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Abstract— The irradiation of small suspensions of gold na
norods (GNRs) using laser pulses at 808nm and 25KHz, pro
duces a series of effects occurring during the interaction of 
each laser pulse with the amount of gold nanorods in suspen
sion. The result of the interaction laser-GNRs is the generation 
of acoustic waves, which may influence on cell death in an 
optical hyperthermia therapy system. Therefore the identifica
tion and characterization of acoustic signals and their absorp
tion coefficients is performed in a phantom based in a neutral 
gelatin system, in order to able to identify and quantify the 
influence of these acoustic waves in cell death in optical hyper
thermia essays. 
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i. INTRODUCTION 

The optical absorption property of gold nanorods has 
been researched extensively for biomedical applications [1] 
[21 

This absorption is produced by several physical effects as 
surface plasmon resonance, synchronization wavelength-
nanorods dimensions while these are in suspension being 
interacting with a laser beam [3]. These physical effects are 
characterized by the sum of many effects produced by each 
individual nanorod [4] [5]. 

The surface plasmon is a phenomenon characterized by 
the presence of free electrons on the surface of the each gold 
nanorod, by the interaction with photons; these free elec
trons produce the surface plasmon resonance. This reso
nance is considered the principal contributor to the optical 
absorption, and it is also considered in the contribution for 
the acoustic wave generation. Since absorption is higher in 
the near infrared band (NIR), this can be used to improve 
the penetration of light into tissue [3] [5] [6]. 

According these features, gold nanorods have been used 
in optical hyperthermia essays. These are used to define and 
localize treatment areas where thermal gradients are gener
ated between 41°C and 43°C during the time considered 
necessary to induce irreversible damage [7] [8]. 

Thermal gradients have been obtained through dimen
sions of gold nanorods, length and diameter with the wave 

length laser synchronization. This synchronization was used 
to dispose of a noninvasive technic, obtaining the maximum 
optical absorption of the nanorods. [9] [10] [11]. 

Our research group has initially experimented to produce 
optical hyperthermia using a laser of continuous light, how
ever several techniques have been developed with pulsed 
lasers in the femtosecond pulse range, which are used to 
generate optical hyperthermia with a better precision to 
localize the treatment area [£>]. 

In this work, we study the identification and characteriza
tion of the optical absorption coefficient nabs produced by a 
small volume of gold nanorods in suspension. The nabs are 
calculated from the acoustic waves captured from a phan
tom based system by the interaction of a small volume of 
nanorods and modulated pulses of a laser. 

By this characterization, we expected to contribute to 
identify each effect feature that produces the cell death in 
optical hyperthermia treatment trials of cancer tissue. 

ii. MATERIALS AND METHODS 

The basis of the optical hyperthermia system is constitut
ed of a continuous wave laser at 808 run wavelength (5W 
MDL-H-808, H-PSU-LED power source; Changchun New 
Industries), and gold nanorods (0-10-808 Nanorodz; Nano-
partz, Salt Lake City, UT), 10 run axial diameter and 41nm 
length. 

We have built a modification of this system to capture 
sound waves based in a phantom of neutral gelatin accord
ing to the concentration of GNRs and output power of a 
laser modulated at 25 KHz. 

The system Fig. l allows the detection of acoustic waves 
from a small volume of GNRs embedded in a neutral gelatin 
phantom coupled directly to a piezoelectric ultrasonic sen
sor. 



A. Phantom based system for detection of acoustic waves. 
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Fig. 1 Ultrasonic detection system based on a Phantom as a variation from 
the basic optical hyperthermia system reported in [ 7] 

1. Description of the System 

The system of the Fig. 2 shows the full experimental de
tection system of acoustic waves. This was performed from 
the basic hyperthermia system that was used in hyperther
mia researches to produce glioblastoma cell death [7]. 
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Fig. 3 Full experimental detection system of acoustic waves. 

The ultrasonic detection system based on a Phantom is 
described as: 

Emission of laser pulses: The continuous wave laser is 
modulated at 25 KHz, using an arbi
trary waveform generator (AWR, TG5011) in a range of 
30% to 70% duty cycles, considering three levels output 
power for each duty cycle, 250, 550 and 850 mW. 

Gold Nanorods: 10 nm axial diameter and 41nm length 
GNRs are used. 

Phantom: Used as a repository of GNRs. It is built with 
an internal cavity of 2x15mm diameter and height respec
tively. External dimensions are 52x50x22mm base diame

ter, height and cover respectively. It is made of neutral gela
tin with optical absorption negligible at 808nm wavelength. 
The cross-section and penetration deep is 15 mm approxi
mately, irradiating from the top. 

Reception: The acoustic waves are captured by immer
sion sensor (Kobitone TM), at 25KHz peak of resonance. 

Amplification: The acoustic waves are amplified to 60 
dB. This amplifier has a sensitivity of 500nV of input elec
tric potential to fit into the acoustic waves are in the range 
of 500nV to 2.5ju7. This signal amplified is also averaged 
using 128 frames for a noise reduction of the acoustic wave. 

