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Synthesis and Characterization of compound 3. 

N,N’-Di[3,4,5-tris(dodecyloxy)benzoylaminoethyl]-perylene- 

3,4:9,10-tetracarboxylic acid bisimide  

Perylene-3,4:9,10-tetracarboxylic acid bisanhydride (39 mg, 0.1 mmol), 

benzamide 2 (150 mg, 0.21 mmol) and zinc acetate (40 mg, 0.22 mmol) were 

mixed in 3 g of imidazole. The reaction mixture was stirred at 130 °C for 24 h. 

After cooling to room temperature, 100 ml MeOH was added and the 

precipitate was collected and washed with additional MeOH. After drying in 

vacuum, the crude product was purified by silica gel column chromatography 

(20/1 CHCl3/MeOH) to give a red solid. Yield: 48%.  Mp: 233 °C. 1H NMR 

(400 MHz, CDCl3, 300 K, TMS): δ = 8.50 (d, 4H, J = 7.6 Hz, Hpery), 8.36 (d, 

4H, J = 8.0 Hz, Hpery), 7.08 (s, 2H, NH ), 7.00 (s, 4H, Ar-H), 4.53 (m, 4H, CH2), 

3.98 (m, 12H, Ar-OCH2), 3.88 (m, 4H, CH2), 1.80-1.15 (m, 120H, CH2), 0.88 

(m, 18H, CH3). MS (MALDI-TOF, matrix: DCTB): calculated for 

C114H172N4O12 (m/z) 1789.30, found 1790.28 [M+H]+; elemental analysis (%) 

calculated for C114H172N4O12 (1790.6): C 76.47, H 9.68, N 3.13; found: C 76.58, 

H 9.92, N 2.97. UV/vis (CH2Cl2): λmax(ε) = 528 (85300), 491 (51600), 460 

(18500 M−1 cm−1). 

 

Gelation test of 3 in various organic solvents. 

The gelation property of perylene bisimide 3 was assessed in 20 different 

organic solvents. For this purpose, the gelator and the solvent were put together 
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in a screw-capped sample vial and it was heated until everything was dissolved. 

After leaving the sample over night at ambient temperature, the formation of 

gel was defined by the “stable-to-inversion of a vial” method. Transparent gels 

were formed in methylcyclohexane, cyclohexane, n-hexane, n-pentane, 

benzene, thiophene and toluene. In dioxane, THF, dibutylether and 

triethylamine opaque gels were formed. For the solvents chloroform, 

dichloromethane, acetone, ethanol, methanol, 1-octanol, diethylether, DMF and 

DMSO no gel was observed. The gels formed already at the concentration ≤ 2 

mM. The critical gelation concentration (CGC) was determined in MCH, 

benzene and cyclohexane, which was 0.8 – 1.1 mM (< 0.2 wt%).  

 

General methods. All solvents and reagents were purchased from commercial 

sources and used as received without further purification. The solvents for 

spectroscopic studies were of spectroscopic grade and used as received. 1H 

NMR spectra were recorded on a 400 MHz spectrometer and all the spectra 

were calibrated against TMS. UV/vis spectra were measured on a Perkin-Elmer 

Lambda 40P spectrometer equipped with a Peltier system as temperature 

controller. FT-IR spectra were measured on a Jasco FT/IR-410 instrument. 

Differential scanning calorimetry (DSC) measurements were performed by 

using a TA Q1000 calorimeter. Optical textures at crossed polarizers were 

obtained with an Olympus BX-41 polarization microscope equipped with a 

Linkam THMS 600 hot stage and a temperature controller unit. 

  

Atomic force microscopy (AFM). AFM measurements were performed under 

ambient conditions using a MultiMode Nanoscope IV system operating in 

tapping mode in air. Silicon cantilevers (OMCL-AC160TS) with a resonance  

frequency of ~300 kHz were used. Solutions of perylene bisimide 3 were 

spin-coated onto HOPG (highly oriented pyrolytic graphite) and mica under 

7000 rpm. 
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Charge carrier mobility measurement. The conductive properties were 

studied with the pulse-radiolysis time-resolved microwave conductivity 

(PR-TRMC) technique. Pressed pellets (25 mg, fill factor 0.75) of the material 

were irradiated with 10 nanosecond pulses of 3 MeV electrons from a Van de 

Graaff accelerator, which results in the creation of a uniform micromolar 

concentration of electron-hole pairs. The resulting change in conductivity was 

monitored as the microwave power absorbed by the mobile charge carriers in 

the material at an electro-magnetic field frequency of 33 GHz. The mobility 

values are determined from the conductivity at the end of the electron pulse. 

