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A: Thermal and optical constants for selected mater jals.
Photothermal strength for different media

Table Al: Thermal and optical constants for selected materials at room temperature and normal pressure.

on ZPT - FOM = 2
media n aT o K on 1 onj1 o |r :[nBLwLn]
[i_Tl] Pk | wmiky | 5T C, NoTlx lorr 71
m®JY mw]
BK7 glass |1.52 | 1.25.18| 2.1510°| 1.05 8.84.10” | 1.81-10° 0
PMMA 1.49 1.2.16| 1.410° 0.2 1.28-10"° | 8.94.1¢ 10*
Water 1.33 9-10| 4.210°| 0.56 2.85-10% | 2.14.1¢ 4.4-10°

Glycerol |[1.473 | 2.7.10| 2.610°| 0.28 1.53-10° | 1.42-10° 2.5.10"

Ethanol 1.36 4.4-19| 1.9310°| 0.171 3.11-10% 3.5:10° 3.1-10°

Hexane | 1.37 55.1| 1.510°| 0.124 5.02-10° | 6.08-10° 2.7-10°

Decane |1.413 | 6.06-10| 1.611C°| 0.147 5.32.10° | 5.83-1C0° 1.3-10°

Pentane |1.358 | 5.99-18| 1.451C°| 0.136 5.61-10° | 5.98-10° 3.2.10°

Chloroform | 1.45 6.19-10 | 1.4341C°| 0.129 6.26-10° | 6.96-10° 5.5.-10"

Carbon 11 465 | 6.12.18| 1.261¢F| 0.104 | 7.11.10° | 8.621F | 3.4.10°
tetrachloride
Carbon 1) o3 | g13.19| 1.2510°| 0.161 | 1.06-1¢ | 8.231F | 1.2.1G°
disulfide

values are from:
(a) Bialkowski, S.E., Photothermal Spectroscopyhdds for Chemical Analysis, Wile$996.
(b) CRC Handbook of Chemistry and Physics
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Figure Al: Photothermal strengttXry) for various media. The temperature dependencalédimed by the refractive
index behavior with temperature) is shown for wagthanol and carbon disulfide.
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B: Calculated absorption cross-sections for gold nanop
of 20 nm and 5 nm in diameter for different wavelen
media with various refractive indices
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Figure B1: Absorption cross-sections for gold naaxtigles 20 nm and 5 nm in diameter calculated rivedia with
different refractive indices and various wavelersgt@alculations are based on Mie theory [C.F. BohrB.R.Huffman
‘Absorption and Scattering of Light by Small Pales Wiley, 1998] and use the dielectric functiafsJohnson and
Christy [P.B.Johnson, R.W.Christy, ‘Optical Congtaaf Noble Metals’ Phys.Rev.B 6 (12) 4370-43792)P

1000

Table B1: Calculatedrs (in nm?) for 20 nm diameter gold nanoparticles $etected wavelengths and media.

refractive index (n)
A (nm) 1.63 1.47 1.37 1.33
(carbon disulfide) (glycerol) (hexane) (water)
514 176 463 414 385
532 170 627 453 386.5
633 656 27.1 18.8 16.3
800 104 3.78 2.89 2.59
1064 0.0054 0.77 0.026 0.0003
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C: Analysis of the variations of SNR

As follows from Eq.4 in the main teX$NRis equal to:

P t
SNR=—— 2+ 91 10w p [Frandt (C1)
na%).probeA pron aT Cp A h/
where

ah probe IS the focal radius (beam waist) of the probe beam
Aprobe IS the wavelength of the probe light

Q is the modulation frequency

nis the refractive index of the medium

on/aT is the variation of the refractive index of thedian with temperature
C, is the specific heat capacity of the medium

Ais the area of the heating beam in the focal plames,..,)
Preatis the heating power

Porobe IS the probe power

hv is the energy of the probe photonh&Ayrone)

At is the integration time of photothermal detection

Let us consider the equation for the characteristigth of heat diffusionr{,):

2D, _ 2k (C2)
Q CQ’

2
rth

whereDy, is the thermal diffusivity coefficienk is the thermal conductivity of the medium.

