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Fig. S1 The molecular structures of different kinds of rhodamine B in their “open” forms.

Table S1 The reported peak wavelengths in the absorption spectra and emission spectra of five kinds of 

rhodamine B in 0.1% TFA – ethanol.1

RhB-1 RhB-2 RhB-3a RhB-3b RhB-4 RhB-5

Absorption peak (nm) 554 540 531 528 519 509

Emission peak (nm) 578 564 556 554 543 531

Fig. S2 The blue shift of the emission peak of a single RhB molecule due to the transition to its dealkylated 

product. (a) Time profile of the blue shift process. (b) The variation of the peak wavelength with time. The peak 

wavelength shifts from ~ 570 nm to ~ 558 nm after transition at t = 13.5 s.



Fig. S3 Single-molecule fluorescence signals and photobleaching lifetimes of three types of rhodamine B 

molecules in T50 buffer (pH 4.9). (a)-(c) Typical single-molecule fluorescence trajectories measured for RhB-1, 

RhB-2, and RhB-3 molecules, respectively. (d)-(f) Photobleaching time distributions of RhB-1, RhB-2, and RhB-

3 molecules fitted with single exponential functions to generate characteristic photobleaching lifetimes. The 

photobleaching lifetime of RhB-1 molecules is 32.5±2.1 s, RhB-2 molecules is 66.2±2.5 s, and RhB-3 molecules 

is 23.6±1.3 s.

Fig. S4 Single-molecule fluorescence signals and photobleaching lifetimes of three types of rhodamine B 

molecules in T50 buffer (pH 8.0 with PCA-PCD OSS). (a)-(c) Typical single-molecule fluorescence trajectories 

measured for RhB-1, RhB-2, and RhB-3 molecules. (d)-(f) Photobleaching time distributions of RhB-1, RhB-2, 

and RhB-3 molecules fitted with single exponential functions to generate characteristic photobleaching lifetimes. 

The photobleaching lifetime of RhB-1 molecules is 78.1±3.1 s, RhB-2 molecules is 113.3±4.1 s, and RhB-3 

molecules is 62.9±3.3 s.



Fig. S5 Single-molecule fluorescence signals and photobleaching lifetimes of three types of rhodamine B 

molecules in T50 buffer (pH 10.3). (a)-(c) Typical single-molecule fluorescence trajectories measured for RhB-

1, RhB-2, and RhB-3 molecules in T50 buffer. (d)-(f) Photobleaching time distributions of RhB-1, RhB-2, and 

RhB-3 molecules in T50 buffer, fitted with single exponential functions to generate characteristic photobleaching 

lifetimes. The photobleaching lifetime of RhB-1 molecules is 23.8±1.6 s, RhB-2 molecules is 53.3±1.8 s, and 

RhB-3 molecules is 18.1±1.5 s.

Table S2 The measured populations of RhB-1, RhB-2, and RhB-3 within the same sample under different T50 

buffer conditions (pH 4.9, pH 8.0, pH 10.3).

T50 (pH 4.9) T50 (pH 8.0) T50 (pH 10.3)

RhB-1 42% 43% 44%

RhB-2 37% 38% 36%Population

RhB-3 21% 19% 20%



Computational details

Gaussian 16 program2 is used for the density functional theory (DFT) calculations3 in the gas phase geometry 

optimization where the B3LYP-D3 method4 is selected using the Gaussian keyword “Empirical Dispersion = 

GD3” and the C, N, O and H atoms use 6-31G (d,p) basis set.5 Frequency analysis is performed at the same 

level to ensure that the optimized geometry is at the minimum point on the potential energy surface without 

imaginary frequencies. Then the time-dependent DFT (TD-DFT) calculations6 are preformed to calculate the 

fluorescent emission wavelengths using the M06 functionals7 combined with the 6-31+G (d, p) basis set in 

water solvent with a SMD model.8 

Fig. S6 Fully optimized structures of the “open”/fluorescent form of rhodamine molecules RhB-1, RhB-2, RhB-

3a, and RhB-3b. (Color scheme: C, cyan; H, white; O, red; N, blue. Distances are given in Å.)



