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Dynamic Light Scattering and Atomic Force Microscopy. DLS is a standard tool to determine 

particle sizes in transparent solutions quickly. The size of any diffusing particle with a radius of a few 

nm up to microns is based on measuring the time-averaged auto correlation function of the “speckle” 

pattern produced by the scattering particles in solution. This auto-correlation function g(1)(q,τ) related 

directly to the diffusion coefficient of the scattering object. Hence, by measuring the translational 

Diffusion coefficient we obtain the size of the particles through the Stokes-Einstein relation D = 

kBT/(6πηR); η is simply the viscosity of the pure solvent. In general, nano-sized particles will feel a 

hydrodynamic friction due to the surrounding solvent thus dragging along some solvent molecules 

along. This is why the particles radius can appear larger, but still it gives a good estimate. The AFM 

images helped us to verify, whether the inverted vesicles are indeed hollow, or whether they are formed 

by multivesciluar (onion-like) structures or are pure, unresolved Ru-complexes. 
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4,4’-di(3-ethyheptyl)-2,2’-bipyridine (3). A fresh solution of lithium diisopropylamine was prepared 

by dropwise addition of a 1.6 M solution of n-butyllithium in hexane (5.16 ml, 8.24 mmol) to a solution 

of diisopropylamine (1.12 ml, 8 mmol) in THF (10 ml) at -78°C. After stirring for 30 min, a suspension 

of 4,4’-dimethyl-2,2’-bipyridine (0.73 g, 4 mmol) in THF (30 ml) was slowly (30 min) added and 

stirred for additional 2 h at -78°C. 2-ethylhexylbromide (2.32 g, 12 mmol) in THF (15 ml) was slowly 

added maintaining the temperature at -78°C. The solution was then placed on an ice-bath (0°C) and 

stirred for 2 h, after which the ice-bath was removed and allowed stirring for 16 h. The solution was 

poured in brine (50 ml), the organic phase separated and the aqueous phase extracted additionally with 

ethylacetate (2 x 25 ml). The combined organic phases were dried with MgSO4, solvents evaporated and 

the crude yellowish oil chromatographed in silica with a hexane/diethyl ether (7:3) mixture as eluent. 

The pure compound was obtained as a colourless oil. Yield: 0.99 g (61%). 1H NMR: δ 0.87 (m, 12H, 

CH3), 1.20–1.70 (br m, 22H, (CH2CH2CH2CH(CH2)CH2), 2.67 (t, 4H, 2JHH = 9.0 Hz, CH2Ar), 7.15 (d, 

2H, 2JHH = 4.8 Hz, H*-5,5’), 8.25 (br s, 2H, H*-3,3’), 8.56 (d, 2H, 2JHH = 4.8 Hz, H*-6,6’). 13C{1H}: δ 

10.9 (CH3CH2CH), 14.3 (CH3), 23.3 (CH3CH2CH2), 25.9 (CH3CH2CH), 29.0 (CH3CH2CH2), 32.8 

(CH2CH), 33.02 (CH2CH2Ar), 34.4 (CH2Ar), 38.9 (CH) 121.5 (C5), 124.1 (C3), 149.1 (C6), 153.6 (C4), 

156.3 (C2). MS (FAB+): m/z = 409.4 [MH]+. Anal. Calcd for C28H44N2: C, 82.29; H, 10.85; N, 6.85. 

Found: C, 82.42; H, 10.81; N, 6.78. 

 

4,4’-di(17-tritriacontanyl)-2,2’-bipyridine (4). This synthesis is based on a previous similar recipe [1]. 

A fresh solution of lithium diisopropylamine (36.2 mmol) was prepared as described for compound 3. 

To this solution, a suspension of 4,4’-dimethyl-2,2’-bipyridine (1.5 g, 8.2 mmol) in THF (60 ml) was 

slowly (1 h.) added at -78°C and stirred for additional 2 h. 1-hexadecylbromide (15 g, 49 mmol) in THF 

(60 ml) was added dropwise and stirred for one hour. The solution was allowed to reach room 

temperature while stirring for 16 hours. The reaction was stopped, poured in brine (150 ml) and washed 

two additional times. The suspension was evaporated to dryness on the rotavapor. The yellow residue 
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obtained was dissolved in a methanol/ethanol (1:1) solution (200 ml) and filtered. The solid was 

recrystallysed from heptane to obtain a fine off-white powder. Yield: 7.1 g (80%). 1H NMR: δ 0.86 (t, 

