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1. Estimation of the light fluence field
1.1 Method:


As dictated by Equation (7) in the main text, in order to simulate the optoacoustic signals emanating from a specific agent's concentration distribution , an estimation of the light fluence field  is required. To simulate the light fluence within the tissue, we used a 2D finite element method (FEM) to solve a diffusion equation previously described for modeling light propagation inside turbid media [1]. This simulation of light fluence involved the following steps:
1)  A capillary tube full of India ink was rectally inserted into an anesthetized mouse such that the tube lay at a depth of about 1 cm from the skin to be imaged, and then the lower abdominal area was scanned in vivo using multispectral optoacoustic tomography at 21 wavelengths (from 700 nm to 900 nm in 10-nm steps).
2)  The experimental data acquired in step 1 were reconstructed.
3)  The tissue region was segmented based on the reconstructed images.
4) 

 Constant optical properties ,  and oxygen saturation (sO2) were assumed within the segmented tissue region.
5) 


 Based on the assumed optical properties,  was simulated using the FEM, and the light fluence  at the position  of the ink was obtained.
6) 

[bookmark: OLE_LINK1] Following Equation (1), was multiplied by the absorption spectrum of ink, which was previously measured using a spectrophotometer (USB4000-VIS-NIR, Ocean Optics, Largo, USA), to obtain the simulated optoacoustic spectrum .
7) 
The experimental optoacoustic spectrum of the ink was calculated from the reconstructed experimental images.
8) 

 was normalized and compared to the normalized .
9) 



The process was repeated by varying , and sO2 in Step 4 until an optimal fit between  and  was achieved.
1.2 Results
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[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK94]Figure S1. Estimation of the light fluence within tissue background. (a) Background tissue mask of Group A experiments; (b) estimation of tissue optical properties through fitting of the simulated colored spectra of ink to the experimental one; (c) light fluence profile from surface to center within the background.

As Equation (7) dictates, the light fluence field is an important input of the simulation of the optoacoustic signals emanating from a contrast agent. Figure S1 shows light fluence estimation related to the Group A experiments. Figure S1(a) shows the segmented mask from experimental optoacoustic images of Group A experiments. In Figure S1(a), the background is the mouse tissue, for which both absorption and scattering are unknown. The absorption spectrum of the agent (ink in this case) was measured with a spectrophotometer in advance and the scattering coefficient of the ink solution was assumed to be approximately 0.01 cm-1, since the ink was diluted in distilled water. Figure S1(b) shows the spectrum of ink from the spectrophotometer (black) and the colored spectra from the agent region in experimental images (red) and synthetic images (blue and cyan). As the blue, cyan and red curves stand for the absorbed energy per volume, compared to the original spectrum of ink, the obtained optoacoustic spectra are distorted by  according to Equation (1) in main text. In Figure S1(b), the blue curve shows the best match of the simulated and experimental spectra with a tissue background of the scattering coefficient 10 cm-1 and absorption coefficient of 0.1 cm-1. The cyan curve shows the mismatched simulated spectrum of ink. Figure S1(c) shows the light fluence intensity profile from the surface to the center of the mask and the profiles from three different wavelengths (700, 750 and 850 nm) are presented. These profiles show that light fluence within tissue is wavelength- and depth-dependent and is shaped by the optical properties of the background.

2. Estimation of the calibration factor ()
Since the Grüneisen coefficient is not easily available for many materials, we combined it together with the transducer conversion factor into a single calibration factor. In order to calculate the calibration factor of different contrast agents, a cylindrical phantom with a diameter of 2 cm and containing 1.2% intralipid and 2.6% agar was imaged. In the center of the phantom, a tube with a 3-mm diameter was iteratively filled with a certain concentration of one of the following absorbers: India ink (Higgins Waterproof Black India Ink, USA), AF750 (Invitrogen, Eugene, USA), or GNRs (D12M-780-50, Nanopartz, Colorado, USA). During the experiments, the phantom was fixed in the center of the transducer array and immersed in distilled water within a holder.

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]After the measurement, the experimental data were reconstructed and the signals of the contrast agent in the phantom were simulated and reconstructed based on Equation (7) assuming  equals 1. Then we calculated the mean intensity of the agent region on the experimental and simulated optoacoustic images. Dividing the mean intensity of the experimental image by the mean intensity of the simulated image gave the calibration factor. Using these procedures, we calculated the following calibration factors: India ink, ; AF750, ; and GNRs, .

