
Note 

A new technique for scanning tubular thin-layer chromatograms 

_A Lltnyl ssc;LnLlcr I-or cILL:L:lLitarivc thin-laycr cllrom:tLograph?rtpll~ (TLC) has ken 

described cariier+’ and has been applied to the analysis of radioactively Iabcllcd 
substances-; and lipids of mnniotic tluid”. Misturcr ot‘ or_, ~wlic substances arc‘ first 
separated in quartz or I ~~1~s; tubes that m-t‘ coated ir:tcrn;tllv \vith ;I thin Ittyer ol-silica 
gel or ;t mixture of silica gel and ccppcr( II) oxide. Usin= (T s-Packard Model 725 1 TLC 
Quanttwxn scanner (Packard-Becker, D&t. The NctRerIands), the substances in tltc 
individual zones of the tubular thin-layer chronlatogran~ arc vaporized consccutiveI_\ 
by citller pyrolysis or combustion. This is accomplisllcd by movin= ‘7 the tube ~rr;duallv 

LIlrou~h a rin+aped furnace maintained :tt 600430 _ An inert carrier gas (nitrogen 
or Ilelitun) tlo~ing through Lhis tube delivers Lhc products of~p~roI~-sk or combustion_ 
&tiler as such or aticr their conwrsion into tllstIlanc. to 3 17nnle i0zliz~itic~Il detector 
(FID) or ;t thermal conductivity detector (TCD). 

In ihis device. the quantitative response ot- the individual conlponcnts of :I 

mixture depends IargeIy on the estent of vaporizatio u 4‘ the sub~tanccs. In the prcs- 
ence of nitrogen or helium, nest organic ccmpound~ arc con~pletcly vaporized lion1 
Iascrs of‘silim gel ifsutticientlv high temperatures are emploved. \‘l’e l~~und_ IlimcYcr_ 
that several goups of compounds. such as ccrtait: umphiphilic lipids_ steroids and 

tcrpenoids_ are not pyr6lyzed co~llI~letcl_\’ cvt‘11 ;Lt X0-900 . Ii‘ coppcr(I1) aside is 
incorporzlted in the layer_ ~11 or_. n-tnic wnlpounds arc’ vaporized cIuanLitativcIy_ nx:inI~ 
by combusrion. Howescr. as coppcr( II! oxide is nor chcn~icx lib- inert_ the tubes Lht 

are coated with :tn adsorbent containing coppcr( 1 I) oxide cannot be used tbr certain 

cIlroniato~_rapIlic separations. cspccially it‘ the dc~clopin, $1 solvent contains 3 reuctive 

component. 
It 11:~ now been I?mnd that in scanning tubular chtomato~rams. tIlc use ol’m 

os~~en-containing carrier gas suc11 as air oil‘ers scverrtl advantages over an iwrt gas. 
If ox_\-gcn is present in tile carrier gas’_ all organic substanctx studied so t1ir :tre conl- 

pietdy vaporized_ tnzlinly by con~bustion. irrespective of~vllether silica gel or a nlisture 
of silica zei and copper( 11) oxide is used as tilt adsorbent. Both types of thin-Ia_\‘cr 
tubes can be re-used, in contrast to the etlrlier s_\-stcmsx-~‘--’ in \vIlich the tubes cantaining 
copper aside could be used 11~ :L sir&e rrntllysis only. 

EXPERIMENT_AL 

Quartz or glass tubes coated internalls wit11 silica gc! G (E. Merck Darmstadt. 
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G.F.R.) or a mixture ofsilica gel G and copper(l1) oside (IO-10,~~~: E. Merck) xc 
prepared as described earlier 1.-1_ The samples to be analvzed are spotted on the layer 
with a micro-syringe and the thin-layer tubes are developed by the ascecding tcch- 
nique using purified solvents_ After development. the solvent is removed at 120-140” 
in a stream of nitrogen. 

0 
FID 

Air or -Air 

Nitrogen 

t 

: 

+1 
Ni 

SCCXI 
450 “c 

direction 
1 

97 

H2 

Furnace. ( 
I cue 650 “C 

Tubular / =%! L I 
chromatogram z;’ 

I 

I 

I 
z 4” 

Fig. I. Flo\~ of air or nitrogen in the TLC s~umc‘r. 