12H, 2JHH = 6.6 Hz, CH3(CH2)15), 1.05–1.45 (br m, 152H, CH3(CH2)14), 1.63 (br s, 8H, (CH2)14CH2CH), 

2.59 (m, 2H (CH2)15CH), 7.09 (d, 2H, 2JHH = 1.8 Hz, H*-5,5’), 8.24 (s, 2H, H*-3,3’), 8.56 (d, 2H, 2JHH = 

2.1 Hz, H*-6,6’). 13C {1H}: δ 14.3 (CH3), 22.9 (CH3CH2), 27.8 (CH2CH2CHAr), 29.9 

(CH3(CH2)2(CH)11), 32.2 (CH3CH2CH2), 36.6 (CH2CHAr), 46.4 (CHAr), 121.1 (C5), 123.4 (C3), 149.2 

(C6), 156.6 (C4), 157.0 (C2). MS (FAB+): m/z = 1082.21 [MH]+. Anal. Calcd for C76H140N2: C, 84.37; 

H, 13.04; N, 2.59. Found: C, 83.96; H, 13.01; N, 2.48. 

 

4,4’-bis[3,4,5-tri(dodecyloxy)phenylmethoxy] 2,2’-bipyridine (5). A mixture of 4,4’-dihydroxy-2,2’-

bipyridine (1.13 g, 6 mmol) and K2CO3 (4.98 g, 36 mmol), in DMF (20 ml) was warmed at 80°C for 30 

min. Upon addition of 3,4,5-tri(dodecyloxy)phenylmethyl bromide (9.04 g, 12.5 mmol) dissolved in 

dioxane (30 ml), the reaction was allowed to stir at 75°C for 40 h. TLC was performed to check that all 

the bromide had reacted away and the solution was cooled down and filtered. Evaporation of DMF gave 

a yellow oil that was chromatographed on silica with a hexane/ethanol/triethylamine mixture (17:2:1) to 

obtain 5 as a light yellow oil that solidified upon standing. Yield: 5.84 g (66%). 1H NMR: δ 0.90 (m, 

18H, CH3(CH2)11), 1.30–1.84 (br m, 120H, CH3(CH2)10), 3.99 (m, 12H, CH2OAr), 5.13 (s, 4H, 

CH2Obpy), 6.68 (s, 2H, ortho to CH2Obpy), 6.93 (dd, 2H, 2JHH = 5.4 Hz, 4JHH = 2.4 Hz, H*-5,5’), 8.13 

(d, 2H, 2JHH = 2.4 Hz, H*-3,3’), 8.47 (d, 2H, 2JHH = 6.0 Hz, H*-6,6’). 13C {1H} NMR (CD2Cl2): δ 16.0 

(CH3), 24.8 (CH3CH2), 28.3 (CH2CH2CH2OAr), 31.8 (CH3(CH2)3(CH)5), 32.5 (CH2CH2OAr), 34.1 

(CH3CH2CH2), 71.1 (CH2OAr, 3,5 positions), 72.4 (CH2Obpy), 75.5 (CH2OAr, 4 position), 108.0 (C8), 

109.1 (C5), 113.3 (C3), 133.0 (C10), 139.9 (C7), 152.3 (C6), 155.4 (C9), 159.8 (C4), 167.8 (C2). MS 

(FAB+): m/z = 1474.27 [MH]+. Anal. Calcd for C96H164N2O8: C, 78.21; H, 11.21; N, 1.90. Found: C, 

78.39; H, 11.32; N, 1.89. 
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[Ru(4,4’-ditridecyl-2,2’-bipyridine)2Cl2] (6). A mixture of RuCl3·3H2O (83.7 mg, 0.32 mmol), 4,4’-

di(tridecyl)-2,2’-bipyridine (0.333 g, 0.64 mmol) and LiCl (80.5 mg, 1.9 mmol) in DMF (10 ml) was 

heated to 110°C during 6 h. The reaction was cooled down, acetone (30 ml) added and the solution was 

further cooled to -20°C. The precipitate formed was filtered off and washed with water (3 x 20 ml). The 

residue was purified twice on Sephadex LH20 with a acetonitrile/isopropanol (1:9) mixture to obtain 6 

as a purple solid. Yield 0.32 g (82%). 1H NMR gave broad signals. 1H NMR: δ 0.88 (m, 12H, 

CH3(CH2)12), 1.18–1.80 (br m, 88H, CH3(CH2)11), 2.89 (br s, 8H, CH2Ar), 7.20-7.30 (br m, 4H, H-5,5’), 

7.54-7.61 (br m,, 4H, H-3,3’), 8.33 (br s, 4H H-6,6’). (FAB+): m/z = 1141.93 [M-2Cl-]+. Anal. Calcd for 

C72H120Cl2N4Ru: C, 71.25; H, 9.97; N, 4.62. Found: C, 70.78; H, 9.66; N, 4.88. 