Cartesian coordinates (xyz file) of all molecules 
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RhB-1_open (charge=1 multiplicity=1 E= -1263.519283 Hartree)

 C                 -0.02231200    5.29275000   -1.35492800

 C                  0.39828900    4.91798100   -0.08213000

 C                  0.34434200    3.57957200    0.32921200

 C                 -0.12252500    2.59467200   -0.56832800

 C                 -0.54657400    2.98621500   -1.84598800

 C                 -0.50078000    4.32399300   -2.23754900

 H                  0.02051700    6.33454900   -1.65478600

 H                  0.77092100    5.65266200    0.62307000

 H                 -0.89720900    2.22873400   -2.53997000

 H                 -0.83203400    4.60390500   -3.23248200

 C                 -0.12251000    1.13637000   -0.26293600

 C                  0.78291400    3.30719300    1.73253200

 O                  1.47516900    4.05949400    2.38287200

 C                  1.08991800    0.41877400   -0.21056600

 C                  1.06175300   -0.98326100    0.03773200

 C                  2.37966500    0.99069200   -0.39683200

 C                  2.19872900   -1.75921500    0.11546000

 C                  3.52224400    0.24256400   -0.31715500

 H                  2.45381000    2.05047400   -0.61164900

 C                  3.48106100   -1.16959800   -0.03752200

 H                  2.06461000   -2.81647900    0.28965100

 H                  4.46845600    0.73856600   -0.47611500

 C                 -1.33382700    0.44229600   -0.08261400

 C                 -2.62310500    1.04810900   -0.08765000

 C                 -1.30636100   -0.96278300    0.15479100

 C                 -3.76463800    0.32084000    0.10353000

 H                 -2.69174600    2.11803200   -0.24575300

 C                 -2.44471700   -1.71680300    0.34816300

 C                 -3.72234000   -1.09972600    0.33680800

 H                 -4.71281200    0.83884500    0.08498200

 H                 -2.31670200   -2.77778200    0.50501300

 O                 -0.12388900   -1.63507700    0.20156400

 N                  4.62526000   -1.89671600    0.07138300

 N                 -4.85901100   -1.81036700    0.55621400

 C                  5.92672000   -1.24622700   -0.21729800

 H                  6.00695700   -0.35885300    0.41904400

 H                  5.92468700   -0.89972200   -1.25925100

 C                  7.16236900   -2.10863700    0.01958800

 H                  8.04202400   -1.50314100   -0.21524800

 H                  7.25140700   -2.42463800    1.06247900

 H                  7.19279400   -2.99164000   -0.62397600



 C                 -6.19027500   -1.18504200    0.45943400

 H                 -6.88363100   -1.83137400    1.00154100

 H                 -6.17966400   -0.23609300    1.00351500

 C                 -6.67808500   -0.98495600   -0.97896100

 H                 -6.77940400   -1.94190500   -1.49654400

 H                 -7.65620500   -0.49496900   -0.97528100

 H                 -5.98590900   -0.36260500   -1.55270200

 C                 -4.81443000   -3.26644200    0.76964300

 H                 -5.73068900   -3.54080400    1.29708700

 H                 -3.99345000   -3.49653600    1.45545400

 C                 -4.69064400   -4.08105700   -0.52245700

 H                 -4.62650600   -5.14708300   -0.28502100

 H                 -5.55984200   -3.92952500   -1.16698300

 H                 -3.79760400   -3.80177900   -1.08825100

 O                  0.30179000    2.14288500    2.23225500

 H                  0.64072700    2.07655600    3.14135700

 C                  4.56221300   -3.35656600    0.23875600

 H                  3.78205300   -3.58886200    0.96790800

 H                  5.49237300   -3.68609400    0.69749500

 C                  4.32783800   -4.10207000   -1.07884900

 H                  3.39448700   -3.78603900   -1.55302800

 H                  5.14379000   -3.91312700   -1.78244900

 H                  4.27587900   -5.17991800   -0.89912600
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RhB-2_open (charge=1 multiplicity=1 E= -1263.519283 Hartree)

