Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Supporting Information for

Steric hindrance enforced distortion as a general strategy
for design of fluorescence “turn-on” cyanide probes

Bin Chen, * Yubin Ding, “ Xin Li,” Weihong Zhu, “ Jonathan P. Hill,* Katsuhiko
Ariga,” and Yongshu Xie**

“Key Laboratory for Advanced Materials and Institute of Fine Chemicals, East China
University of Science and Technology, Meilong 130, Shanghai 200237 (P. R.
China). bDepartment of Theoretical Chemistry and Biology, KTH Royal Institute of
Technology, SE-10691 Stockholm, Sweden.

‘WPI-Center for Materials Nanoarchitectonics, National Institute for Materials
Science (NIMS), Namiki 1-1, Tsukuba, Ibaraki, Japan.

E-mail: yshxie@ecust.edu.cn

Table of contents

BXPerimental details: -« +««++-+rsssreesmmrssmsesis e Pages S2~S6
Characterization data for CTC3 -« -« rrrrrrrmrmmmmne e Pages S7~S9
Titration curves and kinetic behavior for C1~C3 in CH,Cly«rrrroerrrrrrrereeernneeees Pages
S10~S12

The performance for C1~C3 in aqueous THE:-+«+++«+-rreeureerirniin Pages S13~S17
Characterization data for CT=-CN~C3=CN -« - wrrrrrrrmmmmmmmaieaaeeen Pages S18~S19
Characterization data fOr Cd--« -« -+« rrrrrrrrmrmmmnme et Page S20
Titration curves for C4 in CHyCly«««-+++++sxsrrrrmmmmrmterteaa e Page
S21

VISCOSItY CUIVES FOT GG+ e vrsssssss st Pages S21~S23
Characterization data fOr €5« « -« -« xrrrrrrrrrrrmmmnreet ettt Page S24
Titration curves for €5 in CHyCly««+-+++++sxsrrrmmmmmrreeeeata et Page
S24

VASCOSILY CUIVES FOT €57+ ++++ e s e st Page S25
Frontier molecular orbitals for C1~C5 and [C1-CN] ~[CS5-CIN] - ---cerereremrereemeeeees Page S26
Fluorescence decay curves for C1~C5 and their adducts: -« «-«-woerrererrrereeeseeeeeees Page S27
Optimized structures of C5 and [CS-CN] - ««+++««++srreesrrssmrsaitsie Page S27
Table of quantum yields in Various SOIVENts: -+« ««+++«+=xxrssmrsssrseitst Page S27

S1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Table of dihedral angles in the optimized ground state and the lowest singlet excited state for

S2



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Experimental details

General

Commercially available solvents and reagents were used without further purification. Deuterated
solvents for NMR measurements were obtained from Aldrich Chemical Co. Ltd. UV/Vis
absorption spectra were measured using a Varian Cary 100 spectrophotometer. Fluorescence
spectra were recorded on a Varian Cray Eclipse fluorescence spectrophotometer using a lcm
pathlength quartz cell. Fluorescence lifetime measurements were performed by using the Time
Correlated  Single Photon Counting (TCSPC) technique following excitation by a  nanosecond
flash lamp (Edinburgh instruments FL920), and the errors (x°) for all the measurements presented
were below 1.2. '"H NMR spectra and *C NMR spectra were obtained using a Bruker AM 400
spectrometer with tetramethylsilane (TMS) as an internal standard. High Resolution Mass spectra
(HRMS) were measured on a Waters LCT Premier XE spectrometer. Column chromatography was
carried out in air using silica gel (200-300 mesh). PC2~PC5 were prepared according to
adaptations of the reported procedures.'™® Detection limits”* and fluorescence quantum yields’ ™

of probes C1~C3 were obtained according to reported methods.
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Scheme S1 Syntheses of C1~CS5.

General procedure for preparation of probes C1~C5
The appropriate formyl substituted precursor (0.2 mmol) and malononitrile (19 pL, 0.3 mmol)

were dissolved in a mixed solvent of CH,Cl, (10 mL) and EtOH (10 mL), then piperidine (30 pL,
0.3 mmol) was added. The mixture was stirred at room temperature for 12 h. Then the solvent was
removed under reduced pressure and the residue was dissolved in dichloromethane, washed, and
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dried over anhydrous sodium sulfate. The product was isolated by chromatography over silica gel
then recrystallized from CH,Cl,/CH;OH.

