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Experimental Section 

Materials. Cypate[1] was synthesized following a reported method and other dyes were prepared as 

described below. ICG, and other standard chemicals were purchased from commercial sources. NMR 

spectra were recorded at 300-600 MHz in Varian instruments and are reported in ppm (δ) downfield from 

Me4Si. Mass spectral analysis was performed on Shimadzu 2010A LCMS or Water ZQ-4000 system 

using electron spray ionization (ESI) method. For spectroscopy studies, the compounds were further 

purified on a C-18 Vydac RP-HPLC column. Solutions of the samples in ACN/water were lyophilized to 

obtain about 10 mg in each case. 

Spectroscopic studies. Polymethine dyes and their derivatives were dissolved in 150 µL of DMSO as 

stock solutions. To prevent inner effect in fluorescent measurement, aliquots (10 µL) were diluted with 

the solvent of interest until the absorbance at the excitation wavelength was =0.15. Spectroscopy grade 

solvents and Millipore water were used. UV-Vis spectra were obtained on Beckman Coulter DU 640 UV-

Vis spectrometer. Emission spectra were recorded on a Horiba Jobin Yvon Fluorolog-3 

spectrofluorometer.  

Steady-State spectral analysis. Fluorescent spectra were recorded by using 620 nm and 720 nm 

excitation wavelengths. Fluorescent quantum yield was measured at 720 nm with slits width of 5 nm for 

both excitation and emission. The fluorescence quantum yield of ICG in DMSO (Ψ=0.12)[4] was used as a 

reference standard. All measurements were conducted at room temperature. Excitation scans were 

performed in the range of 500-720 nm and 600-815 nm at 735 nm and 830 nm fluorescence, respectively. 

Excitation scans were corrected by lamp intensity using equation F=S/R. Spectra at pH 2.5 and 10.0 were 

obtained by titrating 20% DMSO/water solution with diluted aqueous HCl and NaOH. 

Lifetime Measurement. Fluorescence lifetime was measured using time correlated single photon 

counting (TCSPC) technique (Horiba) with excitation sources NanoLed® at 700 nm and 773 nm (Horiba) 

and impulse repetition rate of 1 MHz at 90o to a R928P detector (Hamamatsu Photonics, Japan). The 

detector was set to either 750 nm (for Nanoled 700 nm) or for 820 nm (for Nanoled 773 nm) with a 20 nm 

bandpass. The electrical signal was amplified by TB-02 pulse amplifier (Horiba) and the amplified signal 

was fed to the constant fraction discriminator CFD (Philips, Netherlands). The first detected photon 

represented the start signal by the time-to-amplitude converter (TAC) and the excitation pulse triggered 

the stop signal. The multi-channel analyzer (MCA) recorded repetitive start-stop signals from the TAC 



and generated a histogram of photons as a function of time-calibrated channels (6.878 ps/channel) until 

the peak signal reached 10,000 counts. The lifetime was recorded on a 50 ns scale. The instrument 

response function was obtained by using Rayleigh scatter of Ludox - 40 (Sigma-Aldrich) (0.03% in MQ 

water) in a quartz cuvette at either 700 nm or 773 nm emission. DAS6 v6.1 decay analysis software 

(Horiba) was used for lifetime calculations. The goodness of fit was judged by χ2 values and Durbin-

Watson parameters and visual observations of fitted line, residuals and autocorrelation function 

Time-Resolved Emission Spectroscopy (TRES). TRES was conducted using excitation sources 

NanoLed® at 700 nm. Wavelengths were scanned from 620 to 860 nm in 3 nm increment, with preset 

runtime acquisition 60 sec, and excitation band 20 nm. As a control, pure DMSO without dissolved dyes 

was scanned. The obtained TRES spectrum of the pure DMSO solution was centered at 700 nm and 

corresponded to the light scattering, the overall signal contributed less than 4% of the total photon signal  

typicall observed from the dyes dissolved in DMSO. The results are shown in Title of Contents (TOC). 

