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Experimental Details: 
 Zinc nitrate (Zn(NO3)2·6H2O), aminoethanol (H2NCH2CH2OH, AE), and Evans 

Blue were purchased from Kanto Chemical and used without further purification. 
Ultrapure water of 18.2 MΩ produced by a Millipore Direct-Q system was used 
throughout the experiments. Zinc hydroxide nanostrands were prepared by mixing an 
aqueous solution of aminoethanol into a zinc nitrate solution using a magnetic stirrer. In 
an optimized synthetic procedure, 5 mL of a 4 mM zinc nitrate solution was mixed with 5 
mL of a 2.4 mM aminoethanol solution, and the nanostrands were filtered off after an 
aging time of 30 min. The results of other conditions are described in Table S1. 

TEM images and electron diffraction patterns were obtained on a JEOL-1010 
transmission electron microscope at an acceleration voltage of 100 kV. HR-TEM and 
dark field STEM images were obtained by using a JEOL-JEM2100F electron microscope 
at 200 kV. The specimens were made by floating a carbon-coated copper microgrid for 1 
min on a droplet of the sample solution placed on a glass plate. The microgrid was then 
wiped from the rim with clean filter paper and dried in air. In TEM measurements, zinc 
hydroxide nanostrands gradually decomposed with increasing exposure time to the 
electron beam of 200 kV. Field-emission SEM observations were conducted on a Hitachi 
S-4800 scanning electron microscope at an acceleration voltage of 10 kV. The specimens 
were prepared by filtering the sample solution on a polycarbonate membrane filter by 
suction filtration. The polycarbonate membrane filter (Nuclepore, pore size: 0.2 µm) is a 
product of Whatman. To prevent the specimen from electric charge up, an about 2-nm 
thick platinum layer was deposited by using a Hitachi E-1030 ion sputter. UV-vis spectra 
were obtained by using a Shimazu UV-3150 spectrometer. Atomic coordinates (x, y, z) 
used for the crystallographic calculation were (0.000, 0.000, 0.500) for Zn, (0.333, 0.666, 
0.200) for O1, and (0.666, 0.333, 0.800) for O2. 
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Table S1. Nanomorphologies of zinc hydroxide at different experimental conditions. 

concentration (mM) sample 
Zn(NO3)2 AE 

AE / Zn pH morphology 

Z1 4.0 0.4 0.1 6.39 short fibres (Fig. S1b) 
Z2 4.0 0.8 0.2 6.52 short fibres (Fig. 2A) 
Z3 4.0 2.4 0.6 6.60 nanostrands (Fig. 1 and Fig. 2D) 
Z4 4.0 3.2 0.8 6.65 nanoparticles (Fig. 2C) 
Z5 6.0 0.2 0.033 6.48 nanoparticles 
Z6 6.0 0.4 0.067 6.58 nanoparticles 
Z7 6.0 0.8 0.13 6.68 short fibres 
Z8 6.0 1.2 0.2 6.71 short fibres 
Z9 6.0 1.6 0.27 6.87 sheet-like aggregates of short rods 

Z10 6.0 2.0 0.33 6.86 sheet-like aggregates of short rods 
Z11 6.0 2.4 0.4 6.97 nanostrands (Fig. S1c) 
Z12 6.0 3.0 0.5 7.01 short fibres 
Z13 6.0 4.0 0.67 6.97 nanoparticles 
Z14 8.0 0.2 0.025 7.08 nanoparticles 
Z15 8.0 0.4 0.05 7.16 nanoparticles 
Z16 8.0 0.8 0.1 7.32 nanoparticles 
Z17 8.0 1.2 0.075 7.29 nanoparticles 
Z18 8.0 1.6 0.2 7.36 nanoparticles and short fibres 
Z19 8.0 2.0 0.25 7.38 sheet and short fibres 
Z20 8.0 3.0 0.38 7.33 short rods (Fig. S1d) 
Z21 8.0 4.0 0.5 7.53 long fibres and sheet-like aggregates 
Z22 8.0 6.0 0.75 7.45 thick sheet-like aggregates 
Z23 10.0 0.4 0.04 6.84 nanoparticles 
Z24 10.0 0.8 0.08 6.88 nanoparticles 
Z25 10.0 1.0 0.1 6.96 nanoparticles 
Z26 10.0 1.6 0.16 7.08 nanoparticles 
Z27 10.0 2.0 0.2 7.13 nanoparticles 
Z28 10.0 3.0 0.3 7.19 short fibres 
Z29 10.0 4.0 0.4 7.19 short fibres (Fig. S1e) 
Z30 10.0 5.0 0.5 7.21 short fibres and sheet-like aggregates 
Z31 10.0 6.0 0.6 7.33 submicron agglomerates 
Z32 10.0 8.0 0.8 7.35 submicron agglomerates (Fig. S1f) 

The volumes of aqueous solutions of Zn(NO3)2 and aminoethanol (AE) were 5 mL. All samples were 
aged for 30 min.  
 