Substituting Eq. C2 into C1, we obtain:

2 2
SNR = 1 i na_ni Oaps E , PPTObeAt — 1 Mtn FON QE abs E) I PPTObeAt
ﬂz“b.probe A probe aT K A e h/ ]m‘b.probe /1 probe A * h/ ’

(C3)

where FOM = ng—nl is defined as a figure of merit of photothermaldme

T Kk

Eq. C3 expresses tl&\Ras a function of (i) a combination of thermal apdical parameters of the

0T k

probe

2
media (r‘—“J n@l at a given probe wavelength; and (ii) heat andb@rpower dependent

parameters.
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2
In practice, the proportionality parameter in tBBR equation,( i ] , Is kept close to 1 by
probe
choosing the modulation frequency of the heat beaoh thatry, matches the probe beam waist.
Efficient scattering of the probe beam would bei@atd in this case.
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D: Noise of the photothermal detection

The total noiseg, ,,, in the optical experiments, contributed by theed&ir noiseg,,...,, the photon
noiseo,,, and the laser noisg,,, is defined as follows:

shot

— 2 2 2 2 2 2 _ 2 2
o-total - \/Jdetector+ o shot+ o laser \/J detecto-ll_ Fo photc;'ﬁ g laser \/U detec-t'(-)rF ZBPh/ + ( rI]as;er Fj (Dl)

where g,.....,IS the detector noise, provided by manufacturelgependent of detected power

F is excess noise factor, resulting from the excessergenerated by the photodiode

B is the measurements bandwidth

P is the measured power

hvis the energy of the detected photons

Naser IS the proportionality coefficient describing tlaser noise dependent on the laser power

The noise measured for the Ti:sapphire laser (Mi@herent, pumped with Coherent Verdi
V10) and the photodetector at different gains igicted in Fig. D1. There is no contribution of the
noise that scales linearly with the laser powehinithe range of powers we measured, from 1 pW
to 1.8 mW. That suggests a photon-noise limiteéat&tn of the photothermal signal.

1
S
= 1.8 mW (gain3)
max.
g detector
O0.1 power
Z
0.01-4- A — -

1E-3 0.01 0.1 1
power measured at PD (mW)
Figure D1. Noise power as a function of the optisalver measured at the photodetector (PD). Horiabdbtted lines
indicate the detector noise at a given sensitifdtector gain). These lines also indicate the maxn detector power at

a given sensitivity as specified by the manufactur@0 nW for the gain 100V (not pictured), 1.8 uW for the gain®10
AV (not pictured), 18 uW for the gain®18/V, 180 pW for the gain 10\VV, 1.8 mW for the gain iGv/Vand 18 mw
for the gain 16 A/V (not pictured). The sensitivity of the Si-Plétettor is specified to be 0.5 A/W in the 770-800nm
range. The dashed line represents the calculatedgohnoise, which scales with the square root efrtteasured probe
power. The results of the noise measurements gtactbr gains 1810° A/V) are pictured with full dots. Solid lines
show results of the fit to the equation below Witheco= 0.49 NW, Rser=0, F=3.3 (for 1A/ gain);
Ogetector= 0.067 NW, Reer = 0, F = 2.9 (for 1 A/V gain); Gietector= 0.023 NW, Reer = 0, F = 2 (for 18 A/V gain)
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E: Comparison of the “Cat’s eye” and “50/50 BS”
configurations
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Figure E1. Schematic representation of experimesgtiip “Cat's eye” (left) and “50/50 BS” (right) edigurations and
indications of the probe power.

