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Abstract―Charge transfer complexes of a series of p-substituted dimethylanilines with C60 fullerenes were 
studied by electron absorption spectroscopy. Energies of charge transfer bonds depend on three effects of 
substituents in the donor molecule (the inductive, resonance, and polarization effects) with domineering of the 
resonance effect. The energies are linearly proportional to the potentials of electrochemical oxidation of aniline 
derivatives. 

Nowadays it is proved that the use of fullerene 
derivatives in the devices transforming energy of the 
visible and near IR radiation to the electric current is 
promising, and the production of such devices is 
developing [1]. This application is based on the ability 
of fullerenes to form excitones at the excitation with 
light of its complexes with donor ligands. For the 
improvement of such devices it is necessary, in 
particular, to continue studies of physicochemical pro-
perties of charge transfer complexes with the participa-
tion of fullerenes. The formation and properties of 
charge transfer complexes giving tight ion-radical pair 
at the absorption of quantum of light may be studied 
by electron absorption spectroscopy [2]. Charge transfer 
complexes of aromatic compounds formed by aniline 
derivatives as donors and the fullerenes as acceptors 
are described [3–6]. It is shown that constants of 
complex formation of aromatic amines with C60 are 
low (0.2–0.5 L/mol) which suggests the contact type of 
complexes [5]. Unlike that the complexes with partici-
pation of nitrogen macrocycles are characterized by  
constants which are three orders of magnitude larger 
(103–104 L/mol). Note that these constants were 
measured by another method [7]. The obtained data 
indicate the significant effect of intramolecular factors 
on the process of complex formation of C60 with nitro-
gen bases. At the same time the systematic effect of sub-
stituents on the properties of the charge transfer com-
plexes of fullerenes with amines is studied insufficiently.  

The aim of this work is establishing the dependence 
between the energies of charge transfer bands in the 
electron absorption spectra of charge transfer 
complexes of aniline derivatives 1,4-X-C6H4N(CH3)2 
with fullerene C60 and electron-donor or electron-
acceptor properties of substituents X. 

Spectra of two charge transfer complexes of 
compounds I and V are presented in the Figs. 1 and 2. 
From the spectra it is clearly seen that the charge 
transfer bands are well resolved and the values of their 
energies hνct depend on the type of substituent X in 
1,4-X-C6H4N(CH3)2. It is significant that on the 
spectrum of the charge transfer complex of 1,4-                    
(CH3)2NC6H4N(CH3)2 with C60 in dichlorobenzene 
along with the charge transfer band the absorption 
band belonging to C60 radical anion at 1020–1076 nm 
is also present. It shows the existence of an irreversible 
reaction of electron transfer with the formation of 
reaction products whereas the reversible excited state 
of charge transfer complex is the tight ion-radical pair. 
The separated ion pair may be evidently regarded as 
the transition state of addition of amines to fullerene 
[3]. This process depends on the nature of the solvent. 
In going from non-polar toluene to polar 
dichlorobenzene the extent of the irreversible reaction 
increases (Fig. 2), while the band at 1076 nm suffers a 
blue shift to 1020 nm. It proceeds probably due to 
relatively high electron-donor ability of compound V 
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and a possible formation of excited triplet state C60. 
The obtained data agree with the results of studies of 
Zn-porphyrine–C60 diades where it has been shown 
that polar solvents decrease the energy level of the 
state with separated charge deeper, than the excited 
singlet state of C60 (1.65 eV). It results in the formation 
of the triplet excited state of C60 (with the energy                   
1.5 eV) [10]. This state is reactive and leads to the 
formation of the reaction products. Our measurements 
of complex formation constants by Benes–Hildebrandt 
method [2] show that in the majority of cases they 
have negative or close to zero values. Low values of 
constants for dimethylaninile derivatives [5] indicate 
the contact type of complex formation in this series of 
compounds. 