 

[Ru(4,4’-ditridecyl-2,2’-bipyridine)2(2,2’-bipyridine)]Cl2 (9). A suspension of Ru(4,4’-ditridecyl-

2,2’-bipyridine)2Cl2 (0.242 g, 0.2 mmol) and silver triflate (0.103 g, 0.4 mmol) in THF (15 ml) was 

stirred in the absence of light for 1 h. at room temperature, after which, still in the absence of light, was 

filtered through celite. 2,2’-bipyridine (31.2 mg, 0.2 mmol) is added to the filtered solution and the 

reaction refluxed in the absence of light for 14 h after which the suspension was cooled to room 

temperature, excess NaCl added and stirred for additional 1 h. The solvent was evaporated and the crude 

mixture chromatographed on Sephadex LH20 with isopropanol as eluent and subsequently on silica 

with methanol/acetonitrile/water/NaCl mixture (10:2.5:1:0.1). In both cases the red-intense band is 

collected and dried under vacuum to obtain 9 as a dark red solid. Yield: 0.202 g (74%). 1H NMR: δ 
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0.89 (m, 12H, CH3(CH2)11), 1.20–1.70 (br m, 120H, CH3(CH2)10), 2.84 (t, 8H, 2JHH = 8.1 Hz, CH2Ar), 

7.26 (d, 4H, 2JHH = 6.6 Hz, H*-5,5’), 7.45-7.60 (m, 6H, H*-6,6’ and H-5,5’), 7.72 (d, 2H, 2JHH = 5.1 Hz, 

H-6,6’), 8.14 (br s, 2H, H-4,4’), 8.68 (s, 4H H*-3,3’), 9.21 (d, 2H, 2JHH = 7.5 Hz, H-3,3’). MS (FAB+): 

m/z = 1291.37 [MH-2Cl-]+. Anal. Calcd for C82H128Cl2N6Ru: C, 71.89; H, 9.42; N, 6.13. Found: C, 

72.09; H, 9.86; N, 6.19. 

 

[Ru(4,4’-di(3-ethyheptyl)-2,2’-bipyridine)2(2,2’-bipyridine)]Cl2 (11). A schlenk vessel was charged 

with RuCl3·3H2O (66.9 mg, 0.24 mmol), 3 (0.196 g, 0.48 mmol), LiCl (60.3 mg, 1.4 mmol) and DMF (8 

ml). The suspension was heated to 110°C during 6 h, after which it was cooled down to room 

temperature and volatiles evaporated. The residue was dissolved in CH2Cl2 and filtered through a celite 

plug. The purple residue obtained was put in a schlenk, silver triflate (0.123 g, 0.48 mmol) added and in 

the absence of light, THF was added and allowed to react for 1 h. The mixture was filtered through 

celite, 2,2’-bipyridine (37.4 mg, 0.24 mmol) added and refluxed for 14 h in the absence of light. The 

reaction was then cooled down; NaCl (excess) added, stirred for 1 h and filtered. Volatiles were 

evaporated and the crude product chromatographed on silica with methanol/acetonitrile/water/NaCl 

mixture (10:2.5:1:0.1) collecting the bright red band. Yield: 0.202 g (74%). 1H NMR (CD2Cl2): δ 0.88 

(m, 24H, CH3), 1.20–1.60 (br m, 44H, CH3(CH2)3CH(CH2)CH2, 2.82 (br m, 8H, CH2Ar), 7.27 (d, 4H, 

2JHH = 6.3 Hz, H*-5,5’), 7.40-7.55 (m, 6H, H*-6,6’ and H-5,5’), 7.81 (br s, 2H, H-6,6’), 8.22 (br s, 2H, 

H-4,4’), 8.68 (s, 4H H*-3,3’), 9.17 (d, 2H, 2JHH = 7.5 Hz, H-3,3’). MS (FAB+): m/z = 1073.34 [MH-2Cl-

]+. Anal. Calcd for C66H96Cl2N6Ru: C, 69.20; H, 8.45; N, 7.34. Found: C, 68.89; H, 8.74; N, 7.49. 

