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Experimental Section

The configuration of the coating procedure based on vacuum filtration is shown in Figure 1.
The commercially available materials such as silica and metal oxides were dispersed in 100 mL
deionized water containing 0.2 g starch as the bonding agent. After sonication for 15 min, the
obtained suspension solution was directly transferred to a Buchner funnel covered by a blank
filter paper with a diameter of 11 cm for coating. When the aqueous solution was completely
penetrated through the filter paper, 20 mL absolute ethanol was applied for wash in order to get
rid of the remaining water at the surface of the coated paper. The papers were then hung in a
hood to dry for hours and were pressed between glass plates overnight for use. The papers can
be safely stored in a ziplock bag for months.

All experiments on paper spray were carried out with a TSQ Quantum Access Max mass
spectrometer (Thermo Fisher Scientific, San Jose, CA, USA). Mass spectra were recorded in
the positive ion mode with a capillary temperature of 270 °C. The identification of analyte ions
was confirmed by tandem mass spectrometry (MS/MS) using collision-induced dissociation
(CID). The used bovine whole blood was purchased from Lanzhou Institute of Biological
Products Co., Ltd. (Lanzhou, China). The urine sample was collected from a volunteer. The
irregular silica, zirconia, titania, magnesium oxide, aluminum oxide and zinc oxide with
diameters of around 1 um and copper powder with diameters of 70-90 nm were purchased from
Shanghai ST-Nano Science & Technology Co. Ltd. (Shanghai, China). Organic silicone balls
with a diameter of 2 ym were from Guiyang Constant Micro-Materials Co., Ltd. (Guiyang, China).
NH, bonded silica microspheres with a diameter of 3 ym were from BaselLine ChromTech
Research Centre (Tianjin, China). Multi-walled carbon nanotubes (MWCNTSs) with diameters
below than 8 nm and lengths of 10-30 ym were from Beijing Boyu Gaoke New Material
Technology Co., Ltd. (Beijing, China), and soluble starch from Tianjin Kemiou Chemical
Reagent Co. (Tianjin, China). The used filter paper was from Hangzhou Special Paper Co.
(Fuyang, China). The SEM images were taken by using a JEOL JSM-6390A scanning electron

microscope.
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Fig. S-1 Effect of starch amount added into the 0.6 silica coating solution on the ionization efficiency of paper
spray. For the paper spray analysis, a drop of 2.0 yL whole blood containing 1.0 pg mL”’ verapamil was
deposited to the metal oxides coated papers. After drying, a 3.5 kV DC voltage is applied directly to the coated
paper wetted with 20 L acetonitrile. The quantitation analysis was evaluated by the peak intensity of the

fragment ion m/z 165 from protonated verapamil m/z 455 in the SRM mode.

For optimizing the optimal starch amount added into the coating solution, different amounts of starch were used to
the coating solution containing 0.6 g silica particles in 100 mL aqueous solution. When the starch amount was
below than 0.10 g, the silica coated papers demonstrated most of the powdery nature. Therefore, we systematically
investigated the starch amount from 0.15 g to 0.35 g. As can be seen in Fig. S-1, the ionization efficiency of paper
spray was comparable when the starch amount was between 0.15 — 0.20 g. Further increasing the starch amount
leads to the decrease of analysis performance in mass spectrometry. Based on the above reason, 0.20 g starch

was regarded as the optimal value for the coating solution.



Fig. S-2 SEM image of commercially available filter paper.
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Fig. S-3 Full mass spectrum of dried blood spot containing 1ug mL™" amitriptyline (m/z 278) and verapamil (m/z
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455) by using (a) commercially availalbe fitler paper and (b) silica coated paper. Acetonitrile was used as the

spray solvent, and spray voltage of 3.5 kV was applied for paper spray.
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Fig.S-4 Effect of spray solvent on the ionization efficiency of paper spray using silica coated paper. For the paper
spray analysis, a drop of 2.0 uL whole blood containing 1.0 ug mL™ verapamil was deposited to the metal oxides
coated papers. After drying, a 3.5 kV DC voltage is applied directly to the coated paper wetted with 20 uL
acetonitrile. The quantitation analysis was evaluated by the peak intensity of the fragment ion m/z 165 from
protonated verapamil m/z 455 in the SRM mode. (H20 means water, CH2CI2 means dichloromethane, MeOH

means methanol, EtOH means ethanol, IPA means isopropanol, and ACN means acetonitrile.)
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Fig. S-5 (a) MS/MS spectrum for 10 ng mL™ clozapine in 2.0 uL raw urine using silica coated paper for paper
spray. (b) Quantitation analysis of raw urine spiked clozapine (0.01 - 1,000 ng mL'1) and its isotopomer

[Dg]clozapine (10 ng mL™). The analysis was carried out by applying 3.5 kV DC voltage and 20 pL acetonitrile.



