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Figure S1 Laser induced fluorescence spectra of concentrated (1x10~ molL™) (blue) and

dilute (6.25x10°° molL™") (red) solutions of MB in water

Further experiments were performed in order to obtain more insight into the aggregation
process of MB. Figure S1 shows laser induced fluorescence spectra of concentrated
(1x10” molL™) and dilute (6.25x10 molL™) solutions of MB in water. An excitation
wavelength of 488 nm was chosen, because at this wavelength the molar absorption
coefficient only very weakly depends on the MB concentration [1,2]. Although the ratio
of the concentrations is 160, the fluorescence peak (at around 690 nm) intensity ratio is

only around 47. This is a clear indication that the fluorescence is substantially quenched
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in the case of the concentrated solution. Dimerization related concentration quenching of
fluorescence in dye solutions is a well-known and well-documented phenomenon [see,
e.g., Ref. [3] and references therein]. Assuming that dimerization is the only aggregation
process of MB in water, one can calculate the monomer concentrations for the two
solutions according to Ref. [4]. In our case we get a monomer concentration of 3.0 x 107
molL™ for the concentrated solution and 6.0 x 10 molL™" for the dilute solution, yielding
a monomer concentration ratio of 50. This factor is in good agreement with the
fluorescence intensity peak ratio and suggests that the fluorescence signal comes mainly
from the MB monomers in the solution. Dimerization of MB in the concentrated solution
is also confirmed by a small redshift (from 691 nm to 697 nm) of the fluorescence peak

[5].
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Figure S2 UV-Vis spectrum (recorded over 15h) of supernatant solution for testing MB
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desorption in water. The spectrum is representative of spectrum recorded with other
solvents including organic ones. The absence of MB signal confirms the irreversible

adsorption of MB on titanate nanowires.

Calibration for the Relative Humidity Sensor

The calibration method is based upon the use of saturated salt solutions as the humidity
generation source. Saturated salt solutions were placed in a sealed container. The relative
humidity above the salt depends slightly on the temperature. A list of saturated salts and

their humidity values at 25°C are shown in the table below.

Table 1.
Material Silica gel KOH Mg(NO3),.6H,0 NH,Cl CuSO,*5H,0
RH (%) 0 8 52 77 98

In order to minimize the transient time the the air volume per unit area of the solution
surface was less than 15 cm’:1 cm™. The sensor was placed into a low-volume (3 cm’)
test enclosure connected to the jar containing the wet salt with a hermetic seal (Fig. S3).
The circulation of the air was driven with a peristaltic pump (flux of 1.6 cm’s™). Before
the read-out the air circulation was continued for 1 hour for the air inside the sensor to

reach the steady relative humidity level.

Calculation of the MB surface density
After reaching the MB adsorption equilibrium the MB adsorption capacity on titanate
nanowires was found to be 86 mg/g. If we assume that the molecules are uniformly

distributed on the nanowire surface, and taking into account that the specific surface area
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was 160 m%/g, the number of the adsorbed MB molecules can be calculated with the
following equation:

aMB * NA

SMB ~
M (MB) * SA(TIONW')

where aMB is the maximum MB adsorption capacity, NA is the Avogadro number,
M(MB) is the molar mass of MB and SA(TiONW) is the specific surface area of the

titanate nanowires calculated from nitrogen adsorption-desorption measurements [6].
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Figure S3. The scheme of the experimental setup for the sensor measurements
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Figure S4 Multiple response and recovery cycles for the MB-TiONW thin film when relative
humidity changes from high (98 %) to low (8 %) levels. The measurements were performed at a

wavelength of 650 nm using different air fluxes: (a) 30 cm’s™, (b) 16.4 cm’s™ (c) 6.8 cm’s™
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Figure S5. MB@TiONW humidity sensor's representative response (dotted line) and the reciprocal
recovery signals (continuous line) vs. gas flux. (a) 1.6 cm’s™, (b) 6.8 cm’s™, (¢) 16.4 cm’s™, (d) 30

3.1
cm s

In order to measure the response of the OFHS due to humidification and desiccation the
sensor is placed in a chamber that is connected with a peristaltic pump. (See Fig. S3.) To
calculate the velocity of the air stream flowing trough the sensor, the flux coming from
the peristaltic pump was corrected for the volume of the tubing system entering into the

measuring chamber. (Fig. 4g) Note that the highest flux used (30 cm’s™) only matches
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the lowest 0 category on the modern Beaufort Wind Force Scale. Some of the sensors we

have fabricated for this study lasted for more than few weeks without modification of

their performances. Further studies are necessary to assess the stability over years.

