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Abstract—A novel process to prepare hybrid nanosized neodymium oxybromide and neodymium oxide from 
neodymium(III) nitrate hexahydrate has been developed. The simultaneous use of two capping agents (cytosine 
and cetyltrimethylammonium bromide) in the process allows for efficient control of properties of the so 
synthesized nanoparticles. The product has been characterized by means of X-ray diffraction, infrared spectro-
scopy, field emission scanning electron microscopy, differential scanning calorimetry, and thermogravimetric 
analysis. The nanoparticles size ranges from 17.0 to 64.2 nm. 
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1 The text was submitted by the authors in English.   

The interest in synthesis and study of lanthanide-
containing nanoparticles has emerged over the recent 
years due to special set of properties arising from the 
small size and large specific surface area of the 
nanoparticles. These peculiar properties form a 
basement of a wide range of applications. 

The contraction of lanthanides due to their 4f 
orbitals shielded by the 5s and 5p shells directly 
impacts on their physical and chemical properties. 
Lanthanide materials are among most common 
phosphors for solid state lighting and medical imaging. 
Lanthanide oxyhalides, especially the oxybromides, 
have received considerable attention because of their 
application as luminescent substances. Neodymium 
oxybromide (usually doped with the trivalent thulium 
and/or terbium ions) have been used as commercial    
X-ray phosphors since mid-1970s [1–4]. On top of that, 
neodymium oxide has been recognized as a promising 
dopant to improve phosphorescence properties of 
neodymium oxybromide materials. 

Recent applications of neodymium-containing 
nanoparticles have been directed to the areas of 
material science, medicine, and electronics. The inter-
action of poly(methyl methacrylate) with neodymium 
oxide as dopant have been reported in [5]. Moreover, 
neodymium oxide nanoparticles have been found to be 

cytotoxic and induce apoptosis of certain tumor cells 
[6–8] and have been recognized as dopant improving 
properties of lasers, lamps, sunglasses, and colored 
glasses [9–11]. 

Neodymium oxide nanoparticles can be prepared 
via direct precipitation [12], sol-gel synthesis [13, 14], 
solvothermal synthesis [15], combustion process [16, 
17], inverse microemulsion technique [18], and reverse 
micelle method [19]. The reported methods generally 
yield single-component nanoparticles; therefore, novel 
methods are required to prepare hybrid phases of 
different materials. In particular, this can be achieved 
by using a pair of capping agents (dual capping) 
instead of a single surfactant (for instance, lauryl-
ammonium chloride). Moreover, when a single 
surfactant is used, mesoporous and/or microporous struc-
tures are formed instead of the target solid nano-
particles of neodymium oxide. 

Here we report a novel process for synthesis of 
hybrid nanosized neodymium oxybromide/neodymium 
oxide material. Two different capping agents were 
used, cytosine and cetyltrimethylammonium bromide. 
Cytosine was expected to impart the additional surface 
modification rather than to alter the nanoparticles size 
as reported earlier [20]. Cetyltrimethylammonium 
bromide played dual role reducing the particles size 
down to the nanometer range as well as stabilizing the 
formed particles [21]. The use of two different capping 
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agents allowed for simultaneous fine tuning of the 
properties of hybrid nanosized neodymium oxybro-
mide/oxide particles. The used salt precursor was 
readily soluble in the polar high-boiling solvent 
(ethylene glycol) used in this work; moreover, the 
solvent could act as weak reducing and stabilizing 
agent preventing aggregation of the nanoparticles. 

X-ray diffraction (XRD) pattern of the synthesized 
hybrid nanosized neodymium oxybromide/oxide is 
shown in Fig. 1. The XRD peaks were sharp thus 
confirming the fine crystalline structure of the sample. 
The observed d values were compared with the 
reference JCPDS data [22–23]. In detail, the XRD data 
evidenced about formation of neodymium oxide as the 
one of the phase (d = 3.20, 1.96, and 1.67 Å; JCPDS file 
number 21-579) along with neodymium oxybromide 
(2.75, 2.83, and 1.63 Å; JCPDS file number 16-781), 
and isocytosine (d = 4.26, and 5.59 Å; JCPDS file 
number 39-1753) as minor phases. The peaks for 
sodium ammonium nitrate (d = 3.03, 2.68, and 2.22 Å; 
JCPDS file number 28-490), sodium bromate (d = 
3.00, 1.79, and 4.74 Å; JCPDS file number 6-377), and 
sodium oxalate (d = 2.83, 2.60, and 2.33 Å; JCPDS file 
number 20-1149) were observed in the XRD pattern as 
well. The semi quantitative analysis revealed the 
following composition of the product: neodymium 
oxide 20%, neodymium oxybromide 15%,   isocytosine 
20%, sodium ammonium nitrate 20%, sodium bromate 
15%, and sodium oxalate 10%.  

