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Overview

*Recent research has focussed on the use of MALDI-TOFMS to characterize
organometallic/coordination/highly conjugated compounds.
*2-[(2E)-3-(4-tert-butylphenyl)-2-methylprop-2-enylidene]malononitrile (DCTB)
matrix very effective for these compounds, with radical molecular ions observed.
*DCTB has low vacuum stability, so only a few samples can be prepared and
analysed at a time. Additionally, sample preparation procedures are generally
time consuming compared to other mass spectrometry techniques.

*Aim is to identify a surface that would emulate performance of DCTB matrix,
while affording higher throughput of analyses.

«Six organometallic/coordination/highly conjugated compounds were studied
and a range of metallic, oxide and carbon based surfaces were investigated.

*No surface matched DCTB for quality of data. A compromise between data
quality and speed of analysis may be unavoidable.

3 x 0.2 uL layer spotting technique achieved better quality data than 1 pL spot
of the same sample solution.

Introduction

MALDI-TOFMS is a very powerful analytical technique, which can be applied
to a wide range of samples classes. Generally, sample preparation involves
dissolution of the sample and the matrix, preferably in the same solvent. The
solutions are mixed, with the matrix in large excess; then 0.5-1 pL is placed
onto a sample plate. The solvent evaporates to leave a layer of co-crystallised
sample and matrix. Certain samples, such as those containing metals or a high
degree of conjugation, are, in general, observed as radical ions; they have lost
(or gained) an electron. Such samples constitute a considerable proportion of
those received at the NMSSC, and previous work has shown the matrix DCTB
to be highly effective.!

However, the sample preparation procedure as described above is very time
consuming. In addition, the DCTB matrix sublimes relatively quickly in the
vacuum of the instrument, so only a few samples may be prepared at a time.
Replacement of the matrix by a suitable surface, i.e. one that promotes the
generation of radical ions, while maintaining the quality of the data obtained,
would speed up sample preparation and analysis, leading to improved laboratory
efficiency and the possibility of automated analysis. Initially, compounds that
are known to work by traditional preparation methods will be tested until we
have a proven methodology, which can then be applied to the samples that
require it.

Surfaces and Sample Plate Modification

*Gold and stainless steel welled sample plates were used as received.
«Blank stainless steel plate had a recess machined into it to accommodate
metal sheets and Quickmass™ slides, which were secured with tape.

(a) Aluminium
(b) Copper

(c) Nickel

(d) Quickmass™

(e) Brass

*MgO surface was created by smoking; Mg ribbon was ignited and waved
below the inverted plate.
«Carbon surface was created by rubbing the pencil onto plate.

Sample Deposition

Materials and Instrumentation

*DCTB matrix purchased from Fluka (U.K.).
*HPLC-grade dichloromethane purchased from Fisher (U.K.).
*MALDI-TOFMS measurements obtained with a Voyager DE-STR instrument
(Applied Biosystems, U.S.A.).
*Gold and stainless-steel target plates purchased from Applied Biosystems.
*Copper, brass, nickel and aluminium sheet purchased from Goodfellows (U.K.).
*Quickmass™ sample slides (Nanohorizons, U.S.A.) kindly donated by Rachel
Martin (Shimadzu, U.K.).
M ium (Mg) ribbon p d from Sigma-Aldrich (U.K.).
«Samples submitted to the NMSSC by:
I'N. R. Evans and A. B. Holmes, University of Cambridge, U.K.
2 J. Weinstein, University of Nottingham, U.K.
3J. Amin and C. J. Richards, Queen Mary, University of London, U.K.
4. C. Collings and T. B. Marder, University of Durham, U.K.
5 P. J. Scaife and A. N. Cammidge, University of East Anglia, U.K.
6 S. Jing and C. P. Morley, Swansea University, U.K.
6B and 8B Staedtler pencils purchased from WHSmiths (U.K.).

