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A gas dlromatcgraph-tna.ss spect::u.y:raph (GC:HIS) 
system usinJ a mi.c::r:d:>ore capillary colUD11 (50 
µm i.d.) , an:l a m:l.niaturized focal plane mass 
spectrograpi (Mattauch--Henog type) with an 
array detectar bas been develq>ed. 'lbe ex­
~l small carrier gas flow rate (O. 05 atm 
an min 1 of helitDD) thJ:oJgh the oolunn pe:r:mits 
its direct CD:lp].inJ to the ial sam:::e, an:l 
reduces the pmpinJ needs of the MS. 'lbe mass 
spectrograp,. with an m:ray detector measw:es 
the intensities of all nesses sinuJ:tanecusly. 
Analysis of m.ixtu:res of cxup:u,ds, each at a 
concentration of 1 R;11JV has been performed with 
high signal-to-noise ratio. 'lhe mini:nun de­
tectable ~ty of benzene is detemined to 
be 7.5 x 10- g 'Whicn cxn:zespc:rds to a CCIIICE!h­

tration of 40 Rt> for an injected sanple vol.Ullle 
of 0.5 Ill· I.awer analyte cx:n::ent::rat. can te 
detenu.ned by in:::l'easinJ the sanple WlUllle 
and/or the signal :int:e;Jrati.cn time. 'lhe syst:em 
is fanl to have a linear dynamic :mr:ge of 
>10 • Because of its low 'Weight, power, an:l 
high sensitivity, the oad:>inatiat of a micro­
bore Ge mll.Dl an:l a mi.n.iatm:ized plane mass 
spect:rograi:n is uniquely suited for field 
analysis. 

INm0WCI'ICl1 

'Dle CCl!bination of a gas du'anatcgrapl with a 
mass spectraleter (GC-MS) is one of the IOOSt 
pcwerful i.nstrmnents for the analysis for 
o:::mplex mixtu:res. GC-MS is eminently suited 
for the measurement of environmental pol­
lutants. However, in its present form it has 
remained largely confined to the laboratory 
because of its mass an:i power requirements. 
OJr own interest lies in the develq::rnent of a 
field-portable GC-MS instn.nnent. SUCh an 
inst.runslt is Jl'l1Ch needed for the real-time, 
on-site neasu:rement of · pollutants, e.g. , at 

toxic waste chmp sites an::1 for fugitive emis­
sions fran various sources. 'lb.is instrument 
should also be fast an:i possess high efficien­
cy an:l sensitivity in order to analyze ocm­
poonds present at low ooncentration levels. 
In the hyphenated tedmique of GC-MS, the 
speed of analysis is dete:cmined by the GC 
separation time. Fast separation with high 
efficien:::y can be achieved by the use of a 
narrc:M'-bore capillary 

1
99_}umn (e.g., 50 µm 

i.d.) of short 1~. - Also, the carrier 
gas fla,,r rate through such a column is very 
lar. which offer the advantage of reducing the 
p.mp-size ( often requiring lazge ma.ss arrl 
power) needed to maintain the proper operating 
vaarum conditioos in the HS. 

SUCh micrdx:>re columns, ~er, pit inp:)rtant 
restrictions on the sanple size for analysis, 
an::1 on the ~ls used for measuri.I¥J the 
eluted CXll'palmS. ' Extremely narrow arrl 
close:i spaced peaks are produced f:ra:n the use 
of micrcbore ex>lumn.s, particularly in the 
early part of the dlranat:cgram. '1he detector 
ltllSt, therefore, have a high sensitivity arrl 
a low-time constant for signal measurement. 
'lb maintain the column efficien:::y, the dead 
volume needs to be minimized. 'Ihese consider­
atioras have prdrl.bited the application of 
columns of <100 µm i.d. in C1C111nerCial GCs. 
'Dle fast rate of data aCX}Uisitioos needed to 
measure peaks fn:n a mi.crd::>Or:e oolun:n makes it 
i.ncarpat~le with a scannm;J type mass spec-
traneter. 

