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I.    EXPERIMENTAL DETAILS 

(a) Preparation of the samples. The studied compounds Cu(hfac)2LPr, Cu(hfac)2Li-Pr and 

Cu(hfac)2LMe have been synthesized according to the developed procedures;S1,S2  their 

physicochemical properties were previously characterized by X-ray, SQUID, EPR.S3-S7 Usual 

pelleting technique was applied for mid-FTIR experiments (Figure 3): 1–2 mg of studied 

compound was ground and then mixed with 140 mg of KBr powder; the mixture was pressed in 

vacuo at room temperature using ≈5 ton pressure applied for 5 minutes. Although the 

compression procedure leads to partial suppression of magnetostructural transition (that becomes 

smoothed and lagged), its manifestations in FTIR spectra were found similar in both single 

crystals and pellets.S8 Figure 4 used thin single crystals of Cu(hfac)2LPr and Cu(hfac)2Li-Pr. 

(b) IR measurements. The IR spectra of polycrystalline powders were recorded within 4000–550 

cm-1 (mid-IR) at T=5-300 K using FTIR spectrometer Bruker Vertex 80v (Bruker Optics, 

Germany) equipped with continuous flow liquid He cryostat Oxford OptistatCF. Infrared 

microscope HYPERION 2000 (Bruker Optics, Germany) equipped with sample stage Linkam 

FTIR600 (Linkam Scientific Instruments, United Kingdom) was used for measurements on 

single crystals at T=80 and 300 K. Spectral resolution was 2 cm-1. The samples were thermally 

equilibrated during 5 min for each temperature-dependent measurement.   

(c) Irradiation conditions. Steady-state halogen white light source was used in LIESST 

experiments with average power ≈20 mW/cm2. White light was applied perpendicular to the 

scanning IR irradiation, and the surface of pellet was inclined by 450 with respect to the scanning 

light to allow both irradiations simultaneously. The typical time of irradiation was ~10 minutes; 

after this time no significant spectral changes were observed. 

 

II. MANIFESTATION OF LIGHT AND THERMALLY-INDUCED STRUCTURAL 

CHANGES IN FTIR SPECTRA OF Cu(hfac)2
R 

Figure 3 of the main text shows FTIR spectra of Cu(hfac)2LMe and Cu(hfac)2LPr in thermal SS, 

WS and photoinduced mWS states in the most informative mid-IR range 1100−800 cm−1. Here 

we would like to present the full-range mid-IR spectra, which reproduce the trends described in 

the main text. 
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Figure S1. Mid range FTIR absorbance spectra of Cu(hfac)2LMe in temperature-induced WS state (purple, 150 K), 

light-induced mWS state (black, 5 K), SS spin state at 25 K (blue (top) and turquoises (bottom)).  

The similarity of crystal structures of WS and mWS states in Cu(hfac)2LMe is confirmed by the 

coincidence of the FTIR spectra in a whole mid-IR range: under light irradiation all vibrational 

bands characteristic for SS state disappear (1334, 1201, 1098, 1086, 1034, 890 cm-1), and 

vibrational bands characteristic for WS state grow in intensity (1645, 1356, 1325, 884, 815 cm-1).  

In case of the second compound Cu(hfac)2LPr we observe similar trend. White light irradiation 

results in intensity decrease of characteristic vibrational bands for SS state (1649, 1553, 1504, 

1193, 1139, 1092, 893, 793 and 672 cm-1) and intensity increase of characteristic vibrational 

bands for WS state (1641, 1558, 1355, 1105 and 798 cm-1). This indicates general similarity of 

structures of mWS and WS states. Nevertheless, as was already mentioned in the main text, some 

characteristic IR bands that change during SS→WS conversion are not sensitive to light-induced 

SS→mWS conversion. The intensity of bands at 1039 and 904 cm-1 remains the same during 

light irradiation, whereas it undergoes appreciable changes during temperature variation from 25 

to 300 K. This fact indicates structural differences of thermal WS and light-induced mWS states 

in Cu(hfac)2LPr assigned to different conformations of peripheral propyl groups of nitroxide 

radical. As was shown by XRD analysis, thermal WS and SS states of Cu(hfac)2LPr have 

different orientation of propyl substituent in nitroxide radical (see main text), and in process of 
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fast light-induced switching the orientation of propyl group does not change as it does during 

slow thermal transition. 

