
Supporting Information for: 
Fabrication of Nanostructured Metal Nitrides with Tailored 

Composition and Morphology 
By Wei Li, Chang-Yan Cao, Chao-Qiu Chen, Yong Zhao, Wei-Guo Song* and Lei 
Jiang* 
[*] Prof. W.-G. Song, Prof. L. Jiang, W. Li, C.-Y. Cao, C.-Q. Chen, Dr. Y. Zhao 
Beijing National Laboratory for Molecular Sciences (BNLMS), Institute of Chemistry, 
Chinese Academy of Sciences, Beijing 100190 (P. R. China) 
E-mail: wsong@iccas.ac.cn, jianglei@iccas.ac.cn 
W. Li, and C.-Q. Chen are also in Graduate University of Chinese Academy of 
Sciences, Beijing, 100049 (P.R.China) 
 
Characterization. XRD patterns of samples were recorded on a Rigaku D/max-2500 
diffractometer with Cu KR radiation (λ =0.1542 nm) at 40 kV and 200 mA. The 
products were characterized by TEM (FEI Tecnai F20) and SEM (JEOL 6701F) 
equiped with Energy Dispersive X-ray Spectroscopy detector (Oxford INCA). For the 
XPS analysis, a Kratos AXIS 165 multitechnique electron spectrometer was utilized. 
The nitrogen adsorption-desorption isotherms at 78.3 K were measured using a 
Quantachome AS-1 analyzer. Elements analysis was performed using a flash EA 1112 
NC analyzer from Thermo Scientific. Metal elements analysis was conducted using 
Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES, Shimadzu 
ICPE-9000). 
Electrospinning of Ti(OBu)4/PVP composite nanofibers. As a typical procedure, 
Ti(OBu)4 (1.5 mL) was mixed with acetic acid (2 mL) and ethanol (3 mL) under 
stirring. This solution was added to PVP (0.45g, Mw≈1 300 000, Alfa Aesar) and 
ethanol (7.5 mL) solution, followed by magnetic stirring for 1h. The precursor 
solution was then immediately delivered into a plastic syringe equiped with 23 gauge 
stainless steel needle. The needle was connected to a high-voltage supply (SL50P60, 
Spellman). A piece of grounded aluminum foil was placed 15 cm below the tip of the 
needle to collect the nanofibers. The voltage was set at 30 kV and the typical feeding 
rate for the solution was 1.0 mL/h using a syringe pump (KDS-200 , Stoelting Co.). 

Electrospinning of Nb(OC2H5)5/PVP composite nanofibers. Nb(OC2H5)5 (2 g, 
Alfa Aesar) was mixed with absolute ethanol (14 mL) under stirring. After 30 minutes,  
PVP (0.8g, Mw≈1 300 000, Alfa Aesar) was added to the above solution. The mixture 
was stirred for 1 hour to generate a homogeneous solution. Then the precursor 
solution was  delivered into a plastic syringe equiped with 23 gauge needle made of 
stainless steel. The needle was connected to a high-voltage supply. A piece of 
grounded aluminum foil was placed 10 cm below the tip of the needle to collect the 
nanofibers. The voltage was set at 20 KV and the solution feeding rate was 1.0 mL 
h-1. 

Electrospinning of VO(OiPr)3/PVP composite nanofibers. PVP (0.4 g, Mw≈1 
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300 000, Alfa Aesar) and (1-Hexadecyl)trimethylammonium bromide (CTAB) (0.1 g, 
Aldrich), which helps stabilize the spinning jet and improve the size uniformity of the 
resulting fibers , were added into 2-propanol (7 mL) instead of ethanol avoiding rapid 
hydrolysis of VO(OiPr)3. The mixture was stirred for 1 hour to obtain a homogenous 
solution . Then VO(OiPr)3 (1 mL, Alfa) was added into the solution, followed by 
magnetic stirring for about 1 hour. And then this precursor solution was immediately 
loaded into a plastic syringe equiped with 23 gauge needle made of stainless steel. 
The needle was connected to a high-voltage supply (SL50P60 , Spellman). A piece of 
grounded aluminum foil was placed 15 cm below the tip of the needle to collect the 
nanofibers. The voltage was set at 30 KV and the typical feeding rate for the solution 
was set 1.0 mL h-1. 

Electrospinning of Zr (OCH2CH2CH3)4/PVP composite nanofibers. 
Zirconium(IV) propoxide solution (1 mL, 70 wt%, Aldrich) was mixed with 
2-propanol (12 mL) under magnetic stirring for 30 min. And then PVP (0.56 g, Mw≈1 
300 000, Alfa) was added to the above solution, followed by magnetic stirring for 
about 2 hour. Then the precursor solution was  delivered into a plastic syringe 
equiped with 23 gauge needle made of stainless steel. The needle was connected to a 
high-voltage supply. A piece of grounded aluminum foil was placed 15 cm below the 
tip of the needle to collect the nanofibers. The voltage was set at 30 KV and the 
solution feeding rate was 1.0 mL h-1. 