'1he aforementiooed proolens in exploiting the 
advantages of a microbore oolumn can be over­
cane by the use of a mass spec:trc:xJraJ;il (non­
scanninJ). 'Ihe capability of a mass spectro­
graJ;il for measuring the intensities of all 
masses at the same time confers on it an 
almost \Ull.imited speed for obtaini.rg mass 
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spectra. Its sensitivity also is inherently 
greater that of a sca:nnirg-type MS because the 
latter iooasures the signal at a given mass peak 
only for a short dwell time. However, in the 
past, the lack of a sensitive ion detector has 
been an inportant reason for not us.i.rg a nonsc­
atmi.rg MS for measurements that required high 
sensitivity. Recently, an array detector Jmo;m 
as an elect:ro-q,tical ion detector (EDID) has 
been develcped in oor labo:rato:ry for a focal 
plane '118: spectrcgraph (Ma.ttaudHlerzog 
type) •6 , '1he IDID possesses the sinultaneity 
of a IDOtoPlate (used in focal plane MS) and 
the high gain of an electron-m.lltiplier. '1he 
:EDID can integrate signals continuously for a 
wide ran;Je of time (25 J1S - 30 s) and, by an 
awropriate selection of integration tine, 
ll'lll tiple mass spectra fran transient sanples 
(like a narrow GC peak) can be obtained withalt 
sacrificin;J sensitivity, 

CXtr a(:prOadl towaros the developnent of a high 
performance field-portable GC-MS instrument 
consists of canbin.i.rg a short microbore column 
and a miniaturized. focal plane mass spectro­
grai;:n. In this paper, the new GC-MS system 
develcped in oor laboratory is described. Salle 
of the results obtained on this system for the 
analysis of a mixtw:e of priority pollutants 
are also reported. 

A. Gas Otromatograoo 

'1he experimental arrargement is shown sdlemati­
cally in Fig. 1. '1he fused silica microoore GC 
column (3 .o m, 50 µm i.d.) with a 0.2 µm baned 
DB-5 stati<2la:ry i;:tlase (J. & W. Scientific, 
Folsan, ca.) was hoosed in a teJrperature pro­
gramnable oven. '1he outlet erxi of the colunn 
was directly led into the ion source of that 
mass spectrograi;:n. A sanple injector valve 
(Valeo Instruments) with an internal volume of 
0,5 µ.1 was used to inject the sanple onto the 
column. A pneumatic actuator alorg withaPilot 
valves an1 a digital valve interface was 
incorporated into the sanple injector for fast 
injection. Sanples cculd thUs be injected 
reproducibly in less than 14 JIS. Ge-grade 
helium was F. as a carrier gas at a flC7« rate 
of 40 on s- • Because of the small vo1~ !l,ow 
rate of the carrier gas (0.05 atm an nun ) , 
it was IXJS5ible to connect the GC column and 
the MS without any interface. '1he direct inlet 
of the column effluents into the ion source 
eliminated the dead volume that usually arise 
fran Ge-NS interfaces and allc,,.,ed for the 
cx:riplete utilization of the analyte sanple. 

'1W miniaturized focal plane mass spectro­
grai;:ns, one with 2.011 lon;J focal plane and the 
other with a 5. O" lon;J focal plane have been 
designed and fabricated at JPL. '1he 2. 0 11 

focal plane oc,verirg a mass rarge of 40-250 
al!l.l is destined to be used for field measure­
ments. A Iilotogralil of this MS is sho.m in 
Fig. 2a. '1he magnetic sector of this analyzer 
was fabricated fran new magnetic materials 
havirg high energy product value, and high 
magnetic flux penreability for reducin;J the 
mass of this sector. 'Ihe 5.0" focal plane MS 
oc,vers a mass ran;Je of 28-500 anu. 

c. Array loo Detector 

'1he details
6 

'Jf the IDID have been reported 
previously. ' In short, it consists of a 
microchannel electron ll'llltiplier array, a 
i;:nosphor-ooat.ed (P...31) fiber cptic w:in:low, and 
a i;nota:liode array {:EU\). In the IDID, an ion 
exi t.i.rg the magnet inp.i.rges on the microchan­
nel array an:i initiates an electron cascad.irg 
prooess alorg the channel len;Jtb. 'Ihe elec­
trons can.i.rg oot at the other em of the dlan­
nels produce piotorl images of their parent 
ions on the J;ilOS{ilor w:irrlCM ( sho.m in Fig. 
2b) • '1he intensities of these images are then 
measured by the J;ilotodiode array (2.011 lorg 
active :re.Jion) havirg a center-to-center 
distance of 25 µm between its two adjacent 
diodes. 

'Ihe i;nota:liodes are integratirg detectors and 
aocunul.ate the i;:noton signal {proportional to 
the ion signal) for the desired period of 
integration. '1he position of the p:10tcxtiode 
alon;J the focal plane detennines the mass of 
the ions producirg the ion image at that loca­
tion. '1he signal stored in the J;ilotodiodes 
are read (at a rate of 220 kHz) serially by a 
cx:mp.iter after a predetermined integration 
time. Each readout, called a frame, provides 
a mass spectnnn of all the ions accumulated 
durin;J the integration period. Each diode 
accunulates the signal a::>ntinuoosly except for 
its read-oot time C 4 µs) when it is reset am 
resumes signal integration. 'lhis alla.is for 
the oarplete mass spectral measurement of GC 
effluents at a high frequen::y withoot any loss 
of sensitivity in the proc:ess. 

