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General method of UV-vis and fluorescence titration: 

By UV-vis method 

Binding constant was calculated according to the Benesi-Hildebrand equation. Ka was calculated 

following the equation stated below. 

   1/(A-Ao) = 1/{K(Amax–Ao) [Mx+]n} + 1/[Amax-Ao]  

Here Ao is the absorbance of receptor in the absence of guest, A is the absorbance recorded in 

the presence of added guest, Amax is absorbance in presence of added [Mx+]max and K is the 

association constant. The association constant (K) could be determined from the slope of the 

straight line of the plot of 1/(A-Ao) against 1/[Mx+] and is found to be 1.04 × 104 M-1. 
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Figure S1: Benesi-Hildebrand plot from absorption titration data of receptor (20 µM) with Fe3+. 
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General procedure for drawing Job plot by UV–vis method 

Stock solution of same concentration of the receptors and the guest were prepared in the order of 

ca. 2.0 x 10-5 ML-1 CH3CN-H2O (1:1, v/v). The absorbance in each case with different host–

guest ratio but equal in volume was recorded. Job plots were drawn by plotting ∆I.Xhost vs Xhost 

(∆I = change of intensity of the absorbance spectrum during titration and Xhost is the mole 

fraction of the host in each case, respectively).  
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Figure S2: Job's plot diagram of receptor for Fe3+ ion (where Xh is the mole fraction of the host 
and ΔI indicates the change of absorbance at 530 nm). 
 
 
By fluorescence method: 

The binding constant value of Fe3+ with receptor has been determined from the emission 

intensity data following the modified Benesi–Hildebrand equation, 1//∆I = 1//∆I max 

+(1/K[C])(1//∆I max). Here ∆I = I-Imin and ∆I max = Imax-Imin, where Imin, I, and Imax are 

the emission intensities of receptor  considered in the absence of Fe3+, at an intermediate Fe3+ 

concentration, and at a concentration of complete saturation where K is the binding constant and 

[C] is the Fe3+concentration respectively. From the plot of [1 / (Imin –I)] against [C]-1 for 

receptor, the value of K has been determined from the slope. The association constant (Ka) as 

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



 4 

determined by fluorescence titration method for  the receptor  with Fe3+ is found to be 5.9 × 105 

M-1 (error < 10%). 
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Figure S3: Benesi–Hildebrand plot from fluorescence titration data of receptor (2 µM) with 

Fe3+. 

Determination of detection limit: 

The detection limit was calculated based on the absorption and fluorescence titration. To 

determine the S/N ratio, the emission intensity of RHP without Fe3+ was measured by 10 times 

and the standard deviation of blank measurements was determined. The detection limit is then 

calculated with the following equation:  

DL = K* Sb1/S  

Where K = 2 or 3 (we take 3 in this case); Sb1 is the standard deviation of the blank solution; S is 
the slope of the calibration curve. 

For UV-vis: 
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From the graph, we get slope = 48612.2082, and Sb1 value is 0.0087 

Thus using the formula we get the Detection Limit = 5.554 x 10-7 M i.e. RHP can detect Fe3+ in 
this minimum concentration through UV-vis method. 

For Fluorescence: 
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From the graph we get slope = 6.2754 x 1011, and Sb1 value is 772.76 

 

Thus using the formula we get the Detection Limit = 3.6 x 10-8 M i.e. RHP can detect Fe3+ in this 
minimum concentration through fluorescence method. 

 

ESI MS spectra of compound C: 

 

 

 

Figure S4: ESI TOF mass spectra of the compound C. 
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1 H NMR spectra of the compound C: 

 

 

 

Figure S5: 1H NMR (400 MHz) spectra of compound C in d6 DMSO. 

 

 

 

 

 

 

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



 8 

 

 

1 H NMR spectra of the receptor (RHP): 

 

 

 

Figure S6: 1H NMR (400 MHz) spectra of the receptor (RHP) in CDCl3. 
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ESI MS spectra of the receptor: 

 

 

 

Figure S7: ESI TOF (HRMS) mass spectra of the receptor (RHP). 
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13C NMR spectra of the receptor (RHP):  

 

 

Figure S8: 13C NMR (100 MHz) spectra of the receptor in CDCl3. 
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IR spectra of the receptor and its Fe3+ complex: 
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Figure S10: FT IR spectra of the receptor and its complex with Fe3+. 
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Figure S11: Partial IR spectra of RHP and its complex with Fe3+ 
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IR spectra of RHP and RHP-Fe3+ were taken in KBr disks, respectively. The peak at 1720 cm-1, 
which corresponds to the characteristic amide carbonyl absorption of RHP, was shifted to 1648 
cm-1 upon chelating with Fe3+, indicating that rhodamine carbonyl group is involved in Fe3+ 
coordination. 
 