Synthesis. 

Scheme S1 

 

 

 

 

 

 

 

 

 

 

 

Synthesis of 3-(3-aminopropanyl)-1,1,2-trimethyl-1H-benz[e]indolium bromide (9, Scheme 1)). A 

solution of bromopropylamine (14 mmol) was added dropwise to a stirred solution of 1,1,2-trimethyl-1H-

benz[e]indole 8 (3.6 g, 17 mmol) in 1,2-dichlorobenzene at 110 ºC. The resultant mixture was heated for 

30 min after addition was completed. The solution was decanted and the solid was recrystallized in 

methanol to give 4.6 g (94%) of 9 as a white solid. 1H NMR (CD3OD, 300 MHz) d 8.34 (d, J=8.1 Hz, 

1H), 8.27 (d, J=8.7 Hz, 1H), 8.17 (d, J=7.8 Hz, 1H), 8.12 (d, J=8.7 Hz, 1H), 7.82 (t, J=5.7 Hz, 1H), 7.73 

(t, J=5.7 Hz, 1H), 4.77 (t, J=7.8 Hz, 3H), 3.35-3.28 (m, 4H), 2.46-2.39 (m, 2H), 1.87 (s, 6H). 13C NMR 
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(DMSO, 75 MHz) d 197.20, 138.42, 136.96, 133.011, 130.61, 129.67, 128.40, 127.24, 122.34, 113.11, 

88.70, 55.57, 45.25, 36.13, 25.38, 21.65, 13.92. MS/EI: 267.0 (M+). 

Synthesis of 4-(1,1,2-trimethyl-1H-benz[e]indolium) butylsulfonate (10, Scheme 1). The compound 

was synthesized following a literature method.[2] 1H NMR (CD3OD, 300 MHz) δ 8.32 (d, J = 8.7 Hz, 1H), 

8.23 (d, J = 9.0 Hz, 1H), 8.15 (d, J = 8.7 Hz, 1H), 8.06 (d, J = 9.0 Hz, 1H), 7.83-7.77 (m, 1H), 7.74-7.68 

(m, 1H), 4.85 (s, 3H), 4.67 (t, J = 7.50 Hz, 2H), 2.91 (t, J = 6.90 Hz, 2H), 2.28-2.15 (m, 2H), 2.05-1.95 

(m, 2H), 1.85 (s, 6H). 13C NMR (DMSO, 75 MHz) d 196.29, 138.55, 136.85, 132.98, 130.60, 129.64, 

128.26, 127.14, 123.28, 113.38, 83.77, 55.37, 50.06, 47.51, 26.14, 22.09, 21.54, 13.57. MS/EI: 345.7 

(M+). 

Synthesis of ICG-CO2H (3) and ICG-NH2 (4). Synthesis of these compounds is represented by 4 

(Scheme 1). A solution of 10 (0.35 g, 1 mmol) in MeCN was added to a refluxing mixture of glutaconic 

aldehyde dianiline hydrochloride (0.34 g, 1.20 mmol), Ac2O (120 µL), DIEA (600 µL) and NaOAc (78 

mg) in a mixed solvent of MeCN/DCM. The resultant mixture was stirred for additional 2 h before adding 

excess of 9 (0.52 g, 1.50 mmol). The mixture was again refluxed for 2 h. The reaction was quenched by 

water and solvent was removed by a rotary evaporator. The residue was washed sequentially with EtOAc, 

MeCN, EtOAc and water before purifying twice by column chromatography to afford 0.31 g (46%) of 4 

compound as dark green solid. 1H NMR (CD3OD, 500 MHz) δ 8.24-8.22 (m, 2H), 8.18 (d, J=8.5 Hz, 

1H), 8.09-7.92 (m, 7H), 7.70-7.57 (m, 3H), 7.52 (t, J= 7.5 Hz, 1H),  (t, J=7.5 Hz, 1H), 6.67 (t, J=12.5 Hz, 