 

 

Figure S2. Mid range FTIR absorbance spectra of Cu(hfac)2LPr in temperature-induced WS state (purple, 300 K), 

light-induced mWS state (black, 5 K), SS spin state (red (top) and turquoises (bottom), 25 K).  

The assignment of thermo-sensitive but light-insensitive vibration bands to propyl groups was 

additionally supported by comparison with the sister compound Cu(hfac)2Li-Pr (see main text). 

Similar to Cu(hfac)2LPr, the complex Cu(hfac)2Li-Pr demonstrates the ability for light-induced 

switching, during which all vibrational bands characteristic for SS state (1090, 1018, 1004, 885, 

865 cm-1)  decrease in intensity, and characteristic vibrational bands of WS state (1105, 881 cm-1) 

increase in intensity. 
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Figure S3. Mid range FTIR absorbance spectra of Cu(hfac)2Li-Pr in light-induced mWS state (red, 5 K) and SS spin 

state (blue, 25 K).  

 

 

 

Figure S4. The structure of Cu(hfac)2LMe with head-to-tail coordination at temperatures above (293 K) and below 

(140 K) magneto-structural transition. Alkyl substituent of nitroxide radical is highlighted by corresponding colors.   

In case of complex Cu(hfac)2LMe, no structural changes in conformation of nitroxide ligand are 

found during thermal transition. All changes occurs in CuO5N unit (see Figure S4), and therefore 
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the structure of light-induced mWS state perfectly corresponds to the structure of thermal WS 

state. 

 

III. RELAXATION PROPERTIES OF LIGHT-INDUCED SPIN STATE 

Maximum photoconversion efficiency (γmax) and mWS→SS relaxation time (τ) of the 

photoinduced state are important parameters in LIESST studies, because, in particular, they carry 

information on the activation energy barrier (EA).S4 In this work we did not study these 

parameters in detail and did not investigate their temperature dependence, but still we performed 

comparison for Cu(hfac)2LMe and Cu(hfac)2LPr in particular conditions.  

To monitor the SS→mWS conversion and to estimate the mWS/SS ratio (γ) we have selected 

characteristic and well resolved vibrational bands, which have been previously used to study 

thermally-induced SS→WS conversion:S8 (i) two bands with maxima at 884 cm-1 (WS) and 890 

cm-1 (SS) for Cu(hfac)2LMe compound; and (ii) two bands with maxima at 1105 cm-1 (WS) and 

1092 cm-1 (SS) for Cu(hfac)2LPr compound.  

Recorded under the steady-state irradiation, γmax(T) function allows determining maximum 

photo-induced conversion that can be reached for particular sample. As one can see from Figure 

S5a, the SS→mWS conversion for Cu(hfac)2LMe compound begins already at 25 K and almost 

reaches its plateau at 10 K. In case of Cu(hfac)2LPr compound the light-induced SS→mWS 

conversion begins at 20 K and the plateau is expected at T < 5 K. Thus, the structural 

investigation of light-induced mWS state should be performed at minimum temperature available 

(5 K in our case). At the same time, FTIR spectra of SS states should be measured at T=25 K 

(above LIESST region) in order to avoid any possible contribution of photoswitched clusters. 

We reliably established that γmax(T) dependence for Cu(hfac)2LPr decays faster with 

temperature compared to that for Cu(hfac)2LMe (Figure S5a), so the whole curve is shifted to the 

lower temperatures by approx. 5 K. The possible reason for such effect is the difference in 

activation energy EA between SS and mWS states, and for the Cu(hfac)2LMe compound EA is 

expected to be larger than for Cu(hfac)2LPr. Indeed, mWS state of Cu(hfac)2LMe compound 

shows better stability in terms of mWS→SS relaxation (see Figure S5b): the mWS state of 

Cu(hfac)2LMe almost does not relax within first hour, whereas in case of Cu(hfac)2LPr approx. 