Both of the mass spectrograplS described above 
are equi~ with their own array detectors. 
'1he carp.iter interface electronics for the 
small MS has rot been CXl!plet.ed at this tine 
and, therefore, the results reported in the 
paper were cbtained on the 5.0 in. focal plane 
MS. For laboratory ~, this did rot 
create any o::11plications and dem:mstrated the 
analytical capability of the MS-EDID system. 
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Moreover, it is e>q)8C1:ed that the new 2.0-in. 
array detector will have better perfonnance 
because of the minimization of the signal 
losses at the PD7\-fiber-cptic wirrlc:,.,,r interface 
in this design. 

A mixture having a concentration of 1 i:pnv in 
air of each of the cc::rrp:mrls listed in Table 1 
was prepared. 'Ihe internal voltnne of the 
injector valve was filled with this mixture and 
injected on the GC column for analysis. 

RESULTS AND DISClJSSIONS 

'!he mass chranatogram of a mixture of the 
CXl!pOUJrls listed in Table 1 is shown in Fig. 3. 
Each canponent in the mixture had a concentra­
tion of 1 ppnv in air. 'Ihe GC column was 
maintained at the roan "tell'{lerature and a signal 
integration time of 250 rns for the array detec­
tor was used in the measurement. Complete mass 
spectra of the components elutin;J into the ions 
were recorded every 250 ms. In obtainin;J the 
mass chranatograph, the sum of the intensities 
of all masses (>45 ann.i) in each record (frane) 
is plotted against the corresporn.ing frarre 
nenber (time) . 
'!he chranatogram shc:,.,,rs that the components 
(dichlorcx:lifluoromethane, chloromethane, braro­
methane and chloromethane) corresporn. to peaks 
2-5 are narrcM and closed spaced. For exairple, 
the peak-to-peak separation between 2 and 3 is 
less than 700 rns and the full width of peak 2 
is about 300 ms. Quantitative measurement of 
such GC peaks are made possible by the simul­
taneous measurement of all ions and by the 
prcper selection of the signal integration 
tune. 

'!be continuoos measurement by the IDID with a 
short integration time (>25 rns) can be used to 
perform time-resolved mass spectral measureirent 
and can be a:r.plied to resolve otherwise over­
lawing GC peaks. Figure 4 derronstrates the 
effect of measurement time on resolution of 
CXl!pOUJrls by the microbore column. It is seen 
in Fig. 4a that braocmethane and chloranethane 
corresporrling to frame numbers 89 and 95, 
respectively, are well separated when an in­
tegration time of 100 ms is used for their mass 
spectral measurement. For 250 ms integration 
time, the chromatographic separation is barely 
adequate (Fig. 4b) b.lt the separation is lost 
wi1en spectral measurements are made every 500 
ms (Fig. 4c). 'Ihe time resolution capabilities 
of the MS-EDID make it particularly useful for 
short colUIID'lS of rco:ierate resol vin:J pc:,.,,rer. 
'Iheir canbination reduces the analysis time and 
rerx:lers it suitable for a field-portable GC-MS 
analyzer. 

It shoold be noted that the quantitative nature 

of measurement is not canpranised by the 
rn.nnber of ll0SS spectra (frames) obtained fran 
a GC peak because of the continuous and simul­
taneoos measurements of ion intensities. 
Figure 5 shows that sane of the intensities 
contained in all the frames of a GC peak 
(correspon:iing to dichlorodifluoranethane) is 
irrlepen:Ient of the integration time used in 
recording these frames. '!he sum of intensi­
ties determines the anount of the cx::arpourrl. 

'!he mass dlranatogram (Fig. 3) denonstrates 
that this GC-+S system can readily analyze 
mixtures of carpoums present at the 1 J;Pl1V' 
level without preconcentration of the analyt­
ical sarrple. Fran these data, the minimum 
detectable quantity (MIXl) was calculated for 
each ~- For benzene this aioounts to 
7.5 -10- g, which corresporrls to a concentra­
tion of 40 ~ for an injected volUil'e of 0.5 
µl (results of 100 ~ mixtures of benzene am 
chloroform are included in Fig. 6). I.ower 
analyte concentrations (<40 ppb) can be deter­
mined by inc:reasirg the sarrple volume aJrl/or 
the signal inte;ration time. However, larger 
volune; (>2 µl) cannot be injected without 
degrading CX)lumn resolution. 'Ihe problem can 
be overoane by sweepirg the sample from an 
injector valve and cryofocusirg the volatile 
organic corcpoun:1s at the head of the column, 
thus, :removirg the air. 'lhe tenperature of 
the collnnn can then be programmed for subse­
quent analysis. 