Fig. S-6 SEM images of (a) Al,O3, (b) MgO, (c) ZnO, (d) ZrO,, (e) TiO, and (f) silicone ball coated paper. Similar
to the silica particles coating procedure, the coating process for the different metal oxides coated paper is as
below: The commercially available metal oxides (0.6 g) was dispersed in 100 mL deionized water containing 0.2 g
starch as the bonding agent. After sonication for 15 min, the obtained suspension solution was directly transferred
to a Buchner funnel covered by a blank filter paper with a diameter of 11 cm for coating. When the aqueous
solution was completely penetrated through the filter paper, 20 mL absolute ethanol was applied for wash in order
to get rid of the remaining water at the surface of the coated paper. The papers were then hung in a hood to dry
for hours and were pressed between glass plates overnight for use. The papers can be safely stored in a ziplock
bag for months. Different from the metal oxides coating procedure, the silicone ball coated paper followed the
below process: The commercially available silicone ball (0.2 g) was dispersed in 100 mL deionized water/ethanol
solution (1:1, v/v) containing 0.15 g starch as the bonding agent. Other steps were same as the procedure for
metal oxides coatina.
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Fig. S-7 Effect of metal oxides coated papers on the ionization efficiency of paper spray. For the paper spray

o
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analysis, a drop of 2.0 yL whole blood containing 1.0 ug mL™ verapamil was deposited to the metal oxides coated
papers. After drying, a 3.5 kV DC voltage is applied directly to the coated paper wetted with 20 puL acetonitrile.
The quantitation analysis was evaluated by the peak intensity of the fragment ion m/z 165 from protonated

verapamil m/z 455 in the SRM mode. (Note: Blank means the commerically availalbe filter paper.)

To investigate the performance of metal oxides coated paper in paper spray ionization, different commercially
available materials such as MgO, Al,O3, TiO,, ZrO, and ZnO, were, respectively, coated on the surface of filter
paper for spray. As illustrated in Fig. S-7, ZrO, demonstrates the superior performance to others, and MgO and
ZnO are comparable in analysis of therapeutic drug verapamil in dried blood spots. The improvement in MS
sensitivity using Al,O; and TiO, coated papers is not high enough relative to the uncoated filter paper (Blank in
Figure S-7).



Fig. S-8 Photograph image of copper powder coated paper. The resistance value could not be determined with a
multimeter between 5 mm length of coated paper. Similar to the CNTs coating procedure, the coating process for
the copper powder coated paper is as below: The commercially available copper powder (0.1 g) was dispersed in
100 mL deionized water/ethanol solution (1:1, v/v) containing 0.4 g starch as the bonding agent. After sonication
for 15 min, the obtained suspension solution was directly transferred to a Buchner funnel covered by a blank filter
paper with a diameter of 11 cm for coating. When the aqueous solution was completely penetrated through the
filter paper, 20 mL absolute ethanol was applied for wash in order to get rid of the remaining water at the surface
of the coated paper. The papers were then hung in a hood to dry for hours and were pressed between glass

plates overnight for use. The papers can be safely stored in a ziplock bag for months.
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Table 1. Selected reaction monitoring (SRM) conditions

Number Analyte Parent lon (m/z) Fragment lon (m/z) Tube Lens (V) Q2 Offset (V)
1 Amitriptyline 278 233 16 66
2 Clozapine 327 270 22 75
3 [Dg]Clozapine 335 275 24 76
4 Amisulpride 370 242 26 73
5 Quetiapine 384 253 22 77
6 Risperidone 411 191 26 84
7 Aripiprazole 448 285 25 94
8 Verapamil 455 165 26 87

Applied voltage: 3.5 kV; Solvent: Acetonitrile.

11




<<
  /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


