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A new bright chemiluminescent reaction: interaction 
of acetone with solid potassium peroxymonosulfate 

in the complex of europium nitrate
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The interaction of acetone with a mixture of potassium peroxymonosulfate and europium nitrate hexahydrate powders at 90 °C is
accompanied by chemiluminescence due to the formation of excited Eu3+; dioxirane is proposed to be a key intermediate
responsible for the chemiluminescence observed.

Since 1974,1 the ketone-catalyzed decomposition of peroxy-
monosulfuric acid (Caro’s acid) in solution has attracted atten-
tion.1–7 A reason for such a long-standing interest is that this
reaction is a main synthetic route to dioxiranes,3,4 highly efficient
and selective oxidants, which are widely used (in situ or as an
isolated solution) in oxidation chemistry.8,9 Moreover, dioxiranes
belong to a new class of hyperenergetic peroxides, which produce
chemiluminescence (CL) during rearrangement to the corresponding
esters8 or oxidation of organic and inorganic substrates.10,11 In
particular, the study of the dioxirane CL has led to the discovery
of a new mechanism of liquid-phase organic reactions, the so-
called oxygen-transfer CL.10

Apart from dioxirane involvement, the Caro’s acid–acetone
system is a highly efficient source of singlet excited oxygen
(1O2),5 whose importance in environmental and biomedical
sciences, chemi- and bioluminescence, as well as in organic
synthesis, is now well recognized.12–14 Note that it is the reaction
of intermediate dioxirane with the monopersulfate ion that leads
to the formation of 1O2 (Scheme 1).

Thus, the study of excited states generation in the acetone-
catalyzed decomposition of peroxymonosulfuric acid could
provide promising interdisciplinary perspectives. But the CL
observed in visible spectral region in the reaction of HSO5

–

with acetone in aqueous solution is only very weak (so-called
extra weak CL) with a CL yield of as low as 10–11 einstein mol–1

even in the presence of the CL activator europium nitrate.
However, we discovered that a simple change of reaction condi-
tions, namely, going from the liquid to the solid phase, results
in a drastic increase in the CL efficiency by several orders of
magnitude, so that under appropriate conditions in the presence
of Eu(NO3)3 luminescence may be observed in a slightly darkened
room even by naked eye.

After the rapid (~1 s) injection of 0.3 ml of liquid acetone to
a cuvette containing a finely pounded mixture of 20 mg of
Oxone (5.8×10–5 mol of KHSO5) and 17 mg of Eu(NO3)3
(3.8×10–5 mol) powders, preheated for 5 min at 90 °C, a strong

luminescence signal was observed.† The CL reached its maximum
intensity after 5 min and then slowly decayed to zero in about
5.6 h at 90 °C. During that time, 4.5×10–5 mol of KHSO5 was
consumed, as revealed by iodometric analysis of the reaction
mixture.

Notably, when the interaction of acetone with powders was
carried out at higher temperature (200 °C) and with 50 mg of
each Oxone and Eu(NO3)3 rather bright red emission could be
observed even by naked eye in a slightly darkened room (see
Online Supplementary Materials). The red colour of the CL is
caused by the emission of Eu3+, as shown by the high-tem-
perature solid phase CL spectrum (Figure 1) with a double
maximum at 614 and 628 nm, which correlates well with the
emission maximum of europium photoluminescence between
610 and 630 nm.15

The maximum intensity of CL and the total amount of light
evolved in the reaction at 90 °C were determined by actinometry
to ICL = 1.7×10–15 einstein s–1 and S = 4.3×10–12 einstein, re-
spectively. These data allow us to calculate the CL yield of
hCL = 1.0×10–7 einstein mol–1 (based on the consumed peroxide).
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Scheme  1

† CL measurements were performed at 90 °C with a photomultiplier
sensitive between 330 and 800 nm. The source of KHSO5 was the triple
salt 2KHSO5×KHSO4×K2SO4 (Oxone, Aldrich). Acetone was distilled
before use. Europium nitrate Eu(NO3)3·6H2O (Aldrich) was recrystallized
from twice-distilled water. The dimethyldioxirane solution in acetone
was prepared as described in the literature.3,4

Figure 1 Chemiluminescence spectrum taken during the reaction of 0.1 ml
of acetone with a solid mixture of 20 mg of Oxone and 17 mg of Eu(NO3)3
at 90 °C.
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Because the reaction temperature of 90 °C is much higher
than the boiling point of acetone (56 °C), the ketone was
immediately evaporated after addition to the mixture of Oxone
and Eu(NO3)3 powders. Therefore, it is obvious that the overall
CL, lasting for several hours, is caused by the interaction of
Eu(NO3)3/KHSO5 with acetone vapour rather than liquid acetone.‡

The following experiment was conducted to confirm this assump-
tion: 3 ml of acetone was transferred to a room temperature
cuvette, which was connected by a tube with a second cuvette
placed above the photocathode of the photomultiplier and con-
taining the mixture of 20 mg of Oxone and 17 mg of Eu(NO3)3
powders. This cuvette was thermostatted at 90 °C for 5 min;
then, a gentle argon flow entered the first cuvette, captured
the acetone vapour and entered the second one with the powder
mixture. A rise of the CL signal was instantly observed, which
reached its maximum after 20 min and decayed during 7 h
at 90 °C. Chemiluminescent characteristics were comparable
with those obtained with the above injection experiment:
ICL = 1.7×10–15 einstein s–1, S = 6.7×10–12 einstein and hCL =
= 2.0×10–7 einstein mol–1.