The dependence of hνct on the ionization potentials 
of a series of donors is typical for the complex 
formation under study. The correlation equation for a 
series of complexes of substituted aromatic amines of 
the type R2NC6H5 where R = H, CH3, C2H5, and also 
CH3C6H4NH2 and 2.6-(CH3)2C6H3NH2 with C60 was 
obtained in [5].  

hνct = (0.84 ± 0.07)Ip – (3.85 ± 0.57) (eV),              (1)  

R = 0.98, SY = 0.05, N = 6. 

We have obtained analogous equation for 
electrochemical oxidation potentials of the series of 
compounds under study. 

hνct = (0.85 ± 0.06)E1/
o

2
x – (1.72 ± 0.05) (eV),           (2) 

R = 0.97, SD = 0.05, N = 7. 

Note the coincidence of the slope in the Eqs. (1) and 
(2). It indicates the analogous character of dependences of 

energy characteristics of charge transfer complexes on 
the characteristics of donors in photochemical and 
electrochemical processes. The obtained values of 
charge transfer frequencies (νct) and also electro-
chemical oxidation potentials are presented in Table 1. 

It is seen from the table that the values of charge 
transfer frequencies vary in wide range depending on 
the donor and acceptor properties of substituents. The 
characteristics of such properties are their correlation 
constants. In Table 2 the values of inductive (σI), 
resonance (σR), and polarization (σα) constants of 
substituents are presented, as well as the Hammet 
constants (σp) for a series of compounds under study. 

While comparing the charge transfer energies with 
the above-mentioned constants we have calculated 

Comp. no. X νct, cm–1 E1/
o
2
x, eV [9] hνct, eV 

I CH3 18520 –1.00 2.30 

II CN 21050 –0.17 2.61 

III CH(O) 20200 –0.41 2.50 

IV CH3O 17240 –1.10 2.14 

V (CH3)2N 14700 –1.66 1.82 

VI Br 19700 –0.60 2.44 

VII H 18870 –0.83 2.34 

А 

λ, nm 

А 

λ, nm 
Fig. 1. Absorption spectrum of charge transfer complex of 
dimethylaniline with C60 in toluene at DMA : C60 molar 
ratio (1) 10 : 1 and (2) 20 : 1 with the compensation of 
absorption of solvent, of donor, and of acceptor. 

Fig. 2. Absorption spectrum of charge transfer complex of 
N,N,N,N-phenyltetramethylenediamine with C60 in (1) 
toluene and (2) dichlorobenzene with the compensation of 
absorption of components of complex. 

Table 1. Values of electrochemical potentials of halfwave of 
oxidation E1/

o
2
x for compounds 1,4-XC6H4N(CH3)2 and 

energies of their charge transfer complexes (hνct) with C60 
fullerene 

–0.02 
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three-parameter correlation equations connecting 
charge transfer energy with the inductive, resonance, 
and polarization constants for all series of donors 
under study forming the charge transfer complexes in 
dichloromethane [Eq. (3)] as well as two-parameter 
equation without the consideration of polarization 
constants [Eq. (4)]. 

hνct = (2.34±0.03) + (0.33±0.09)σI + (0.58±0.04)σR  
– (0.07±0.09)σα,                           (3) 

R = 0.99, SY = 0.04, N = 7. 

hνct = (2.36±0.02) + (0.37±0.07)σI + (0.58±0.04)σR,   (4) 

R = 0.99, SY = 0.04, N = 7.   

The comparison of parameters of Eqs. (3) and (4) 
shows the absence of polarization contribution to the 
series of charge transfer complexes of dimethylaniline 
derivatives with C60.  

Analogous equation was obtained by us for C- and 
N-substituted dimethylaniline on the basis of the data 
from [5] [Eq. (5)].  

hνct = (4.87+0.12) + (0.34±0.23)σI + (1.43±0.08)σR 
                                   – (0.64±0.08)σα,                                            (5) 

R = 0.98, SY = 0.03, N = 6.  