1H), 6.57 (t, J=12.5 Hz, 1H), 6.46-6.38 (m, 2H), 4.32 (t, J=7.0 Hz, 2H), 4.22 (t, J=7.5 Hz, 2H), 4.22 (t, 

J=8.0 Hz, 2H), 2.94 (t, J=7.5 Hz, 2H), 2.18-2.13 (m, 2H), 2.10-2.04 (m, 2H), 2.02-1.98 (m, 2H), 1.96 (s, 

6H), 1.95 (m, 6H). MS/EI: 675.2 (MH2
+). 

2D NMR study of ICG-NH2 (4). 2D NMR studies of ICG-NH2 (Fig. S1) were made on a Varian 

Inova-600 spectrometer. COSY experiments were obtained with a 5200 Hz spectral width and an 8.5 µs 

π/2 pulse width. Data matrix with 2048 complex point in F2 and 512 real points in F1 dimension was 

collected with 16 transients per t1 increment. TOCSY spectra were recorded using an MELV-17 mixing 

sequence of 100 ms flanked by two 2 ms trim pulses. Phase-sensitive 2D spectra were obtained by 

employing the hypercomplex method. A total of 2 x 256 x 2048 data matrix with 16 scans per t1 

increment was collected. Gaussian and sine-bell apodization functions were used in weighting the t2 and 

t1 dimensions, respectively. After two-dimensional Fourier transformation, the 2048 x 2048 frequency 

domain representation was phase and baseline corrected in both dimensions.  



 

 

 

 

 

Figure S1.  Structure of ICG-NH2 

Resonances of the indole N-substituents (H2
1 – H2

3 and H3
1 – H3

4) and polymethine bridge (H1
1 – H1

7) 

were identified by the through bond spin propagation at the fragment in TOCSY experiment (Fig. S2). The 

correlated proton resonances at 4.20 and 4.26 ppm were unambiguously assigned to H2
1 and H3

1, 

respectively.  Proton connectivities were confirmed by the vicinal J-coupling in COSY experiment (Fig. S3). 

All the connections between adjacent protons were observed and a continuous path indicates the segment of 

H1
1 to H1

7 at the vinyl bridge as well as H2
1 – H2

3, H3
1 – H3

4 methylene chain in indole N-substituents. 

Assignments of H1
1 resonance at 6.64 ppm and H1

7 at 6.32 ppm were further confirmed by the observed H1
1- 

H3
1  and H1

7- H2
1 NOE cross peaks (not shown). In addition, the presence of the H1

6- H4
2 and H1

2- H4
1 NOE 

clearly indicated a 7.9 ppm and 8.01 ppm for the H1
6 and H1

2 resonances respectively, which are consistent 

with the assignment in COSY spectra. 

 
Figure S2.  Representative 2D NMR studies. Portion of 
2D TOSCY NMR (DMSO, 600 MHz) of ICG-NH2 
showing the seven vinyl protons in the polymethine bridge 
and their correlation. 

Figure S3. Representative 2D NMR studies. Aliphatic portion of 
COSY (DMSO, 600 MHz) of ICG-NH2 showing the seven 
methylene groups and their correlation. 
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Synthesis of cypate-peptide conjugate (5). This compound was prepared by the method described in 

the literature.[3] 

High resolution MS of compounds 6 

 



High resolution MS of compounds 7  

 



 

Spectral properties of the half dye (11). 

 

 

Figure S4. 1 Steady state of a half-dye 11 in methanol Abs. 
635 nm, emission 665 nm. Note that emission is 35 nm shorter 
that for a secondary emission of a full dye (700 nm). The 
fluorescence lifetime at excitation 648 nm (0.39 ns) is much 
shorter than for the 700 nm peak for compounds 3 and 4 (1.4 
ns). 
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