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Technical Note 802: Photothermal Characteristics of Gold
Nanorods

Gold nanorods (GNRs) exhibit transverse and longitudinal surface plasmon resonances that
correspond to electron oscillations perpendicular and parallel to the rod length direction, respectively.
Their longitudinal surface plasmon wavelengths (LSPWSs) are tunable from the visible to infrared regions.
Their absorption cross sections are at least five orders larger than those of conventional dyes, and the
light scattering by Au nanorods is several orders larger than the light emission from strongly fluorescent
dyes."™ The tunability in the LSPW, together with strongly enhanced scattering and absorption at the
LSPW, makes GNRs useful for the formation of many functional composite materials, for example, with
hydrogel,*® polymers,®’ silica,® and bacteria.’ GNRs also have an axial surface plasmon resonance
(SSPR), though one-third that of the LSPR, is still many orders of magnitude greater than quantum dots
and nanoshells. GNRs also offer advantages of good biocompatibility, facile preparation, and conjugation
with a variety of biomolecular ligands, antibodies, and other targeting moieties.™ They have therefore
found wide applications in biochemical sensing,11 biological imaging, medical diagnostics, and
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therapeutics. Further, GNRs have found application in materials and optics, including polarizers,

filters, and to improve the storage density in

=

compact disks.

The effectiveness of GNRs as

= MIR window —

scattering-based biomedical imaging contrast
agents and as photothermal therapeutic agents
is strongly dependent on their scattering and

absorption cross sections. In general, high
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scattering cross sections are favorable for

cellular and biological imaging based on dark- — , .
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field microscopy, while large absorption cross Waveiength (nm)
sections with small scattering losses allow for

Figure 1. The NIR window is ideally suited for in vivo
imaging because of minimal light absorption by
dosage. In addition, the LSPWs of GNRs are  hemoglobin (<650 nm) and water (>900 nm). From

Zauner, W.; et al. J. Control. Rel. 2001, 71, 39.

photothermal therapy with a minimal laser

strongly desired to be in the spectral range of

650-900 nm (refer to Figure 1). Light irradiation
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in this region can penetrate deeper in
tissues and cause less photodamage than

" Therefore, the

UV-visible irradiation.
ability to tailor both scattering and
absorption of GNRs with different LSPWs
is of ultimate importance for practical in
vivo biomedical imaging and therapeutic
applications.lg_20

In order to better characterize the
photothermal efficiencies of GNRs, since
both absorption and scattering make up
the extinction value we measure by UV-
VIS, we need to determine the percentage

that each contributes. These values are
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Scattering/Extinction Ratio vs. Increasing GNR Axial Diameter
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Figure 2 Scattering/Extinction Ratio vs. GNR Axial Diameter

highly dependent on the axial diameter of the GNRs. From Ni et al.,*! the scattering/extinction ratio as a

function of axial diameter is given in Fig. 2. From this data, we can take our calculations for the molar

extinction ratio, and break it up among the scattering and absorption components. The molar absorption

and scattering coefficients for the LSPR are shown in Table 1. The same is shown for the SSPR

contributed by the axial modes in Table 2. Some observations:

The absorption coefficient for the 10x45 nm GNRs is seven times less than the 25x86
nm GNRs even though the absorption for the 10x45 nm nanorods is 90% of the
extinction coefficient whereas its only 65% for the 25x86 nm. This reduction is offset
by the fact that the 10x45 nm have ten times the concentration at OD 1 than the
25x86 nm GNRs, combined with the fact that the 10x45 nm will circulate much, much
longer in-vivo due to their smaller size.

The SSPR from the axial mode of the GNRs is still five orders of magnitude greater
than quantum dots in the visible.

The LSPR for the 10 nm GNRs absorb over 70% of incident power at OD 1 in only 1
cm of path length.

The SSPR for the GNRs absorb 15-20% of incident power at OD 1 in only 1 cm of
path length.
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In order to demonstrate this effect, we used a small, 1 cm path length cuvette of 10x41 nanorods
at OD 1 in water. Since the specific heat of water is 4 joules/cm® K, this means that with a 1 W/cm? laser
at 808 nm, the water should heat at approximately 1 degree every second.

The following equations calculate this heat absorption:

I:)0
A=log ) (1)

Where A is the absorption, Py is the power before the GNRs and P is the power measured that has been
transmitted through the GNRs.