C1.Yield: 49%. "H NMR (CDCls, Bruker 400 MHz, 298K): § 7.56 (t, J = 7.4 Hz, 2H, anthryl),
7.66 (t, J = 7.4 Hz, 2H, anthryl), 7.90 (d, J = 8.8 Hz, 2H, anthryl), 8.07 (d, J = 8.4 Hz, 2H, anthryl),
8.62 (s, 1H, anthryl), 8.90 (s, 1H, -C=CH-). °C NMR (CDCl;, Bruker 100 MHz, 298K): & 92.30,
111.43, 113.04, 123.39, 123.90, 126.08, 128.37, 129.10, 129.56, 130.90, 132.55, 160.65. HRMS
(ESL m/z): [M+H]" caled for C,gH N, 255.0922; found, 255.0923.

C2.Yield: 87%. '"H NMR (CDCls, Bruker 400 MHz, 298K): & 3.96 (s, 3H, -OCH;), 7.14 (d, J =
8.4 Hz, 2H, Ph-), 7.33 (d, /= 8.4 Hz, 2H, Ph-), 7.44 (t, J= 7.6 Hz, 2H, anthryl), 7.64 (t, J= 7.6 Hz,
2H, anthryl), 7.80 (d, J = 8.8 Hz, 2H, anthryl), 7.96 (d, J = 8.8 Hz, 2H, anthryl), 9.00 (s, 1H,
-C=CH-). >C NMR (CDCls, Bruker 100 MHz, 298K): & 55.47, 92.34, 111.56, 113.13, 114.02,
123.24, 123.94, 125.83, 127.96, 128.48, 128.90, 129.64, 130.11, 131.99, 143.17, 159.50, 161.07.
HRMS (ESI, m/z): [M + H]" calcd for C»sH7N,0, 361.1341; found, 361.1344.

C3.Yield: 99%. "H NMR (CDClj, Bruker 400 MHz, 298K): & 1.25 (s, 18H, t-butyl-CH3), 6.95 (d,
J=8.8 Hz, 4H, Ph-), 7.17 (d, J = 8.4 Hz, 4H, Ph-), 7.45 (t, J = 7.8 Hz, 2H, anthryl), 7.61 (t, J =
7.6 Hz, 2H, anthryl), 7.97 (d, J = 8.8 Hz, 2H, anthryl), 8.24 (d, J = 8.8 Hz, 2H, anthryl) , 8.97 (s,
1H, -C=CH-). *C NMR (CDCl;, Bruker 100 MHz, 298K): §31.39, 34.16, 92.33, 111.51, 113.11,
119.95, 123.23, 124.55, 126.18, 127.09, 128.24, 130.46, 130.51, 143.35, 144.31, 145.09, 160.40.
HRMS (ESI, m/z): [M+H]" calcd for C33H3¢N3, 534.2909; found, 534.2911.

C4. Yield: 90%. '"H NMR (CDCl;, Bruker 400 MHz, 298K): & 7.59 (m, 2H, anthryl), 7.91 (s,
1H, anthryl), 8.06 (t, J = 6.6 Hz, 3H, anthryl), 8.10 (s, 1H, -C=CH-), 8.44 (s, 1H, anthryl), 8.47 (s,
1H, anthryl), 8.59 (s, 1H, anthryl). °C NMR (CDCls, Bruker 100 MHz, 298K): & 81.67, 113.05,
114.23, 122.12, 126.70, 126.83, 127.75, 128.32, 128.50, 128.66, 129.83, 130.12, 130.17, 132.26,
132.43, 134.05, 137.06, 159.41. HRMS (ESIL, m/z): [M+H]" calcd for CsH;N,, 255.0922; found,
255.1009.

C5. Yield: 70%. '"H NMR (CDCls, Bruker 400 MHz), 6: -2.45 (s, 2H, inner NH), 0.91 (t, /= 6.8
Hz, 6H, -CH3), 1.32 (br, 32H, -CH;-), 1.62 (m, 4H, -CH,-), 1.98 (m, 4H, -CH,-), 4.26 (t, /= 6.4
Hz, 4H, -OCH,-), 7.31 (d, J = 8.8 Hz, 4H, -Ph), 8.06 (d, J = 8.4 Hz, 4H, -Ph), 8.89 (d, /= 4.4 Hz,
2H, pyrr), 8.99 (d, J = 5.2 Hz, 2H, pyrr), 9.18 (d, J = 4.8 Hz, 2H, pyrr), 9.21 (d, J = 4.8 Hz, 2H,
pyrr), 10.10 (s, 1H, meso-H), 10.33 (s, 1H, -CH=C-). HRMS (ESI, m/z): [M+H]" calcd for
CeoH71N6O3, 907.5639; found, 907.5636.

