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Absract: Mg/Al layered double hydroxide with two-dimensional (2D) nanostructures was synthesized by a hydrothermal
technique. The morphology and aspect ratio of MgsAlx(OH).43H,0 were controlled by the concentration and kinds of the
hydrolysis agent, and temperature. The aspect ratio of MgsAl(OH)143H,0 layered double hydroxides with the 2D hexagonal
crystal structure was tailored from about 12.6 to about 45.7. The intercalated COs* anions of the synthesized 2D
MgsAlx(OH)14.3H,0 layered double hydroxides were exchanged to NOs; anions. The bulk 2D MgsAlx(OH)14.3H,0 layered
double hydroxides with the increased space between two layers due to the anion exchange were exfoliated in a formamide
solution. The aspect ratio of the exfoliated 2D MgsAl(OH)14.3H,0 layered double hydroxides increased to 570.3.
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AR 242 Mg(NO3)6H,0O(Sigma Aldrich, 99%),
AI(NOs3)39H,0(Sigma Aldrich, >98%)& Algst AF
shkg2 g 7HEald7Al= urea (Sigma Aldrich,
>99%) E+= Hexamethylenetetramine (HMTA) (Sigma
Aldrich, =99%)5 ARESIL:. 7] 232 5Fl
717k 9l AN B ERBHoTh A TA] Mg(NO)6H,0
et AI(NO3)39H,02 ZH2F 02 M, 0.1 M 5= 2 H|&

10| g Egsigon, b

o] 2: B3 7 urea
o} HMTA: ZE20] o8 831471 & A7A| 8
W sgtsto] 200 mL HEE ¥HS £7]04 100 mL
W g Po] Fulsiac HEE W §1E @
Eaﬂﬂolﬂoﬂ Adet 3 &d dFAIA 110~150C &

SOIA 24N7F B9 £ WSAZTE 49 WS o7
ghs 89 9l ZtRE3 A5 AsiAl 3,000 rpmo]]
A 53 ¢ EA EYshy Asds A7gt & LDH
S =95t 223t LDHE S0l E4HA1A Al
Mg 3 3,000 rpmoe CHA] 22sgion] 47] S8
2 AIA 1g2 3% whEst & o X9 g2 oEhe
2 NAsSHY o MRS LDHE 80°C QE20oA HXRA|A

M84A12(OH)143H20—(C0327) TTZ Aot v E 6iA
Mg4Al,(OH)143H,08 20]2 w3h ¥he 8o 500 ml
(NaN03(1 5 M)+HNO3 (O 005 M )Oﬂ Mg4A12(OH)14
3H,0-(COs*) B 0.5 g2 21 24A17F 59t wutsted
ot o] wghd Mg4A12(OH)14 3H,0-(NOs )= 7] ¥
A AA 3PS BHESE § 80°C QoA HRAIA
Mg.Alx(OH)143H,0-(NO5”) —Ev—%}% AU} o] wehH
Mg4A12(OH)143H20—(N03) ‘_%_-} 0.1 g% formamide 100
mio] 21 P UFet T Ny(g) w7104 24A1F wyt
Al MgaAly(OH)1,3H,0 2] 572 %1335

24 89 MgiAl(OH)13H09] @4 ¥ 284 &
A& 254 SEM (JEOL, JSM—6700F), XRD (Rigaku,
D-max 2500) AH]E A5 11 AFM (WITec, alpha
300 RAS) AH]E Atgste] dfa]=l Mg.Aly(OH)1.3H,0
o] ¥ HJH ¥ FAE BAGHIT.
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Fig. 1. SEM images and XRD patterns of hydroxides hydrother-
mally synthesized at 110°C in the agueous solution with 0.2 M
Mg(NO3)6H,O0 and 0.1 M AI(NO3):9H,O including different
concentrations of urea hydrolysis agents (&), (d) 0.5 M, (b), (e) 1
M, and (c), (f) 2 M.
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Fig. 2. SEM

images of Mg/Al
synthesized in the agueous solution with 0.2 M Mg(NO;),6H,0,
01 M AINO3)9HO and 1 M urea by applying different
temperature (a) 110C, (b) 130C, and (c) 150C.