The comparison of parameters of Eqs. (3) and (5) 
shows that the main role is played by the resonance 
effects of substituents on nitrogen atom [Eq. (4)] as 
well as in benzene ring [Eq. (3)]. Meanwhile, the 
polarization effects playing insignificant role in the 
case of p-disubstituted dimethylaniline derivatives 
become very significant while varying substituents on 
nitrogen atom as well as in o-position of the benzene 
ring. It occurs probably because of the fact that 

nitrogen atom coordinated by fullerene becomes the 
reaction center, and p-position of the benzene ring 
becomes the most remote from it. Equations (3) and 
(4) were calculated for all the series of substituents X 
in this position. When only the compounds with donor 
substituents are taken into consideration, the equation 
acquires the form (6).  

hνct = (2.35±0.02) + (0.40±0.05)σI + (0.64±0.03)σR  
                                     – (0.10±0.05)σα,                            (6) 

R = 0.99, SY = 0.02, N = 5.  

The polarization effect in this case becomes 
significant, but the resonance one still plays the main 
role. 

The effect of substituents in charge transfer com-
plexes of amino derivatives with C70 [6] completely 
differs from that observed for C60 [Eq. (7)].  

hνct = (0.55±0.22) + (1.25±0.51)σI – (1.04±0.18)σR  
                                 + (0.82±0.29)σα,                                              (7) 

R = 0.97, SY = 0.05, N = 5.  

Resonance and polarization effects are not only 
more significant in this case, but change their sign to 
the opposite one. The obtained data show higher 
reactivity of fullerene C70 in the reaction with amines.  

Solvents also significantly influence the electronic 
effects of substituents in charge transfer complexes 
under study. We have calculated the dependences of 
charge transfer energies on Hammet constants in 
dichloromethane, toluene, and dichlorobenzene                    
[Eqs. (8)–(10)]. 

hνct = (2.3±0.02) + (0.52±0.04)σp (eV),             (8) 
R = 0.98, SY = 0.05, N = 7 (CH2Cl2),                

hνct = (2.3±0.03) + (0.71±0.07)σp (eV),             (9) 
R = 0.98, SY = 0.08, N = 6 (C6H5CH3),               

hνct = (2.3±0.05) + (0.65±0.10)σp (eV),          (10) 
 R = 0.96, SY = 0.11, N = 6 (C6H4Cl2). 

The comparison of slope in the Eqs. (8)–(10) shows  
the highest sensitivity of charge transfer energies to the 
effects of substituents in toluene, while in dichloro-
methane this sensitivity is the lowest. The correlation 
in dichlorobenzene considering the experimental error 
has the slope close to that in toluene. On the basis of 
the data presented it may be concluded that the 
sensitivity to the effects of substituents in the charge 
transfer complexes studied in aromatic solvents is 
higher, but considering the experimental error this 
effect is of small significance.  

Comp. no. X σI σR σα σp 

I CH3 –0.05 –0.12 –0.35 –0.17 

II CN   0.51   0.15 –0.46   0.66 

III CH(O)   0.33   0.09 –0.46   0.42 

IV CH3O   0.29 –0.56 –0.17 –0.27 

V (CH3)2N   0.15 –0.98 –0.44 –0.83 

VI Br   0.45 –0.22 –0.59   0.23 

VII H   0   0   0   0 

Table 2. Values of correlation constants of substituents X in 
dimethylaniline derivatives [10] 
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Hence, dimethylaniline derivatives having sub-
stituents in p-position of benzene ring form charge 
transfer complexes with C60 fullerene. Their energy of 
formation varies within the range 1.82–2.61 eV. The 
charge transfer energy in the charge transfer com-
plexes linearly correlates with the electrochemical 
oxidation potentials of substituted dimethylanilines, 
and also with the sum of inductive, resonance, and 
polarization constants of substituents. In all complexes 
under study the contribution of the resonance effect of 
substituents is domineering. Therefore these effects 
play the decisive role in evaluation of complex 
formation energy. The contribution of polarization 
effect becomes significant at varying substituents on 
nitrogen. 

