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5:40pm BI1-MoE-1 Molecular Structure of Sputtered Species with Large 
Cluster Ions, Jiro Matsuo, Quantum Science and Engineering Center, Kyoto 
University, Japan INVITED 

Molecular-imaging techniques are now of interest for life science, 
pharmaceutical and medical applications and organic industrial materials, 
such as functionalized polymers and organic semiconductors. SIMS 
(Secondary Ion Mass Spectrometry) is one of the powerful techniques, due 
to high lateral resolution, high sensitivity and high surface sensitivity. 
However, ion dose is limited with conventional keV primary ion beam, 
which destroys molecules of samples with high energy ion impacts. 
Therefore, SIMS measurement should be completed before organic 
molecules on the surface are completely damaged. Recently, large cluster 
ions are utilized for SIMS as a primary ion beam, because there is no 
limitation in ion dose. It has been demonstrated that large cluster ion 
beams have a great capability to sputter organic molecules without any 
residual damage on the surface, because cluster ion beams are equivalently 
low energy ion beams. Extremely high energy density and multiple 
collisions are responsible for “cluster effects”, which play an important role 
during their sputtering process of organic molecules. Practical applications, 
such as organic depth profiling and 3-dimensional molecular analysis in XPS 
or SIMS have been demonstrated. Nevertheless, high sensitivity is required 
in all applications, and high sensitivity is becoming an important issue in 
SIMS technique as well. It is quite important to increase secondary 
molecular ion yields, which are usually very low(<1E-4). GCIB technique can 
generate clusters of not only Ar gas but also a variety of gas molecules and 
various gas molecules are being utilized in the GCIB technique to improve 
secondary ion yields. Unfortunately, it is still not enough. Most of sputtered 
species are neutral, but there is no report on molecular structure of 
sputtered species from organic materials. Due to low ionization yields, SIMS 
spectra never tell us molecular structure of sputtered species.We have 
concerned that organic molecules sputtered with large cluster ions are 
destroy, or not. Capturing of neutral species and electrospray ionization 
mass spectrometry (ESI-MS) technique were utilized to explore molecular 
structure of sputtered neutral species. We have, for the first time, 
measured the molecular structure of sputtered neutral species and the 
results clearly show that there are many neutral species maintaining their 
molecular structure. 10% of neutral particles maintains their molecular 
structure. If those neutral species are ionized, sensitivity of SIMS would 
improve by several orders of magnitude. 

6:20pm BI1-MoE-3 GCIB-SIMS Analysis of Skin Cancer Samples, John S. 
Fletcher, Kevin Sjögren Cehajic, Kelly Dimovska Nilsson, Oscar Zaar, 
Dimitrios Katasarelias, John Paoli, Roger Olofsson Bagge, Noora 
Neittaanmäki, University of Gothenburg, Sweden 

The use of gas cluster ion beams (GCIBs) for secondary ion mass 
spectrometry (SIMS) analysis provides softer ejection of biomolecular ions 
and has created opportunities for meeting the challenges of clinical 
researchers who require chemical specific imaging of different sample type 
from cells to tissue biopsies. Here we use a J105 Buncher-ToF SIMS 
instrument (Ionoptika Ltd, UK) to perform in situ lipidomics of skin cancer 
samples. GCIB-SIMS analysis enabled detailed spatial-lipidomics that could 
be directly correlated with conventional histopathological analysis of 
consecutive H&E slides. Here we present work where melanoma cancer 
samples were the target in order to investigate the chemical changes 
associated with disease progression and also to investigate if different 
metastatic pathways could be distinguished based on the chemical 
signature of the tumours. Primary tumours were analysed along with 
"healthy/normal" skin from the same subject along with metastatic tumour 
samples that had spread via either the lymphatic system or through the 
blood. Significant differences in the lipid profiles were found in primary 
compared to metastatic melanomas, notably an increase in 
phosphatidylethanolamine lipids relative to phosphatidylinositol lipids and 
an increase in GM3 gangliosides in the metastatic samples. Furthermore, 
analysis of the data from in-transit versus distant metastases samples 
highlighted that specific glycerophospholipids, and a difference in the long 
versus shorter chain GM3 gangliosides, discriminated the metastatic routes. 
The data is also compared to other skin cancer samples including such as 
aggressive basal cell carcinoma. Challenges related to data processing and 
spectral annotation are also discussed. 