Considering only the effect of probe laser on thetpthermalSNRfor two different reflector
configurations we note:

1. For the‘cat’s eye” configurationS ~rR, andN ~ /rP, , therer is the reflection coefficient
specific to the refraction index contrast at theessglsample interface. Thus for the “cat’s eye”
configurationSNR =/rP, .

2. For the'50/50 BS” configurationS ~ ,rP,, andN ~ /3 rP, , thusSNR= ,/rP,

The SNRshould be twice better in the cat's eye configonatut is experimentally found to be
similar to that in thé50/50 BS” configuration.
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F: AFM measurements of 20 nm gold on glass surface
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Figure F1. (Ieft) AFM topography image of 20 nm dygdarticles on glass surface. (right) Histogram ledight
distributions of these particles (64 particles atal). Mean height is 14+1.5 nm.
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Figure F2. (left) AFM topography image of 20 nmdyplarticles on glass surface (zoom in to the aréshe image
presented in G1). (right) A cross section alonglihe indicated in the image shows the height fwe¢ particles.

Figure F3. SEM image of 20 nm gold particles
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G: Analysis of the PMMA layer thickness
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Figure G1: (Right): AFM topography image of a sataton the PMMA film. The PMMA layer is prepared dpn

coating 50 pL of 30 g/L PMMA solution in toluenkeeff): A cross section at the position indicatedAifM image. The

height of the PMMA layer is about 100 nm.
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H: Analysis of the number of dye molecules in fluor ospheres

10004 9

1004 E

10

# molecules per bead

0.02 01

diameter of beads [um]

Figure H1: Number of dye molecules per fluoresdesdd of various diameters as suggested by Invitraganual
“FluoSpheres® Fluorescent Microspherefttp://probes.invitrogen.com/media/pis/mp050060fp for yellow-green
beads (fluorescein doping). In our experiment, seduNile Red beads, which have a different numbeyes per bead.
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Figure H2: Absorption spectrum of Nile red beadsnater solution measured with a SHIMADZU Spectrapimeter
UV170 PharmaSpec. On average, assuming all thendylecules are embedded in the beads, the numbdyeof
molecules per fluorescent bead estimated from:ttiration coefficient would be about 30. Howeverefdye molecules
present in solution may contribute to the absomptépectrum and would reduce the actual number et gher single
bead. The molar extinction coefficient 38000 M'cmi* at 519.4 nm.
[http://omlc.ogi.edu/spectra/PhotochemCAD/htm#énéld.html and M. M. Davis and H. B. Hetzer, "Titeimic and
equilibrium studies using indicators related toé\NBlue A," Anal. Chem38, 451-461, 1966]

Calculations of the number of dye molecules peglsibead:

1. 20 nm Nile Red beads are 2 wt% in the stock salutémlume of a bead is0? L and
there are&pead.so= 510 beads/L

2. stock solution is diluted in water with 1:100 ratiesulting in § = Cpead.stookl 00 =
5010 beads/L

3. the extinction of the sample witlg lseads concentration is 0.017 - 0.02¢ck (see Fig.H2).
g = 38000 M'cm™, L=0.2 cm.

4. Estimate of dye molecule concentration: ¢ = 2184 - 3.210° M/L, thus of molecules n = ¢
Na = 1.3510' - 1.9310"* molecules/L

5. thus the number of dye molecules per bead is Ng=n27-39 molecules/bead
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Fluorescence

time (s)
Figure H3: Examples of fluorescence bleaching timaees taken on several 20 nm beads. Traces shuoglesstep
photobleaching and blinking events, indicating tbaty few dye molecules are embedded in each esiiming the
count rate per single molecule of 100 counts/1((fren a single-step photobleaching event with thealkest signal
difference with dark counts), a single bead woudtain N=2000/100=20 fluorescent dyes. This humimresponds
well to the number of dyes estimated from the giigmr measurements (Fig.H2), but disagrees with rnbenber
provided by the manufacturer for another dye (Fib)HEXcitation power in the experiment;,.R= 4.25 pW.
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