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Abstract Direct analysis in real time ion source (DART) has been applied to the rapid analysis of solid, liquid and gaseous
samples. The compounds with either high volatility or high proton affinity are favorable for DART analysis. However, a lot of
natural products such as ginsenosides and ginseng oligosaccharides are difficult to be directly ionized by DART due to their
low volatility and proton affinity. Derivatization is very necessary in the analysis of the compounds with low volatility and
proton affinity. Tetramethylammonium hydroxide (TMAH) is a frequently used methylation reagent which can be applied to
improve the volatility of low volatile compound in GC-MS. In the current work, TMAH was introduced to assist the ioniza-
tion of ginsenoside and ginseng oligosaccharide in DART. Small amount of ginsenoside standard or ginseng oligosaccharide
powder was collected on the end of melting point tubes respectively. Then 5 pL of liquid from a solution containing 25%
solution of TMAH dissolved in MeOH was applied to elute the surface of each melting point tube. Finally, all the end of
melting point tubes containing sample powder and TMAH were put on a stainless holder for DART analysis. The solvents
were flash evaporated in the DART source at 400 ‘C and the signals of methylated analytes were detected. The mechanism
of methylation and ionization in DART was elucidated from the aspects of condensed and gas phase. On the one hand, the
methylation enhanced volatility of analytes, on the other hand, a N(CH;);H” ion was generated to assist the ionization of
methylated analytes. Incomplete and complete methylation is the major reaction of ginsenoside, but hypermethylation oc-
curred in ginseng oligosaccharide with the increase of number of hydroxyls. The results showed that the synergy of methyla-
tion reaction both in condensed phase and gas phase is the fundamental reason of the generation of methylated ions. The me-
thylation in condensed phase is governed by necleophilic reaction, and radical reaction is the major reaction in gas phase.
Keywords direct analysis in real time ion source; tetramethylammonium hydroxide; mechanism of methylation; ginse-
noside; ginseng oligosaccharide
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Figure 1 DART full scan mass spectra of ginsenoside Rf (a) and gin-
senoside Rc (b)
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Figure 2 DART full scan mass spectra of glucose standard and ginseng oligosaccharides
(a) glucose standard, (b) ginseng disaccharide, (c) ginseng trisaccharide, (d) ginseng tetrasaccharide, (e) ginseng oligosaccharides mixture
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