Field emission scanning electron microscopy image 
of the prepared product is shown in Fig. 2. It is to be 
seen that the particles were well dispersed and almost 
spherical in shape. The size of the nanoparticles ranged 
from 17 to 64 nm. 

FTIR spectrum of the prepared product is shown in 
Fig. 3; the observed vibration bands were in accordance 
with those of the expected components. In particular, a 

broad band at 1045.5 cm–1 was assigned to Nd2O3 [24]; 
broad strong bands at 3419–3042 cm–1 and a band at 
1613 cm–1 were assigned to (NH + NH2) stretching and 
NH2 deformation of isocytosine, respectively; ring and 
C–N stretching bands were observed at 1470 and              
1600 cm–1, respectively; the band assigned to C=N 
stretching and N–H bending vibrations appeared at 
1442 cm–1; the strong peak at 1384 cm–1 was attributed 
to the presence of nitrate anion; the peak at 726 cm–1 
was assigned to out-of-plane ring and COO rocking; a 
peak at 1317 cm–1 was assigned to (C–O) + (OCO) 
stretching; finally, a peak at 822 cm–1 was assigned to 
(C–C) + (OCO) stretching of sodium oxalate. In 
general, the FTIR results were in accordance with the 
above-described XRD data. 

Results of TGA and DSC studies of the synthesized 
product are shown in Fig. 4. The weight loss observed 
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Fig. 1. X-ray diffraction pattern of the product. 

Fig. 2. Field emission scanning electron microscopy image 
of the product. 
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Fig. 3. FTIR spectrum of the product. 
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in the TGA experiment occurred in two stages 
(53.95% at 300–400°C and 4.85% at 600–680°C. It 
should be noted that decomposition of neodymium 
oxybromide occurs at 880–1180°C [25], sodium 
oxalate decomposes into sodium carbonate and carbon 
monoxide at 750–800°C, further decomposition of 
sodium carbonate starts at above 880°C [26], and 
isocytosine decomposes into carbon and nitrogen 
oxides at 900–1000°C. It is evident that the only 
component that decomposes at 300–400°C is sodium 
and ammonium nitrates. Thus, results of TGA were in 
general in accordance with the XRD and IR 
spectroscopy data. 

The proposed process mechanism is as follows. 
Under the reaction conditions, neodymium nitrate 
dissociates to give neodymium ions that react with 
sodium hydroxide in the presence of ethylene glycol to 
form neodymium oxide along with sodium oxalate. 
Cytosine is simultaneously converted into isocytosine 
and contributes to the particles surface modification. 
The products are coagulated and precipitated with 
ammonium nitrate owing to the electrolyte effect. 
Neodymium oxybromide is formed via the in situ 
reaction of neodymium oxide with bromide salts [27]. 

EXPERIMENTAL 

Neodymium(III) nitrate hexahydrate, cytosine, sodium 
hydroxide, cetyltrimethylammonium bromide, ammo-
nium nitrate (all from Rankem), and ethylene glycol 
(Merck) were used as received. 

Synthesis of hybrid nanosized neodymium oxybro-
mide/oxide was carried out by refluxing a mixture of 
8.76 g of neodymium(III) nitrate hexahydrate, 2.2 g of 

cytosine, 14.65 g of cetyltrimethylammonium bromide, 
and 20 g of sodium hydroxide in 400 mL of ethylene 
glycol during 2 h. The product was then precipitated 
with 30 mL of aqueous ammonium nitrate solution  
(25 wt %), and washed with the same solution to 
ensure complete precipitation. The precipitate was 
dried in air at 110°C during 2 h. Yield 16. g of light-
purple powder.  

X-ray diffraction pattern was obtained with a D8 
advance X-ray diffractometer using CuKα radiation at 
2θ range of 5°–70°. IR spectra was recorded using a 
Bruker alpha FTIR spectrometer at 500–4000 cm–1. A 
NOVA NANOSEM-430 (COMFEI) field emission 
scanning electron microscope was used to visualize the 
morphology of synthesized nanoparticles. The specimen 
was sonicated during 15 min in acetone prior to the 
microscopic study. Thermal analysis was performed 
using a Toledo TGA/DSC-1 (Mettler) at a heating rate 
of 10°C/min over the 30–1200°C range under nitrogen 
atmosphere. 

ACKNOWLEDGMENTS 

Authors are grateful to CSIR-AMPRI Bhopal 
Director for providing necessary institutional facilities 
and encouragement; to Dr. O.P. Modi, Mr. Anup 
Khare and Mr. Mohd. Shafique, CSIR-AMPRI for 
FESEM and thermal analysis; and to Dr Neelesh Jain, 
SIRT, Bhopal for assistance with IR spectroscopy 
experiment. 

