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Materials Spectroscopic grade acetonitrile and 5-dimethylamino-thiophene-2-carbaldehyde were
purchased from Sigma Aldrich and used as received. ACS reagent grade toluene, dichloromethane and
hexane for synthesis were purchased from Pharmco Aaper. Acetylacetone difluoroboron (acacBF2), 1 and
2 were prepared by previously reported methods and analytical data matched those of the literature.[1-3] 3
was obtained through the same modified knoevenagel condensation by refluxing acacBF. with 5-
dimethylamino-thiophene-2-carbaldehyde in toluene under an argon atmosphere. The product was
sparingly soluble in toluene and yielded substantial precipitate upon cooling the reaction mixture.
Analytically pure compound was obtained following a wash with cold toluene and recrystallization from
dicholormethane:hexane (1:10). *H NMR (d-CDCls)  ppm 3.10 (s, 12 H), 5.63 (s, 1H), 5.88 (d, 2H, J =20
Hz), 5.89 (d, 2H, J = 4 Hz), 7.15 (d, 2H, J = 4 Hz), 7.93 (d, 2H, J = 20 Hz). HRMS (ESI-) calcd. for

CioH21BF2N20,S, 422.1106, found 422.1112.

Physical Measurements *H-NMR spectra were recorded on an Agilent 400MHz spectrometer in d-
chloroform (Aldrich) and the residual solvent signal (6= 7.26 ppm) was used as an internal reference point
for reporting the chemical shift (8).[4] Mass spectroscopy was carried out on a Q-Tof Premier using
Negative ESI in VV-mode. Cyclic voltammetry experiments were carried out on a CH Instruments 620E
potentiostat. A standard three electrode cell was used under an atmosphere of argon with 0.1 M BusNPFg
in spectrophotometric grade acetonitrile as the supporting electrolyte. Glassy carbon (3-mm diameter) and

Pt wire were used as working and counter electrodes respectively. A non-aqueous reference electrode was



used to minimize IR drop at the solvent interface. This consisted of a Ag wire in the same supporting
electrolyte separated by a vycor frit. All cyclic voltammetry experiments were calibrated using ferrocene
(Fc) as an internal pseudo reference due to the relative instability of the reference electrode employed and
all redox potentials are thus reported in reference to the Fc*° couple. As the redox couple equilibrium
potential (E) could not be calculated due to irreversible behaviour, only cathodic (Eyc ) or anodic (Eya ) peaks
are reported for reduction and oxidation events, repsectively. UV-Vis-NIR absorption spectra were
recorded on an Agilent 8456 diode array spectrophotometer in spectrophotometric grade acetonitrile.
Steady state and time-resolved fluorescence measurements were carried out on a Photon Technology
International Quantamaster 40 & 25 fluorimeter at room temperature. Quantum yields were calculated by
the optically dilute technique with fluorescein (aqueous NaOH, pH = 1, Aexc = 390 nm, O = 0.925) and

rhodamine 6G (neat acetonitrile, Aexc = 480 nm, Drer = 0.94) used as reference standards according to Eqg. 1.

D = (Aref/As)(|s/|ref )(ns/nref )Zq)ref (1)

P2
S

The subscript refers to the unknown sample and the subscript “ref” to the reference sample, A is the
absorbance at the excitation wavelength, I is the integrated emission area, and 1 is the solvent refractive
index. Excitation and emission slits were both set to 5 nm. Fluorescence lifetimes (t) were recorded at room

temperature at the emission maximum following LED excitation at 456 nm or 572 nm. The radiative rate

constant (k;) and nonradiative rate constant (k.) were both calculated from !z and ®x by using Egs. 2-5.

7= 1/ (K kor ) @)
o= kil (k+ke) ()
k= nl'c ()
k= (1- @)/ 'z )



Computational Details All calculations were carried out using density functional theory (DFT) with the
CAM-B3LYP functional as implemented in the Gaussian 09 program package and 6-311g (d,p) basis set.[5]
The optimization calculations were carried out using the CPCM polarizable continuum model with the
dielectric constant of acetonitrile.[6] A vibrational frequency analysis coupling with the CPCM model was
carried out in order to confirm the minimum-energy geometry in solution, followed by Time-dependent
Density Functional Theory (TD-DFT).[7] TD-DFT calculations included the keyword cis(d) to account for

configurational interactions.

Optical photoacoustic z-scan (OPAZ) experimental details For OPAZ-scan measurements a 2.0 mm
path length quartz cell was placed at a 45° angle with respect to the incident laser beam (effective path
length = 2.83 mm). A custom made sample cell housing unit was used wherein the quartz cell is placed and
is filled with water for acoustic signal transmission. Samples were dissolved in spectroscopic grade
acetonitrile having a linear absorption coefficient (o) of 345 m™ at the laser excitation wavelength 688 nm
(optical density = 0.3). The output of an optical parametric oscillator (OPO, Continuum Surelite OPO
Plus680 - 980 nm, pulse width ~3 ns) was focused onto the sample using a 20 cm focal length lens. The
sample was mounted on an automated translation stage (Thorlabs NRT 150) and moved horizontally along
the z direction through the focal point of the beam. Each z-scan experiment took roughly 7 minutes in total.
Samples were translated along the z-axis over 15 cm in steps of 5 mm. At each position the photoacoustic
and optical signals were recorded by averaging the response of 20 laser pulses (@ 10 Hz = 2 sec duration).
UV-Vis absorption spectra were recorded before and after each z-scan experiment to ensure the stability of
the sample. No degradation was observed under these experimental conditions for the series of dyes
presented. Each experiment was repeated 3 times with freshly prepared sample to check for reproducibility.
The beam waist (x0) at focal plane was estimated to be 75 £ 5 um. The energy incident on the sample was
controlled by the combination of a half-wave plate and a linear polarizer. The incident laser energy before

the focusing lens was 66 pJ. At the focal point the sample experiences optimum pump intensity, which



decreases gradually on either side of the focus as the sample is translated along the z axis. As the fluence
of incident light changes, the optical transmittance varies according to the sample’s nonlinear electronic
absorption properties. The PA emission was collected using a 10 MHz, 1 inch focal length water immersion

ultrasonic transducer (Olympus NDT U8517074).