The tubular thin-layer chromatograms are scanned in :I protot,pc instrument 
(Packard-Becker. Deli-t, Tlte Netl~erlands). its s!wwn sc!~ematica!!y in Fig. I. Purificri 
air or ;i sxntlietic mixture of nitrogen and osygen (SOr20) and, for comparison. 
nitroSen are used as carrier gases. The How-rates of the carrier gas and hydrogen and 
:iir for the FID are adjusted so 3s to obtain a stable tlame. The rubular cl~romato- 

= wtms are traversed at a speed of 1-2 cm!min by the stationxy furnace. wllich is 
maintained at 600400 ‘_ The gaseous products cmer$n, u from the tub:iiar chromato- 
grtlm arc passed via path ‘-a‘* over hettted copper( II) oxide_ which oxidizes any un- 
combusted organic material. The carbon diosidc tiwmcd is reduced over ;I nickel 
catalgt to mct!tane_ which is monitored by the FID. Alternatiscly, the gaseous 
effluent from the tubular chromato~r~lm is delivered to the detector directly via path 
“b”_ 

For quantitation_ the peaks of the individual chr omatogra!~!~ic zones are 
measured by cutting out and xveig!ling_ The reltitive peak areas are converted into 
weight-percentages of the substances by taking into account the theoretical yield of 
carbon dioxide per unit Lveight of the substance or group of substances concerned_ 

RESULTS AND DISCUSSION 

The extent of vaporization in tuba coatcc! with silica g-c! has been studied for 
LL !;Irsc variety of organic substances_ It \v;is found ~htxt with nitrogen as I!W carritlr 
gas. certain substances. such as some ampl~iphilic lipids. terpenoids and steroids_ xe 
partly carbonized on the layers. even when rather high temperatges (500-900’) 
were employed during scanning_ Under identical conditions, a!! of the con>pounds 
studied SO t&- were completely vaporized if air or a misture of osygen and nitrogen 

was used as the carrier gas. The resultins silica gel layers were free from carbonaceous 
material. Sucll thin-layer tubes can br used repeatedly without any signilicant alter- 
ation in chromatographic properties_ 



In order to determine \\hether on silica gel vaporization occurs by pyroIysis 
or by combustion_ a known amount of cholesterol was spotted in several thin-layer 
tubes that \vere coated xxith silica gel. These tubes \\ere subsequently scanned at 
approrimately SOO’ with either air or nitrogen as the carrier gas_ The resulting gaseous 
products were delivered to the FID directly via path__b”( Fig. I)and thecorresponding 
peaks were measured_ It L-S found that the peak area with air as carrier gas was only 
15-20”;. of that obtziined with nitrosen_ As the FID detects neither carbon dioxide 
nor water. this decrease in response with air as the carrier grts indicates that in the 
presence of oxygen organic substances are vaporized from the layers of silica se1 
predominantly by combustion in sirtt_ and not by evaporation and pyrolytic fragmen- 
tation as in the earlier detection system”,.‘. 

On layers of silica gel containing copper oxide. all of the organic sub- 
stances studied so far x\ere completely vaporized_ mninly b_v combustion_ irrespective 
of whether nitrogen or air wts used as the carrier gas_ 

With nitrogen as the carrier 9s. the copper( II) oxide in the various chromato- 
graphic zones is reduced to metallic copper. Such thin-lrryer tubes czlnnot be re-used. 
for obvious reasons. However. with stir as the carrier gtls the metallic copper formed 
by combustion is immediately osidized back to copper( II) oxide and. therefore_ these 
thin-lager tubes can be used repeatedly_ This is a distinct ad\-antnse over the system 
reported earlieP--‘_ 

In order to determine whether osysen in the carrier gas atl‘ects the conversion 
of carbon dioxide into methane and the sensitivit_v of rhe detector. equal ilrnounts of‘ 
reference substances such as a sterol or a trittcvl~~lycerol \\ere spotted in thin-layer - 2 
tubes coated \vith silica gel or a mixture of silica gel and copper( II) oxide. The tubes 
\vere subsequently scanned usin, n both nitrogen and air as the carrier gas and the 
gaseous etttuent was delivered to the FID via path __a___ The responses obtained in the 
FID were almost the same irrespectix-e of whether air or nitrosen wts used 3s the 
carrier eas_ This shows that neither the efficiency of conversion into methane nor the 
sensitivity of the detector is signiticantl_v affected by the presence of osvgen in the car- 
rier gas. 

Several mixtures of rekrence compounds were wxalyzed on layers of silica gel 
as well as on iayers of silica gel containing copper oside using both nitrogen and 
air as the carrier gases_ The gaseous products from the tubular thin-lnyer chromtw- 
grams were delivered to the FID via path __a___ It \\;Ls found that Gth air as the carrier 
=as, the results obtained on silk gel layers xere in excellent agreement \xith those ob- = 
tained on layers consisting of silica gel containing copper( II) oxide. Furthcrmorc. the 
tubes coated with mixtures ofsilica gel and copper( II) oxide yield essentially the same 
results, irrespective of whether air or nitrogen wts used zs the carrier gas. 
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