
S1 

Electronic Supplementary Information for 
 
 
 
 

Water-Tunable Solvatochromic and Nanoaggregate 
Fluorescence: Dual Colour Visualisation and Quantification 
of Trace Water in Tetrahydrofuran 
 

 

Masaru Taniokaa, Shinichiro Kamino†,a,b, Atsuya Muranakac, Yoshinao 
Shirasakid, Yousuke Ooyamae, Masashi Uedaa, Masanobu Uchiyamac,d, 
Shuichi Enomotoa,b, and Daisuke Sawada†,a,b 
 
 

aGraduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama 

University, Okayama-shi, Okayama 700-8530, Japan. 
bNext-generation Imaging Team, RIKEN-CLST, Kobe-shi, Hyogo 650-0047, Japan. 
cAdvanced Elements Chemistry Research Team, RIKEN-CSRS, and Elements 

Chemistry Laboratory, RIKEN, Wako-shi, Saitama 351-0198, Japan.  
dGraduate School of Pharmaceutical Sciences, The University of Tokyo, 7-3-1 Hongo, 

Bunkyo-ku, Tokyo 113-0033, Japan.  
eDepartment of Applied Chemistry, Graduate School of Engineering, Hiroshima 

University, Higashi-Hiroshima 739-8527, Japan.  

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2016



S2 

Table of Contents 

 
1. General remarks 

2. Figures and tables	  

Fig. S1 Protolytic equilibria of ABPX01. 

Fig. S2 Chemical structure and optical properties of trans-ABPX010 in various 

solvents.  

Fig. S3 Chemical structure and optical properties of cis-ABPX010 in various 

solvents. 

Table S1. Optical properties of cis-ABPX010. 

Table S2. Fluorescence quantum yields of trans- and cis-ABPX010. 

Fig. S4 Correlation of Stokes shift of cis-ABPX010 to the solvent polarity index 

ET(30). 

Fig. S5 The dependence of νabs and νfl on the EN 
T  solvent polarizability function of 

trans-ABPX010. 

Table S3. Optical properties of trans-ABPX1030. 

Fig. S6 Correlation of Stokes shift of trans-ABPX1030 to the solvent polarity index 

ET(30). 

Table S4. Crystal data and structure refinement for trans-ABPX1030. 

Fig. S7 Fluorescence-Excitation Matrix (FEM) spectra of trans-ABPX010 in various 

solvents. 

Fig. S8 Concentration dependent FEM spectra of trans-ABPX010 in THF, DMA, 

DMF, and DMSO. 

Fig. S9 Concentration dependent fluorescence intensities of the aggregate for 

trans-ABPX1030. 

Fig. S10 Concentration dependent absorption spectra of trans-ABPX1030 in THF, 

DMA, DMF, and DMSO. 

Fig. S11 Dynamic laser light scattering of 1 mM trans-ABPX1030 in DMA, DMF 

and DMSO. 

Fig. S12 Effect of concentration of trans-ABPX1030 on the fluorescence intensity at 

520 nm. 

Fig. S13 Effect of stirring time on the fluorescence intensity at 520 nm for 

trans-ABPX1030. 



S3 

Fig. S14 Water content dependent fluorescence spectra of trans-ABPX1030 in THF 

solution. 

3. References  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S4 

1. General remarks 

 

Fluorescence quantum yields measurement. The fluorescence quantum yields in 

solution were determined by a HORIBA FluoroMax-4 spectrofluorometer by using a 

calibrated integrating sphere system. 

 

Dynamic laser light scattering (DLS) measurement. The particle-size distributions 

were measured with Zetasizer Nano Series at 25 °C (Malvern) using a 1cm quartz 

cuvette (PCS1115). 