 C                 -1.20146700    4.93030200    1.25647900

 C                 -1.51051200    4.46385300   -0.01768600

 C                 -1.22814500    3.14229300   -0.38975900

 C                 -0.63852400    2.26805300    0.54917900

 C                 -0.32904400    2.75124900    1.82814900

 C                 -0.60506400    4.07208900    2.18072900

 H                 -1.42236300    5.95786300    1.52557800

 H                 -1.97101200    5.11221700   -0.75480500

 H                  0.11692900    2.07730900    2.55290000

 H                 -0.35904200    4.42454600    3.17733800

 C                 -0.37621700    0.82505200    0.28326100

 C                 -1.57264100    2.77176600   -1.79702400

 O                 -2.31611100    3.41709800   -2.50328800

 C                 -1.43880800   -0.10265900    0.27054100

 C                 -1.15292800   -1.48383800    0.05657900

 C                 -2.80790100    0.24193600    0.45546200

 C                 -2.13494600   -2.44984000    0.01685700

 C                 -3.80080300   -0.70026500    0.41689500

 H                 -3.06264200    1.28065800    0.63129100



 C                 -3.48826400   -2.08055800    0.19268100

 H                 -1.85180100   -3.48350700   -0.14937600

 H                 -4.83021100   -0.39814500    0.56062000

 C                  0.93903100    0.36067800    0.10397000

 C                  2.09464500    1.19389700    0.07907400

 C                  1.16868300   -1.03128800   -0.09957400

 C                  3.34847400    0.68460300   -0.11047900

 H                  1.96606300    2.26131500    0.21560700

 C                  2.42430400   -1.56791000   -0.28862000

 C                  3.56655100   -0.72551900   -0.30932700

 H                  4.18580400    1.36745000   -0.11156600

 H                  2.49275300   -2.63768900   -0.42080800

 O                  0.12879500   -1.90978900   -0.11583900

 N                 -4.45804700   -3.01893400    0.15297700

 N                  4.81227200   -1.22046800   -0.52402900

 C                 -5.89190400   -2.77722500    0.31941900

 H                 -6.23526400   -2.07593200   -0.45175500

 H                 -6.07093600   -2.30719400    1.29482200

 C                 -6.66399500   -4.08856000    0.21978000

 H                 -7.73296900   -3.90269600    0.34520000

 H                 -6.51743800   -4.55996900   -0.75738500

 H                 -6.35098400   -4.79051400    0.99932100

 C                  6.00298400   -0.35186900   -0.49993800

 H                  6.78642200   -0.87282900   -1.05435100

 H                  5.79123400    0.55864200   -1.06766100

 C                  6.49579900   -0.01489000    0.91099100

 H                  6.79748500   -0.91735300    1.44824200

 H                  7.36149500    0.65145400    0.85329200

 H                  5.71872700    0.48331900    1.49739700

 C                  5.03920700   -2.66876900   -0.66670400

 H                  5.99612100   -2.79392300   -1.17762000

 H                  4.28218700   -3.07925500   -1.34215800

 C                  5.05284600   -3.42880200    0.66404500

 H                  5.18642700   -4.49870100    0.47895100

 H                  5.87291100   -3.09021600    1.30200100

 H                  4.11784400   -3.29059000    1.21353300

 H                 -4.17515800   -3.97538400   -0.00769900

 O                 -0.94778400    1.64982300   -2.23139000

 H                 -1.23950200    1.51521000   -3.14928800
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RhB-3a_open (charge=1 multiplicity=1 E= -1263.519283 Hartree)