General procedure for preparation of probe-CN adducts
9-Dicyanovinyl anthracene derivatives (0.2 mmol) and tetrabutylammonium cyanide (0.4 mmol)

were dissolved in CH,Cl, (40 mL). The reaction mixture was stirred at room temperature for 0.5 h.
The mixture was removed under reduced pressure, and the product was isolated by column
chromatography over silica gel and recrystallized from CH,Cl,/CH;OH.

C1-CN. Yield: 57%. 'H NMR (CDCl;, Bruker 400 MHz, 298K): & 4.95 (d, J = 10.8 Hz,
1H, -CH-CN), 6.01 (d, J= 10.8 Hz, 1H, CN-CH-CN), 7.61 (t, J = 7.6 Hz, 2H, anthryl), 7.76 (t, J =
7.8 Hz, 2H, anthryl), 8.15 (d, J = 8.4 Hz, 2H, anthryl), 8.27 (br, 2H, anthryl), 8.69 (s, 1H, anthryl).
HRMS (ESI, m/z): [M - H] calcd for C9H (N3, 280.0875; found, 280.0878.

C2-CN. Yield: 83%. "H NMR (CDCls, Bruker 400 MHz, 298K): §3.97 (s, 3H, -OCH3), 5.03 (d,
J=10.4 Hz, 1H, -CH-CN), 6.11 (d, J = 10.8 Hz, 1H, CN-CH-CN), 7.14 (d, J = 8.4 Hz, 2H, Ph-),
7.32 (d, J = 7.6 Hz, 2H, Ph-), 7.46 (t, J = 7.6 Hz, 2H, anthryl), 7.74 (t, J = 7.6 Hz, 2H, anthryl),
7.84 (d, J = 8.4 Hz, 2H, anthryl), 8.30 (br, 2H, anthryl). HRMS (ESI, m/z): [M - H] calcd for

sS4



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Cy6H16N;30, 386.1293; found, 386.1295.

C3-CN. Yield: 48%. 'H NMR (CDCls, Bruker 400 MHz, 298K): & 1.24 (s, 18H, t-butyl-CH3),
5.01 (d, J=10.8 Hz, 1H, -CH-CN), 6.08 (d, /= 10.8 Hz, 1H, CN-CH-CN), 6.93 (d, J = 8.4 Hz,
4H, Ph-), 7.17 (d, J = 8.8 Hz, 4H, Ph-), 7.48 (t, J = 7.6 Hz, 2H, anthryl), 7.71 (t, J = 7.6 Hz,
2H, anthryl), 8.33 (br, 4H, anthryl). HRMS (ESI, m/z): [M - H] calcd for C39H35Ny4, 559.2862;
found, 559.2861.

Fluorescence spectral measurements for the CN™ probing behavior

The fluorescence emission spectral changes of C1~C5 during the titrations were measured at
25°C in the specified solutions, with the excitation wavelengths fixed at one of the corresponding
isosbestic points. The slit width was 5 nm and PMT voltage was 600 V for both excitation and
emission. Anions such as CN, F, Cl, Br, I, AcO and H,PO, were added as TBA salts
dissolved in the corresponding solvents. SCN and N; were added as sodium salts. Fluorescence
changes were measured after 30 min. To achieve the controlled pH for the aqueous solutions, three
buffered systems were adopted in the measurements: tris-HCl, Na,CO;3;-NaHCO;, and
KCI-NaOH.

Detection Limits”*

Detection limits of probes C1~C3 were obtained according to the reported method. Taking C3
as an example: C3 (4 pM) was dissolved in a mixture of THF-H,O (4:1 v/v). Fluorescence
changes during the titration of C3 (4 uM) with CN" (0~32 uM) in THF-H,O (4:1 v/v) are shown
in Fig. S12e. Fluorescence enhancement is clearly resolved and there is a good signal-to-noise
ratio. The inset of Figure S18a shows a plot of the fluorescence intensity versus [CN']. A linear
regression curve was fitted to the seven intermediate values (4~18 uM CN") as shown in Fig. S12f.
The standard deviation (c = 0.2042) was obtained by fluorescence response (10-times of
consecutive scanning on the Cary Eclipse fluorescence spectrophotometer). Thus, the detection
limit of C3 towards CN" was calculated by the formula of 30/k to afford a value of 1.14 pM.