Electrospinning of Ti(OiPr)4-VO(OiPr)3-PVP composite nanofibers.  The 
respective amount of Ti(OiPr)4 and VO(OiPr)3 was dissolved in 2-propanol (10 mL) 
according to different Ti/V metal atomic ratio ranging from 0.5 to 1.5. PVP (0.57 g, 
Mw≈1 300 000, Alfa Aesar) and (1-Hexadecyl)trimethylammonium bromide (CTAB) 
(0.1 g, Aldrich) were added into 2-propanol (7 mL). And then this precursor solution 
was immediately loaded into a plastic syringe equiped with 20 gauge needle made of 
stainless steel. The needle was connected to a high-voltage supply(SL50P60 , 
Spellman). A piece of grounded aluminum foil was placed 15 cm below the tip of the 
needle to collect the nanofibers. The voltage was set at 30 KV and the typical feeding 
rate for the solution was set 3.0 mL h-1. 

Multifluidic compound-jet electrospinning of Ti(OBu)4/PVP multi-channel 
micro/nano tubes. Multi-channel micro/nano Ti(OBu)4 / PVP tubes were synthesized 
using a similar procedure to that reported by Zhao and co-workers.22 One to three 
metal capillaries were elaborately embedded in a plastic syringe and arranged at 
proper position and angles. The channel number is dependent on the number of inner 
metal capillaries. Two immiscible viscous liquids were fed into inner capillaries and a 
outer plastic syringe in an appropriate feeding rate, respectively. The as-prepared 
Ti(OBu)4/PVP precursor solution with a proper concentration was loaded at outer 
syringe as outer liquid and the flow rate was set at 6 mL/h. Heavy mineral oil was 
chosen for inner fluid and pumped out separately from inner metal capillaries at a 
feeding rate of 0.4 mL/h using several syringe pumps simultaneously. Inner metal 
capillaries were connected to the cathode of  high-voltage supply and a piece of 
aluminum foil was connected to the anode as a collecting substrate. The working 
voltage was set at 30 KV and the distance between the tip of nozzle and the substrate 
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is 25 cm. After the multifluidic compound-jet electrospinning process, a fibrous 
nonwoven mat was collected on Al foil. The mineral oil was extracted by immersing 
the mat in octane overnight and the multi-channel Ti(OBu)4/PVP micro/nanotubes 
were obtained. 

Synthesis of metal nitride materials. the as-collected electrospun precursor 
nanofibers or micro/nano tubes were peeled off from the aluminum foil and put into a 
tube furnace and were heated to desired temperature at a rate of 2 °C /min under 
ammonia (>99.999 % 100 sccm) gas flow and maintained for 3h. The heating 
temperature ranged from 400 °C to 1000 °C. The metal nitride samples were obtained 
as the sample was allowed to cool to the room temperature in the NH3 gas flow. 

 
Fig. S1 Wide-angle X-ray diffraction ( XRD ) patterns of TiN nanofibers synthesized at different 
temperature ranging from 400 °C to 1000 °C as well as TiN single-channel micro/nanotubes 
obtained at 1000 °C. 
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Fig. S2 a) XPS spectra of commercial TiN and TiN nanofiber-900, b) EDXA spectra of TiN 
nanofiber-900. 
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Fig. S3 a) SEM image of VO(OiPr)3/PVP composite nanofibers. Inset: SEM image with higher 
magnification, b) SEM image of VN nanofibers prepared at 900 °C, c) XRD pattern of VN 
nanofibers and d) Nitrogen adsorption-desorption isotherms of VN nanofiber-900. 
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Fig. S4 a) SEM image of Nb(OC2H5)5/PVP composite nanofibers. The inset is higher 
magnification. b) SEM image of NbN nanofibers prepared at 900 °C with higher magnification 
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image inset, c) XRD pattern of NbN nanofibers and d) Nitrogen adsorption-desorption isotherms 
of VN nanofibers. 
 

 
Fig. S5 a) SEM image of Zr(OCH2CH2CH3)4/PVP composite nanofibers. The inset is higher 
magnification. b) SEM image of zirconium oxynitride nanofibers prepared at 1000 °C with higher 
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magnification image inset, c) XRD pattern of zirconium oxynitride nanofibers and d) Nitrogen 
adsorption-desorption isotherms of zirconium oxynitride nanofibers. 
 

 
Fig. S6 a) TEM image of a single VN nanofiber; b) HRTEM image of part of VN 
nanofiber; c) TEM image of a single NbN nanofiber; d) HRTEM image of NbN 
nanofiber; e) TEM image of a single zirconium oxynitride (Zr7O8N4) nanofiber; f) 
HRTEM image of part Zr7O8N4 nanofiber; The inset in a), c) and e) is corresponding 
SAED pattern of VN, NbN, Zr7O8N4 nanofibers, respectively. 
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Fig. S7. SEM image of Ti-V-N nanofibers: a) TiVN-0.5, b) TiVN-1.0 and c) TiVN-1.5. (the inset 
is higher magnification) 
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Fig. S8 EDXA spectra of various Ti-V-N nanofibers 
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Fig. S9 a)-c) SEM images corresponding to Ti(OBu)4 / PVP precursor composite tubes with 
variable channel number from one to three, respectively. 
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Fig. S10 XRD patterns of TiN microtubes prepared at 900 °C with two and three channels. 
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Fig. S11 a) Nitrogen adsorption-desorption isotherms of TiN nanofibers and b) Nitrogen 
adsorption-desorption isotherms of TiN multichannel micro/nano tubes. 
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Fig. S12 a)-c) SEM images corresponding to numerous hierarchical TiN micro/nanotubes with 
variable channel number from one to three, respectively. All the tubes above are synthesized at 
1000 °C. 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