Visualization: To visualize the captured acoustic wave an 
oscilloscope (Tektronix TDS 2024B) was used. It allows 
100 MS/s in four channels. 

m. RESULTS AND DISCUSSION 

A. Identification of acoustic waves 

We used a laser beam at frequencies of 3KHz and 5KHz, 
20us pulse width, and 200LIS gap between pulses. A suspen
sion of 0.0157 mm3 of GNRs is irradiated and the acoustic 
signals generated are detected by the presence of a main 
peak, which could represent the acoustical wave front inter
acting with the ultrasonic sensor surface Fig. 4. 
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Fig. 4 Acoustic waves comparison in time. (3 KHz and 5 KHz) fre
quencies used to identify the variation of the wave period versus the varia

tion of the distance between the laser source and the phantom. 

The 3 KHz acoustic signal in blue in Fig. 4 includes the 
full-wave and damping, as opposed to the acoustic signal at 



5KHz green. Only the first harmonic is displayed overlap
ping with the next harmonic. 

To characterize individual acoustic waves, we performed 
an analysis in the time domain, which corresponded to the 
amount of energy absorbed by the suspension of nanorods. 
The Time of Flight (ToF) is compared with the laser shot 
pulse, and the laser pulse modulation Fig. 5. To identify the 
variation in time, the laser beam is shoot until the acoustic 
wave is generated. 
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Fig. 5 Comparison: Laser pulse shot, acoustic signal, TTL. 

To calculate the ToF which is the time of travel of the 
acoustic wave to reach the transducer surface from nanorods 
suspension inside the phantom, the speed of sound in water 
is assumed to be about l.5[is I mm. Then, 

ToF = dis tan ce * V^_ (1) 

ToF = 30us 

After generating, capturing and quantifying the acoustic 
waves in this manner, they are generated by sum of differ
ent effects occurring in the irradiated suspension of nano
rods: 

- Thermal expansion by the interaction of the entire na
norods in suspension volume with each pulse of laser, 
shaping the acoustic wave response in the time do
main. 

- Contribution of the plasmon resonance effect. 

B. Calculation of absorption coefficients 

To quantify the absorption coefficient nabs of the GNRs 
in suspension embedded in neutral gelatin phantom we use. 

I = I0e (-Maftsd) (2) 

Where the fluency of the laser beam /0 initial intensity, 
and a final intensity / , transmitted light intensity and decay
ing exponentially with the increasing concentration of the 
suspension of GNRs 

From this equation it follows that the energy density ab
sorbed Iabs = I0 - I. From this equation we can see that 
Iabs is maximum Iabs-max, when/ = 0. Then following 
the physical principle of the optical-acoustic effect it is 
deduced that Iabs-max induced by suspension of GNRs, the 
maximum pressure Pmax is obtained. This maximum pres
sure is represented by: 

p = n = n 
'max l ^abs—max l J0 

(3) 

Where /0 is the output power of the laser in [Ws/cm ]. 
Using the generated pressure in function of the GNRs ab

sorption, it can be expressed as: 

P = Pmax(l-e-^d), 

where, ¡iabs = ^-ln (-?—) 

(4) 

(5) 

Considering that the amplitude of the acoustic wave is di
rectly proportional to the amplitude of voltage produced by 
the piezoelectric sensor, we have: 

- 1 / V \ 
Habs = -fln[y ) 

tt \ Vyy. ft y J 

(6) 

Where, d is the cross section of the volume of GNRs. 
Using this expression we proceed to calculate the nabs, of 
the GNRs from the acoustic signals obtained in the system 
based on a phantom, shown on Fig. 6. 

In the Fig. 6. We could identify the variation of j«a6s, for 
three concentrations (54, 72, and 90 /ig/ml) of nanorods in 
suspension, and the variation for each levels of output pow
er for each duty cycle. The analysis about the optical abor
tion behavior according the irradiation with several output 
power of laser is reported in [3]. 
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Fig. 6 Comparison of the optical absorption level in cm"1 according to the 
concentration of gold nanorods and output power of laser, ¡iabs at 3KHz 

The electrical potential detected by the ultrasonic sensor 
is directly proportional to the amount of light absorbed by 
the medium (GNRs). 

In our discussion it has been considered that the scatter
ing coefficient nsca is negligible because the acoustic waves 
are generated by the amount of laser light absorbed by 
GNRs in suspension. 

IV. CONCLUSIONS 

With the use of a phantom made of neutral gelatin we 
can achieve the highest possible absorption of laser radia
tion beam in GNRs, because the material from which the 
phantom is fabricated has an absorption coefficient that is 
negligible at 808 nm wavelength. This is the same laser 
wavelength used in the optical hyperthermia essays. This 
phantom feature allowed us to characterize the sound waves 
captured by the ultrasonic sensor, and quantify the absorp
tion coefficient for each suspension densities of GNRs. 

The results presented, present a great contribution to the 
process of identification and characterization of the physical 
effects that occur in the GNRs irradiated with a beam of 
laser light. It is expected that the technique could be useful 
in the identification of contribution of each of these effects 
in cell death assays in optical hyperthermia treatment. 
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