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1. Characterization of BTO and BTO-Me
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Figure S1. "H NMR (in CDCl;. note: the peak at 5.30 ppm is from CH,Cl,), '"H NMR

(in DMSO-d;. note: the peak at 5.75 ppm is from CH,Cl,), *C NMR (in CDCls) and

HRMS spectrum of BTO.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

597
582
568
184
135
122
103
5
940
936
751
738
725
486
483
467
4.240

I |

O I N
_JLULU ) i

9‘.0 8‘.5 8.‘0 7.‘5 7.‘0 6‘.5 6‘.0 5‘.5 5.‘0 4.‘5 25 2.0 015 p[;m

g e E 5

NSy V i
L |
15‘0 1)10 11‘30 12‘0 1 1‘0 160 95 8‘0 70 45 ppm



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

ZHU-WH

ZWH-CSJ-22 8 (0.323) Cm (5:8)
100

226.0153

230 235 240

Figure S2. 'H NMR and *C NMR (in CDs;CN) spectra and HRMS spectrum

BTO-Me.

ECUST institute of Fine Chem 09-Sep-2011
15:15:11

1; TOF MS ES+

271.0573 3.88e3

271.5595
2720568
2611314 274.2759
302.3085
275.2802
miz

245 250 255 280 265 270 275 280 285 290 295 300

of



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

2. Thermal fading curves of BTO
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Figure S3. Decay lines of absorption peaks of BTO at the PSS at 333 K. Absorbance
monitoring at 333 K after reaching the PSS by UV irradiation at 365 nm in xylene

(2.0 x 10 M), no obvious back reaction was observed at 391 and 575 nm after 20 h.
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3. HPL.C analysis data of BTO

c-BTO
BTO

Figure S4. HPLC traces of BTO eluted with CH;0H at a flow rate of 0.6 mL-min’!
detected at the isosbestic point: (1) Before UV irradiation; (2) Photostationary state
(PSS) at 365 nm (C;g column, 250 % 4.6 mm).
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4. lons titration experiments of BTO in different order

- PSS of BTO-CU*"
——— PSS of BTO-CU™* + 2.0 eq Hg**
0.60-
)]
(&)
g
§ 0.45-
o
3
< 0.30-
0.15-
0.00+ T T T T T T T T T T
300 400 500 600 700 800
Wavelength (nm)
0.751B —— PSS of BTO-Hg®'
—— PSS of BTO-Hg” + 5.0 eq Cu*”
0.60 1A, —— PSS of BTO-Hg*' + 10.0 eq Cu**
8 1
g 0.45-
o
o
3
< 0.30-
0.15-
0.00

3CI)O | 460 | 5(|)O | 6(|)0 | 7C|)O | 8(|)O
Wavelength (hm)
Figure S5. Changes in absorption spectra of BTO in THF (2.09 x 10° M): (A)

Adding 1.0 equiv. of Cu®", and then 2.0 equiv. of Hg*"; (B) Adding 2.0 equiv. of Hg”",
then 5.0 and 10.0 equiv. of Cu*".
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5. Job plot of BTO-Hg”* and BTO-Cu?*
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Figure S6. Job plot of BTO-Hg*" (the total concentration of BTO and Hg*" is 50.0

uM).
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Figure S7. Job plot of BTO-Cu®" (the total concentration of BTO and Cu*" is 50.0
uM).
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6. Fluorescence spectra of BTO upon adding protons and ions
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Figure S8. Fluorescence spectra changes of BTO upon adding Cu®", Hg*" or protons

in THF (2.09 x 107> M).
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Figure S9. Fluorescence spectra changes of BTO upon adding different ions in THF
(2.09 x 10™ M).
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Figure S10. Spectral changes of BTO-Me upon adding metal ions and protons in

acetonitrile (2.09 x 10 M): (A) Absorbance changes; (B) fluorescence changes.
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7. Calculation of the conversion yields and quantum yields
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Figure S11. (A) Absorption spectra changes of BTO at different irradiation
wavelengths in THF (2.09 x 10 M). The absorption spectrum of pure ¢-BTO was
calculated using the reported procedure (E. Fischer, J. Phys. Chem., 1967, 71,
3704-3706); (B) Photochromism of BTO in THF (1.25 x 10™ M).
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Figure S12. Absorption spectra of the complexes at different irradiation wavelengths

in THF (2.09 x 10™ M). The absorption of the pure complex was calculated using the
reported procedure (E. Fischer, J. Phys. Chem., 1967, 71, 3704-3706).

