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Nanotubes are known to influence the physico-
chemical parameters of the encapsulated molecules; 
properties of the latter may significantly differ from 
those of the free molecules [1–3]. In particular, it has 
been demonstrated recently that the eclipsed 
conformation is the favorable one in the case of ethane 
molecule inside the carbon nanotube, in contrast to the 
free ethane molecule with the favorable staggered 
conformation [4]. In this work, the PBE/3z DFT 
method (PRIRODA package [5]) was applied to study 
the barrier of internal rotation  around the В–О bond in 
hydroxyborane H2BOH encapsulated within model 
single-wall nanotubes: С48Н12 (7.1 Å long and 4.6 Å in 
diameter, I) and С72Н12 (6.6 Å long and 8.4 Å in 
diameter, II) (see Schemes 1–3). 

The simulation of free hydroxborane revealed that 
the planar conformation was relatively favorable in 
that case, its B–O bond (1.362 Å) being shorter than 
that in the case of the orthogonal form (1.368 Å). The 
PBE/3z simulation result gave the value of barrier of 
rotation around B–O bond close to the experimental 

one measured in the cases of substituted hydroxy-
bonanes (8.5–13.8 kcal/mol [6]). The B–O bond order 
was of 1.29 in the case of planar hydroxyborane form 
and 1.18 in the case of orthogonal form. 

When hydroxyborane molecule was encapsulated 
into nanotube I, its planar conformation corresponded 
to the potential energy minimum as well; however, the 
difference between the forms energy was 3.7–5 times 
lower than in the case of the free molecule. Hessian of 
the encapsulated orthogonal H2BOH contained one 
imaginary frequency. The B–O bond length was 
significantly decreased (1.343 Å, the planar form and 
1.371 Å, the orthogonal form) whereas its order was 
increased (1.62, the planar form and 1.78, the 
orthogonal form). Hence, in the case of nanotube I the 
molecule encapsulating did not invert the relative 
stability of the conformations (like it happened in the 
case of ethane [4]); however, the rotation barrier 
around the B–O bond was significantly lowered.  

With the increasing of nanotube diameter, the 
above-discussed effect almost vanished due to larger 

DOI: 10.1134/S107036321401023X 

ΔН0
≠ 13.9 kcal mol–1; ΔН2

≠
98 13.9 kcal mol–1; ΔG2

≠
98 13.9 kcal mol–1. 

                                                          Planar form                                     Orthogonal form 

Free hydroxyborane 

Scheme 1. 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  84   No.  1   2014 

KUZNETSOV 158 

ΔН0
≠ 13.2 kcal mol–1; ΔН2

≠
98 13.2 kcal mol–1; ΔG2

≠
98 13.4 kcal mol–1. 

                                                          Planar form                                     Orthogonal form 

Scheme 3. 

                                                          Planar form                                               Orthogonal form 
ΔН0

≠ 3.0 kcal mol–1; ΔН2
≠

98 2.8 kcal mol–1; ΔG2
≠

98 3.8 kcal mol–1. 

Hydroxyborane–I  

Scheme 2. 

Hydroxyborane–II  
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distance between the encapsulated molecule and the 
nanotube wall. In the case of hydroxyborane encap-
sulated within nanotube II, the energy difference 
between the conformations were close to that of the 
free molecule, the same applied to the B–O bond 
length (1.359 Å, the planar form and 1.362 Å, the 
orthogonal form) and its order (1.18, the planar form 
and 1.07, the orthogonal form).  

The encapsulated hydroxyborane molecule is 
charged in the both studied systems: 0.43 to 0.55 in case 
of I and –0.12 to –0.14 in case of II, although the overall 
hydroxyborane-nanotube system is electrically nutral. 

Thus the data of the computer simulation show that 
in case of relatively small diameter of nanotube the 
encapsulated molecule is “compressed” by the force 
field of the nanostructure; this action leads to the 
considerable change in its conformational behavior.  

ACKNOWLEDGMENTS 
This work was financially supported by the 

Ministry of Education and Science of Russian Federation 
in the frame of the main part of the state program for 
high school.  

REFERENCES 
 1. D’yachkov, P.N., Uglerodnye nanotrubki: stroenie, 
 svoistva, primenenie (Carbon Nanotubes: Structure, 
 Properties, and Application), Moscow: BINOM. 
 Laboratoriya Znanii, 2006.  
 2.  Kuznetsov, V.V., Zh. Obshch. Khim., 2012, vol. 82,             
 no. 11, p. 1931. 
 3.  Kuznetsov, V.V., Russ. J. Gen. Chem., 2013, vol. 83,   
 no. 1, p. 140. 
 4.  Kuznetsov, V.V., Russ. J. Org. Chem., 2013, vol. 49,    
 no. 2, p. 313. 
 5.  Laikov, D.N., and Ustynyuk, Yu.A., Russ. Chem. Bull., 
 2005, no. 3, p. 820. 
 6.  Gren’, A.I. and Kuznetsov, V.V., Khimiya tsiklicheskikh 
 efirov bornykh kislot (Chemistry of Esters of Cyclic 
 Boronic Acids), Kiev: Naukova Dumka, 1988.  



<<
  /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