3layer (3x0.2puL) 4-layer (4 x 0.2 pL)

S-layer (5 x 0.2 uL)

«Larger volume (1 pL) single spot dried to leave an outer ring of sample.
*Multiply spotted layers of a smaller volume (0.2 pL) dried to leave a more
homogeneous layer of sample.

*Increases in quality of data were observed when going from the single spot
to the 3-layer spot.

*No further increases in quality of data were observed when going from the
3-layer spot to the S-layer spot.

Results for 7 with 3-layer prep. (M*" = m/z 988.3)

Observations and Discussion
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(a) DCTB matrix

(b) Gold surface

(c) Stainless steel surface
(d) Aluminium surface
(e) Copper surface

(f) Nickel surface

(g) Brass surface

(h) 6B pencil surface

(i) 8B pencil surface

(j) Quickmass™ surface

(k) MgO surface

A similar trend of results was observed for sample 4.

«Low intensity radical molecular ions were observed for samples 2, 3 and 5
on the gold, stainless steel, aluminium, Quickmass™ and pencil surfaces.

*A radical molecular ion was only observed for sample 6 with DCTB.

*No radical molecular ions were observed for any of the samples in negative

ion mode.

*The observation of radical molecular ions compares favorably with data from
other LDI-MS studies of organometallic and coordination compounds.

*Radical molecular ions have also been observed for transition metal
phenanthroline and bypyridine compounds,® while only metal adduct ions have
been observed for a range of transition metal acetylacetonate complexes.*3

+Charge-transfer mechanism:6 Matrix ©* + Analyte — Matrix + Analyte *"
occurs if the ionization energy of the matrix is greater than that of the analyte.
*The work function of a surface is approximately half the ionization energy, so
the surfaces studied are comparable with DCTB matrix.

*The results obtained do not follow the order for the surface work functions; e.g.
higher quality data was obtained for the carbon surface over the copper surface,
even though copper has the higher work function.

Impurities in the pencil lead will result in a lower work function than that of
pure carbon.

*Vastly different results observed when the surface was the only variable, so the
properties of a surface do affect the desorption/ionization process.

*No surface matched DCTB for quality of data, but sample characterization was
still achieved from several surfaces, and a compromise between data quality and
speed of analysis may be acceptable, possibly unavoidable.

*The 3-layer spotting technique led to a thicker sample layer and higher quality of
data compared to when a larger amount of sample was deposited.

*This thicker layer could reduce electron emission from the substrate surface,
resulting in higher signal intensities.”

*The MgO surface was dusty/powdery and rapidly (after
contaminated the source region and extraction grid.

12 analyses)

Conclusions and Future Work

*No surface matched DCTB for quality of data. A compromise between data
quality and speed of analysis may be unavoidable.

3 x 0.2 pL layer spotting technique achieved better quality data than 1 pL spot
of the same sample solution.

*The properties of a surface do affect the desorption/ionization process, but the
observed data could not be related to the work function of a surface.

*The effects of sample concentration will be explored.

*Copper oxide, titanium oxide and titanium nitrate are some of the surfaces still
to be investigated. These dusty/powdery surfaces will have to immobilised to
prevent the rapid contamination of the source region and extraction grid.

References

1. Wyatt, M. F_; Stein, B. K.; Brenton, A. G. Anal. Chem. 2006, 78, 199-206.

2. Black, C.; Poile, C.; Langley, J.; Herniman, J. Rapid Commun. Mass
Spectrom. 2006, 20, 1053-1060.

3. Balasanmugam, K.; Day, R. J.; Hercules, D. M. Inorg. Chem. 1985, 24,
4477-4483.

4. Pierce, J. L.; Busch, K. L.; Cooks, R. G.; Walton, R. A. Inorg. Chem. 1982,
21,2597-2602.

5. Rholy, K. E.; Heffren, J. S.; Douglas, B.E. Org. Mass Spectrom. 1984, 19,
398-402.

6. McCarley, T. D.; McCarley, R. L.; Limbach, P. A. Anal. Chem. 1998, 70,
4376-4379.

7. Knochenmuss, R. Anal. Chem. 2004, 76, 3179-3184.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


