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1. The characterization of USQ-1.    
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NAME             CC-116
EXPNO                 1
PROCNO                1
Date_          20100513
Time              15.20
INSTRUM           spect
PROBHD   5 mm PAQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9846387 sec
RG                  228
DW               60.800 usec
DE                 6.50 usec
TE                294.3 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1                0.00 dB
PL1W        10.57504177 W
SFO1        400.1324710 MHz
SI                32768
SF          400.1300072 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 

Fig. S1 The 1H NMR spectrum of USQ-1 in CDCl3 (400MHz). 
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NAME     CC-116-20100518
EXPNO                 1
PROCNO                1
Date_          20100518
Time              14.51
INSTRUM           spect
PROBHD   5 mm PAQNP 1H/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 2048
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                 2050
DW               20.800 usec
DE                 6.50 usec
TE                295.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -2.00 dB
PL1W        52.55014801 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2                0.00 dB
PL12              15.78 dB
PL13              15.00 dB
PL2W        10.57504177 W
PL12W        0.27943584 W
PL13W        0.33441219 W
SFO2        400.1316005 MHz
SI                32768
SF          100.6127687 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

 
Fig. S2 The 13C NMR spectrum of USQ-1 in CDCl3 (100 MHz). 
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Fig. S3 The MS (ESI) spectrum of USQ-1. 
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2. The absorption responses of USQ-1 to metal ions. 
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Fig. S4 The absorption spectra of USQ-1 (2.5 μM) upon addition of K+, Ca2+, Zn2+, Cu2+, Ag+ 

(0-100 μM) in AcOH-H2O (10:90, v/v) solution. 
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3. Benesi-Hildebrand equation for 1:1 association. 
When assuming a 1:n stoichiometry for interaction between SQ and Hg2+, the equilibrium is given 

by the following equation: 

2 2SQ Hg SQ HgKn n    ············(1) 

The association constant, K, is therefore expressed as: 

     
2 2

2 2 2 2

0 0

SQ Hg SQ Hg

SQ Hg SQ SQ Hg Hg SQ Hg
n n

n n
K

n n n

 

   

        
                 

············(2) 

[SQ·nHg2+], [SQ], and [Hg2+] represent the equilibrium concentrations of the complex, free SQ, 

and free Hg2+, respectively. [SQ]0 and [Hg2+]0 are the initial concentrations of SQ and Hg2+, 

respectively. If [Hg2+]0 >> [SQ·nHg2+], the eq 2 can be simplified as follows: 

   
2

2 2

0 0

SQ Hg

SQ SQ Hg Hg
n

n
K

n



 

  
       

············(3) 

Eq. 3 is transformed to: 

     2
2

0
0 0

1 1 1
+

SQSQ Hg SQ Hg
nn K

 


      

············(4) 

The fluorescence intensity is given by the Beer-Lambert law as follows: 

 0 0 0
SQI l ············(5) 

  2
0 SQ SQ HgI l n l  

      ············(6) 

  2
max 0 max max

SQ SQ HgI l n l  
      ············(7) 

I0 is the fluorescence intensity of SQ without cations, I is the fluorescence intensity of SQ 

obtained with Hg2+, Imax is the fluorescence intensity of SQ in the presence of excess amount of 

Hg2+. By means of eqs 5, 6, 7 the following equation is obtained: 

2
max 0 max

2
0

SQ Hg 

SQ Hg

nI I

I I n





   
   

············(8) 

In the presence of excess amount of Hg2+, [SQ·nHg2+]max is almost equal to [SQ]0. The eq 8 can 

therefore be replaced as follows: 

 max 0 0
2

0

SQ 

SQ Hg

I I

I I n 




   
············(9) 

Using eqs 4 and 9, the Benesi-Hildebrand equation is obtained as: 

2+0 max 0max 0
0

1 1 1

 ( ) Hg
nI I I IK I I

 
    

············(10) 
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4. The MS (ESI) spectrum of the complex of USQ-1 and Hg2+. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5 The MS (ESI) spectrum of the complex of USQ-1 and Hg2+. 
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5. The 1H NMR titration of USQ-1. 
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NAME               IC-1
EXPNO                 1
PROCNO                1
Date_          20110303
Time              15.44
INSTRUM           spect
PROBHD   5 mm PAQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9846387 sec
RG                  287
DW               60.800 usec
DE                 6.50 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1                0.00 dB
PL1W        10.57504177 W
SFO1        400.1324710 MHz
SI                32768
SF          400.1300083 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 
Fig. S6 1H NMR spectrum of USQ-1 in CDCl3. The mole ratio of [(CH3COO)2Hg] to [USQ-1] is 