REFERENCES  

 1. Brixner, L.H., Mat. Chem. Phys., 1987, vol. 16, no. 4,     
 p. 253. 
 2.  Rabatin, J.G., Electroche. Soc. Ext. Abstr., Spring 
 Meeting, San Francisco, 1974; 12-17250. 
 3.  Rabatin, J.G., Proc. 12th Rare Earth Res. Conf. Vail, 
 Colorada, 1976, p. 18.  
 4.  Beaury, L., Hőlsa J., Korventausta, J., Krupa, J.C., 
 Lamminmaki, R.J., Porcher, P., Rahiala, S.H., and 
 Säilynoja, E., J. Acta Physica Polonica A, 1997, vol. 90, 
 p. 1203. 
 5.  Chahar, M., Ali, V., and Kumar, S., Inter. Jou. Sci. Res. 
 Pub., 2012, vols. 2–5, p. 23. 
 6.  Bakht, M.K., Sadeghi, M., Ahmadi, S.J., Sadjadi, S.S., 
 and Tenreiro, C., Nucl. Med. Commu., 2013, vol. 34,      
 p. 5. 
 7.  Lizon, E.P., Int. J. Radiat. Biol. 1999, vol.75, p. 1459. 
 8.  Chen, Y., Yang, L., Feng, C., and Wen.L, Bio. Chem. 
 Biophys. Res. Commun., 2005, vol.337, no. 1, p. 52. 

m, mg 

T, ºC 

t, min 
Fig. 4. TG/DSC data for the product. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  6   2015 

VERMA SARIKA, AMRITPHALAE 1530 

Product weight 25.5330 g 

Step 53.9560%  
12.6975 mg Step 4.3856%  

1.0321 mg 



 9.  Yaohui, L.V., Zhang, W., Liu, H., Sang, Y., Qin, H., 
 Tan, J., and Tong L., Powder Technol., 2011, vol. 27, p. 140. 
10.  Karieva, A., Mater. Sci., 2011, vol. 17, no. 4. 
11.  Sadeghi, F., Khani F., Khani, A.H., Azandaryani, A.H., 
 Mansouri, Y., Mehrabadi, Z.S., and Nikjou, A., J. Nano-
 structure Chem., 2013, vol. 3, p. 40. 
12.  Jing, L., Chen, H., Shuang R., Xiaojuan , W., and Jun, Z., 
 Inorganic Chemicals Industry, 2009, p. 1. 
13.  Sreethawong, T., Chavadej, S., Ngamsinlapasathian, S., 
 and Susumu, Y., Solid State Sci., 2006, vol. 10, p. 20. 
14.  Duhan, S., Aghamkar, P., and Singh, M., Res. Let. 
 Phys., 2008, Article ID 237023. 
15.  Zawadzki, M. and Pinski, L.K., J. Alloys Compd., 2004, 
 vol. 380, p. 255. 
16.  Balboul, B.A.A. and Myhoub, A.Y.Z., J. Anal. App. 
 Pyro., 2010, vol. 89, no. 1, p. 95. 
17.  Woodfield, B.F., Goates, J.B., Liu, S., and Smith, S.J., 
 US8, 211, 388, B2, 2006. 
18.  Que, W., Hu, X., Gan, L.H., and Deen, G.R., J. Mater. 
 Res., 2002, vol. 17, no. 6, p. 1399. 

19.  Torre, M.M.C. and Fukuda, R., Proc. National Conf. on 
 Undergraduate Research (NCUR), 2014. 
20.  Sharma, P., Dutta, R.K., Liu, C.H., Aninash, R.P., and 
 Pandey, A.C., Mater. Lett., 2010, vol. 64, p. 1183. 
21. Chen, W., Mai, L., Qi, Y., and Dai, Y., Jour. Phy. 
 Chem. Solids, 2006, vol. 67, p. 896. 
22.  Powder Diffraction File, Alphabetical Index Inorganic 
 Phases, 1984, Published By JCPDS International 
 Centre for Diffraction Data 1601, Park Lane 
 Swarthmore, Pennsylvania 19081 USA. 
23.  Giacovazzo, C., Fundamentals of Cryatallography, 
 Oxford: Oxford University Press, 1992. 
24.  Devi, S., Kumar, S., and Duhan, S., Inter. Jour. Elect. 
 Engg., 2010, vol. 2, no. 1, p.205. 
25.  Holsa, J., Leskela, M., and Niinisto, L., Thermochim. 
 Acta, 1980, vol. 35, p. 79. 
26.  Yoshimori, T., Asano, Y., Toriumi, Y., and Shiota T., 
 Talanta, 1978, vol. 25, no. 10, p. 603. 
27.  Holsa, J., Korventausta, J., Lamminmaki, R.J, Sailynoja, E., 
 and Porcher, P., Ann. Chim. Sci. Mat., 1998, vol. 23,        
 p. 281. 

A NOVEL PROCESS FOR PREPARATION OF HYBRID NANOSIZED NEODYMIUM 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  6   2015 

1531 



<<
  /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


