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Figure S1. Extinction spectrum of gold nanorods solution.

The model of two-photon excited fluorescence in DNA-dye system

The model of the angular dependence of ps-2PFM of liquid crystalline DNA can be
found in '. Tt takes into account the orientation of a DNA strand and the direction of the
emission dipole of a fluorescent dopant in the macroscopic XY framework of the scan plane
(Fig. S2). The rotation of DNA in the XY plane is accounted by the angle ¢. Averaging the
binding angle of a dye or a NR, i.e. the rotation of the emission dipole by 360° around the
long axis of DNA strand, leads to formation of a cone with an opening angle ¥. Small
variations in the orientation of DNA helix and deviations of the binding angle are taken into
account by thickening the cone by an angle 4%. On the basis of our previous examination L
the relative angle between the DNA chain and a bound molecule of EB is constant and equals

to WEB = 800.
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Figure S2. Model of the orientation of the emission dipole of a DNA marker, z, , with
respect to a DNA double helix in the macroscopic XYZ framework of the sample. The dipoles
M, are located in a cone of half-angle ¥ with the origin on a long axis of a DNA helix

(denoted by the dashed line). The variable thickness of the cone is defined as AY, and the
position of DNA in the XY plane of the sample is described by angle ¢.

The determination of optimum illumination conditions
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Figure S3. a) Temporal profile of 2PL of a NR excited at I-SPR maximum wavelength, P =
0.4 mW and P = 0.2 mW; b) Calculated fluence and temperature increase as a function of the
incident laser power measured at the entrance to the microscope; dashed line denotes the

threshold energy of gold melting;

The temporal profile of NRs luminescence excited with our setup depends
quadratically on the incident laser power, which confirms that the luminescence is caused by
two-photon absorption (Fig. S3 a). When an NR is excited close to its I-SPR the collected
signal is stable only in the low-power excitation regime. In an NR subjected to the long-term
illumination (in seconds regime), the NR heating may contribute strongly to the instability. To
evaluate the significance of thermal effects, we estimated the focused peak intensity and the
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corresponding energy incident on a single NR. One-photon absorption cross section o;p4 of
an NR, determined from the absorption spectra of NRs solution with known concentration,
equals 2.26 x 10" cm®. We estimated the temperature increase of a nanoparticle after the

absorption of a single fs laser pulse according to the formula:

F
AT,, = 214"~ (S1)

Ve P
where F' is the incident laser fluence, V' denotes nanoparticle volume, p4, and cy4, are bulk
gold density and specific heat capacity, respectively. The obtained results are presented in
Fig. S3 b. The melting point of gold nanoparticles depends on the particle size, but for
nanoparticles bigger than ~15 nm it is usually assumed to be similar to the melting
temperature of bulk gold T, = 1337 K. ? Effective diameter of our NRs equals dey =18 nm,
thus T, is expected not to be very different from the bulk value. With the assumption of
absence of cumulative effects, the energy of the focused beam is below the melting threshold
at the illumination power less than 1.5 mW. In addition to nanoparticles melting, gold
nanorods may undergo shape transformation before the melting temperature is reached, which
changes their optical properties. However, in the experiments with fs laser in the range of
average powers applied in this work (up to 0.5 mW), and when the nanorods were embedded
in a matrix with good thermal conductivity, NRs did not stay hot for the time long enough for

significant structural changes to occur. *

Investigation of the nanorods under irradiation

We performed a thorough analysis of a single NR behavior under laser irradiation in a
function of the laser power. Images below present a variation of 2PL intensity when a
nanorod is irradiated with a laser of an average power equal 20-30 uW (Fig. S4 a, b, d) and
from 15 to 100 uW (Fig. S4 b, c, e). The gradual decrease of 2PL intensity is observed with
the power values up to 50 uW, whereas a significant deviation from a linearly polarized 2PL
emission is observed in the case of P = 100 uW. Shift in the Z direction increases the 2PL
intensity (Fig. S5). Laser illumination with the average power of 5 uW does not introduce any
change neither in the angular distribution nor the maximum intensity of the 2PL signal (Fig.

S6). The discussion of the observations is given in the main text.
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Figure S4. a-c) Scans of 2PL intensity of gold NRs in DNA LC matrix, P = 15 uW: a) scan

before the polarization analysis of individual NRs, b) scan after the analysis of the NR no.1, c)

scan after the analysis of the NR no. 2. d-e) polarization analyses of the NR no. 1 (d) and no.
2 (e); the incident laser powers are indicated in the figures.
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Figure S5. a, b) Scans of 2PL intensity of gold NRs in DNA LC matrix before and after
polarization analysis of a single NR indicated with a white circle, respectively (P = 15 pW);
c,d) polar graphs of 2PL of a NR indicated with a white circle in the scan a, in a position (X, y,
z) (¢); in the position (x, y, z+0.5um) (d); the incident laser powers are indicated in the

figures.
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Figure S6. 2PL polar graphs of a single NR illuminated six times with a laser of P =5 uW.



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

References

1. (a) Mojzisova, H.; Olesiak, J.; Zielinski, M.; Matczyszyn, K.; Chauvat, D.; Zyss, J.,
Polarization-Sensitive Two-Photon Microscopy Study of the Organization of Liquid-
Crystalline DNA. Biophys J 2009, 97 (8), 2348-2357; (b) Olesiak-Banska, J.; Mojzisova, H.;
Chauvat, D.; Zielinski, M.; Matczyszyn, K.; Tauc, P.; Zyss, J., Liquid crystal phases of DNA:
evaluation of DNA organization by two-photon fluorescence microscopy and polarization
analysis. Biopolymers 2011, 95, 365-375.

2. (a) Buftat, P.; Borel, J. P., Size effect on the melting temperature of gold particles.
Phys Rev A 1976, 13 (6), 2287-2298; (b) Hashimoto, S.; Werner, D.; Uwada, T., Studies on
the interaction of pulsed lasers with plasmonic gold nanoparticles toward light manipulation,
heat management, and nanofabrication. J Photoch Photobio C 2012, 13 (1), 28-54.

3. Petrova, H.; Perez Juste, J.; Pastoriza-Santos, I.; Hartland, G. V.; Liz-Marzan, L. M.;
Mulvaney, P., On the temperature stability of gold nanorods: comparison between thermal
and ultrafast laser-induced heating. Phys Chem Chem Phys 2006, 8 (7), 814-21.




<<

  /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