Determination of the fluorescence quantum yields’

Fluorescence quantum yield was determined using optically matched solutions of anthracene
(®, = 0.28 in ethanol), '* Rhodamine 6G (@, = 0.95 in ethanol), ' and tetraphenylporphyrin (@, =
0.11 in toluene), '* as standards and the quantum yield was calculated using the following equation:
O, = O (AF,/AF)) (ns/nr)z, where A and A, are the absorbances of the samples and reference,
respectively. At the excitation wavelength, F; and F, are the corresponding relative integrated
fluorescence intensities, and n is the refractive index of the solvent.

DFT calculations

We employed density functional theory (DFT) calculations to study the cyanide probes. The
hybrid B3LYP functional® was adopted to optimize molecular geometry in the ground state (Sy)
and to calculate frontier molecular orbitals. The Ahlrichs split valence basis set'* was used
together with corresponding auxiliary basis sets,”” and the “chain-of-spheres” algorithm'® was
used to speed up DFT calculations. Then time-dependent density functional theory (TDDFT)

calculations were carried out to optimize the structures of these probes in the lowest singlet
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excited state (S;). All theoretical calculations were carried out using the ORCA program

package."”

Kinetic measurements'®

The reaction of the probe with CN™ was carried out at room temperature. The apparent rate
constant for the reaction was determined by fitting the fluorescence of the samples to the pseudo
first-order equation: In[(F ax-Fo)/(Fmax-F)] = kt, where F..x, Fo and F represent the fluorescence
intensity at A ., obtained after the reaction was complete, at time t, and before the addition of CN’,
respectively. k is the apparent rate constant. Taking C3 as an example: time-dependent
fluorescence changes were recorded and shown in Fig. S8a. And the plot of In[(F 1.x-F 0 )/(F max-F)]
vs. time t is shown Fig. S8b. Thus, the apparent rate constant k equals to the slope of 0.313 min™',
which was obtained from the linear regression.

Crystallography

Single crystals of C2 and C3 suitable for X-ray analysis were obtained by slow evaporation of
CH;CN solution of C2 or C3 at room temperature.
CCDC-923724 (C2) and 923725 (C3) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
Crystal data for C2: C»;H9N3O, M, = 401.45, Monoclinic, space group P2(1)/c, a = 14.1214(12),
b = 10.6884(7), c = 14.2876(13) A, B = 98.7490(10)°, V = 2131.4(3) A3, Z=4, peaca= 1251 g
em”, T=298(2) K, 10480 measured reflections, 3748 unique reflections (R;y=0.0665); 1788 with
[>20(]) used in refinement, R; (/> 2o(/)) = 0.0516, wR, (all data) = 0.1628, GOF = 1.048.
Crystal data for C3: C4H3sNy4, M, = 574.74, Monoclinic, space group C2, a = 25.741(2), b =
12.121(1), ¢ = 11.444(1) A, B = 96.976(1)°, V = 3544.4(6) A3, Z=4, peca= 1.077 g cm™, 9009
measured reflections, 3272 unique reflections (R;,;=0.0649); 1715 with [>25(I) used in refinement,
R, (I>20(])) = 0.0688, wR, (all data) = 0.1910, GOF = 1.038.
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Fig. S11. a) Absorption spectral changes during the titration of C3 (20 uM) with CN” in THF-H,O (4:1 v/v). Inset:
partial absorption spectral changes. b) Fluorescence changes during the titration of C3 (20 uM) with CN™ in
THF-H,0 (4:1 v/v). ¢) Fluorescence spectra of C3 (20 uM) in the presence of various anions in THF-H,O (4:1
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pseudo-first-order model (k = 0.108 min™").