20% of initial mWS states relaxed back to SS state. These facts, as well as temperatures of 

magneto-structural transition for both compounds (Cu(hfac)2LMe – 146 K, Cu(hfac)2LPr  – ~200 
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K), are in good agreement with the Buhks theory theses: the tunneling rate is faster for larger 

energy difference between the SS and WS states (ΔE0); the larger ΔE0, the higher is the 

temperature of the thermally-induced spin transition.S9 

 
Figure S5. a) Maximum conversion depth γmax=γn(t=0) vs. temperature for Cu(hfac)2LMe and Cu(hfac)2LPr. The 

curves are normalized to γmax(5 K). b)  Normalized relaxation dependences γn(t) measured for Cu(hfac)2LMe and 

Cu(hfac)2LPr at 5 K.    

We also compared γmax(T) behavior for Cu(hfac)2LPr in KBr with previously obtained results 

for Cu(hfac)2LPr mixed with glycerol (Figure S6).S4 Surprisingly, in spite of principally different 

methods of sample preparation, the curves are very similar. The minor difference at lowest 

temperatures (5-9 K) might be explained by small uncertainty of sample temperature 

measurement in the cryostat of FTIR spectrometer. 
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Figure S6. a) Maximum conversion depth γmax=γn(t=0) vs. temperature for Cu(hfac)2LPr mixture with glycerol 

(black)S4 and compressed in KBr pellet (red). The curves are normalized to γmax(5 K).    

 

REFERENCES 

S1. V. I. Ovcharenko, S. V. Fokin, G. V. Romanenko, Y. G. Shvedenkov, V. N. Ikorskii, E. V. 
Tretyakov and S. F. Vasilevskii, J. Struct. Chem., 2002, 43, 153-167. 

S2. V. I. Ovcharenko, K. Y. Maryunina, S. V. Fokin, E. V. Tretyakov, G. V. Romanenko, V. N. 
Ikorskii, Russ. Chem. Bull., 2004, 53, 2406-2427. 

S3. M. V. Fedin, E. G. Bagryanskaya, H. Matsuoka, S. Yamauchi, S. L. Veber, K. Y. Maryunina, 
E. V. Tretyakov, V. I. Ovcharenko and R. Z. Sagdeev, J. Am. Chem. Soc., 2012, 134, 16319-
16326. 

S4. M. V. Fedin, K. Y. Maryunina, R. Z. Sagdeev, V. I. Ovcharenko and E. G. Bagryanskaya, 
Inorg. Chem., 2012, 51, 709-717. 

S5. I. Y. Barskaya, E. V. Tretyakov, R. Z. Sagdeev, V. I. Ovcharenko, E. G. Bagryanskaya, K. 
Y. Maryunina, T. Takui, K. Sato and M. V. Fedin, J. Am. Chem. Soc., 2014, 136, 10132-10138. 

S6. W. Kaszub, A. Marino, M. Lorenc, E. Collet, E. G. Bagryanskaya, E. V. Tretyakov, V. I. 
Ovcharenko and M. V. Fedin, Angew. Chem.-Int. Edit., 2014, 53, 10636-10640. 

S7. M. V. Fedin, S. L. Veber, E. G. Bagryanskaya and V. I. Ovcharenko, Coord. Chem. Rev., 
2015, 289–290, 341-356. 



 

S9

S8. S. L. Veber, E. A. Suturina, M. V. Fedin, K. N. Boldyrev, K. Y. Maryunina, R. Z. Sagdeev, 
V. I. Ovcharenko, N. P. Gritsan and E. G. Bagryanskaya, Inorg. Chem., 2015, 54, 3446-3455. 

S9. E. Buhks, G. Navon, M. Bixon, J. Jortner, J. Am. Chem. Soc., 1980, 102, 2918-2923. 



<<
  /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


