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Calculation of the photothermal conversion efficiency

Following literature report ! , the total energy balance for the system is

dT
Zmicp,ia = QNPS + QS - Qloss
¢ (1)

where m and Cp are the mass and heat capacity, respectively. The suffix

3%}
1

of m and Cp refers to
solvent(water) or dispersed matter (nanoprods). 7 is the solution temperature. Ongs is the

photothermal energy absorbed by GNRs@EuCP NPs per second:
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where [ is the laser power, A is the absorbance of GNRs@EuCP at the wavelength of 980 nm in
aqueous solution, and 7 is the photothermal conversion efficiency of GNRs@EuCP NRs which
means the ratio of absorbed light energy converting to thermal energy.

Oloss 1 thermal energy lost to the surroundings:

Qposs = RAAT 3)

Where # is the heat transfer coefficient, 4 is the surface area of the container, and 47 is the
changed temperature, which is referred to 7-Tsurr (7 and Tsurr are the solution temperature and
ambient temperature of the surrounding, respectively).

Qs is the heat associated with the light absorbed by solvent per second. In the situation of heating
pure water, the heat input is equal to the heat output at the maximum steady-statue temperature, so

the equation can be:



QS = Qloss - hAATmax,HZO (4)

Where AT ax 20 1s the temperature change of water at the maximum steady-state temperature.

As it to the experiment of GNRs@EuCP NRs dispersion, the heat inputs are the heat generated by
Nanoparticles (QNRs) and the heat generated by water (Qs), which is equal to the heat out put at
the maximum steady-statue temperature, so the equation can be:

QNPS + Qs = Qloss = hAATmax,mix (5)

Where 4T yax mixis the temperature change of the GNRs@EuCP NRs dispersion at the maximum
steady state temperature. According to the equation (2), (4) and (5), the photothermal conversion

efficiency () can be expressed as following:

hAATmax,mix - hAATmax,H 20

1= ~4gg - ~4ggp
1(1 - 10 ) I(1-10 )

hA (ATmax,mix - AT‘max,H ) 0)

(6)
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In this equation, only 4A is unknown. In order to get the #A, we introduce ¥ , which is defined as

the ratio of AT to AT max:
AT
g=——
ATmax (7)

Substituting equation (7) into equation (1):
g hA [QNPs + 0
dt Zmi c,, hAAT,

i
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(8)

When the laser was shut off, the Onps + Os=0, equation (8) could be expressed to:



Zmicp,i

i do
hA 6

Equation (9) changes the expression:
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Where hA can be calculated by linear relationship of time versus -In(0). As

the myo was 2 g. Cp,u 0 was 4.2 J'g”l. So we can get 74 equals 0.0295.

According to equation (6), 47max,mix was 50°C. 4Tmax,u,o is 12°C. I was 1.57 W

where the area of light spot was 3.14 cm?. Aggy was 1.365 Thus, the photothermal

conversion efficiency (1) of GNRs@EuCP NRs could be calculated to be 74.6%.
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Fig. S1 ITHNMR spectra of HAI.
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Fig. S2 UV—vis—NIR spectra of EuCP.

Weight% | Atomic%
CK 42.19 59.00

NK 6.13 7.35
OK 29.94 31.43
Eu L 14.72 1.63
AuM 7.02 0.60

Totals 100.00
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Fig. S3 EDS spectra of GNRs@EuCP.



Fig. S4 SEM images of EuCP.

Fig. S5 (a, b, ¢, d). Corresponding infrared thermal images of GNRs@EuCP at 2, 6, 8

and 10 min intervals.
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