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In recent years, many different interfaces have been constructed’ and success- 
fully applied in liquid chromatography-mass spectrometry (LC-MS) studies. One of 
the most versatile types with respect to the choice of the ionization method is the 
moving belt. Both electron-impact (EI) and chemical-ionization (CI) methods can be 
used, but also “soft ionization” methods such as secondary-ion mass spectrometry 
(SIMS)Z+3 and fast atom bombardment (FAB)4. The construction of a moving-belt 
interface strongly influences its performance, as has been shown in a comparative 
study5. In this study, the performance of a moving-belt interface in combination with 
a magnetic mass spectrometer is investigated with respect to sensitivity, desorption 
characteristics and accuracy of determination in reversed- and normal-phase LC-MS 
experiments. 

EXPERIMENTAL 

A Finnigan MAT moving-belt interface was coupled with a double-focusing 
Finnigan MAT 8230 mass spectrometer equipped with a combined EI-CI source. 
The applications (experiments A-E) described were obtained with a Waters M6000 
pump, a Waters U6K injector and a Nucleosil Cis column (300 x 4.0 mm I.D.) (A, 
B, C and E) and a Polygosil column (250 x 4.6 mm I.D.) (D). 

The following mobile phases were used: methanol (A, Bl and C); methanol, 
containing 0.2% of ammonia (B2); acetonitrilewatet-methanol (56:5:39) (E); and 
diisopropyl ether-hexane (10:90) stabilized with 10 mg/l of 2,6-di-tert.-butyl4-meth- 
ylphenol (D). The flow-rates were 0.6 ml/min (A, B2, C and E), 1.2 ml/mm (Bl) and 
2.0 ml/min (D). Other conditions were: solvent evaporator, 180°C; source tempera- 
ture, 150-220°C; ammonia CI, indicated source pressure 4 . lo- l Torr; intensity ratio 
m/z = 35 and m/z = 52 was 3O:l (A, B, C and E); EI = 70 eV (D). 

RESULTS 

(A) Deactivation of the belt 
Deactivation of the belt with a 50-ppm Carbowax 20M solution reduces the 

memory effect as shown in Fig. 1 for single-ion monitoring (SIM) of the [M + HI+ 
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Fig. I. SIM trace of the [M + H] * ion of progesterone under LCCI-MS conditions before (A) and after 
(B) deactivation of the belt. 

ion of progesterone, obtained prior to and after deactivation of the belt. Further- 
more, deactivation improves the desorption characteristics of the belt. Two extreme 
cases are shown in Fig. 2a and 2b where CI spectra for bromazepam are reproduced, 
obtained by direct spotting on a deactivated belt and LC-MS analysis by using an 
untreated belt. As a function of the activity of the belt, spectra were obtained within 
the range of fragmentation (loss of hydrogen bromide) shown. 

(B) Sensitivity 
In the low-resolution mode, a detection limit of cu. 200 pg is obtained for 

progesterone and [3,4-13Cz]progesterone under CI conditions while monitoring the 
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Fig. 2. CI spectra of bromazepam obtained by direct spotting on a deactivated: rated belt (A) and by 
LC-MS with an untreated belt. 
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Fig. 3. LC-CI-MS analysis of 200 pg of progesterone and [3,4-‘3Cz]progcsterone each. 

[M + HI+ ions (Fig. 3). By using medium resolution (R = 4000), halogen-containing 
compounds can be separated from the background, as shown for bromazepam in 
Fig. 4. This results in a detection limit of 35 pg for this drug under LC-CI-MS 
conditions. With high-voltage scanning, accurate mass measurements (better than 5 
ppm) were obtained for low-nanogram amounts of bromazepam in human serum 
extracts”. 
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Fig. 4. LCCI-MS analysis of 35 pg of bromazepam, using medium resolution. 
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Fig, 5. LC-CI-MS isotope-dilution experiment for a standard solution containing 4.3 ng of progesterone 
and [3,4-‘Q]progesterone each. 

(C) Quantitation 
Without derivatization, progesterone can be determined accurately by LC- 

CI-MS, by using isotope dilution as shown in Fig. 5 for a standard solution con- 
taining 4.3 ng of unlabelled and 13Cz-labelled progesterone. In Fig. 6, the determi- 
nation of progestertone in a human serum extract is demonstrated. A concentration 
of 22.0 f 0.5 ng/ml was found, which is in good agreement with the value of 18 
ng/ml obtained by radio-immunoassay’. 
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Fig. 6. Determination of progesterone in a human serum extract using isotope dilution. 
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Fig. 7. LC-EI-MS multiple-ion detection of the molecular ions of tocopherols. 
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Fig. 8. LC-EI-MS multiple-ion detection of tocopherols in a maize germ oil. 
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Fig. 9. CI spectrum of cyclosporin A obtained with LC-MS. 

{D) Vitamin E analysis 
Vitamin E analysis can be performed with a normal-phase system, as illustrated 

for a standard oil containing the various isomeric tocopherols (a, /3, y and 6) as well 
as added a-tocotrienol (Fig. 7). After 50-fold dilution of a maize germ oil, direct 
LC-MS analysis results in the data of Fig. 8, enabling direct determination of some 
of the tocopherols. In order to avoid strong contamination effects due to the elution 
of glycerides, flushing of the LC effluent was effected between the eluting tocopherol 
isomers. 

(E) Desorption characteristics 
The cyclopeptide cyclosporin A gives abundant [M + H] + ions under LC- 

CI-MS conditions after deactivation of the belt (see Fig. 9). Without deactivation, 
the fragment at m/z = 1090 dominates the spectrum. This shows the ability of the 
moving-belt system to handle high-molecular-weight polar compounds. 

CONCLUSIONS 

The above described experiments carried out with a moving-belt LC-MS sys- 
tem show that: 

(1) Deactivation positively influences the performance of a moving-belt LC- 
MS interface. 

(2) Accurate and fast determination in the ppb range can be obtained with 
isotope dilution. 

(3) Detection limits in the lower picogram range are possible. 
(4) Reversed-phase as well as normal-phase systems can be applied. 
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