layered double hydroxides
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Fig. 3. SEM images of Mg/Al

layered double hydroxides
synthesized a 150C in the agueous solution with 0.2 M
Mg(NO3)6H,O0 and 01 M AI(NOs)9H,0 by employing
different hydrolysis agent (@ 1 M urea and (b) 013 M
hexamethylenetetramine.
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Fig. 4. () XRD patterns depending on intercalated anions in
Mg/Al layered double hydroxides and (b) magnified diffraction
patterns for pesk shift.
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Fig. 5. SEM images of Mg/Al layered double hydroxide (&)
before exfoliagtion and (b) after exfoliation (inset: Mg/Al
layered double hydroxide-dispersed solutions).
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Fig. 6. AFM images and thickness profiles of Mg/Al layered
double hydroxide (a), (b) before exfoliation and (c), (d) after
exfoliation.

Ho] o W2 AE3 7IX|1L SEM #Ao=RE AL
= AH214.82443.21 nm)2} CHEA] AFM S0 At
25 she] ABEoA 585 B3 MgsAly(OH)143H.0+=
438.68+79.68 nmo] SAS Ho] Zuj, wralg LAl
E0] A= 17.2242.20 nmE 37| ZAstgich ®a
MgsAly(OH)143H,07F  2d35]  8he]E]o] monolayer”?}
g d= A 2 nm oJste] FAE M Zlo=
A= Ao, MgsAlyOH)1.3H,0 Ui A|EQ] AFM #
A A= monolayerZ7bx|9] ¥lajrt dojuK]= ofal
mulilayerS 2= MgyAly(OH)143H,0 YA EZ} gH]
2 7oz woreEnt. o]Z A vra]El MgaAly(OH)1,3H,0
Ui A|Ex= H3 MgiAly(OH)143H,00] F-=JH8](45.7)5
o 27 &7t 570.39] Fu|E YERAT

2 AoM e 28 S-S F510 MgiAly(OH)1,3H,0

ol% Mbeha2 5T /8% MgiAly(OH)i
3H,09] +w=ef Z2744d 4= Hstol sl A7t
Aol = ShE2 =5 Aofstitt. 7taE6l vhE A
7HA19] Fol F7tstHA vl Ae] ¥hg-=o] Aasti,
MgsAly(OH)143H,07F /=l shR|RE A7EA1C]
o] 4L F7i&o] et Mg,Al(OH) 0, H,0 FAHE0]
JEH, AR7gdo] TAashs A AT & QdoiTh

gt aE T 2= 110CoA 150C= S7HA

H 2 o2

Y

I



M7 AP B8] 2R, A|30Y A|125 pp. 822-827, 20179 12%: 3Ag & 827

WA HIPAY pAtet RS AlAstL ot BP9
Mg AL(OH)143H,02 ! J
Mg4Al,(OH)143H,0 &
Ysto], 7hewsll ¥ F7HAIE ureao A 7haEl
uhe &£=7b 0% L3 HMTACZ Abgstgich ZAnt
25to] S MgsAly(OH)143H,0
o] 29 Zo]jx 2.31+£0.63 pm=HE 9.82+2.02 pm
oz IA Z7tsty, £3H| 9] 12.602HE 457
5715t MgaAly(OH)13H,0 U=AE &
+F 4" B2 MgiAl(OH)143H,0014 A5t
= 5 of Exfiste Sl CO S|
A NOy = wghste] F3t HAg ehgsiolct. gole
o] wstel MgAl(OH)143H,0= %Uﬂcﬂ
formamideo A Bf2]=]o], FAH7} 214.82+43.21 nm
2HE 17.22+2.20 nmzZ 3IA ZrAstIcH o= A
oF 570.39] 1EHH|E Zr= MgiAly(OH)143H,0 Y
A|EE= 29 stdqt dbla] AL Esto] $4E 91,

AR 71s ZEolu, AR Ao

[e]

o g

1
=73

zAe 2

o] Jut= 2017d% W{H| Rjgos FIARN
o] A¥g ot 4345 97(2017R1D1A1B03030796).