EXPERIMENTAL 

Charge transfer complexes of fullerene C60 with aniline 
derivatives of the general formula 1,4-XC6H4N(CH3)2 
were studied by electron absorption spectroscopy on a 
Perkin-Elmer Lambda 25 UV-Vis spectrometer in the 
range 400–850 nm. The concentration of fullerene 
solution was 10–3 mol/L, of the amine derivatives,            
10–2 mol/L. Thickness of the absorbing layer of the cell 
was 1 cm. Dichloromethane, toluene, and dichloro-
benzene were used as solvents. In the comparison 
channel the fullerene solution was placed, and in the 
cell with the same solution samles of donors of the 
series under study were added in succession. For 
performing spectral correction of absorption of charge 
transfer complexes the absorption of donors in the 
same concentration in the spectral range under study 
was recorded in the computer memory, and then 
subtracted from the summary spectrum. In the spectra 
of charge transfer complexes the appearance of new 
bands absent in the spectra of starting substances was 
observed.  

Fullerenes of 99.9% purity were obtained according 
to [11]. Aniline derivatives 1,4-XC6H4N(CH3)2 were 
additionally purifiedcation. N,N,N'N'-tetramethyl-p-
phenylenediamine (Fluka) V and 4-cyano-N,N-di-

methylaniline II were purified by double sublimation. 
4-Methyl-N,N-dimethylaniline (Aldrich) I, and N,N-
dimethylaniline (Aldrich) VII were distilled. 4-
Formyl-N,N-dimethylaniline (Fluka) III and 4-bromo-
N,N-dimethylaniline (Aldrich) VI were crystallized 
from hexane. 4-Methoxy-N,N-dimethylaniline IV was 
synthesized according to [12]. The calculation of three-
parametric correlation equations was carried out with 
the “Statgraphics 2.1” complex of programs. 

REFERENCES 

 1. Thomas, K.G., George, M.V., and Kamat, P.V., Helv. 
 Chim. Acta, 2005, vol. 88, p. 1291. 
 2. Gur’yanova, E.N., Goldshtein, I.P., and Romm, I.P., 
 Donorno-aktseptornaya svyaz’ (Donor–Acceptor Bond), 
 Moscow: Khimiya, 1973. 
 3. Konarev, D.V. and Lyubovskaya, R.N., Russ. Chem. 
 Rev., 1999, vol. 68, no. 1, p. 19. 
 4. Konarev, D.V., Lyubovskaya, R.N., Drichko, N.V., 
 Semkin, V.N., and Graja, A., Chem. Phys. Lett., 1999, 
 vol. 314, p. 570. 
 5. Sibley, S.P., Campbell, R.L., and Silber, H.B., J. Phys. 
 Chem., 1995, vol. 99, no. 15, p. 5274. 
 6. Bhattacharya, S., Noyak, S.K., Chattopadhyay, S., 
 Banerjee, M., and Mukherjee, A.K., J. Phys. Chem., A, 
 2002, vol. 106, no. 29, p. 6710. 
 7. Lapshin, A.N., Smirnov, V.A., Lyubovskaya, R.N., and 
 Goldshleger, N.F., Russ. Chem. Bull., 2005, no. 10,              
 p. 2338. 
 8. Imahori, H., El-Khouly, M.E., Fujitsuka, M., Ito, O., 
 Sakata, Y., and Fukuzumi, S., J. Phys. Chem., A, 2001, 
 vol. 105, p. 325. 
 9. Mann, C. and Barnes, K., Electrochemical Reactions in 
 Non-Aqueous Systems, New York: Marcel Dekker, 1970. 
10. Egorochkin, A.N., Zderenova, O.V., and Skobeleva, S.E., 
 Russ. Chem. Bull., 2000, vol. 49, no. 6, p. 997. 
11. Rasnetsov, L.D., Shvartsman, Ya.Yu., Lyalina, I.K., 
 Karnatsevich, V.L., Kirillov, A.I., Kaverin, B.S., and 
 Lopatin, M.A., RF Patent no. 2259942, 2005. 
12. Weygand-Hilgetag, Organisch-Chemische Experimenti-
 erkunst, Johann Ambrosius Barth Verlag, Leipzig, 1964, 
 p. 463. 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