Table 2.

Sensing properties of some optical humidity sensors

Materials (cladding) Measuring Usable linear range (RH%) Response- Ref.
principle (form) recovery time

CoCly/cellulose Optical (film) 4-60 % 16-60 min [7]

NiO Optical (film) 0-90 % <3 min [8]

Dye/zeolite Optical (disk) 9-92 % 2-4 min [9]

Dye/polymer,(F1/PMMA) Optical (fiber) 8-85 % ls [10]

CoCl,/gelatin Optical (fiber) 0-40 %, 40-70 %, 70-100 % =ls [11]

Silica xerogel Optical (fiber) 44-100 % 10-120s [12]

Au/polymer Optical (fiber) 11-100 % <l5s [13]

Co/polyaniline Optical (fiber) 20-95 % 8-60 s [14]

Hydroxyethylcellulose Optical (fiber) 40-70 % 3-10s [15]

Rhodamine B/ Optical (fiber) 0-95 % 60- 180 s [16]

hydroxypropyl cellulose

Agarose gel Optical (fiber) 30-80 % <60 s [17]

[1] E. Rabinowitch, L. F. Epstein, J. Am. Chem. Soc. 1941, 63, 69.

[2] K. Bergmann, C. T. O'Konski, J. Phys. Chem. 1963, 67, 2169.

[3] K. K. Rohatgi, G. S. Singhal, J. Phys. Chem. 1966, 70, 1695.

[4]  A.Mills,J. Wang, J. Photoch. Photobio. 41999, 127, 123.

[5] R. R. Naujok, R. V. Duevel, R. M. Corn, Langmuir 1993, 9, 1771.

[6] E. Horvath, A. Kukovecz, Z. Konya, 1. Kiricsi, Chem. Mater., 2007, 19, 927.

[7] F. Boltinghouse, A. Kenneth, Anal. Chem. 1989, 61, 1863.

[8] M. Ando, J. Sato, S. Tamura, T. Kobayashi, Solid State lonics 1999, 121, 307.

[9] S. Sohrabnezhad, A. Pourahmad, M. A. Sadjadi, Materials Letters 2007, 61, 2311.

[10] S. Muto, H. Sato, T.Hosaka, Jpn. J. Appl. Phys. 1994, 33, 6060.

[11]

A. Kharaz, B.E.Jones, Sensors and Actuators A 1995, 46-47, 491.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

[12] . Estella, P. de Vincente, J. C. Echeverria, J. J. Garrido, Sensors and Actuators B
2010, 749, 122.

[13] F.J. Arregui, Y. Liu, I. R. Matias, R. O. Claus, Sensors and Actuators B 1999, 59,
54.

[14] A. Vijayan, M. Fuke, R. Hawaldar, M. Kulkarni, D. Amelnelkar, R.C. Aiyer,
Sensors and Actuators B 2008, 129, 106.

[15] S. Muto, O. Suzuki, T. Amano, M. Morosawa, Meas. Sci. Technol. 2003, 14, 746.
[16] S. Otsuki, K. Adachi, T. Taguchi, Sensors and Actuators B 1998, 53, 91.

[17] C. Baridin, I. R. Matias, F. J. Arregui, M. Lopez-Amo, Sensors and Actuators B
2000, 69, 127.

[18] N. Tétreault, E. Horvath, T. Moehl, J. Brillet, R. Smajda, S. Bungener, N. Cai, P.

Wang, P. S. M. Zakeeruddin,; L. Forro, A. Magrez, M. Gritzel, ACS Nano 2010, 4, 7644.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <<
    /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