A= &C (2

Where ¢ is the molar extinction coefficient (M'lcm'l), d is the thickness of the sample (cm), and C is the

concentration in moles/L.
NtrackerTM Photothermal Conversion
Efficiency in Water

Referring to Table 1, our 30-10-808 has an

e =1.02x10° M'lcm'l, our cuvette is 1 cm thick, and 25

20 » +— Ntracker in
15 / Water

10 / —&— Water Only

the concentration C = 5.9x10™ gnrs/ml, or 1x10°
"moles/L. Therefore, A = 0.578, or 73% of the

power is absorbed in the GNRs in 1 cm.
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Figure 3 Thermal conversion efficiency in water at

The selective ability to use specific directional and  ¢tandard OD 1 concentration.

wavelengths in laser to initiate localized heating

has far reaching applications in the nanotechnology world. These applications could involve:

Heat generated chemical reactions at the nanoscale.

Wavelength selected heat generated reactions at the nanoscale.
Heating by confocal microscopy delineating micron selected areas.
Nano-welding in semiconductor applications.

Improved solar cell collection.

o g s~ w b PE

Coating for an improved solar water heater.
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Table 1 Molar Absorption and Scattering for GNR LSPR
Part # % Abs of
Nanorod LSPR LSPR LSPR Incident
(Axial Axial Peak LSPR Molar Molar Molar Power
Diam/Peak | Diameter | Longitudinal | Wavelength | OD LSPR Wt. conc | Molarity Ext. (M- | Absorption | Scattering | through 1
LSPR) (nm) Size (nm) (nm) (AU) NPS/ml (mg/ml) (pM) lcm-1) (M-1cm-1) | (M-1cm-1) | cmat OD1
30-10-850 10 45 850 1.0 5.2E+11 35.7 874 1.14E+09 | 1.03E+09 1.14E+08 73.1%
30-10-808 10 41 808 1.0 5.9E+11 36.1 979 1.02E+09 | 9.19E+08 1.02E+08 73.1%
30-10-780 10 38 780 1.0 6.1E+11 34.9 1020 9.81E+08 | 8.83E+08 9.81E+07 73.1%
30-10-750 10 35 750 1.0 6.4E+11 334 1064 9.40E+08 | 8.46E+08 9.40E+07 73.1%
30-10-700 10 29 700 1.0 6.7E+11 29.7 1112 8.99E+08 | 8.09E+08 8.99E+07 73.1%
30-25-750 25 86 750 1.0 5.2E+10 429 87 1.14E+10 | 7.44E+09 4.00E+09 42.1%
30-25-700 25 73 700 1.0 1.3E+11 91.1 218 458E+09 | 2.97E+09 1.60E+09 42.1%
30-25-650 25 60 650 1.0 2.6E+11 149.8 437 2.29E+09 | 1.49E+09 8.01E+08 42.1%
30-25-600 25 47 600 0.9 5.2E+11 235.1 874 1.03E+09 | 6.69E+08 3.60E+08 36.4%
30-25-550 25 34 550 0.8 5.2E+11 170.5 874 9.15E+08 | 5.95E+08 3.20E+08 31.6%
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Table 2 Molar Absorption and Scattering for GNR SSPR
Part # % Abs of
Nanorod SSPR SSPR SSPR Incident
(Axial Axial Peak SSRP Molar Molar Molar Power
Diam/Peak | Diameter | Longitudinal ~ Wavelength | OD SSPR Wt. conc | Molarity Ext. (M- | Absorption | Scattering | through 1
LSPR) (nm) Size (nm) (nm) (AU) NPS/ml (mg/ml) (pM) 1lcm-1) (M-1cm-1) | (M-1cm-1) | cm at OD1
30-10-850 10 45 512 0.25 5.2E+11 35.7 874 2.86E+08 | 2.57E+08 2.86E+07 16.4%
30-10-808 10 41 512 0.25 5.9E+11 36.1 979 2.55E+08 | 2.30E+08 2.55E+07 16.4%
30-10-780 10 38 512 0.25 6.1E+11 34.9 1020 2.45E+08 | 2.21E+08 2.45E+07 16.4%
30-10-750 10 35 512 0.25 6.4E+11 334 1064 2.35E+08 | 2.11E+08 2.35E+07 16.4%
30-10-700 10 29 512 0.25 6.7E+11 29.7 1112 2.25E+08 | 2.02E+08 2.25E+07 16.4%
30-25-750 25 86 530 0.50 5.2E+10 429 87 5.72E+09 | 3.72E+09 2.00E+09 20.5%
30-25-700 25 73 530 0.50 1.3E+11 91.1 218 2.29E+09 | 1.49E+09 8.01E+08 20.5%
30-25-650 25 60 530 0.50 2.6E+11 149.8 437 1.14E+09 | 7.44E+08 4.00E+08 20.5%
30-25-600 25 47 530 0.50 5.2E+11 235.1 874 5.72E+08 | 3.72E+08 2.00E+08 20.5%
30-25-550 25 34 530 0.50 5.2E+11 170.5 874 5.72E+08 | 3.72E+08 2.00E+08 20.5%
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