Photoacoustic tomography For PAT measurements the output of an OPO laser is directed on the sample
at a 45° angle using a prism . The sample is placed in a cell housing unit which is filled with water for
acoustic signal coupling. A 10 MHz water immersion focused transducer (Olympus V311-SU is placed
directly above the sample. The sample is mounted on an automated XYZ translation stage (Thorlabs NRT
100) and moved along the x and y directions in discrete steps to perform 2D raster scan. The PA signal is
collected by the transducer and then amplified using a pulse amplifier which was fed to a Lecroy Wavepro
oscilloscope for display and data collection. The scanning and data collections are controlled by a Labview
routine. By collecting data points along the xy plane, a maximum intensity projection (MIP) is obtained by
taking the absolute value of the Hilbert transform of the acquired signal via MATLAB. The MIP image is
the map of optical absorption of the sample. The dyes were injected into 1 mm borosilicate capillary tubes

and then placed parallel in the Y direction in the bottom of the cell housing unit.

Table SI-1. Absorption and emission data of 1, 2, 3 and Cy5 recorded in acetonitrile including fluorescence

lifetimes (tq), radiative (k;) and non-radiative (k.r) rate constants.

Aabs 4 Aem T ;
Compound SM_lx %10 Dy ki 108(s7Y) K, 108(s™) Stolfles Shift
(nm) (M em ) (nm) (ns) (cm)
1 498 9.44 0.05 588 1.80 0.26 5.29 3074
2 596 13.85 0.22 705 0.74 2.98 10.55 2595
3 675 8.35 0.03 736 0.90 0.33 10.78 598

Cy5 707 10.41 0.01 740 0.03 3.33 330.00 671
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Figure SI-1. Photoacoustic emission (top) and optical absorption (bottom) of dye 3 recorded from 675 —

735 nm excitation.
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Figure SI-2. Photoacoustic emission (top) and optical absorption (bottom) of dicarbocyanine dye Cy5

recorded from 675 — 735 nm excitation.
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Figure SI-3. Optical absorption of 3 compared to that of the dicarbocyanine dye Cy5 recorded at 688 nm

excitation from 5 — 35 J cm laser fluence.

Table SI-2. Input Z-matrix coordinates for TDDFT analysis of 1.

CurcuminBF2 (1) CAM-B3LYP 6311g dp ACN cis(d) TDDFT

Charge = 0 Multiplicity =1
Symbolic Z-Matrix:
C 0.03629 -1.31771 1.20461

0.25695 -0.67462 -0.00798
-0.0555 -1.32473 -1.19643
-0.479 -2.55562 -1.19596

0.23781 -0.63642 2.4616

0.05079 -0.6504 -2.46866
-0.2393 -1.26469 -3.62795

0.03233 -1.24485 3.64192
-0.17348 -0.69819 -4.96345
-0.0586 0.29929 -7.58202

0.19702 0.63182 -5.21171
-0.49615 -1.50586 -6.05571
-0.44072 -1.01517 -7.34917
0.25798 1.13119 -6.49299
0.19216 -0.67261 4.96689
0.47799 0.33807 7.56741
0.58403 0.65681 5.18373
0.06081 -1.47384 6.082
0.0792 -0.9767 7.36645
0.72939 1.16241 6.45582
0.38575 -2.54858 1
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Figure SlI-4. TDDFT calculated electronic absorption spectrum for 1.
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Table SI-3. Input Z-matrix coordinates for TDDFT analysis of 2.

DMAP2CurcuminBF2 (2)

CAM-B3LYP 6311g dp ACN cis(d)

700

Charge = 0 Multiplicity

Symbolic Z-Matrix:
C
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.40312
.42186
.30336
.25359
.40359
.20311
.10229
.39484
.00503

.46608
L7777

.47586
.78174
. 77333
.79228
.45728
.43072
.903

.19214
.01e661
.21409
.22238
.45188
.47475
.64484
.63057
.97158
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Figure SI-5. TDDFT calculated electronic absorption spectrum for 2.

Table SI-4. Input Z-matrix coordinates for TDDFT analysis of 3.

Me2NThCurcuminBF2 (3) CAM-B3LYP 6311g dp ACN

Charge = 0 Multiplicity

Symbolic Z-Matrix:

C

QOO0 o0 0N

O OO OO OO oo

.14414
.01373
.05398
.14682
.20792
.02231
.04425
.31754
.0194

.00304
.31654
.0095

.31723
.31797
.33176
.00125
.98068
.45979

.22636
.0228

.18342
.19769
.4806

.44287
.62299
.65964
.92918
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.44117
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.88307
.43889
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Figure SI-6. TDDFT calculated electronic absorption spectrum for 3.
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