths of tubing c:in bc Ikilitatcd 
by tightly coiling tbr columns to tit into the oven ot‘ the gas chronx~togrr~pb ZL lxmd. 
However. in tile coiling process care must be taken to allow tix- adequate air circdation 
in and around the col~~rnn coils. Nikelly” has shown that temperature grxlirnts as 
1iigl-h a5 SS’ can result from uneven heating of diKerent sections of tke s;Lnie ga5 

chromato~rapllic (GC) column_ He achieved unXorn1 heating by v.-inding ti:e tubing I!; 
tiers that were separated by coping-sn\v blades silver-soldered to threaded rods. Tlw 
frame to wbicb the rods mere attached uas built LIP ;:s the column \v;Is coiled. Varia- 
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tions of Nikeffy‘s metfwd fx~ve been described by Warden tlnd Schocnig”, and 
Boogem er ~1.‘~. 

Once the column has been coiled, the interior surf&x of the tubing must be 
rigorously cleaned prior to coating_ Several methods have been proposed4-*1-1h_ all of 
which involve passins plugs of solvents tf~rou~f~ the column under pressure_ After 
thorough drying, tflc tubing is ready for coatin,. ‘* The dvnamic method has been shown _ 
to be more effective than static methods” , ;md the technique is simpler to carry out 

for LBOT cofun~ns. Dynamic methods also appear to be quite satisfktory f-or PLOT 
column typesi’-s-ll-lz_ 

The techniques cited above are some\vhat tedious or unnecessarily COIII- 
pficated, however, and so \ve designed uniquef?_ simple devices for coiling, ckaning 
and coating long lengths of LBOT, PLOT. or *&-in_ columns_ The coiling ap- 
paratus does not use a centra1 sleeve or threaded racks but cm1 he used wih SL~I 

frames if-so desired_ Cfcaning and coating operations are carried out with a sin& 
stainless-steel reservoir, which was i~mnd to be adequate for cofu~~m lengths of up 

to 500 t-t. 

EXPERIMENTAL 

The coiling device consists of a knock-apart drum fashioned front afutninun~. 
brass and \vood, and is%own in Fie. I_ The ~101s in the sides of rk \vinJing drum 

plates permit either a wire-tube or metal-strip frame to be used as the column is coit- 
ed. These txvo frame techniques we illustrated in Fig_ 2_ Fig_ 2A depicts :I frtune of 
I;_,-in.-wide strips of thin-gauge ;tItrn~intxn be-in, *x assstnblcd as rhc tubing is c<~ilcd_ 

The strips were cut on CL shear from scrap: each spacer strip supporting a tier is punch- 
cd and bolted to radial strips. W’hen the desired length of tubing is ~vowxi onto the 

lkuneT the drum is dismantled_ The ends of the tit’r and radial supports are then 
trimmed, and the column is ready for cfc:uGng rtmi matins. Fig_ 2B sho\vs ;I very 
compact f0rm ofcoifin g. in mi-hich ‘is-in. 0-D. spacer tubes are used instead of strips. 

Fig. i _ The knock-apart \vinriinS drum_ All parts are 
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Fig. 3-A shows the apparatus that is uscli to clcnn the inilcr stirtiic~ 01‘ tubing 

:Imi deposit the desired stationary phase or support. Fig. 3B illustrates the assernbleli 

~lcaI~iI~~snlicl~~Itin~~Ipp~Irat~~s_ TI it’ -mO” ring-sealed reservoir is ni:tcli incc!liom a Z-in. 
dianicttx by IO-in_ stainless-steel rod mid is cap:tble 01‘ holdin, &.I I cr -1 3 xxx~iniately 12 ml 01‘ 
solution wider 500 p_s.i.g. pressure_ Connections to the pressure r~gi~lstor art2 made lvitli 

*i 
IS-in_ stainless-steel Swtgelok tube fitting. The bottom ofthe reservoir is conncctcd to 

tllc coiled capillary \vitli a ‘/,-in. stainless-steel N.P.T. (Nationrli Pipe Thread) to 
t. ! ,,-in. tubing adaptor (Crmvford Fitting. Salon. Ohio, U.S.A.: Car. No. 100-l-2). 
The pipe thrcrtd end of the connector must not protrude : tbo\:e the 1wtt1m 01‘ the 
reservoir since the tot31 vol~~nie of the ~ILI, cr used to prepare PLOT colu~nns is only 

I to z ml. A protruding ridge will dccrcase rhc size OT the plug cntcring the tubing. 
resulting in incmnplett coating of the cldunm_ The pipe to tubil>g adqax set11 con- 
sists of a washer of PTFE instead of PTFE tape as is normallv cmplo:ed_ The use of 

PTFE tape :I?; :L seal fir the pipe threttds produces very iiw hair-like strips of 
PTFE as the adaptor is tightcncd. These strips of PTFE will c\-entimlly work their 
way into the tubing causing it to pltlg. 
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nitrogen tank and column are assembled its shown in Fig. 3B. Five 2%ml portions 
of each of the following solvents iwe ptlssed throu& the column at 500 p_s_i_g.: 
chloroform, ztcetone, \\ater, concenrrrited nitric acid. wetter (to pH 7). concentrated 
ammonia, v:atcr (to pH 7). acetone and chlorol~orm. The nitrogen flow is maintained 
for several hours after the last solvent plug. to thoroughly dry the inner surtke of the 

tubing, which is then ready for cotlting. 

