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SUMMARY 

A direct connection system that requires no modifications to either the gas 
chromatograph or the mass spectrometer is described for the coupling of glass capil- 
lary columns to a commercial mass spectrometer. Vamum-tight connections can be 

‘readily achieved with standard +-in. fittings and septum discs. The system can be 
operated with column outlet hehum flow-rates of I S-2 mI/min at ion source pressures 
of 2-5 - low5 mmHg. Although an injector splitter of our own design has been used, 
the initial test results obtained with a splitless injection method based on the use of a 
solids injection syringe together with a packed column injector assembly indicate the 
feasibility of developing a totally splitless and connection system that is simple to use. 

The system has been applied to the detection of the pentafluoropropionyl 
derivatives of serotonin, methoxytryptarnine, methoxytryptophol and Shydroxytryp- 
tophol by sekctive ion monitoring techniques Column performances under both sets 
of conditions (gas-liquid chromatography alone and combined with mass spectro- 
metry) are compared and the evaluation of direct versus indirect coupling showed 
yields of the order of 50% through the molecular separator. 

INTRODUCTION 

The advantages of glass capillary columns with respect to their remarkable 
separating power and chemical inertness are well known. However, although the 
technolo,v related to the preparation and application of these columns has progressed 
considerablyl-s, some of the practical problems associated with their connection to 
commercial instruments and especially to mass spectrometers have not yet been 
solved satisfactorily. A review ofthe literature shows various possibilities for achieving 
a working connection of glass capillaries to mass spectrometers6-14, which can be 
classified into three main groupsX3: (a) direct splitless connection, (b) open split con- 
nection and (c) separator split. Although each of them has advantages and limita- 
.tions depending on the user’s experience and the intended applications, in principle 
splitless connection, which gives a 100% yield, would offer better detection limits in 
the low nanogram and picogram ranges. This factor can be critical when working 
with samples in which the concentration of the products of interest is of the order of 
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25 ng[g, as the case with tryptamine in brain tissue Is Against this consideration it . 
could be argued that the direct coupling of a glass capillary column to the ion source 
of a mass spectrometer necessitates the operation of a given length of the column at 
sub-atmospheric pressure, which may lead to a loss of chromatographic performance, 
and also that carrier gas flow-rates are difficuit to determine under these conditions. 
In any event, as capillary columns have a high separating power, direct splitless con- 
nection has been the subject of several studies 6 I1 Apart from those systems that in- - . 
volve a mechanical modification of the pumping capacity of the mass spectrometer12*iJ, 
in the simpler systems the coupling is effected through a short length of a platinum 
capillary tubing, allowing all of the effluent to pass into the ion sources*9_ However, 
the actual connection of the glass capillaries to the platinum tube has always been a 
critical step with regards to mechanical and thermal stability_ It has been stated that 
the only practical material for rapid interchange and mounting of columns without 
breakage is PTFE shrinkable tubing. This type of fitting has been used by various 
groups 8*12.*3*16, although as it becomes permeable to air above 170” it may lead to a 
loss of vacuum in the ion source and excessive air background if precautions are not 
taker?+. 

On the other hand, even with a splitless direct connection of the column out- 
let to the mass spectrometer, a significant proportion of the sample is still lost at the 
inlet by venting it through the injector splitter. The method of spIitIess injection can- 
not really be considered as a universal method for both isothermai and programmed- 
temperature separations. In fact, as the sample is first evaporated in the injector, 
transferred to the cold column and then vaporized again by starting a programmed 
run, it may even be considered to diverge from its basic concepts’. 

Taking all of these facts into consideration, a true “ideal” splitless gas chroma- 
tographic-mass spectrometric (GC-MS) system would be that which provided for (a) 
no sample losses at either the column inlet or outlet (100 y0 yield at both ends), (b) no 
dead volume cr excessive loss of chromatographic performance, (c) rapid and easy 
column mounting and interchange and (d) minimal modifications and technical 
sophistication together with maximal simplicity of operation. The work presented 
here includes the results we have obtained with respect to each of these characteris- 
tics. 

