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A polyetherimide (polyester)/silicone (PEI/S) sheet composite membrane with a 10 mm thick cross-linked silicone layer
is found to display the required mechanical properties to
work efficiently as the solution/high vacuum interface in
membrane introduction mass spectrometry (MIMS) analysis
of volatile organic compounds (VOC) in water. Owing to
much shorter response and recovery times, the PEI/S
membrane allows much faster analysis and calibration
procedures as compared to the 250 mm silicone membrane
usually used in MIMS. When using EI, owing to excessive
water permeation, responses (signal intensity) for the PEI/S
membrane are not always superior, being analyte-dependent. For the more polar VOCs, however, the PEI/S membrane shows 2–3 times greater responses, improving their
relatively poor MIMS detection limits. When water–methane chemical ionization is applied, the problem of excessive
water permeation is attenuated, and the PEI/S membrane
displays greatly superior responses.

Introduction
Membrane introduction mass spectrometry (MIMS)1 is a
relatively simple, fast and very sensitive technique for
VOC analysis,2 showing outstanding performance for on-site
monitoring and process control.3,4 In MIMS, as the result of
selective transport through the membrane (most often of
silicone polymer), VOCs are introduced, without any extraction
or pretreatment, from the matrix directly into a mass spectrometer. The hydrophobic membrane also works as the interface
between the matrix and the high-vacuum mass spectrometer.
The VOCs migrate from the solution to the membrane,
concentrate in and diffuse through the membrane, and evaporate
from the membrane surface directly into the high vacuum
ion-source region of the mass spectrometer, in which they
are ionized and further detected at the low ppb level or
less.2
A major, most attractive feature of MIMS is the rapid full
screening of VOCs.1 The most used 250 mm thick silicone
membrane displays, however, response times of 20–60 s or
more,5 thus compromising performance when very fast responses are needed, such as for near real-time monitoring or
kinetic measurements of fast reactions.6 To reduce response and
recovery times, and to improve sensitivity, thinner (than 250
mm) silicone membranes have been tested.1,5b However, the
decreased mechanical resistance of thin silicone membranes
compromises their effectiveness and reliability as the high/low
pressure, sample/mass spectrometer interface; their performance is also limited by lower VOC enrichments as measured by
the analyte–water permeation ratio.

To overcome the decreased mechanical resistance of thin
silicone membranes, composite membranes have been tested.
Recently,7 the use of a cross-linked polyacrylonitrile–polyether/
25 mm silicone composite membrane was reported. Owing to
excessive water permeation the composite membrane showed,
however, in normal (aqueous) phase experiments, performance
inferior than that of a 125 mm silicone membrane, with no
significant difference in response times. Conversely, for
reverse-phase experiments, response times for the thin composite membrane improved by a factor of two. When using an ion
trap mass spectrometer, the water permeating the thin composite membrane was efficiently used to protonate the analytes.7
For gaseous samples, excessive water permeation is eliminated, and much improved performances for thinner silicone
membranes are obtained.5b Recently,8 much improved response
and recovery times for several semi-VOCs in gaseous samples,
and for 2-chlorophenol in aqueous samples, has been reported
for a polypropylene/(0.5 mm) silicone tubular composite
membrane.
We now report on the use of a cross-linked polyetherimide
(polyester)/silicone (PEI/S) sheet composite membrane with a
10 mm ultra-thin silicone layer for MIMS analysis of VOCs, and
compare its speed (response and recovery times) and sensitivity
(response) in both EI and CI modes to that for a 250 mm silicone
membrane.

Experimental
Fig. 1 shows a diagram of the membrane probe,9 and a
schematic of the PEI/S composite membrane; it consists of a 10
mm cross-linked silicone layer formed on a 10 mm polyetherimide asymmetric membrane prepared on a polyester
fabric by the phase inversion process.10 A 250 mm silicone sheet

Fig. 1 Diagram of the MIMS probe and a schematic of the PEI(PE)/S
composite membrane. The highlighted items are: A, 14" stainless external
probe; B, 241 " stainless internal tube for sample pumping; C, probe head with
the 100 mm deep hexagonal sample reservoir; D, membrane; E, membrane
holder.
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membrane (Silastic 500-3 from Dow Corning Co.) was used for
comparison.
An Extrel (Pittsburgh, PA, USA) pentaquadrupole mass
spectrometer11 was used for detection. The analyte solutions
were pumped, at room temperature (23 ± 1 °C), through the
membrane interface by an eight-roll peristaltic pump at the rate
of 2 mL min21.