A series of mixtures of c.hlorofonn am benzene 
of varioos concentrations (0.1 - 100 J;PllV') in 
air was prepared to study the deperrlence of 
mass spectral intensity on concentration. 
These mixtures 'oNere injected onto the GC 
CX)lumn and their mass spectra were rreasured. 
In Fig. 6, the sum of the intensities of a 
single ll0SS cnvz = 83, dlaracteristics of 
c.hlo:rofonn) and also of a group of masses (76-
78 amu characteristics of benzene) contained 
in frames of the respective GC peaks have been 
plotted. 'lhe intensity is fourrl to increase 
linearly with ~tration showirg a linear 
dynamic range of >10 . This is the range with 
a constant integration time of 250 ms. It is 
possible to.further exten:l the dynamic ran:Je 
by suitably adjustin:;J the signal integration 
time. '!he straight lines in Fig. 6 are the 
least square fit through the data points. A 
linear-correlation coefficient equal to 0.99 
is foorrl for mass spectral measurement of 
benzene shcwirg an excellent correlation 
between·c:onoentration am intensity. 

CDNCllJSIONS 

A GC-MS system using a micro1:x>re column (50 µrn 
i.d.) and a miniaturized mass spectrograph 
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with an array detector has been develcped. llle 
performance of this system in the analysis of 
mixture of priority pollutants has been dem::m­
strated. A short microbore colUIIUl (50 µm i.d., 
3.0 in. lorg), when cx:anbined with the MS-EDID, 
resolves the early eluted gases satisfactorily. 
llle GC-MS system described above possesses hip-t 
sensitivity am a linear dynamic range of >10 • 
llle minimum detectable quant!fl7 (Mix:!) for 
benzene is fourrl to be 7.5 x 10- g which cor­
respooos to a concentration of 40 J:PTlV in a 
sail'()le volume of o. 5 µl. larger sample volume 
can allO',,,' measurement of lower concentrations. 
'lhe c:anbination of a microbore colUIIUl am a 
miniaturized focal plane MS is eminently suited 
for field measurements. llle extremely small 
carrier gas fle7,,,' rate drastically reduces the 
mass am power needs of the mass spectrcgraFh.. 

A~ 
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at the Jet Propulsion laboratory, california 
Institute of Technology am was supported in 
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TABIE 1 

Peak No. (Fig. 3) 

air 
dichloro:lifluoromethane 
chloromethane 
brcm:xnethane 
chloroethane 
dichloranethane 
1, 1, 1 - trichloroethane 
chloroform 
benzene 
trichloroethylene 
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2 
3 
4 
5 
6 
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8 
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MICROCHANNEL 
ELECTRON 
MULTIPLIERS 

ELECTRO-OPTICAL 
ION DETECTOR 

Fig. 1 Schematic of the microbore capillary column gas chromatorgraph and the focal plane mass 
spectrograph assembly. The sample injector is pneumatically actuated and is provided with 
pilot valves and a digital valve interface for fast sample injection. 



Fig. 2a: Photograph of the focal plane (2.0-in) mass spectrograph 
with an electro-optical ion detector. 

Fig. 2b: Photograph of ion images 
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Fig. 3: Total ion chromatogram obtained from a mixture of compounds listed in Table 1. Each component 
in the mixture has a concentration of 1 ppmv. A sample volume of 0.5 µ I was injected, and a 
signal integration time of 250 µs was used for each frame. 
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Fig. 4 Effect of signal integration time on resolution of GC peaks. Integration times of 100, 250, and 
500 µs were used for a frame in (a), (b), and (c), respectively. The peaks corresponding to 
dichlorodifluoromethane and chloromethane. and bromomethane and chloroethane are not 
resolved with 500 µs integration time. 
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Fig. 5 Sum of the intensities of the 
frame comprising the last two 
peaks in Figs. 4 a, b, c are 
plotted against their frame 
integration time. The sum is 
found to be independent of the 
integration time. 

Fig. 6 The straight line plots show a 
linear dynamic range of > 103 

Os represent the sum of intensities 
in various frame of mass 83 
(characteristic of chloroform) where 
as .1\s represent the sum of 
intensities for a group of masses 
76-78 (characteristic of benzene). 
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