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Abstract: Agilent 5973 GC-MS instrument was modified so that the capillary direct interface was removed
and that a silicone membrane was installed between GC and MS. Feasibility study of the membrane interface
GC-MS has been carried out. Vacuum of the mass spectrometer was not affected by the carrier gas flow rate
up to 4.7 mL/min. As the carrier flow rate was increased, peak tailing was reduced and chromatogram peaks
appeared earlier. Chromatogram peaks showed better separation and higher sensitivity as the membrane thickness
was reduced from 127 um to 75 um, and also as the interface temperature was increased. However, the
membrane interface GC-MS had drawbacks such as background ions at 73 and 147 m/z and poor peak separation

due to peak tailing.
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Table 1. Typical permeation coefficient, diffusivity, solubility data for different compounds at 25°C.

Permeation coefficient
(106 cm?® (STP) cm/
[sec cm® cmHg])

Solubility
(cm*(STP)/[em®
membrane cmHg])

Diftusivity
(10° cm?/sec)

Aromatic Hydrocarbons

Toluene 27 3.5 7.6

Benzene 13 4.9 2.8

Ethylbenzene 42 1.7 25
Gases

Nitrogen 0.028 21 0.0013

Carbon Dioxide 0.33 13 0.026
Chloromethanes

Methylene chloride 9.7 9.1 1.2

Chloroform 12 49 2.4
Alcohols

Methanol 53 0.42 13

Ethanol 11 0.40 28
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Table 2. GC operating conditions
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Fig. 1. Van Deemter plot of nitrogen, helium, hydrogen gas.®
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31 AlgE & 717]

B AT AT BANEE I f718E
¢l BTEX (benzene, toluene, ethylbenzene, xylene),

methanol 7} linear alkane chain &< undecane, 7}4}
Ho|EA A4FAQ] oxamyl ©|th -4 EAT AEE
FH|sl 74z HAHSE TEE L2 Methanol
HPLC grade solvent (99.8%)E AF&-3}e] &]4 59t}
BTEX 9] A%+ 27} benzene2 150 mg/L, toluene-
140 mg/L, ethylbenzene> 130 mg/L, xylene> 140

Sample Inlet temperature

Oven programming Split mode (ratio)

Undecane 80°C

50°C for 2 min.
50-150°C at
35°C/min 150-200°C
at 20°C/min

20:1

BTEX 80°C

35°C for 1.5 min
35-80°C at

15°C/min 80-120°C
at 2.5°C/min

20:1

Oxamyl 120°C

50°C for 2 min
50-150°C at
20°C/min 150-200°C
at 10°C/min

20:1
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mg/L, styrene < 140 mg/LE A 4o &2 &
AF-8-31 I Th. undecane> methanol®ll 0.05 mL 33}
1% &%=9] stock solution & ¥HE°] ¥ Ut} Oxamyl
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Fig. 2. Schematic of MIMS apparatus.

methyl siliconeS AHE-3F o] f-= AF/dolH
of g A& 2+ 71AH
o2 B8AHE 7= B2 o)7] wlio]t}! Membrane
o] FAE 127 um<}t 75 ymEA H 3 gke A S
et

ol =t

4. A1} &
ik

Membrane interface2] 50°CollA] 200°CE &
2] A undecane A FZ= GCol| FY 3t selected ion

4.1. Membrane interface 22

=
2EE

u]-SO U}SO
1 (@)50C | (b) 100C
40 40
3 ©
g 2
= 30 _§ 30
3 E
< <
= 20 20
= g
10 L 10
0 0
0 2 4 6 8 10 12 0 2 6 10 2
P Time (min) 5 Time (min)
= (0)150C T (@200C
40 40
3 3
g 30 530
=1
E 20 <>
10 10
0 0
0 2 6 10 12 2 1 12
Time (min) 0 T“lmeé(min) 0

Fig. 3. Effect of membrane interface temperature on GC-MS chromatogram of undecane (a: 50°C, b: 100°C, c: 150°C, d: 200°C).
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monitoring (SIM) A $-4] 5} interface?] &%
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Aoz o] B o]&S F 7 AFste] A o]
202 At SIM B=oA 4515t A9 st o]
22 57, 43 m/z o[t} Fig 39 Yeld Ao} 7o)
membrane interface?] S5 & EAFE T o] 9
A= 7F 3 E AL peak tailing FFS L 5 AATH
7} Lo A9 tailing factor Fh-2 50°Col A= 11.95,
100°Col A= 8.75, 150°Col A& 825, 200°Col A=
5.45 o]t}
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th. BTEX E5F 3ido] gk f71385HE0]7] o+
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Fig. 4. Effect of membrane thickness on GC-MS chroma-
togram of BTEX (a: 127 pum, b: 75 um).

Eo] & B AT peak tailing HFE Teo] i
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F7 75 umQl membraneS AHE-3F3L GC/MS 4
A& 34 A7 F W7NARFFS] TS ZAS

3 N

==

o}, o A3k vk}l 7ho] QUb)AF S 4 mL/min7}
A LHE GC-MS JZEE A9 WatA] Fyrh &
WA %S 2, 3, 4 mL/ming 22 w¢] BTEX
chromatogram®] W 3}& Fig. 59 YeER AT 2-417]
A f-Fo] Z715Hl wel BTEX 9] Ealsole & ¥
37t AR A7t ok o FopHow 7 peak7t
o wg] Jehds wE E4o] 7S HoFdd
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Table 3. Resolution and tailing factor of BTEX chromatogram (A : benzene, B: toluene, C : ethylbenzene, D : xylene, E : styrene)

Resolution Resolution Tailing factor Tailing factor

(127 pm) (75 pm) (127 pm) (75 pm)
A-B 0.95 3.5 A 3.64 2.43
B-C 1.61 5.42 B 4.5 2.95
C-D 0 0.6 E 7.02 3.6
D-E 0.33 0.82
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Fig. 6. Oxamyl chromatogram obtained using membrane
interface at 1 mL/min and 4 mL/min.
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Fig. 7. Oxamyl chromatogram obtained using capillary direct
insertion at 1 mL/min.

Table 5. Tailing factor of oxamyl chromatogram
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Fig. 5. Effect of carrier gas flow rate on GC-MS chroma-
togram of BTEX (a: 2 mL/min, b: 3 mL/min, c: 4
mL/min).

Table 4. Resolution of BTEX chromatogram (A : benzene,
B: toluene, C : ethylbenzene, D : xylene, E : Styrene)

2 mL/min 3 mL/min 4 mL/min
A-B 2.88 2.5 3.44
B-C 5.2 5.33 6.1
C-D 0.6 0.47 0.4
D-E 0.77 0.77 0.66
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15 6.33 1.75
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mL/min®l A 4 mL/min® 2 Z7}3 w] peak tailing©]
083 ArxE Foldv Y e Fx
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