The lower limit to the mobility is obtained by assuming that all generated 

charges contribute to the conductivity (survival parameter Weop = 1) and a pair 

formation energy of 16 eV as described elsewhere.[S1] 
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Fig. S1 IR spectra of 3: (top) In CH2Cl2 solution (ca. 1 mM) and (bottom) for a 

xerogel of 3 prepared from MCH.  
 
TOP: The FT-IR spectra of 3 in CH2Cl2 solution show a broad N-H stretching 

band at 3412 cm-1 that indicates the absence of hydrogen-bonding. The 

benzamide carbonyl group vibration band overlaps with the carbonyl group 

vibration of the perylene imide groups at 1660 cm-1.  

BOTTOM: In the gel phase, 3 shows a sharp N-H stretching band at 3271 cm-1 

and a benzamide carbonyl group vibration at 1653 cm-1. Both displacements to 

lower frequency are indicative for hydrogen-bonding interactions among the 

amide moieties that contribute to the formation of the gel. In contrast, the 

symmetrical carbonyl group vibration of the perylene imide groups remain 

located at 1697 cm-1. This indicates that the imide carbonyl groups are not 

involved in hydrogen-bond formation.  
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30 nm
 

 
Fig. S2 High resolution AFM topography (left) and phase (right) images of a 

spin-coated film prepared from a diluted gel solution of 3 in toluene (1 × 10-4 M) 

onto a freshly cleaved HOPG surface. 
 

400 nm
 

 

Fig. S3 AFM image of a spin-coated film from a diluted gel solution of 3 in 

toluene (1 × 10-4 M) onto freshly cleaved mica. 
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Fig. S4 IR spectrum of a gel of 3 in THF (1mM). The spectrum was obtained 

by subtracting the spectrum of blank THF. The FT-IR spectrum shows a sharp 

N-H stretching band at 3266 cm-1 and a benzamide carbonyl group vibration at 

1655 cm-1. The latter is indicative for the formation of hydrogen bonds between 

the individual gelator molecules even in the hydrogen bond acceptor solvent 

THF. 

 

 

Fig. S5 AFM images of a spin-coated film from a diluted gel solution of 3 in 

THF (2 × 10-4 M) onto freshly cleaved mica. Although the fibers are shorter and 

less defined (no helicity could be resolved) in the hydrogen acceptor solvent 

bundle formation as a prerequisite for gel formation is still present. 
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Fig. S6 Differential scanning calorimetry (DSC) traces of compound 3. The 

black line indicates the first and the red line the second cycle of the DSC 

measurement, which were performed at heating and cooling rates of 10 oC / 

min.  

 

 

Additional Reference. 

[S1] (a) P. G. Schouten, J. M. Warman and M. P. de Haas, J. Phys. Chem., 1993, 97, 

9863-9870; b) P. G. Schouten, J. M. Warman, M. P. de Haas, C. F. van Nostrum, G. 

H. Gelinck, R. J. M. Nolte, M. J. Copyn, J. W. Zwikker, Mc. K. Engel, M. Hanack, 

Y. H. Chang and W. T. Fords, J. Am. Chem. Soc., 1994, 116, 6880-6894. 

0 50 100 150 200 250

-6

-4

-2

0

2

235.2 oC
ΔH=27.8 J/g

235.2 oC
ΔH=26.4 J/g

81.0 oC
ΔH=14.1 J/g 118.5 oC

ΔH=8.9 J/g

126.3 oC
ΔH=7.5 J/g

96.6 oC
ΔH=10.3 J/g

H
ea

t F
lo

w
 / 

μW

Temperature / oC

 Cycle 1
 Cycle 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