REFERENCES

[1] R Ma Z. Liy, L. Li, N. lyi, and T. Sasski, J. Mater. Chem,
16, 3809 (2006). [DOI: https://doi.org/10.1039/B605422F]

[21 Z. P. Xu and G. Q. Lu, Chem. Mater., 17, 1055 (2005).
[DOI: https.//doi.org/10.1021/cm048085¢]

[3] R. Ma and T. Sasaki, Adv. Mater., 22, 5082 (2010). [DOI:
https://doi.org/10.1002/adma.201001722]

[4 F. Zhang, L. Guo, S. Xu, and R. Zhang, Langmuir, 31,

6704 (2015). [DOI: https.//doi.org/10.1021/acs|angmuir.5b00619]

[5] J Luo, J. Im, M. T. Mayer, M. Schreier, M. K. Nazeeruddin,
N. Park, S. D. Tilley, H. J. Fan, and M Grétzel, Science,

345, 1593 (2014). [DOI: https.//doi.org/10.1126/science. 1258307]

[6] M. Gong, Y. Li, H. Wang, Y. Liang, J. Z. Wu, J. Zhou, J.
Wang, T. Regier, F. Wei, and H. Dai, J. Am. Chem Soc,,
135, 8452 (2013). [DOI: https://doi.org/10.1021/ja4027715]

[71 Y. Hou, M. R. Lohe, J. Zhang, S. Liu, X. Zhuang, and X.
Feng, Energy Environ. i, 9, 478 (2016). [DOI: https//
doi.org/10.1039/C5EEQ03440]]

[8 T. Pan, S. Xu, Y. Dou, X. Liu, Z. Li, J Han, H. Yan, and
M. Wei, J. Mater. Chem. A, 3, 12350 (2015). [DOI: https:/
doi.org/10.1039/C5TA02520F]

[9 Y. Doy, T. Pan, S. Xu, H. Yan, J. Han, M. Wei, D. G.
Evans, and X. Duan, Angew. Chem Int. Ed., 54, 9673 (2015).
[DOI: https://doi.org/10.1002/anie.201503797]

[10] S. Miyata, Clays Clay Miner., 23, 369 (1975). [DOI:
doi.org/10.1346/CCMN.1975.0230508]

[11] M. A. Aramendia, V. Borau, C. Jiménez, J. M. Marinas, J.
R. Ruiz, and F. J. Urbano, J. Solid Sate Chem, 168, 156
(2002). [DOI: https://doi.org/10.1006/jssc.2002.9655]

[12] M. A. Ulibarri, F. M. Labgos, V. Rives, R. Trujillano, W.
Kagunya, and W. Jones, Inorg. Chem, 33, 2592 (1994).
[DOI: https://doi.org/10.1021/ic00090a019]

[13] S. Aisawa, Y. Ohnuma, K. Hirose, S. Takahashi, H.
Hirahara, and E. Narita, Appl. Clay <ci., 28, 137 (2005).
[DOI: https.//doi.org/10.1016/j.clay.2004.01.008]

[14] K. Chibwe and W. Jones, J. Chem. Soc. Chem., Commun.,
14, 926 (1989). [DOI: https.//doi.org/10.1039/C39890000926]

[15] E. Narita, P. Kaviratra, and T. J. Pinnavaia, Chem Lett.,
20, 805 (1991). [DOI: https://doi.org/10.1246/cl.1991.805]

[16] M. Ogawa and S. Asa, Chem Mater., 12, 3253 (2000).
[DOI: https://doi.org/10.1021/cm000455n]

[17] G. T. Chandrappa, N. Steunou, S. Cassaignon, C. Bauvais,
and J. Livage, Catal. Today, 78, 85 (2003). [DOI: https://
doi.org/10.1016/S0920-5861(02)00298-5]

[18] S. Méhmd, I. Kurzawski, D. Uecker, D. Miller, and W.
Gel3ner, Cryst. Res. Technol., 37, 359 (2002) [DOI: https.//
doi.org/10.1002/1521-4079(200204)37:4<359::A1D-CRAT359>
3.0.CO;2-1]

https:/




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