LBOr cofI~irill~_ The stationary phase/solvent misture \K~S typically 10.0 g of 

stationary phase (e.g. SF-96), 0.5 g of lgepal Co-SSO (to reduce tailing), and S9.5 E of 
solvent (ether-acetone 5050). The coatin, ~7 misture ~3s added to the reservoir_ the 
reservoir carp replaced. and 20 p_s.i_s_ applied from the nitrosen tank_ A 250~ml 
erlenmcyer flask ‘Las used to collect escess solution that emerged from the column_ 
After the coating pIus was forced throuph, the nitrogen ftow W;LS maintained for 1 11. 
The collected coating solution was then returned to the reservoir, and the process 
repeated. In all, five coating steps xere used, after which nitrogen was left flowing 
through the column overnight at 20 p.s.i_g_ The column was then conditioned at 
50 p.s.i.g. for 24 h at 25” below the maximum recommended operating temperature 
of the stationary phase_ 

PLOT c-clrwuts_ We found the method given by Nikelly’ to be satisfactory_ 

Several grams of untreated Chromosorb W are puiverized and sieved. A suspension 
of-O.5 g of-support and I.5 E of 5 !J$ stationary phase in chloroform is then prepared_ 

This is added to the coating reservoir, to \vhich is attached 50 ft_ of O-03-in. I.D. 
tubing, and nitrogen is applied at 20 p.s.i _g. The gas flow is continued at 5 p.s.i_g_ for 
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30 set after the coating suspension emerges fmrom the column. Longer PLOT colunins 
are prepared bv coupling to@her coated 50-f-t. lengths of column with I/,,-in. mnle 

Swagclok uniok. 

RESULTS AND DISCUSSION 

Many variations are possible \\ith the knock-apart drum. The he of ‘i&n_ 
as opposed to Ii’,- in_ spacers produces very compact column configurations. The 
more tightly wound columns assembled from ‘/,-in_ spacers do not show any observ- 
able loss in perf~mntmce when compared with identical columns \vound with *iJ-iz. 
aluminum strips separatin, 0 individual coils. The large thermal mass afti,rded by 1000 
l-t. of- ‘:‘,b- in_ 0-D. (0_030-in. I.D.) stainless-steel tubing and the long gas bold-up 

times also render high rates of- !wogranmGy (ix_ over 4 /min) unnecessary: ;l slow 

rate of- programming f-urther aids the establishment of- tlxrma! equilibrium between 
the various tiers_ Our observations indicate that only sufficient space f-or adequate air 
circulation is required. The choice of- spacers and frames or tiame-ti-ee fabrication 

will therefore depend on the size of the GC oven to be used. Columns consisting of 
1000 ft. of ‘i,ain_ 0-D. stainless-steel tubing have been wound in this laboratory to 

form cylinders 6-in. by S-in. or I?-in. in diameter. both of which tit into Perkin- 
E!mer 000 or Hewlett-P&a-d 7600 Series gas chroliiato~_rtlplis. 

Fig_ 4 shops a chronmtogrmn of ;L commercial diesel fuel lx itI1 in ZOO-ft. LBOT 
column containing OV-101. Fig 5 illustrares tl:c scpnmtion of !>!lciI<>! (b.p. IS2 ), 
m-crew! (b-p. 203.). and o-ethyl phenol (b-p_ 206 ) using ;I 2004-t. PLOT CO~LII~II_ 

Resolution (R,_,) of the latter t\vo compounds is approximately 5 (calculated from 
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Fig. -I_ Chromatogmm uf a conmirrcial diesel Fidel_ Column. 500 ft. .-. 0.03 in. I.D. LBOT co:~tecI 
with OV-101 nnd Igepal Co-SW. Perkin-Elmer 900 gas chronxttograph: dewctor. fktnx ionization 
detector: rmge. - IO: ;ittenualiun. 6-I: column tempemture. 40-110~ at 2-.:niinr injt33or. 190 : 
detector. 275 -‘; carrier gas. helium at a tlow-rate of 30 ml,!min: injection. 0.5 rrl next. Peaks: A. air: 
B-P are normal nlkanes, from mhsptnne to muneicoune. 
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c-ETHYLPHENOL 
CL 

R 1.’ -- Z(r,,-- fKt)i(q -- 
25,000 tl&retical plates, 

We)), which is particularly good Since the analysis slio\vcd 
and was complete in less than IO mirr. Chromatograms of‘ 

the s;lmc misturc on :I 300~ft. L6OT column conttrinkg the same stationary phase at 
the s:mle conditions Ficldcd similar results. The LBOT columns x-e prcfi-rred in 
analyses. however. since they are easier to preparc_ 

These results indicate that the preparation of‘ high-speed high-resolutior: 
LBOT or PLOT columns lies well within the capability of most laboratories. Our 
apparatus consists of- only readily-uv:Gltlble materials and requires ;L minimum es- 
pcnditure of- time and elTort_ Resolution comparable to LBOT or PLOT columns c;tn 
only be obtained with glass-bead-packed columns, but these are ditiicult to prepare 
reproducibly and have low sample capacit_vi3_ 

LBOT columns are prefkred to PLOT columns since they are easier to pre- 
pare. However. in some instances, diliiculties art encountered in getting the stz- 
tionary phase to adhere to the walls of- the tubing. To overcome this problem, addi- 
tion of- a surfitctant such as benzyltriplrenylpIlosphonium chloride has been suggest- 
ed”. Alternatively PLOT columns may be used where the stationary pllase is im- 
pregnated in the solid support rather than coated onto the tubing interior surf&x_ 
Materials are now becomin g available that prove to be superior to Chromosorb W 
for PLOT columns, one example beins Silzmos9-t’. 

In summary: where speed and resolution are of-prime concern to thechromnto- 
grapher, there is no longer anv reason not to prepare and use LBOTor PLOTcolu~~ms_ _ 
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Sinlple inexpensive devices for coilins, cleanin, L ‘T WKI coating such columns have been 

described here, which we hope will be of use in the optimization of gas chronxtto- 
g-tipliic septwationr. 
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