Results and discussion
EI responses

CI responses
Excessive water permeation, a disadvantage for EI monitoring,
should, however, be less prejudicial when using chemical
ionization (CI) as the water vapour can act as the CI gas. The
amount of water that permeates the PEI/S membrane was found
insufficient for water-‘only’ CI, but combined water–methane
CI worked adequately: the water is near-totally protonated in
the water–methane plasma; hence, some of the H3O+ ions
protonate the analyte.
Fig. 3 compares the CI responses when monitoring protonated butan-2-one with both membrane. As water no longer
competes with the analyte during ionization, but H3O+ assists

Using Fick’s diffusion equations (A = membrane surface area,
D = diffusion coefficient, S = solubility constant, Ps = vapour
pressure of the analyte on membrane surface on the analyte
side), and assuming that constants for solvation and diffusion
are independent of partial pressure, the steady-state flow (Iss) of
the analyte is preducted (eqn. 1) to be inversely proportional to
the membrane thickness (I).1a,5b
Iss + ADS(Ps/I)

(1)

Therefore, neglecting any blocking effect of the 20 mm fibre
support membrane, and not considering yet the loss of
selectivity resulting from greater water permeation (analyte
dilution effect), a near 25 times greater response (signal height)
is predicted by using eqn. 1 for the 25 times (silicone-layer)
thinner PEI/S membrane.
Table 1 compares, for aqueous solutions of several VOCs,
both the responses and response times of the 10 mm PEI/S
membrane with those of the 250 mm silicone membrane when
70 eV electron ionization (EI) is applied; Fig. 2 exemplifies, for
butan-2-one, the MIMS-selective ion monitoring (MIMS-SIM)
profiles for both membranes. The amount of water that
permeates both membranes was also measured: for the PEI/S
membrane, the H2O+· ion of m/z 18 was near 20 times more
intense. Hence as, most likely, a result of excessive water
permeation (loss of membrane selectivity), the response of the
PEI/S membrane was not as superior as predicted by eqn. (1); in
fact, lower responses are seen for toluene, xylene, dichloromethane, and carbon tetrachloride.
However, for benzene, butan-2-one (Fig. 2), acetone, tetrahydrofuran and tert-butyl methyl ether, the PEI/S membrane
shows two to three times greater responses; hence, the
performance of the PEI/S membrane, in terms of response, is
analyte-dependent, having no direct correlation with the
polarity of the VOC. Yet for all the more polar compounds
(acetone, butan-2-one, THF, MTBE) the PEI/I membrane
shows considerable improvement in response, reducing significantly the relatively poor MIMS detection limits of such
compounds.1

Fig. 2 MIMS 70 eV EI selective ion monitoring analysis of a 500 ppb
aqueous solution of but-2-one using both membranes. Solutions were run at
room temperature (23 ± 1 °C).

Fig. 3 MIMS water–methane CI selective ion monitoring analysis of an
aqueous solution of butan-2-one using both membranes.

Table 1 Responses for the 10 mm PEI/S composite membrane and response times for both the 10 mm PEI/S composite membrane and the 250 mm silicone
membrane for several 500 ppb aqueous VOC solutions

VOC

Response
(arbitrary units)a
10 mm PE/S

Response time [t(50)]b,c/s
250 mm silicone

10 mm PEI/I

t(50)PEI/S/t(50)Silicone

CCl4
0.65
128
75
1.7
CH2Cl2
0.87
90
68
1.3
Benzene
2.8
176
38
4.6
Toluene
0.67
210
55
3.8
Xylene
0.55
205
91
2.3
Acetone
2.6
325
55
5.9
Butan-2-one
2.7
460
75
6.1
Tetrahydrofuran
2.6
345
48
7.2
tert-Butyl methyl ether
2.3
280
42
6.7
a The responses of the 10 mm PEI/S composite membrane is reported relative to that of the 250 mm silicone membrane, set arbitrarily to 1. b t
(50) is the response
time required to achieve 50% steady-state permeation. c Solutions were run at room temperature (23 ± 1 °C).
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dependent. For the more polar compounds tested (acetone,
butan-2-one, THF and TBME), however, 2–3 times greater
sensitivity is obtained, reducing considerably their relatively
poor MIMS detection limits. When combined water–methane
CI is used, the problem associated with excess water permeation
is attenuated, and the PEI/S composite membrane displays its
best performance, offering much improved sensitivity.
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Fig. 4 MIMS 70 eV selective ion monitoring analysis of aqueous solutions
of benzene, toluene and xylene using the PEI/S membrane.

the chemical ionization of the analyte, the PEI/S membrane
response for butan-2-one is nearly seven times better than that
with the 250 mm membrane. This compares with the 2.7 times
signal enhancement obtained using EI (Fig. 2).
Response (and recovery) times
As Figs. 2 and 3 exemplify, much improved response times and
recovery times are major advantages of the PEI/I membrane
(Table 1). For the 250 mm silicone membrane, considerably
long time intervals are often needed (except only for dichloromethane) until the signal levels off, and for rinsing the
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sample introduction; the signal disappears as quickly after
sample removal.
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