 C                  3.23805800   -3.78472600    1.18961400

 C                  3.38195100   -3.19241800   -0.06154400

 C                  2.64950600   -2.04833700   -0.40625700



 C                  1.76657900   -1.47971300    0.53770000

 C                  1.62701400   -2.08861900    1.79266100

 C                  2.35415500   -3.23355600    2.11767300

 H                  3.80977600   -4.67286800    1.43739100

 H                  4.05866600   -3.60491300   -0.80161600

 H                  0.95409100   -1.64751700    2.52133500

 H                  2.23239400   -3.68724900    3.09607300

 C                  1.00955600   -0.21725100    0.30450600

 C                  2.86182600   -1.52902800   -1.79246900

 O                  3.79796000   -1.84094300   -2.49521800

 C                  1.67281500    1.02976100    0.34214000

 C                  0.91566500    2.22251500    0.16012800

 C                  3.07277000    1.18776400    0.55277300

 C                  1.48726700    3.48065500    0.17173300

 C                  3.65871700    2.42419200    0.56566200

 H                  3.68002400    0.30345600    0.70672800

 C                  2.87545700    3.60507000    0.37173000

 H                  0.85643500    4.35043700    0.02725400

 H                  4.72769900    2.51985500    0.72752400

 C                 -0.38125600   -0.24505700    0.10914600

 C                 -1.16554100   -1.43370200    0.03788200

 C                 -1.08984300    0.98059500   -0.06200600

 C                 -2.51599300   -1.39615300   -0.16384400

 H                 -0.66724700   -2.38968000    0.14852100

 C                 -2.45162500    1.04308000   -0.26377400

 C                 -3.21963900   -0.14899300   -0.33038300

 H                 -3.05642500   -2.33105900   -0.20157900

 H                 -2.89480500    2.02254200   -0.36729800

 O                 -0.42945500    2.17060600   -0.03169200

 N                  3.47101200    4.81912300    0.38721700

 N                 -4.55661100   -0.12224800   -0.55834500

 C                 -5.36413800   -1.35606400   -0.56675300

 H                 -6.28044800   -1.13069200   -1.11607100

 H                 -4.84384200   -2.11830900   -1.15375200

 C                 -5.70727100   -1.88114200    0.83096700

 H                 -6.30989700   -1.15829500    1.38618800

 H                 -6.28057500   -2.80914900    0.74854000

 H                 -4.80509100   -2.08690900    1.41366500

 C                 -5.27950900    1.15527700   -0.68571500

 H                 -6.20513100    0.94631300   -1.22594400

 H                 -4.70046400    1.82444900   -1.32937900

 C                 -5.59475000    1.82496500    0.65609200

 H                 -6.09243400    2.78386800    0.48437100

 H                 -6.25883600    1.20198000    1.26012200



 H                 -4.68553500    2.00949800    1.23455100

 H                  2.94124400    5.66578900    0.25581700

 H                  4.46385800    4.91122300    0.52989700

 O                  1.88428000   -0.68844500   -2.21219100

 H                  2.12283400   -0.42532300   -3.11758900
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RhB-3b_open (charge=1 multiplicity=1 E= -1263.519283 Hartree)

 C                  0.24270900    4.85858900   -1.14520100

 C                  0.57344500    4.38772800    0.12214000

 C                  0.44980700    3.02869100    0.44071500

 C                  0.00266100    2.12242800   -0.54530400

 C                 -0.33141100    2.60996800   -1.81656300

 C                 -0.21558200    3.96725200   -2.11573600

 H                  0.33923500    5.91495000   -1.37285900

 H                  0.92826700    5.06096500    0.89458100

 H                 -0.66739100    1.91278800   -2.57775700

 H                 -0.47717800    4.32265700   -3.10729000

 C                 -0.06926000    0.64836900   -0.33769000

 C                  0.79761700    2.65140100    1.84529400

 O                  1.45496300    3.34615100    2.58888100

 C                  1.11033700   -0.12289300   -0.29910800

 C                  1.01233000   -1.53801600   -0.14222500

 C                  2.42546800    0.41467300   -0.40397800

 C                  2.11704100   -2.35896000   -0.08118900

 C                  3.53753900   -0.38105600   -0.34264200

 H                  2.54074800    1.48426400   -0.53563200

 C                  3.41205900   -1.79909900   -0.17561600

 H                  1.97417800   -3.42742400    0.03817600

 H                  4.51970300    0.06630700   -0.42555700

 C                 -1.31572800    0.00022200   -0.24174500

 C                 -2.57208200    0.67276300   -0.24674500

 C                 -1.35383600   -1.41997500   -0.09548400

 C                 -3.75484800   -0.00752900   -0.14041500

 H                 -2.57916700    1.75282100   -0.33489400

 C                 -2.53205700   -2.12531000    0.01175200

 C                 -3.76625200   -1.43531700   -0.01175700

 H                 -4.68905100    0.53922500   -0.14721600

 H                 -2.49351000   -3.20389400    0.11845800

 O                 -0.20300400   -2.14439200   -0.05059500

 N                  4.50072800   -2.59369800   -0.11351500

 N                 -4.92556500   -2.11736700    0.09179400

 C                 -6.26802100   -1.53350800    0.08988400

 H                 -6.35261000   -0.81422400    0.91433200

 H                 -6.42352100   -0.98184100   -0.84592600



 C                 -7.32010900   -2.62764900    0.23737400

 H                 -7.19330200   -3.17165800    1.17878100

 H                 -8.31941400   -2.18684600    0.23647500

 H                 -7.26662900   -3.34096100   -0.59133100

 H                  4.34793300   -3.58630700   -0.00279600

 H                 -4.86891100   -3.12220500    0.18157900

 C                  5.89308600   -2.14965500   -0.19970600

 H                  6.09448300   -1.42787600    0.60186700

 H                  6.05232800   -1.63384500   -1.15518700

 C                  6.83586500   -3.34256900   -0.08203700

 H                  7.87302100   -3.00624900   -0.14621500

 H                  6.70687800   -3.85384500    0.87728600

 H                  6.66509600   -4.06161300   -0.88969200

 O                  0.27794100    1.45987800    2.23011900

 H                  0.55881000    1.32589400    3.15151900
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