The development of an integrated system as close as possible to this “ideal” 
has been approached with a practical application in mind. In the past 3 years, the 
analytical parameters that need to be implemented in order to obtain truly representa- 
tive GC profiles of biogenic amines have been studied and defined17”0. In this con- 
text, a method has been developed for the simultaneous determination of the most 
significant components of the indolealkylamine metabolic pathway in biological 
samples . Is This gave us the opportunity to establish the point at which the strict sen- 
sitivity and specificity requirements imposed by the complexity of biological samples 
become too rigorous when one attempts to shorten, simplify and/or avoid the neces- 
sary sample handling and clean-up procedures. The results soon compelled us to 
change from standard electron-capture detection methods to multiple-ion detection 
(MID) techniques Is. For this purpose we designed and built a four-channel monitor- 
ing systemzl which has allowed the simultaneous quantitative analysis of tryptophan 
and its metabolites, 5hydroxytryptophan, serotonin, tryptamine, indoleacetic acid 
and Ehydroxyindoleacetic acid in packed columns. Recently we have extended this 
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work to a study of the chromatographic behaviour of S-hydroxytryptophol, 5-me- 
thoxytryptcphol and 5methoxytryptamine, which should provide the capability of 
screening the complete metabolic profile of indolealkylamines in biological samples. 
On the other hand, as capillary columns, in comparison with packed columns, offer a 
marked increase in the overall resolution of the system, thus being especially suitable 
for the detection of these metabolites in a complex multi-component pattern, and as 
this high resolving power can be adequately complemented by the high specificity and 
sensitivity of mass fragmentographic techniques, we have undertaken a study of the 
direct coupling of a glass capillary column to a standard mass spectrometer operated 
in the specific detector mode. 

EXPERIMENTAL 

Reagents 
Methanol, acetonitrile and benzene “per chromatografia” were supplied by 

Carlo Erba (Milan, Italy). 
Pentafluoropropionic anhydride (PFPA) was supplied by Xpectrix S.A. (Bar- 

celona, Spain)_ Serotonin (S), 5-methoxytryptophol (j-MTOL), Shydroxytryptophol 
(5-HTOL) and 5-methoxytryptamine (5MT) were supplied by Regis (Morton Grove, 
Ill., U.S.A.). 
Preparation of derivatives 

An aliquot of the stock solution of the four indolealkyl compounds in methanol 
was evaporated to dryness under a stream of purified helium and the residue was 
allowed to react for 2 h at 60” with 50 ,ul of acetonitrile, saturated with sodium hy- 
drogen sulphite, and 50 ~1 of PFPA”. The resulting solution was evaporated to dry- 
ness and the residue dissolved in benzene. 

Column ctiaracteristics and preparation 
Pyrex gIass tubes (9 mm O.D., 3 mm I.D.) were washed successively with 

chromic acid, water, acetone, chloroform and methylene chloride, before drawing 
them with a Hupe-Busch 1045 A glass-drawing machine (Hewlett-Packard, Avondale, 
Pa., U.S.A.). 

The capillary column thus obtained (26 m x 0.3 mm I.D.) was silanized with 
hexamethyldisilazane and filled by the static method with a 0.15 % solution of GE SE- 
30 (Supelco, Bellefonte, Pa., U.S.A.) in methylene chloride. 

Gas chromatography-mass spectrometry 
The mass spectrometer used was a Hitachi RMU-6H equipped with a four- 

channel MID system of our own design2’, and coupled either conventionally through 
a Perkin-Elmer single-stage gold-jet-type separator, or directly as described below to 
a Perkin-Elmer Model 3920 gas chromatograph. The normal operating pressure of 
the mass spectrometer in the direct capillary connection mode was in the range of 
I-5 - 10e5 mmHg with a column flow-rate of up to 3 ml/min (the normal operating 
flow-rate was fixed at l-S-2 ml/min). The mass spectrometric parameters were as 
follows; chamber voltage, 70 eV; emission current, 80 PA; trap current, 40-50yA; 
accelerating voltage, 2400,18UO and 1200 V, depending on the selected ions focused by 
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L-2PFP were injected into the ‘column with the ca@illary valve 
(all effluent to the ion source) and with the valve open (possibility of ffow to- 

Peak heights were calculated as the sum of the heights of each of the 
by each MID scan*‘. For the ion at m[e 319 these values were 24 f 0.9 

valve open and 25.1 f 1.6 cm with the valve closed, which represents a 
rence of only 4%. This was confirmed by focusing also on the ion at in/e 306. 

erefore, in order to avoid any extra fittings in the line, the valve was removed. 

rect GUY-MID (with jet interface) 
A comparison was made between the performances of glass capillary columns 

pled directly and through the single-stage jet to the ion source of the mass spectrom- 
r. The operation of these columns through the jet required the addition of a 

up flow of 12 ml/min of helium to the c&lumn exit by means of an arrangement 
as that used for the inlet splitter, although in this instance the make-up gas 
ded through the side-arm. The necessary flow was determined .from the re- 

se given by the ion at m/e 319 for 5-MTOL-2PFP at various flow-rates while 
ing a constant column flow-rate of 2 rhl/min. The decrease in response thus 
for 5-MTOL-2PFP and 5-HTOL-3PFP gave values of the order of 52 % and 

respectively, in relation to the responses obtained through the direct connec- 
ion. ihese values are in agreement with the predicted efficiency of this type of sep- 
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