0.5:1.0. 
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NAME               IC-2
EXPNO                 1
PROCNO                1
Date_          20110303
Time              15.50
INSTRUM           spect
PROBHD   5 mm PAQNP 1H/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9846387 sec
RG                  287
DW               60.800 usec
DE                 6.50 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1                0.00 dB
PL1W        10.57504177 W
SFO1        400.1324710 MHz
SI                32768
SF          400.1300079 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

 
Fig. S7 1H NMR spectrum of USQ-1 in CDCl3. The mole ratio of [(CH3COO)2Hg] to [USQ-1] is 

1.2:1.0. 
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6. The X-ray crystal data and structure refinement for USQ-1. 

 

Table S1 Crystal data and structure refinement for USQ-1.                    

Identification code USQ-1 

Empirical formula C38H54N4O2S4 

Formula weight 727.09 

Temperature 293(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 11.207(2) Å  alpha = 70.90(3) º 

b = 12.542(3) Å  beta = 85.07(3) º 

c = 15.394(3) Å  gamma = 89.15(3) º 

 

 

Volume 2036.9(7) Å3 

Z 2 

Density (calculated) 1.186 g/cm3 

Absorption coefficient 0.269 mm-1 

F(000) 780 

Crystal size 0.25 x 0.24 x 0.18 mm 

Theta range for data collection 3.22 º to 27.51º 

Index ranges -11 ≤ h ≤ 14; -16 ≤ k ≤ 16; -19 ≤ l ≤ 19 

Reflections collected 17264 

Independent reflections 8989 [R(int) = 0.0475] 

Reflections observed (>2σ) 5357 

Data Completeness 0.960 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8989 / 2 / 445 

Goodness-of-fit on F2 1.158 

Final R indices [I > 2σ(I)] R~1 = 0.1262   wR~2 = 0.2922 

R indices (all data) R~1 = 0.1860   wR~2 = 0.3362 

Largest diff. peak and hole 0.704 and -0.512 e.Å-3 
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Table S2 Hydrogen bond lengths (Å) and bond angles (º). 

D-H···A d(D-H) d(H···A) d(D···A) ∠DHA 

C(8)-H(8A)···S(4)   #1 0.99 2.80 3.655(6) 144 

C(14)-H(14)···O(2)  #1 0.95 2.53 3.182(6) 126 

C(26)-H(26B)···S(2) 0.99 2.64 3.109(6) 109 

C(28)-H(28A)···S(1) 0.99 2.52 2.879(6) 101 

C(29)-H(29B)···S(1) 0.98 2.79 3.323(8) 115 

C(30)-H(30B)···S(2) 0.99 2.62 3.037(8) 106 

C(33)-H(33A)···S(4) 0.99 2.79 3.239(7) 109 

C(35)-H(35A)···S(2) #3 0.99 2.83 3.774(6) 160 

C(35)-H(35A)···S(2) #2 0.99 2.83 3.774(6) 161 

C(35)-H(35B)···S(3) 0.99 2.39 2.840(6) 107 

C(36)-H(36A)···S(3) #2 0.98 2.84 3.578(8) 133 

C(37)-H(37B)···S(4) 0.99 2.58 3.017(7) 107 

Symmetry codes: #1: -x,2-y,-1-z; #2: -1-x,-y,-z; #3: -x,1-y,-z 

 

Table S3 π-π Stacking Interactions for USQ-1. 

Cg(I)…Cg(J) Symmetry 

code 

Dist. 

Centroids (Å) 

Dihedral 

angle (°) 

CgI_Perp 

dist. (Å) 

CgJ_Perp 

dist. (Å) 

Cg(1)→Cg(1) -X,1-Y,-Z 4.603(3) 0 3.585(2) 3.585(2) 

Cg(2)→Cg(2) 1-X,2-Y,-1-Z 4.733(3) 0 -3.578(2)    -3.578(2)    

Ring Cg(1): C(19)→C(20)→C(21)→C(22)→C(23)→C(24)→ 

Ring Cg(2): C(9)→C(10)→C(11)→C(12)→C(13)→C(14)→ 
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