Si6



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

R

-
o

FL. Intensity

4

FL intensity

o

c)

104
2
8 10 . 20
8 5 CN(10°M)
£
=
i

0=

400 500
Wavelength/nm

e)

104
2
g 10 " 30
_E 5] CN(10°M)
=
[T

0= ‘ ;

500 600 700
Wavelength/nm

Fig. S12. a) Fluorescence changes during the titration of C1 (4 pM) with CN™ (0~36 pM) in THF-H,O (4:1 v/v),
inset: fluorescence intensity between the minimum (free C1) and the maximum values (24 uM CN" added). b) A plot
of I vs [CN], the calculated detection limit of probe C1 is 2.46 uM (o = 0.4431). ¢) Fluorescence changes during the
titration of C2 (4 pM) with CN™ (0~24 pM) in THF-H,O (4:1 v/v), inset: fluorescence intensity between the
minimum (free C2) and the maximum values (24 pM CN added). d) A plot of I vs [CN'], the calculated detection
limit of probe C2 is 1.29 pM (o = 0.3401). e) Fluorescence changes during the titration of C3 (4 uM) with CN
(0~32 uM) in THF-H,O (4:1 v/v), inset: fluorescence intensity between the minimum (free C3) and the maximum

values (32 pM CN™ added). f) A plot of I vs [CN], the calculated detection limit of probe C3 is 1.14 pM (o =

0.2042).

S17

o
~

-
o

FL Intensity
(3]

£

FL Intensity

N

FL Intensity

Linear Regression for Data1_E:
Y=A+B*X
| .
Parameter Value Error /
A 0.01601 0.23372
B 0.54012 0.018
R sD V./P-

owy/ 0.33578 9 <0.0001

0 5 0 15 20
CN(10°Mm)

Linear Regression for Data1_F:
Y=A+B*X

1Y=A

Parameter Value Error

A 148419 0.3042

B 079292 005015

R SD/V/P

igyf/ T 041595 5 549919E4
0 4 8

CN(10°m)

-
o

(3]

Linear Regression for Data1_G:
8{Y=A+B*X

Parameter Value Error

A -1.36412 0.3253

B 0.53919 0.0259%
4/

.

R SD P

0.99426 0.30649 7 <0.0001
0 ; . : ,

5 10 15 20
- -6
CN(10°M)



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

- ) » 2 c) 60 . c3
a) % e Cl+5eqCN 75 o C2+5eq.CN ¢ C3+5eq.CN
2 : ¢ 2 oo ¢ . §'40 coe .
‘B ° . ‘G 50 [ * .
c 60 L] c ° =
[} . Q M 2 .
€ € £ 5 .
3 a2 -
g % T e
. xx . ols = = = = 2 * Olr = v » & = ®
R e 20 30 40 50 60 70 80 20 30 40 5 60 70 80
£,IN% fIV% f,IV%

Fig. S13. Plots of the fluorescence intensities of the probes vs. the water content f,, in the THF-water mixtures. a)
C1 (20 pM, black squares), C1+5 eq CN (red circles) (A = 253 nm, A, = 417 nm). b) C2 (20 uM, black
squares), C2+5 eq CN (red circles) (Ao, = 256 nm, A, = 425 nm). ¢) C3 (20 uM, black squares), C3+5 eq CN~

(red circles) (Aex =396 nm, A, = 560 nm).
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Fig. S14. Time-dependent fluorescence intensities of the probes in THF-H,O (4:1 v/v) under the 365 nm UV
irradiation. a) C1 (20 puM, black squares), C1+5 eq CN (red circles) (Aex = 253 nm, A, =417 nm) b) C2 (20 uM,
black squares), C2+5 eq CN ™ (red circles) (Aox = 256 nm, A, = 425 nm). ¢) C3 (20 uM, black squares), C3+5 eq

CN (red circles) (Aex = 396 nm, A, = 560 nm).
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Fig. S15. The fluorescence intensities of probes over the pH range of 5-14 in THF-H,O (4:1 v/v). a) C1 (20 uM,
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Fig. S20. a) Absorption spectral changes during the titration of C4 (20 uM) with CN” in CH,Cl,. b) Fluorescence
changes during the titration of C4 (20 pM) with CN™ in CH,Cl,. Excitation wavelength was fixed at 272 nm

