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Experimental Details

Sample preparation and steady-state measurements

Details of the synthesis, characterization, and X-ray crystallographic analysis of 1 are 

described elsewhere.1 HPLC-grade solvents were purchased from Sigma-Aldrich and used 

without further purification. Steady-state absorption spectra were measured on a UV/Vis/NIR 

spectrometer (Varian, Cary5000) and fluorescence spectra in the range of visible wavelength 

region were measured on a fluorescence spectrophotometer (Hitachi, F-2500). Fluorescence 

spectra are spectrally corrected by using correction factor of the fluorescence 

spectrophotometer. The NIR fluorescence was detected using a monochromator (Acton 

Research, SP2150) with a focal length of 15 cm attached to a near-infrared (NIR) 

photomultiplier (Hamamatsu, H9170-75) and a lock-in amplifier (EG&G, DSP-5210) 

combined with a mechanical chopper and recorded after laser excitation at 442 nm from 

a continuous wave (CW) He-Cd laser (Melles Griot, Omnichrome 74). A quartz cell 

(Hellma) with a 10 mm optical path length was used for all steady-state measurements. 

Computational Methods

Quantum chemical calculations were performed with the Gaussian 16 program.2 Full geometry 

optimizations of the host 1 and complex 1:C60 were calculated using density functional theory 

(DFT)3-4 Becke’s three-parameter hybrid function with the non-local correlation of Lee-Yang-

Parr (B3LYP)5 method in gas phase. We calculated all of the above calculations were using 6-

31G(d)6-9 basis set. Also, In order to include the solvent polarization effect was used in 

calculation for the host 1 and complex 1:C60 in toluene. Polarized Continuum Model (PCM)10-

11 for the ground state geometry optimization. After optimization, absolute 1H NMR chemical 

shifts were calculated with the GIAO12-16 method using corresponding TMS shielding 

calculated at the same theoretical level.

Femtosecond Transient Absorption Measurements. Femtosecond time-resolved transient 

absorption (fs-TA) spectra were recorded on a spectrometer consisting of an Optical Parametric 

Amplifier (OPA) (Palitra, Quantronix) pumped by a Ti:sapphire regenerative amplifier system 

(Integra-C, Quantronix) operating at a 1 kHz repetition rate in conjunction with an optical 



detection system. The generated OPA pulses had a pulse width of ~ 100 fs and an average 

power of 100 mW in the range 280-2700 nm and were used as pump pulses. White light 

continuum (WLC) probe pulses were generated using a sapphire window (3 mm of thickness) 

by focusing a small number of the fundamental 800 nm pulses, which were picked off by a 

quartz plate before entering into the OPA. The time delay between pump and probe beams was 

carefully controlled by making the pump beam travel along a variable optical delay (ILS250, 

Newport). The intensities of the spectrally dispersed WLC probe pulses were monitored by a 

high speed spectrometer (Ultrafast Systems). To obtain the time-resolved transient absorption 

difference signal (ΔA) at a specific time, the pump pulses were chopped at 500 Hz and the 

absorption spectral intensities were saved alternately with or without the pump pulse. 

Typically, 4000 pulses were used to excite the samples and to obtain the fs-TA spectra at a 

particular delay time. The polarization angle between the pump and probe beams was set at the 

magic angle (54.7°) using a Glan-laser polarizer with a half-wave retarder in order to prevent 

polarization-dependent signals. The cross-correlation FWHM in the pump-probe experiments 

was less than 200 fs and the chirp of WLC probe pulses was measured to be 800 fs in the 400-

800 nm region. To minimize chirp, all-reflection optics in the probe beam path and the 2 mm 

path length of quartz cell were used. After the fluorescence and fs-TA experiments, the 

absorption spectra of all compounds were checked to determine if there were artifacts due to 

sample degradation or photo-oxidation. HPLC grade solvents were used in all steady-state and 

time-resolved spectroscopic studies. The three-dimensional data sets of ΔA versus time and 

wavelength were subjected to singular value decomposition and global fitting to obtain the 

kinetic time constants and their associated spectra using Surface Xplorer software (Ultrafast 

Systems).

Nanosecond Transient Absorption Measurements. Nanosecond transient absorption spectra 

were measured using a nanosecond flash photolysis technique. Excitation pulses are tuned by 

using Surelite OPO (optical parametric oscillator) pumped by 355 nm with a time duration of 

ca. 6 ns and energy of ca. 2 mJ/pulse were generated from the third harmonic output of a 

Continuum model Surelite Q-switched Nd:YAG laser. The probe light generated by a cw Xe 

lamp (150 W) was collimated on the sample cell and then spectrally resolved by using a Acton 

Research model SP150 monochromator (15 cm) equipped with a 600 grooves/mm grating with 

a spectral resolution of about 3 nm. The light signal was detected by using a Si avalanche 



photodiode (Hamamatsu, model C5331), and recorded with a 500 MHz digital storage 

oscilloscope (Tektronix, model TDS3052). To ensure the data, we first examined the triplet 

state dynamics of zinc (II) tetraphenylporphyrin in toluene at 25 ˚C, which gave the lifetime of 

1 ms.



Fig. S1 a) Calculated electronic vertical transitions, b) energy levels and molecular orbitals, 
and c) major transitions of free host 1 calculated by TDDFT using B3LYP employing the 6-
31G(d) basis set. 



a) b)

c) d)

Fig. S2 a) Partial views of the absorption spectral changes upon addition of C60 up to 30 

equivalents. b) Nonlinear fitting of ΔA at 1040 nm to 1:1 binding profile; the inset shows the 

resulting association constant, Ka. Job plots constructed from absorption spectral changes both 

at c) 840 and d) 1040 nm demonstrating the 1:1 stoichiometry.



Fig. S3 Optimized structures and relative energies (in kJ/mol) of a) 1 and b) 1:C60 calculated 
at the B3LYP with a 6-31G(d) and B3LYP with a 6-31G(d)/PCM(toluene). 

.



.

Fig. S4 Input and optimized structures of complex 1:C60 and their binding energies compared 
to pristine 1 and C60.



Fig. S5 Partial views of the carbon NMR spectra of complex 1:C60, free host 1, and C60 in 
toluene-d8 at 293 K.



a)

b)

Fig. S6 fs-TA spectra a) 1 and b) 1:C60 in the NIR region at the time delays of 3, 4, and 5 ns.



a)

b)

Fig. S7 a) Cyclic and differential pulse voltammograms of free host 1. Supporting electrolyte: 
0.10 M tetrabutylammonium hexafluorophosphate in CH2Cl2/acetonitrile (4:1 ratio); working 
electrode: glassy carbon rod; counter electrode: platinum wire; reference electrode: Ag/0.01M 
AgClO4. b) Oxidative electrochemical titrations carried out at the first oxidation potential of 
0.9 V.
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Fig. S8 Decay profiles and triplet lifetimes of a) free host 1 and b) complex 1:C60 in 
toluene/paraffin oil (1:19) measured by nanosecond flash photolysis technique
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