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Supporting Information (b918750b)

Materials and Methods

Preparation of ZAIS NCs

As a precursor, a metal ion-diethyldithiocarbamate complex of (AgIn)Zn;(1-(S2CN(CyHs),)4
was prepared by mixing metal nitrate and sodium diethyldithiocarbamate aqueous solution with
0.4<x<1.0. Two hundred fifty mg of the complex was thermally decomposed at 180°C for 15 min in
N, atmosphere, followed by the addition of oleylamine (OA, 15 mL). Then, it was heated again at
180°C for 10 min with vigorous stirring. The resulting suspension was centrifuged to remove large
particles. ZAIS NCs were separated from supernatant by the addition of methanol. The wet
precipitate was washed with methanol several times and dissolved in 7.5 mL of chloroform. The
quantum yield of the resulting NCs was 47 % (y = 0.8), which was much larger than the value (ca.
24%) that we previously reported [ref. 12 of this manuscript]. This favorable improvement resulted

from some modification of the synthesis method and the details will be reported in near future.

Ligand exchange of ZAIS NCs
Oleylamine-capped ZAIS (OA-ZAIS) NCs were subjected to ligand exchange. Three mL of

ethanol solution containing 0.2 M 3-mercaptopropionic acid (MPA) and 0.3 M KOH was added
dropwisely to the same amount of OA-ZAIS chloroform solution. The turbid solution was stirred for
3h, followed by centrifugation. The wet precipitate of MPA-capped ZAIS (MPA-ZAIS) NCs were
washed with ethanol, and re-dissolved in 3 mL of water. No dissolution or collapse of ZAIS NCs
was confirmed by TEM observation although TEM images were not shown in this paper. The
quantum yield of the resulting NCs was 46 % (y = 0.8), indicating that the above-mentioned
procedures for ligand exchange did not influence optical property of ZAIS NCs at all. The
water-soluble ZAIS NCs are quite stable even in water; significant decrease in the quantum yield

was not detected at least for 1 month.
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Quantitative characteristics of the ZAIS NCs chemosensor

As shown in Figure 3 (c), addition of glucose induces enzymatic reduction of MP* to MPH,
resulting in increment of the PL intensity. Its magnitude increases with an increase in concentration
of glucose added ([Glucose],qq). The quantitative characteristic of this sensing was considered. The
Stern-Volmer equation indicates that /,//—1, where I, and [ are the PL intensities in the absence and
presence of quenchers, is proportional to the quencher concentration. In the case of our glucose
sensing by the PL intensity, the concentration of MP" quencher should be determined by [Glucose ]

because the following reaction takes place.

Glucose + MP™ —— Gluconolactone + MPH (1)
PQQ-GDH

If the reaction stoichiometrically completes every glucose addition, concentration of MP* ([MP")) is
determined by the following equation

[MP'] = [MP'], — [Glucose]aaa
where [MP+]0 is the initial MP" concentration. It is, therefore, expected that plots of p/[—1 as a
function of [Glucose],qq give a linear relationship and that the PL intensity becomes /[, at
[Glucose]aqq = [MP'],, the latter of which is 5 uM in the present case. However, Figure S1 (a) was
obtained contrary to our expectation.

In such the case, it would be better to assume that the reaction of eq. (1) is equilibrated reaction.
In the case of reactions catalyzed by redox enzymes, it is known that the reaction is held in
equilibrium when redox potential of oxidant or reductant is close to that of active center of the
enzyme. Since difference in redox potentials between MP"/MPH and PQQ-GDH is ca. 60 mV, the
above assumption seems to be appropriate.

Here, it is attempted to describe the equilibrium reaction using the following general reaction.

Substrate + Oxidant @—= Product + Reductant 2)
Redox enzyme

Its reaction constant (K) is given by
K = [Product][Reductant] / [Substrate][Oxidant] 3)
When the substrate ([Substrate].qq) is added to the solution containing oxidant of the initial

concentration ([Oxidant],), the following relationships are given.

[Oxidant] + [Reductant] = [Oxidant], 4)
[Product] = [Reductant] (5)
[Substrate] + [Product] = [Substrate],qq (6)

The relationship between [Oxidant] and [Substrate],qq is obtained from eqs. (3)—(6) and two
calculation lines were shown in Figure S1 (b). Actually, the substrate concentration was given as a

ratio of [Substrate],qq / [Oxidant], as the normalized value.
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Figure S1. (a) Plots of Iy/[—1 as a function of glucose concentration to the sensing solution
containing MPA-ZAIS, MP™ (5uM), PQQ-GDH (5unit/mL) and PBS (20 mM, pH = 7.0), and (b)
numerical simulation of enzymatic reaction in equilibrium states plotted for moderate (I) and infinite

(IT) equilibrium constant (K).

The line II was obtained when K is infinite, whereas substitution by a moderate value gave a line 1.
The similarity of shapes between Figure S1 (a) and the line I implies that the obtained PL intensity
can be used for quantitative analysis of glucose. The clarification of the reaction mechanism that
determines the PL intensity including quantitative analysis of substrate using our ZAIS NCs

chemosensor is under way and it will be reported in the future.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