Nanomorphologies of Zinc Hydroxide: 

We have reported that cadmium hydroxide nanostrands were formed by mixing 
aqueous solutions of cadmium nitrate and NaOH (J. Am. Chem. Soc. 2004, 126, 7162). 
The preparation of zinc hydroxide nanostrands was first attempted in a similar way. 
However, all the products obtained by using NaOH were the aggregates of small particles 
with diameters of 20-40 nm. Figure S1a shows the typical particles obtained from 2.4 
mM NaOH and 4 mM Zn(NO3)2 solutions after aging for 30 min. 

On the other hand, the nanomorphology of zinc hydroxide widely changed with 
experimental conditions when NaOH was replaced by aminoethanol (AE). Figure S1b 
shows an SEM image of short fibres obtained from 4 mM Zn(NO3)2 and 0.4 mM AE. The 
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short fibres often formed when the mixing ratio of AE against zinc ions was low. We also 
observed the formation of nanoparticles at the low mixing ratio of AE against zinc ions. 
Figure S1c shows zinc hydroxide nanostrands obtained from 6 mM Zn(NO3)2 and 2.4 
mM AE. The nanostrand formation was observed only at the concentrations of 4 mM and 
6 mM for Zn(NO3)2 and at the mixing ratios of AE of 0.4 and 0.6. Figure S1d shows 
short rods obtained from 8 mM Zn(NO3)2 and 3 mM AE. Short fibres were obtained from 
10 mM Zn(NO3)2 and 4 mM AE (Figure S1e). When the concentrations of zinc ions and 
AE were high, agglomerates in submicron scale were often observed. Figure S1f shows 
the typical SEM image obtained from 10 mM Zn(NO3)2 and 8 mM AE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S1. SEM images of nanomorphologies of zinc hydroxide. (a) 
Nanoparticles obtained from 4 mM Zn(NO3)2 and 2.4 mM NaOH, (b) short 
fibres obtained from 4 mM Zn(NO3)2 and 0.4 mM AE, (c) nanostrands 
obtained from 6 mM Zn(NO3)2 and 2.4 mM AE, (d) short rods obtained from 8 
mM Zn(NO3)2 and 3.0 mM AE, (e) short fibres obtained from 10 mM Zn(NO3)2 
and 4.0 mM AE, and (f) submicron agglomerates obtained from 10 mM 
Zn(NO3)2 and 8.0 mM AE. All samples were obtained after 30-min aging. The 
experimental conditions for (b-f) are corresponding to Z1, Z11, Z20, Z29, and 
Z32 in Table S1. 
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Figure S2. Dark field STEM images of the nanostrands obtained from 2.4 mM 
aminoethanol and 4 mM Zn(NO3)2 after 30-min aging. The insets show the 
high-resolution images. 

 
Figure S2 shows dark field STEM (scanning transmission electron microscopy) 

images of zinc hydroxide nanostrands. As seen in the low-resolution image, we often 
observed the zigzag structure. The structure was also visible in the high resolution images. 
 

Formation of Bundles: 
When the nanostrands were prepared by mixing equal volume of aminoethanol (2.4 

mM) and Zn(NO3)2 (4 mM), the bundle-like structures were observed after aging time of 
45 min, as shown in Figure S3.  
 
 
 
 
 
 
 
 

Figure S3. TEM image of the nanostrands prepared by mixing equal volume 
of aminoethanol (2.4 mM) and Zn(NO3)2 (4 mM), after aging time of 45 min. 
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EDX measurements: 
The energy dispersive X-ray (EDX) spectra were obtained by using a JEOL-

JEM2100F electron microscope at 200 kV. The spectrum of zinc hydroxide nanostrands 
is shown in Figure S4. The atomic ratio of zinc and oxygen was 32.2/67.8, as calculated 
from the corresponding peak areas. This value was in good agreement with the 
composition of zinc hydroxide (Zn(OH)2). Copper peaks in Figure S4 are from copper 
microgrid. 
 
 
 
 
 

 

 
Figure S4. Energy dispersive X-ray spectrum of zinc hydroxide nanostrands.  

 
Estimation of Positive Charges:  