6:40pm BI1-MoE-4 Depth Correction of 3D SIMS Depth Profiling Images of 
Biomaterials Using Only Secondary Ion Signal Intensities, Melanie Brunet, 
Brittney Gorman, Mary Kraft, University of Illinois Urbana-Champaign 

We have developed a depth correction strategy for three-dimensional (3D) 
SIMS depth profiling images of biomaterials that solely employs secondary 
ion signal intensity. In this approach, the secondary ion images that were 
collected during depth profiling are used to create a model of the sample’s 
morphology at the time that each depth profiling image was acquired. Then 
these models of the sample’s morphology are used to shift the voxels in the 
3D image to the correct z-position. Comparison of the morphology models 
created using the secondary ions and the secondary ion images the usage 
of secondary ion signals with high intensities tends to produce more 
accurate morphology models. However, even 3D SIMS images that were 
depth corrected using secondary ions with relatively low intensities were 
more accurate than uncorrected 3D SIMS depth profiling images. This 
ability to use secondary ion images to depth correct 3D SIMS depth 
profiling images in the absence of correlated measurements of sample 
topography or knowledge of sputter rate expands the range of SIMS depth 
profiling data sets that may not be depth corrected. 

7:00pm BI1-MoE-5 Label-Free High-Resolution Molecular Imaging of Sex 
Steroid Hormones in Zebrafish by Water Cluster Secondary Ion Mass 
Spectrometry (Cluster SIMS), Kate McHardy, Naoko Sano, Ionoptika Ltd., 
UK; Elkan Lau, Melanie Bailey, University of Surrey, U.K. 

Sex steroid hormones are essential biomolecules for vertebrates and are 
involved in the maintenance of pregnancy, development of secondary 
sexual characteristics and diseases such as osteoporosis and breast cancer. 
Visualising the distribution of steroids contributes to further understanding 
of disease. However, analysis of steroids is difficult; their low polarity leads 
to poor ionisation efficiency, meaning they need to be derivatised for 
conventional analyses. Furthermore, the steroid signals overlap with a 
MALDI matrix background. 

Water Cluster SIMS is a high-sensitivity mass spectrometry technique for 
imaging complex-mixture materials without derivatisation or the use of 
matrix. We demonstrate imaging of sex steroid hormones in zebrafish (an 
ideal vertebrate model organism) with a Water Cluster SIMS instrument. 

An adult female zebrafish was prepared for this work. It was embedded 
while fresh in 0.75% HPMC and 0.25% PVP embedding media to facilitate 
sectioning. The whole block was flash-frozen in a dry-ice and isopropanol 
bath. The sample was sectioned to 20 μm at -25 °C and thaw-mounted onto 
a conductive indium-tin-oxide (ITO) coated glass. The section was dried 
while frozen in a vacuum desiccator, and then directly analysed without any 
matrix application for the analysis. The Cluster SIMS analyses were then 
performed with the J105 SIMS Cluster SIMS (Ionoptika Ltd), using a 70 keV 
(H2O)n beam, where n is in the range of 15,000-35,000, and also separately 
with a 40 keV C60 beam. High-resolution images were acquired with a pixel 
size of < 1 micron. 

Water Cluster SIMS uses a high-energy beam of ionised clusters of water to 
sputter and ionise molecules from a surface. It is far less damaging and 
generates far fewer fragment ions than traditional ToF SIMS, but retains 
many of the benefits of that technology such as high-spatial-resolution 
imaging. As a result, detailed images of the distribution of sex steroid 
hormone molecules in the zebrafish are visible. Preliminary data shows that 
it is possible to map the chemical distribution of steroids in the ovary area. 
In addition, we also detected lipid ions related to the embryo or oocyte 
around the ovary area as unique distributions. 
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