The absorption spectrum of the closed form was determined by the Fischer’s method
(E. Fischer, J. Phys. Chem., 1967, 71, 3704-3706 E. Fischer, J. Phys. Chem., 1967, 71,
3704-3706). The ratio of the equilibrium concentrations of the open form (C,) and

closed forms (C;) at a given photostationary state (PSS) is expressed as follows:
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E. 1)

Where ¢, and &, are the molar absorption coefficients of the open and closed forms,
and 4, and 4. are the absorption of a sample of same chromophore concentration
containing only the open or closed form, respectively. By comparing the PSS’s
obtained under irradiation at two different wavelengths 1’ and 4”, a couple of
equations of type (E. 1) are obtained. Assuming that the ratio @, ./®,.. does not

depend on the irradiation wavelength, we get:

C
CC

o

, [C, A A
T4 a E-2)

we introduce the open form to closed form conversion yield a, equation (E. 2) evolves

to:

A o A' A"
1 a/l a"_ 4, : (E.3)
' " A/ A

[ [

In order to introduce experimental data into equation (E. 3), we can write that the
absorbance A measured at any particular wavelength A of a mixture of open and

closed forms, where the overall concentration C,+ C, is constant, is given by: [

A=(1-0)Ao+ad,

or

(E.4)

This can be combined to equation (E. 3) and yields:
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1_?‘/1_? =1+A,/1+A" (E. 5)
(04 [04 [04 [04

Where A = (4-4,)/A, denotes the relative change of absorbance observed when a

solution of open form is irradiated to the PSS. Furthermore, the ratio p =a'/a" of

the conversion yields at two different PSS’s, resulting from irradiation at two different
wavelengths, is equal to the ratio of the A’s measured at any given wavelength (the
wavelength that maximizes the A’s is usually chosen). Equating and developing (E. 5)

yields the final formula:

a'= ATA (E. 6)
1+A—p(1+A")

where all the parameters A and p are experimentally accessible. The numerical value
of determined by this equation may then be used to calculate the absorption spectrum

of the pure closed form by means of equation (E. 4).

The absorption profiles obtained from photolysis continues were fitted with a simple
photochromic model involving the open form (OF) and closed form (CF) isomers by
means of a numerical integration procedure (M. H. Deniel, D. Lavabre and J. C.
Micheau, in Organic Photochromic and Thermochromic Compounds, ed. J. C. Crano
and R. J. Guglielmetti, Plenum Press, New York, 1999, vol. 2, p. 167) using the

differential equation (E. 7) and phenomenological equation (E. 8).

dep _ 1140 ]

3c —IEXwX E'ia'n_ﬂ: XEDJ‘“:: Xlx GD_@C*DX%&IH XlXﬂ,::[
(E.7)
Abs(Aope) =egg, XIXCotegy, XIXC (E. 8)

where C, and C, are the concentrations of open form and closed form), [ is the
incident irradiation intensity, Air and Aqs are the irradiation and observation

wavelengths, ¢, and ¢. are molar absorption coefficients of open and closed forms at
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irradiating wavelength (365 nm), respectively (H. Diirr and H. Bouas-Laurent,
Photochromism: Molecules and Systems, Elsevier, Amsterdam, 2003; J. C. Crano and
R. Guglielmetti, Organic Photochromic and Thermochromic Compounds, Plenum

Press, New York, 1999).