Zinc hydroxide nanostrands strongly adsorbed negatively charged dye molecules, 
Evans Blue, and formed weakly-gelled precipitates. The photograph is shown in Figure 
S5b. In contrast, no precipitate appeared from the solution containing hydrated zinc 
nitrate (Figure S5a). These results demonstrate that the dye molecules are trapped by the 
nanostrands. To evaluate the trapping ability, we monitored the UV-vis absorption 
changes of Evans Blue solutions after filtering the precipitates by using a polycarbonate 
membrane filter. The results are shown in Figure S5c. The concentration of Evans Blue 
was fixed at 1.6×10-5 M, and that of nanostrand was regularly increased. The absorption 
peak at 608 nm, which was attributed to Evans Blue, decreased with the increase of zinc 
hydroxide nanostrands. At the same time, the peak maximum was blue-shifted to 550 nm. 
The nanostrand concentration is represented as the molar ratio of zinc ions against Evans 
Blue molecules (Zn : EB). As seen in Figure S5c, all the dye molecules were filtered off 
when the molar ratio was 125 or more. For the estimation of surface positive charges of 
the zinc hydroxide nanostrands, we supposed that all the positive charges are 
electrostatically compensated by negative charges of Evans Blue. This molecule has four 
sulfonate groups. Therefore, four atoms of 125 zinc atoms should be positively charged. 
On the other hand, the nanostrands were prepared by mixing 4 mM Zn(NO3)2 and 2.4 
mM aminoethanol (AE) (See Table S1, condition “Z3”). In this experimental condition, 
30 % of zinc ions are converted to the nanostrands. Therefore, positively charged zinc 
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atoms should be four atoms in three tenths of 125 zinc atoms. From these calculations, 
we estimated about one tenth of zinc atoms in the nanostrand are positively charged.  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure S5. Photographs of Evans Blue (EB) solutions containing Zn(NO3)2 (a) 
and zinc hydroxide nanostrand (b) and changes in UV-vis absorption spectra 
(c). The solution (a) was prepared by mixing 0.16 mL of 1 mM EB solution 
and 10 mL of 2 mM Zn(NO3)2 solution. The solution (b) was prepared by 
mixing 0.16 mL of 1 mM EB solution and 10 mL of the nanostrand solution 
which was prepared in condition “Z3” in Table S1. UV-vis absorption spectra 
were obtained after filtering the precipitates of EB/nanostrand composite by 
using a polycarbonate membrane filter (pore size: 0.2 μm). The concentration 
of nanostrand was tuned by diluting the nanostrand solution with pure water, 
keeping the concentration of EB constant.  
 

 

 

 

 

 

 

 
 
Figure S6. Energy dispersive X-ray spectrum of the precipitates of zinc 
hydroxide nanostrands and Evans Blue (EB) at the molar ratio of 125/1 for 
zinc atoms against EB. 
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In order to verify the above estimation, we measured EDX spectra of the precipitates 
of the nanostrands with Evans Blue. As shown in Figure S6, the molar ratio of zinc and 
sulfur atoms was estimated to 30.2 : 3.1 for the precipitates obtained from the mixture of 
1/125 for EB/Zn2+. The first decimal digit of the molar ratio may contain some 
uncertainty. However, the observed value is in very good agreement with the composition, 
in which about one-tenth of zinc atoms in the nanostrand are positively charged and these 
charges are compensated with negative charges of Evans Blue. 
 
Comparison of Cadmium, Copper, and Zinc Hydroxide Nanostrands: 

Typical preparation conditions of metal hydroxide nanostrands and their properties 
are summarized in Table S2. 

Cadmium hydroxide nanostrands are often prepared by mixing equivolume of 4 mM 
CdCl2 and 0.8 mM AE. Under this condition, nanostrands of a few micrometres in length 
and 1.9 nm in width are selectively produced within 10 min. This nanostrand is stable in 
the aqueous solution for about one day. About one sixth of the cadmium atoms in the 
nanostrands are positively charged. This value is corresponding to one third of the surface 
cadmium atoms. Copper hydroxide nanostrands are usually prepared from 4 mM 
Cu(NO3)2 and 1.6 mM AE. The width of this nanostrand (2.5 nm) is a little larger than 
that of cadmium hydroxide nanostrand. The length reaches a few tens of micrometres 
after aging the reaction mixture for a few days. Copper hydroxide nanostrand is highly 
positively charged. About half of the surface copper atoms are assumed to be positively 
charged. This nanostrand is stable for about one month. In sharp contrast with copper 
ions, zinc ions give unstable nanostrands. We observed almost all the nanostrands 
converted into other morphology after aging one hour. This is probably due to the low 
charge density on its surfaces. At the aging time of 30 min, zinc hydroxide nanostrands of 
a few micrometres were selectively obtained by filtering with a polycarbonate membrane 
filter. 

 
 
Table S2. Comparison of metal hydroxide nanostrands. 

concentration (mM) nanostrand 
metal salt a AE 

AE /  
metal ion pH diameter 

(nm) 
positive charge 

density b stability 

Cd(OH)2 4.0 0.8  0.2 8.2 1.9 1/3 < 1 day 

Cu(OH)2 4.0 1.6 0.4 6.2 2.5 1/2 < 1 month 

Zn(OH)2 4.0 2.4 0.6 6.6 2.0 1/4 < 1 hour 
a The metal salts used for cadmium, copper, and zinc hydroxide nanostrands are CdCl2, Cu(NO3)2, and 
Zn(NO3)2, respectively. b Positive charge density denotes the ratio of positive charges against the metal 
atoms on the surfaces of the nanostrand.  
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Cadmium ions tend to be stored in human body for about 30 years and give rise to 
serious diseases. Therefore, cadmium hydroxide nanostrands are highly toxic. Copper 
hydroxide nanostrands are not so harmless, as compared with those of cadmium. 
However, the growth speed is very slow, probably due to the Jahn-Teller effect of copper 
ion. In general, it takes a few days to obtain the nanostrands stoichiometrically. The slow 
growth will prevent us from designing the production processes in flow reactors. In sharp 
contrast, zinc ions that have been used as a nutritional supplement are intrinsically non-
toxic and the nanostrands grow quickly. These are favorable for the consecutive large-
scale production in industry.  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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 <>
    /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.)
    /JPN <>
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice




