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Concerns on the production, use and occurences in the environment of nanomaterial are increasing. Fast
determination of nanomaterial from various environmental matrices are requiring to understand their fates in
water, soil and biological tissues. In this study, ambient ionization technique with mass spectrometry was used
as a fast identification tools for fullerenes Cg,, C;, Cqg4and single (SW), double (DW), multi (MW) wall carbon
nanotubes (CNTs). For this performance, direct analysis in real time (DART) with Orbitrap high resolution
mass spectrometer was applied. For DART, optimized condition for ionization temperature and time were set
at 400~500°C and 1 min. Resolution, mass scan range and accuracy of Orbitrap MS were operated at 50,000,
100~1,100 amu and 5 ppm, calculated parts per million unit of monoisotope, respectively. Standard fullerene
Cgp> Cy, and Cg, were successfully ionized by DART source at high temperature. Molecular and their isotopes
were detected with high mass accuracy for 0.55~1.77 ppm. Fullerenes were not found in sludge samples from
drinking water treatment plants. For CNTs, specific m/z ions were not differentiated among SW, DW and MW-
CNT standards and 36 sludges. After background mass removal, major 60 m/z ions were used for statistical
analysis. Cluster between SW, DW, MW-CNT standard and sludges were separated in principal component
analysis (PCA). Further, scanning electron microscopy (SEM) was used to supplement the qualitative method
above. There was no similarities between CNT standard samples and sludges. This methodology suggesting
very fast and accurate ionization and identification method for carbon nano-materials. Further, this is the first
report of desorption ionization technique to carbon nanotube analysis for identification.
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Table 1. Chemical formula, molecular weight and structure of target fullerene

Compound CAS Number Formula Molecular weiht Chemical Structure

99685-96-8 Ceo 720.0000
Fullerenes
115383-22-7 Cun 840.0000
216667-49-1 Cas 1008.0000

Table 2. Physical and chemical properties of target CNTs

List SWNT DWNT MWNT
Content >90%CNT~ >90% nanotubes vs. >95% nanotubes vs. amorphous
>50%SWNT amorphous carbon(<5%) carbon(<2%)
Ash content <2% 0.4% <2%
Lengths <2nm 5~15nm 1~2 pm, 5~15pum
Average O.D. selection 1~5 pum, 5~15 um <5nm <10, 10~30, 40~60, 60~100 nm
Average 1.D. 0.34 um 0.34 nm 0.34 nm

Chemical Structure

needle electrode electrode 1 insulator cap
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grounded electrode  gas heater electrode 2 spectrometer inlet

Fig. 1. Structure and ionization flow of DART. 2.4. 28K A2
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Table 3. Operating condition of DART-Orbitrap mass

spectrometer
Instrument Orbitrap Exactive (Thermo, CA)
Scan range 100~1,100
Resolution 50,000
Polarity positive
Run time 1 min
ITonization source DART-SVP model
Spray voltage 15 Kv
Capillary temp. 250°C
Capillary voltage 25V
Tube lens voltage 170 V
Skimmer voltage 36V
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Fig. 2. Mass accuracy test for DART-Orbitrap MS using isoproturon (C;,H;sN,0).
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Fig. 3. Mass spectrum and isotopes of target fullerene.
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Fig. 7. SEM image (x30K) of typical CNTs and sludge samples.
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