during titration.
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Fig. S21. a) Absorption spectral changes of C1 (20 pM) in dichloromethane/polyetheramine D2000 with
increasing viscosity. b) Fluorescence of C1 (20 uM) in dichloromethane/polyetheramine D2000 with increasing
viscosity (Aex = 269 nm). ¢) Absorption spectral changes of C1 (20 pM) in dichloromethane/polypropylene glycol
2000 with increasing viscosity. Inset: absorption spectra of C1 in CH,Cl, or PPG 2000. d) Fluorescence of C1 (20
uM) in dichloromethane/ polypropylene glycol 2000 with increasing viscosity (Ao, = 323 nm).
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Fig. S22. a) Absorption spectral changes of C2 (20 pM) in dichloromethane/polyetheramine D2000 with
increasing viscosity. b) Fluorescence of C2 (20 uM) in dichloromethane/polyetheramine D2000 with increasing
viscosity (Aex = 274 nm). c) Absorption spectral changes of C2 (20 pM) in dichloromethane/polypropylene glycol
2000 with increasing viscosity. Inset: absorption spectra of C2 in CH,Cl, or PPG 2000. d) Fluorescence of C2 (20
uM) in dichloromethane/ polypropylene glycol 2000 with increasing viscosity (Ae, = 330 nm).
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Fig. S23. a) Absorption spectral changes of C3 (20 pM) in dichloromethane/polyetheramine D2000 with
increasing viscosity. b) Absorption spectral changes of C3 (20 uM) in dichloromethane/polypropylene glycol 2000
with increasing viscosity. Inset: absorption spectra of C3 in CH,Cl, or PPG 2000. c) Fluorescence of C3 (20 pM)
in dichloromethane/ polypropylene glycol 2000 with increasing viscosity (A, = 350 nm).
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Fig. S24. a) Absorption spectral changes of C4 (20 pM) in dichloromethane/polyetheramine D2000 with
increasing viscosity. b) Fluorescence spectral changes with varying viscosity in a mixture of dichloromethane/
polyetheramine D2000 for a) C3 (20 uM, A, =401 nm); b) C4 (20 uM, A =291 nm).c) Fluorescence of C4 (20
uM) in dichloromethane/polyetheramine D2000 (10~100%) with increasing viscosity (Ao = 291 nm). d)

Normalized emission of C4 in dichloromethane showing the increasing ratio of monomer:excimer with decreasing

concentration (Ae, =272 nm).
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Fig. S26. a) Absorption spectral changes during the titration of C5 (20 uM) with CN” in CH,Cl,. b) Fluorescence
changes during the titration of C5 (20 uM) with CN” in CH,Cl,. Excitation wavelength was fixed at 423 nm

during titration.
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Fig. S27. a) Absorption spectral changes of C5 (20 pM) in dichloromethane/polyetheramine D2000 with
increasing viscosity. b) Fluorescence of C5 (20 uM) in dichloromethane/polyetheramine D2000 with increasing
viscosity with (A., = 527 nm). ¢) Absorption spectral changes of C5 (20 uM) in dichloromethane/polypropylene
glycol 2000 with increasing viscosity. Inset: absorption spectra of C5 in CH,Cl, or PPG 2000. d) Fluorescence of
C5 (20 pM) in dichloromethane/ polypropylene glycol 2000 with increasing viscosity (Ao, =447 nm).
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Table S1. Quantum yields of probes C1~C3 and their CN™ adducts formed upon addition of 3 eq. CN" in various

solvents.

entry /% /% D/% /% /%

CH,Cl, THF CH,0H DMF ACN

Cl1 0.49 0.47 0.45 0.44 0.32
C1-CN 11.4 9.8 4.1 3.7 2.8
C2 0.42 0.40 0.40 0.36 0.32
C2-CN 20.1 18.7 7.0 6.9 6.7

C3 0.065 0.06 0.05 0.04 0.034
C3-CN 14.1 72 4.0 3.5 3.4

Table S2. Dihedral angles in the optimized ground state (S,) and the lowest singlet excited state (S;) structures,
optimized at the B3LYP/SV(P) and TD-B3LYP/SV(P) level, respectively.(¢ denotes the dihedral angle between the

anthryl and the DCV units, y denotes the dihedral angle between the anthryl unit and the donor or that between the

porphyrin and the phenyl unit.)

¢ v
Compound

So S So S
C1 53.8° 88.1° / /
C2 52.6° 85.1° 84.4° 58.3°
C3 54.1° 38.1° 60.0° 88.0°
C4 0.6°  6.0° / /
C5 34.1° 33.6° 57.3° 55.8°

*The two v angles in C5 are averaged.
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Table S3. Photophysical data for probes C1~C5 and their CN™ adducts formed upon addition of 3 eq. CN" in

dichloromethane.

entry T, T2,
ns ns

C1 4.34 9.66

C1-CN 436 /

C2 3.77 12.04

C2-CN 5.52 /

Cc3 5.40 17.98

C3-CN 21.33 /

C4 7.91 /

C4-CN 10.61 /

& 0.55 6.12

C5-CN 6.44 /

S29




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