We propose that the excitation of Eu3+ occurs via the
involvement of intermediate dioxirane as shown in Scheme 2
(pathway a): the rearrangement of dimethyldioxirane may lead
to the excited methyl acetate8 followed by energy transfer to the
europium ion. Indeed, we have found that interaction of the vapour
of isolated dimethyldioxirane3,4 with 17 mg of pure Eu(NO3)3
powder at 90 °C is accompanied by CL whose efficiency was found
with S = 1.1×10–11 einstein to be even higher than that obtained
in the acetone–KHSO5–Eu(NO3)3 system. The yield of CL, based
on the amount of spent dioxirane, was 2.2×10–7 einstein mol–1.
This result strongly supports the proposed mechanism.

Furthermore, NMR analysis of the crude reaction mixture,
taken after the CL reaction of the injection experiment with
KHSO5–Eu(NO3)3 powders was completed, revealed the presence
of acetone.§ Apart from the acetone signal and several unidentified
signals, the NMR displayed also signals which could be attributed

to the methyl acetate, a product of dimethyldioxirane rearrange-
ment. This observation lends further support to the proposed
pathway a of Scheme 2. It seems very likely that methyl acetate
and acetone have not been evaporated at 90 °C because they
were bound in a complex with europium so that interaction of
acetone with KHSO5 takes place in the metal coordination sphere.

However, considering the involvement of intermediate dioxirane,
we cannot exclude alternative pathway b in Scheme 2, in which
europium nitrate may be excited by energy transfer from the
singlet-oxygen dimol species (1O2)2, which are known to be
formed during the acetone-catalyzed decomposition of KHSO5
in solution.13,16 The possibility of energy transfer from (1O2)2
to appropriate fluorescers has been postulated17 in 1966 and has
later often been invoked to explain light emission in several
chemi- and photoluminescent reactions.13

In conclusion, we found that the interaction of acetone vapour
with solid potassium peroxymonosulfate leads, in the presence
of europium nitrate, to bright CL, which may be observed even
by naked eyes in a slightly darkened room. We propose that
dioxirane or/and singlet-oxygen dimol are key intermediates,
which are responsible for the excitation of the europium complex.
To the best of our knowledge, CL in the reaction of ketone with
solid-phase KHSO5 is unprecedented.
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‡ Interaction between Eu(NO3)3 and KHSO5 as a source of CL may be
exluded since in a separate experiment we have shown that the total amount
of light evolved in this reaction (i.e., in the absence of acetone) was as low
as 2–3% of that in the Eu(NO3)3–KHSO5–acetone system.
§ The identification of reaction products was carried out under conditions
analogous to those where CL measurements have been performed. 0.3 ml
of liquid acetone was rapidly injected into the cuvette (the total volume of
the cuvette was 14 ml) containing a mixture of Oxone and Eu(NO3)3·6H2O
powders, which was preheated for 5 min at 90 °C. Then, the cuvette with
powders was thermostated at 90 °C during 6 h (a time which corresponds
to the end of CL reaction). After that, the crude reaction mixture was
allowed to cool down to room temperature, diluted with 4 ml of H2O
and extracted with 1 ml of CDCl3 with subsequent analyses by 1H and
13C NMR spectroscopy. Alternatively, the reaction mixture was diluted
with 1.3 ml of D2O and an aliquot portion was directly analyzed by NMR
spectroscopy (Bruker AM-300) in this solvent. NMR spectra contained
characteristic signals of acetone in D2O: 1H NMR, d: 2.08 (s, Me);
13C NMR, d: 30.03 (Me), 203.69 (C=O); in CDCl3: 1H NMR, d: 2.13 (s,
Me); 13C NMR, d: 30.87 (Me), 207.01 (C=O). Likewise, methyl acetate
was characterized by the following signals in D2O: 1H NMR, d: 2.15 (s,
Me), 3.73 (s, OMe); 13C NMR, d: 50.22 (OMe), 175.22 (O–C=O), 19
(Me); in CDCl3: 1H NMR, d: 2.03 (s, Me), 3.63 (s, OMe); 13C NMR, d:
60.36 (OMe), 185.14 (O–C=O), 20.99 (Me).

O

MeMe

KHSO5

+

Me O

OMe

1O2  +  1O2 (1O2)2

O

OMeMe

*

a

b

Eu*(NO3)3
Eu(NO3)3

Eu(NO3)3

hv (610–630 nm)

Scheme  2

Received: 17th April 2008; Com. 08/3124



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