 

Video image.  The video image of naked eye visualisation of water at content above 

0.5 wt% in THF was taken under the irradiation of 365 nm light with a digital hi-vision 

video camera of Panasonic HC-V520M. In advance, 2.5 ml of dehydrated THF was 

contained in left cuvette, and 2.5 ml of 0.5 wt% water/THF was contained in the right 

cuvette. Then 5 mM of trans-ABPX1030 dissolved in dehydrated THF was poured into 

each cuvette (final concentration of trans-ABPX1030 was 1 mM).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S5 

2. Figures and tables  

 

 

Fig. S1 Protolytic equilibria of ABPX01.1,2 The spirolactone form of ABPX01 is 

changed to the monocationic form and the dicationic form as the proton is added. 

Photographs represent the respective chemical species under room light (left) and 365 

nm UV irradiation (right) in (a) THF solution (spirolactone form), (b) 1 % TFA/THF 

mixture (monocationic form), and (c) 1 % TFA/ chloroform mixture (dicationic form). 
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Fig. S2 (a) Chemical structure of trans-ABPX010. (b) Absorption (left) and 

fluorescence (right) spectra of trans-ABPX010 (200 µM) in toluene, benzene, 

1,4-dioxane (dioxane), tetrahydrofuran (THF), ethyl acetate (AcOEt), chloroform 

(CHCl3), dichloromethane (CH2Cl2), 1,2-dichloroethane (1,2-DCE), 

N,N-dimethylacetamide (DMA), N,N-dimethylformamide (DMF), dimethylsulfoxide 

(DMSO) and acetonitrile (MeCN). λex = 305 nm.  
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Fig. S3  (a) Chemical structure of cis-ABPX010. (b) Absorption (left) and fluorescence 

(right) spectra of cis-ABPX010 (200 µM) in organic solvents of different polarities. λex 

= 305 nm. (c) Photograph of the solvatofluorochromic shift of cis-ABPX010 in organic 

solvents. 
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Table S1. Optical properties of cis-ABPX010 *1. 

*1 The dye concentration was 200 µM. *2 λex = 305 nm. 

 

 

 

 

Table S2. Fluorescence quantum yields of trans- and cis-ABPX010 *1. 

 

 

 

 

 

 

 

 

 

 

 
*1 The dye concentration was 20 µM. λex = 320 nm. 
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Fig. S4 Correlation of Stokes shift of cis-ABPX010 to the solvent polarity index ET(30).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5 Plot of νabs − νfl versus EN 
T  for trans-ABPX010 in different organic solvents. 
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Table S3. Optical properties of trans-ABPX1030 *1. 

*1 The dye concentration was 200 µM. *2 λex = 305 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6 Correlation of Stokes shift of trans-ABPX1030 to the solvent polarity index 

ET(30). 
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Table S4. Crystal data and structure refinement parameters for trans-ABPX1030. 
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Fig. S7 Fluorescence-Excitation Matrix (FEM) spectra of trans-ABPX1030 in various 

solvents. 
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Fig. S8 Concentration dependent FEM spectra of trans-ABPX1030 in THF, DMA, 

DMF, and DMSO. 
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Fig. S9 Concentration dependent intensities of aggregate fluorescence peak of 

trans-ABPX1030 in THF, DMA, DMF, and DMSO. 
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Fig. S10 Concentration dependent absorption spectra of trans-ABPX1030 in THF, 

DMA, DMF, and DMSO. 
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Fig. S11 Dynamic laser light scattering of 1 mM trans-ABPX1030 in DMA, DMF and 

DMSO. 
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Fig. S12 Effect of concentration of trans-ABPX1030 on the fluorescence intensity at 

520 nm. Water content was 0.3 wt%. Maximum or stable fluorescence intensity at 520 

nm was observed by the addition of more than 300 µM of trans-ABPX1030. Thus, we 

decided to use 500 µM trans-ABPX1030 (red circle) solution for all measurements. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S13 Effect of the stirring time on the fluorescence at 520 nm. trans-ABPX1030, 

500 µM; Water content was 0.3 wt%. A 5 min stirring time (red circle) was selected for 

all measurements. 
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Fig. S14 a) Fluorescence (λex = 305 nm and 365 nm) and b) absorption spectra, c) 

calibration curve and d) photograph (λex = 365 nm) of trans-ABPX1030 obtained by 

increasing water content in dehydrated THF.  
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