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Experimental Details:  

 

In order to fabricate NiAl2O4 submicron-sized rods on sapphire (0001) substrates, we 

have heated a mixture of graphite and NiO powders. The NiO (Nichel(II) oxide) 

powders were purchased from Aldrich Chemical Co. Ltd. By means of SEM 

observation, the NiO powders are polyhedron-shaped with their sides and edges being 

slightly rounded. The size of the powders are estimated to be in the range of 100 nm-10 

μm. The growth was conducted in a quartz tube that has been described in detail in an 

earlier report [H. W. Kim, N. H. Kim, J. H. Myung, S. H. Shim, Phys. Stat. Sol. (a), 

2005, 202, 1758]. A Au film (with a thickness of 3 nm) was deposited on sapphire 

(0001) substrates by means of sputtering. Both the substrate and the powder mixtures 

were placed in an alumina boat that has been loaded in a horizontal tube furnace with a 

distance between substrate and powders of approximately 10 mm. The growth tube was 

kept at the reaction temperature for 1 h under a constant flow of air (flow rate: 20 sccm) 

and Ar (flow rate: 100 sccm). In our preliminary study, submicron-sized rods could not 

be attained by means of this process with temperatures in the range of 1000–1400 °C 

(Fig. S1). Accordingly, the growth of NiAl2O4 rods was carried out at higher 

temperatures of 1500 and 1600 °C.  
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Fig. S1. SEM image of the products synthesized at (a) 1000, (b) 1200, and (c) 1400°C. 

The inset shows a detailed image describing some part of the product synthesized at 

1400 °C. There exist rod-like structures with a diameter in the range of 2–10 µm.  
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Fig. S2. XRD spectra of the products grown at (a) 1500 and (b) 1600 ºC. 
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Fig.  S3. (a) SEM image and (b) Low-magnification TEM image of 1500ºC-grown 

rods. (c) Typical TEM image of the tip part of the rod and corresponding EDX 

elemental maps of (d) O, (e) Al, and (f) Ni elements. (g) SAED pattern and (h) 

lattice-resolved TEM image enlarging the squared box in (b). 
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Fig. S3(a) shows a top-view SEM image of the product grown at 1500 °C, indicating 

that the material consists of 1D structures. Fig. S3(b) is a low-magnification TEM 

image of a rod with a diameter of 270–290 nm. Fig. S3(c) reveals that no particle is 

attached to the tips of the 1D structures. Fig. S3(d–f) shows TEM–EDX elemental maps 

of the elements O, Al, and Ni, respectively. Fig. S3(g) is a selected area electron 

diffraction (SAED) pattern of the rod grown at 1500 °C and taken along the [01 ī ] axis, 

which shows that diffraction spots correspond to the (200), (111), and (ī 11) lattice 

planes of the cubic NiO phase. In addition, the presence of clear lattice fringes indicates 

a highly single-crystalline quality of the rods with no noticeable structural defects, such 

as dislocations and stacking faults (Fig. S3(h)). The spacing of 0.24 nm between 

adjacent lattice planes corresponds to the distance between two {111} crystal planes of 

the NiO phase.  
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Fig. S4. Plan-view SEM image of the product prepared at 1500 °C. The red dotted areas 

exhibit the file-like or cluster-like structures on top of the substrate.  
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Fig. S5. NiAl2O4–SiO2 phase diagram [B. Phillips, J. J. Hutta, I. Warshaw, J. Am. 

Ceram. Soc. 46 (1963) 579–583]. 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



Electronic Supplementary Material (ESI) for RSC Advances 
This journal is © The Royal Society of Chemistry 

S 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6. Room-temperature PL spectrum of rods grown at 1600 °C and (inset) at 

1500 °C. 
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It can be seen that the overall intensity, as well as the peak position, of the band 

around 2.4eV were almost invariant when increasing the growth temperature from 1500 

°C to 1600 °C. Since the rods grown at 1500 °C are mainly comprised of NiO and only 

partly of NiAl2O4, with the NiAl2O4 phase not contributing to the PL emission, we 

surmise that the band located at 2.4 eV can be mainly attributed to the NiO phase. 

Similarly, the peak at 2.4 eV has previously been observed in the cathodoluminescence 

spectrum of NiO [Diaz-Guerra, A. Remon, J. A. Garcia, J. Piqueras, Phys. Stat. Sol. (a), 

1997, 163, 497]. This emission has been assigned to the magnetic exciton state 3d82p. 

By comparing the PL spectra of the rods grown at 1600 °C and at 1500 °C, we infer that 

the relative strong band peaked around 2.7 eV exclusively originates from the rods 

synthesized at 1600 °C. On the basis of the XRD patterns, it has been revealed that the 

main component of the rods prepared at 1600 °C corresponds to the cubic NiAl2O4 

phase with some minor contribution of the cubic NiO phase. However, The TEM 

analysis (Fig. 1) indicates that the rod tip is mainly composed of SiOx. Because PL of 

the cubic NiAl2O4 phase has not been reported so far, we suggest that the peak at 2.7 eV 

arises from the SiOx phase of the rod tips. A similar blue emission with a peak position 

in the range of 2.6–3.0 eV has been previously observed in PL spectra of SiOx 

nanowires [Y. W. Wang, C. H. Liang, G. W. Meng, X. S. Peng, L. D. Zhang, J. Mater. 

Chem., 2002, 12, 651; D. P. Yu, Q. L. Hang, Y. Ding, H. Z. Zhang, Z. G. Bai, J. J. 

Wang, Y. H. Zou, W. Qian, G. C. Xiong, S. Q. Feng, Appl. Phys. Lett., 1998, 73, 3076; 

Z. Q. Liu, S. S. Xie, L. F. Sun, D. S. Tang, W. Y. Zhou, C. Y. Wang, W. Liu, Y. B. Li, 
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X. P. Zou, G. Wang, J. Mater. Res., 2001, 16, 683; G. Z. Ran, L. P. You, L. Dai, Y. L. 

Liu, Y. Lv, X. S. Chen, G. G. Qin, Chem. Phys. Lett., 2004, 384, 94]. 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



<<

  /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 1.6

  /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 (None)

  /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