 

[Ru(4,4’-di(17-tritriacontyl)-2,2’-bipyridine)(2,2’-bipyridine)2]Cl2 (12). [Ru(p-cymene)Cl2]2 (38 

mg, 0.62 mmol) and 4,4’-di(17-tritriacontanyl)-2,2’-bipyridine (0.134 g, 0.124 mmol) were dissolved in 

DMF (10 ml) and the mixture warmed at 70°C. After 6 h., 2-2’-bipyridine (39 mg, 0.248 mmol) was 

added and the reaction allowed stirring at 140°C for 36 h. The reaction was cooled to room temperature 
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and volatiles evaporated. The crude product was dissolved in hexane, filtered and chromatographed on 

Sephadex LH20 with isopropanol and subsequently on silica with methanol/acetonitrile/water/NaCl 

mixture (10:2.5:1:0.1). In both cases the bright red band was collected and dried under vacuum to obtain 

12 as a bright red solid. Yield: 0.153 g (79%). 1H NMR (CD2Cl2): δ 0.89 (m, 12H, CH3(CH2)16), 1.15–

1.70 (br m, 120H, CH3(CH2)15), 2.77 (m, 2H, CH2Ar), 7.25 (d, 2H, 2JHH = 5.7 Hz, H*-5,5’), 7.44-7.50 

(m, 4H, H-5,5’), 7.61 (d, 4H, 2JHH = 5.7 Hz, H-6,6’), 7.69 (m, 2H, 2JHH = 5.4 Hz, H-6,6’), 8.15 (m, 4H, 

H-4,4’), 8.23 (s, 2H H*-3,3’), 9.19 (d, 2H, 2JHH = 7.8 Hz, H-3,3’). MS (FAB+): m/z = 1530.31 [M-Cl-]+. 

Anal. Calcd for C82H128Cl2N6Ru: C, 71.89; H, 9.42; N, 6.13. Found: C, 72.09; H, 9.86; N, 6.19. 

 

[Ru (4,4’-bis[3,4,5-tri(dodecyloxy)phenylmethoxy] 2,2’-bipyridine) (2,2’-bipyridine)2]Cl2 (13). A 

suspension of [Ru(p-cymene)Cl2]2 (59 mg, 0.96 mmol) and 5 (0.28 g, 0.192 mmol) dissolved in DMF 

(10 ml) was stirred for 6 h at 70°C. 2-2’-bipyridine (60 mg, 0.384 mmol) was then added and the 

reaction allowed stirring at 140°C for 36 h after which the reaction was cooled down and volatiles 

evaporated. The red residue was chromatographed first on Sephadex LH20 with isopropanol and then 

on silica with methanol/acetonitrile/water/NaCl mixture (10:2.5:1:0.1). In both cases the bright red band 

was collected and dried under vacuum to obtain 13 as a red solid. Yield: 0.153 g (79%). 

1H NMR (CD2Cl2): δ 0.89 (m, 12H, CH3(CH2)16), 1.15–1.70 (br m, 120H, CH3(CH2)15), 2.77 (m, 2H, 

CH2Ar), 7.25 (d, 2H, 2JHH = 5.7 Hz, H*-5,5’), 7.44-7.50 (m, 4H, H-5,5’), 7.61 (d, 4H, 2JHH = 5.7 Hz, H-

6,6’), 7.69 (m, 2H, 2JHH = 5.4 Hz, H-6,6’), 8.15 (m, 4H, H-4,4’), 8.23 (s, 2H H*-3,3’), 9.19 (d, 2H, 2JHH 

= 7.8 Hz, H-3,3’). MS (FAB+): m/z = 1922.70 [MH-Cl-]+, 1877.25 [MH-2Cl-]+. Anal. Calcd for 

C116H180Cl2N6O8Ru: C, 71.13; H, 9.26; N, 4.29. Found: C, 71.59; H, 9.34; N, 4.24. 

 

[1] T. B. Hadda and H. L. Bozec, Polyhedron 1988, 7, 575-577 

 



<<
  /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