 

 

 

 

 

Figure S12: 1H NMR (400 MHz) spectra of RHP (a) and its complex with Fe3+ (b) in d6 
DMSO: D2O (9:1). 
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Fluorescence emission spectra of the receptor with different guest cations in CH3CN-
HEPES buffer solution (1:1, v/v, pH = 7.2): 
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UV-vis Absorption titration spectra of the receptor with different guest cations in CH3CN-
HEPES buffer solution (1:1, v/v, pH= 7.2): 
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The first order rate constant was calculated from the changes of absorbance curve of RHP 
(20 µM) at different time interval by addition of Fe3+ (20 µM).  

 

From the time vs. absorbance plot (Figure S12) at fixed wavelength 530 nm by using first order 
rate equation we get the rate constant = k = slope×2.303 = 3.2×10-2 Sec-1. 

 

 

 

 

 

          

 

 

Figure S13: Time (Sec) vs. absorbance plot at 530 nm   

 

X-ray Crystallography: 

Crystal structure of the RHP was determined by single crystal X-ray diffraction from data 

collected at room temperature. A single crystal of 0.279 x 0.274 x 0.187 mm3
 in size was 

mounted on a glass fiber with epoxy cement for X-ray crystallographic study. The data were 

collected using a Bruker APEX2 CCD diffractometer with the graphite monochromated MoKα 

radiation at a detector distance of 5cm and with APEX2 software (Bruker, 2009). The collected 
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data were reduced using SAINT program and the empirical absorption corrections were 

performed using the SADABS program. The structure were solved by direct methods and refined 

by least-squares using the SHELXTL software package.  All non-hydrogen atoms were refined 

anisotropically whereas hydrogen atoms were refined isotropically. All N-bound atoms were 

located in difference Fourier maps and refined freely. The disordered O-bound atoms were 

located in difference Fourier maps and refine with with Uiso (H) = 1.5 Ueq (O).  The remaining 

hydrogen atoms were positioned geometrically with Uiso (H) = 1.2 or 1.5 Ueq (C). A rotating-

group model was applied for the methyl groups. 

                                 Table 1: X-ray crystallographic data  

Compounds RHP 

(CCDC 935238) 

Formula C33H33N5O4·C2H3

N 

Formula Weight 604.70 

Crystal System Triclinic 

Space Group P-1 

T, K 100 

Z 2 

a,Å 9.7783 (6) 

b,Å 11.5330 (7) 

c,Å 15.7730 (14) 

α,deg 102.191 (2) 

β,deg 95.289 (2) 

γ,deg 112.724 (1) 
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V, Å3 1573.63 (19) 

dcalcd , g/cm3 1.276 

µ, mm-1 0.09 

Reflections with I > 
2σ(I) 

5662 

Independent  
reflections 

9237 

θ range, deg 2.0–30.2 

GOF (F2) 1.03 

R1 (wR2), % 0.049, 0.160 

 

 

Table 2 Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A 
O4—H2O4···O3i 0.87 2.28 2.931 (7) 132 
C5—H5A···O2ii 0.93 2.45 3.3328 (18) 158 
C27—H27B···O4iii 0.96 2.60 3.419 (7) 144 
C30—H30A···O1iv 0.96 2.60 3.549 (3) 171 

Symmetry codes: (i) x+1, y, z; (ii) −x+1, −y, −z; (iii) x−1, y−1, z; (iv) −x+2, −y, −z+1. 
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Figure S14: The molecules are linked to form a three-dimensional network 

 

Computational study: 

Computational method 

Full geometry optimizations were carried out using the density functional theory (DFT) method 

at the B3LYP [1-3] level for the ligand RHP and its octahedral Fe3+ complex. All element except 

Fe were assigned 6-31+G(d) basis set. The LANL2DZ basis set with effective core potential 

(ECP) set of Hay and Wadt [4] was used for Fe. The vibrational frequency calculations were 

performed to ensure that the optimized geometries represent the local minima and there were 

only positive eigen values. Vertical electronic excitations based on B3LYP optimized geometry 

of RHP was computed using the time-dependent density functional theory (TDDFT) formalism 

[5-7] in acetonitrile using conductor-like polarizable continuum model (CPCM) [8-10]. All 

calculations were performed with Gaussian03 program package [11] with the aid of the 

GaussView visualization program. 
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Figure S15: Contour plot of some selected molecular orbitals of RHP 
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Table 3 Calculated vertical electronic transitions of RHP calculated by TDDFT method 
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