3. Summary of detectable concentrations of nanorods and dyes in the literature
Table S1. Summary of detectable concentrations of nanorods and dyes in the literature
	System name
	Contrast agent applied
	Detected concentration or amount
	Experiment type

	Vevo LAZR

	gold nanorods
	10 nM [2]
	in vivo

	
Nexus 128
	cellulose-based nanorods
	6 pM [3]
	in vitro

	
	
	0.35 nM [3]
	in vivo

	
	gold nanorods
	0.4 nM [4]
	in vitro

	
	
	24 pM [4]
	ex vivo

	in-house system,
University of Michigan

	
gold nanorods
	
50 pM [5]
	
in vivo

	
	
	10 pM [5]
	ex vivo

	MSOT inVision256
	AF750
	25 fmol [6]
	in vivo

	
	Lipo-ICG
	25 µM [7]
	in vivo

	LOUIS-3D

	ICG
	~1-2 pmol [8]
	in vivo

	in-house system,
OptoSonics

	
ICG
	
5 nM [9]
	
phantom

	in-house system,
Texas A&M University

	
ICG
	~10 µM [10]
	in vivo

	
	
	< 7 pmol [11]
	ex vivo

	in-house system,
National Tsing Hua University
	
IRDye800-c
	
5 µM [12]
	
ex vivo

	
	
	~5 fmol
	in vitro


         AF750 = Alexa Fluor 750; ICG = indocyanine green.


References
[1] D. Hyde, R. Schulz, D. Brooks, E. Miller, V. Ntziachristos JOSA A. 2009, 26, 919-923.
[2] C. Liu, Y. Yang, Z. Qiu, Y. Huang, L. Sun Proceedings of the IEEE. 2015, 1-4.
[3] J. V. Jokerst, D. Van de Sompel, S. E. Bohndiek, S. S. Gambhir Photoacoustics. 2014, 2, 119-127.
[4] J. V. Jokerst, A. J. Cole, D. Van de Sompel, S. S. Gambhir ACS nano. 2012, 6, 10366-10377.
[5] A. Agarwal, X. Shao, J. R. Rajian, H. Zhang, D. L. Chamberland, N. A. Kotov, X. Wang Journal of biomedical optics. 2011, 16, 051307-051307-051307.
[6] D. Razansky, C. Vinegoni, V. Ntziachristos Optics letters. 2007, 32, 2891-2893.
[7] N. Beziere, N. Lozano, A. Nunes, J. Salichs, D. Queiros, K. Kostarelos, V. Ntziachristos Biomaterials. 2015, 37, 415-424.
[8] R. Su, A. Liopo, S. A. Ermilov, A. A. Oraevsky Proceedings of the SPIE. 2016, 9708, 97081S.
[9] R. A. Kruger, W. L. Kiser, D. R. Reinecke, G. A. Kruger, K. D. Miller Molecular Imaging. 2003, 2.
[10] X. Wang, G. Ku, M. A. Wegiel, D. J. Bornhop, G. Stoica, L. V. Wang Optics letters. 2004, 29, 730-732.
[11] G. Ku, L. V. Wang Optics letters. 2005, 30, 507-509.
[12] M. Li, J. Oh, X. Xie, G. Ku, W. Wang, C. Li, G. Lungu, G. Stoica, L. V. Wang Proceedings of the IEEE. 2008, 96, 481-489.

image2.wmf
(,)

Φ

l

x


oleObject2.bin

image3.wmf
a

m


oleObject3.bin

image4.wmf
s

m


oleObject4.bin

image5.wmf
(,)

Φ

l

x


oleObject5.bin

image6.wmf
x

Φ


oleObject6.bin

image7.wmf
x


oleObject7.bin

image8.wmf
x

Φ


oleObject8.bin

image9.wmf
.

()

inksim

S

l


oleObject9.bin

image10.wmf
.

()

inkexp

S

l


oleObject10.bin

image11.wmf
.

()

inksim

S

l


oleObject11.bin

image12.wmf
.

()

inkexp

S

l


oleObject12.bin

image13.wmf
a

m


oleObject13.bin

image14.wmf
s

m


oleObject14.bin

image15.wmf
.

()

inksim

S

l


oleObject15.bin

image16.wmf
.

()

inkexp

S

l


oleObject16.bin

image17.png
—— original spectrum

simulated spectrum
experimental spectrum|
simulated spectrum

10cm™”

®)

mismatch

ht fluence intensity (a.u.)

—700 nm|
——750 nm)|
—850 nm)|

750 800 850

wavelength (nm)

1 6 8
depth (mm)




image18.wmf
(,)

Φ

l

x


oleObject17.bin

image19.wmf
cal


oleObject18.bin

image1.wmf
()

c

x


oleObject1.bin

