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A: Photothermal Signal-to-Noise ratio and numerical aperture

We assume a shot-noise-limited photothermal deteciihe intensity of the probe beam in the
P P
Ipmbe — probe D probe = (Al)

A (AINA)

and the magnitude of the reference fidkgdy{ in the focus is:
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The probe power collected by the objective lena distance is defined by the reference field
(erer) within a solid angle defined by tiNA:

Pref = Pprobe D J‘rde |E’zef . (AS)
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This results in € melppmbe (A4)

Away from the focus the scattered electric fiet)( decreases inversely proportional to the
distancer providing with the magnitude of the scattereddfiel
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The photothermal signal is proportional to the cidof the reference and scattered fields away
from the focus integrated in a solid angle defibgdNA:

sO[r’dQre, &, . (A6)
Taking into consideratiogae andeg, the signal depends tA in the following way:
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The noise ) for photothermal detection is independeniN&{, thus providing the signal-to-noise
ratio (NR):

SNRO NA? /P, e - (A8)
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focal plane

Figure A. Schematic representation of the electric fields in photothermal detection. The surfaces
of constant phase for spherical waves generated by the single nanoparticle (solid lines), and the
Gaussian beam wavefront for the probe beam (dashed lines). lyae IS the intensity of the probe
beam in the focus; E« and &« are magnitudes of the reference field in the near-field and far-field
regions at the distance r, respectively; and ey is the scattered eectric field in the far-field region;
dQ isthe elementary solid angle.
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B: Diffusion in water and water:glycerol mixtures and
influence of the heating

The diffusion time of nanoparticles in the detectimlume is given by the equation:

23
Ty =——, Bl
“ =D (B1)
whereD is the diffusion coefficient according to the StekEinstein relation:
= KeT . (B2)
6/mR

The viscosity of the medium around nanoparticleseduced because of the local heating. To

account for this effect, we introduce an adjustgtéeameter,r,,, the radius over which we
: P . . .
average the temperature increadd ==0.64i. The effective viscosity then becomes
TIKY,

av

n =n(To+ AT), with To = 295 K. The viscosity therefore depends on therddesl poweP,,s, and
the equation for the diffusion time becomes:
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The dependence of the viscosity is different forepwater and water:glycerol mixtures (see Fig. B
below).

In the case of water we assume that {Handbook @&n@s$try and Physics; 72nd ed., CRC Press:
Boca Raton, FL, 1991}

n(T) =1.758510° @70 (B4)

In the case of water:glycerol mixture the therm@aperties of the medium and the viscosity will
change. The heat capacity per unit volume of theure C,™) and the thermal conductivity of
the mixture £™) can roughly be approximated by interpolating lestiw the parameters for pure
water and glycerol as follows:

Cpmix — wateGCwater +Wg|yceroICngyceroI (B5)

/{nix - Wwater/elvater + ngycerolkglycerol (BG)
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wherew is the mass fraction of the mixture, thus giviGg™ = 3.24x16 JK'm® and <™ =
0.33 WK'm™. The viscosity of the 1:1 mixture is estimateddshen the method of Teja and Rice
{Reid, Prausnitz and Poling, The Properties of Gas®l Liquids, McGraw-Hilked.} as

In (nmxgm'x) = et |y (”water gwater ) 4 xdveerol | (”glycerolgglycerol ) ’ (B7)
v
where €= W (B8)

with V. andT. being the critical volume and temperature, respelgt andM the molar mass.
The viscosity of the glycerol is approximated by

" (T) = A0 Y, (B9)

whereA = 3.54x10° Pa-sB = 780 K, T; = 153 K.
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Figure B. Viscosity of water and calculated viscosity of a 1:1 water:glycerol mixture as functions
of the temperature.
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