Fig. S11 shows the evolution of the absorbance values at 578 nm as a function of
irradiation time at 365 nm (Open form (OF) — Closed form (CF) reaction) and 575
nm (CF —OF reaction). Under the irradiation at 365 nm light, the absorbance
increases until the photo-stationary state is reached after 1000 s, and returns back
completely to its initial level within 500 s upon visible irradiation at 575 nm. These
absorption profiles were fitted with a simple photochromic model involving the OF
and CF isomers by means of a numerical integration procedure using the differential
E(7) and the phenomenological E(8), where Cc and Cp denote the concentrations of
open form and closed form, /j is the incident irradiation intensity, A and Aops are the

irradiation and observation wavelengths, respectively.

As can be deduced from Fischer analysis, the conversion yield of BTO at 365 nm was
77.6%. According to the Fischer analysis and photolysis continue, we obtain
cyclization quantum yield (®,-..) of BTO in THF are 28.5%. Similarly, we obtain the
conversion yield and cyclization quantum yield of BTO-Hg*" at 365 nm were 99.8%
and 43.1% and the conversion yield and cyclization quantum yield of BTO-Cu®" at

365 nm were 84.7% and 13.4%, respectively.
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8. Spectra of BTO for constructing different molecular logic gates

8.1 Spectra of BTO for the half-adder and half-subtractor
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Figure S13. Absorption spectra changes of BTO upon adding Hg*™ and UV
irradiation (365 nm) in THF (2.09 x 10™ M)
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Figure S14. Absorption spectra changes of BTO upon adding H™ and UV irradiation
(365 nm) in THF (2.09 x 10™ M).
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Table S1. Truth tables for half-adder and half-subtractor

Outputs
Inputs
Half-Adder Half-Subtractor
Out; Outy Outy Out)y
In; Inp
AND XOR IHBIT XOR
(365 nm) (H)
(463 nm)  (A3710m) | (A34snm) (4371 m)
0 0 0 0 0 0
1 0 0 1 0 1
0 1 0 1 1 1
1 1 1 0 0 0

8.2 Spectra of BTO for 2-to-4 decode
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Figure S15. Absorption spectra changes of BTO upon adding Cu*" and UV irradiation
(365 nm) in THF (2.09 x 10™ M).
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Figure S16. Fluorescence spectra changes of BTO upon adding Cu®" and UV
irradiation (365 nm) in THF (2.09 x 10° M).

8.3 Spectra of BTO for 4-to-2 encode
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Figure S17. Absorption spectra changes of BTO upon adding different Hg*", Cu**
and UV irradiation (365nm) in THF (2.09 x 107 M).
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Figure S18. Fluorescence spectra changes of BTO upon adding different Hg*", Cu?",
protons and UV irradiation (365nm) in THF (2.09 x 10° M).

8.4 Spectra of BTO for 1:2 demutiplexer
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Figure S19. Absorption spectra changes of BTO upon adding Hg** and further UV
irradiation (365 nm) in THF (2.09 x 10™ M).
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Figure S20. Fluorescence spectra changes of BTO upon adding Hg*" and further UV
irradiation (365 nm) in THF (2.09 x 10™ M).
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Figure S21. Absorption spectra changes of BTO upon adding H" and UV irradiation
(365 nm) in THF (2.09 x 10”° M).
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Figure S22. Fluorescence spectra changes of BTO upon adding H" and further UV
irradiation (365 nm) in THF (2.09 x 10™ M).

Table S2.  Truth table for 1:2 demultiplexer

Inputs outputs
In In, Out, Out,
(H) (365 nm) Fa67 0m A638 nm
0 0 0 0
1 0 1 0
0 1 0 0
1 1 0 1

22



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

Characterization of c-BTO
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Figure S23. "H NMR (in CDCls) spectrum of ¢-BTO.
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9. Emission spectra of Closed from c¢-BTO, Open form BTO, and

Photostationary state in methylene chloride at different state upon excitation

at the isobestic point wavelength of 345 nm.
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Figure S24. Emission spectra of BTO (2.0 X 10 M) in methylene chloride at different state

upon excitation at the isobestic point wavelength of 345 nm: Closed from ¢-BTO, Open form BTO,

and Photostationary state (PSS).
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