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STUDY OF SUPRAMOLECULAR INTERACTION OF
N-METHYL FULLEROPYRROLIDINE WITH FREE-BASE

AND ZINC PORPHYRIN IN SOLUTION

SHIV SANKAR SAHAa, SUBRATA NAYAKa, SHALMALI BHATTACHARYAb,
SRINJAY BIDc, MOUMITA BOSEd AND SUMANTA BHATTACHARYAa*

The present work reports the non-covalent interaction of N-methyl fulleropyrrolidine (1) with a
designed free-base (2) and zinc porphyrin (3) in solution. Appreciable ground state interaction
of 1 with 2 and 3 occurs in 1,2-dichlorobenzene (DCB). Steady state fluorescence experiment
elicits significant quenching of the fluorescence of both 2 and 3 in presence of 1 in DCB and this
phenomenon is nicely utilized to determine the binding constant of 1-2 and 1-3 systems as 8,740
and 15,590 dm3×mol-1, respectively, in DCB. Time resolved fluorescence experiment reveals that
deactivation of the photoexcited 2 and 3 in presence of 1 occurs via static quenching mechanism.
Semiempirical PM3 calculations have generated the optimized geometric structure of 1-2 and
1-3 systems in vacuo. Heat of formation values for the said systems, namely, 1-2 and 1-3, evaluated
by PM3 calculations corroborate fairly well with the trend in the value of binding constant in
DCB.

ARTICLE

Introduction

Both electron transfer (ET) and energy transfer (EnT)
phenomena are studied explicitly for artificial
molecular and biological systems in recent past1-5.

Research on design and construction of photovoltaic
devices has gained current impetus due to its immense
effect for the generation of environmentally friendly
photovoltaic systems6,7. The idea of research in said area
mainly consists of various types of non-covalently and
covalently linked systems for the generation of artificial

DOI: https://doi.org/10.36094/sc.v89.2023.Study_of_Supramolecular_Interaction.Saha.125

Sci. and Cult. 89 (3–4) : 125-131 (2023)

a Department of Chemistry, The University of Burdwan,
Golapbag, Burdwan - 713 104, India.

b Department of Computer Science Engineering, Academy of
Technology, Adisaptagram, Hooghly, West Bengal - 712 502,
India.

c Department of Physics, Academy of Technology,
Adisaptagram, Hooghly, West Bengal - 712 502, India.

d Central Library, The University of Burdwan, Golapbag,
Burdwan - 713 104, West Bengal, India

* author for correspondence;
E-mail: sbhattacharya@chem.buruniv.ac.in

photo induced ET (PET) process8. The donor(D)-
acceptor(A) pair theory is the main basis behind the design
and construction of such systems.

The conjugate system, namely, fullerene-porphyrin,
have shown remarkable ability to exhibit both artificial PET
and/ PEnT as a result of complementary electronic
properties9,10 and most importantly, formation of self-
assembly due to spontaneous interaction between the said
components in solution11-18. The conjugated π-system of
porphyrin macro cycle triggers it to absorb light in the
spectral range of visible region and this particular property
of porphyrin is judiciously utilized for the preparation and
characterization of light-harvesting antennas19. On the
contrary, fullerenes and functionalized fullerenes are widely
employed as efficient electron acceptors and shoes fragile
light absorption as a result of forbidden singlet-singlet
electronic transition20-22. Due to the consolidating electronic
properties, fullerene-porphyrin self-assembled systems are
suitably employed in the construction of photosynthetic
models and to generation of artificial PET and/ PEnT
process(s)23,24. Due to versatile characteristic features as
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discussed above, fullerene-porphyrin system find its role
as essential component in devising photoelectrical
system25, for the construction of nano composite
materials26 and establishes its potential prospect in
pharmaceutical and medical sciences27.

In very recent past, systems containing porphyrin,
C60 and pyrene have shown chemical versatility28. Utilizing
the adsorption phenomenon of porphyrin analogue over
the dodecane/water interface, the PET phenomenon in a
fullerene-porphyrin system has been established29.
Moreover, conjugated bridging by way of interfacing in
tetrapyridyl C60--porphyrin dimers is shown to be very
much effective for exhibiting prominent ultrafast charge
separation30. In recent past, variation of effect of donor/
acceptor size with rate of PET process is well interpretated
by Tkachenko et al31.

Therefore, investigations of non-covalent interaction
of a functionalized fullerene, e.g., N-methyl fulleropyrrolidine
(1) with designed free-base (2) and zinc porphyrin (3) in
solution warrants timelyresearch in the context of cited
literature as mentioned above. The present paper reports
supra molecular binding of 1 (Fig. 1(a)) with 2 (Fig. 1(b))
and 3 (Fig. 1(c)) in 1, 2-dichlorobenzene through the
process of self-assembly. The conformation stability and
geometric structures of 1-2 and 1-3 systems are predicted
by semiempirical calculations in vacuo.

Materials and Methods

1 and 2 are obtained from Sigma-Aldrich, USA. 3 is
synthesized and the method is described in Scheme 1.
UV-vis spectroscopic grade 1,2-dichlorobenzene (DCB)
(Merck, India) is used as solvent which provides additional
photostability and solubility to both acceptor (here 1) and
donors (here 2 and 3). UV-vis spectral investigations are
carried out in a UV-2450 model spectrophotometer. Steady
state fluorescence spectra of the samples are measured in
a Hitachi F-7000 model spectrofluorimeter. For the time
correlated single photon counting (TCSPC) measurements,
the samples are excited at 374 nm using a nano second
diode laser (IBH Nanoled) in an HORIBA Jobin Yvon

Single Photon Counting Setup. The typical fwhm of the
system response using a liquid scatter is about 200 ps.
The repetition rate is 1 MHz. The fluorescence decay
curves are analyzed using IBH DAS6 software.
Semiempirical third parametric method (PM3) calculations
are performed by SPARTAN’14V1.1.0 Windows version
software in a Pentium IV computer.

Results and Discussions

UV-vis spectroscopic investigations: Measurements
of UV-Vis absorption spectra of uncomplexed 1,
uncomplexed 2 and uncomplexed 3 along with 1-2 and 1-3
systems reveal ground state electronic interaction of 1 with
2 and 3 in DCB. The UV-vis spectrum of both 2 and 3 in
DCB shows intense absorption spectral features as a result
of rich conjugated aromatic system. For 2 and 3, the
stronger and the well-resolved absorption bands are
visualized in the visible region (ranging from 300 to 650
nm and these bands are defined as Soret (or B) and Q
absorption bands. For metalloporphyrin (here 3), B and Q
absorption peaks are originated in accordance with the
theoretical model provided by Gouterman et al.32,33. The
B and Q absorption peaks in free-base and metalloporphyrin
correspond to the vibronic sequence which is resulted by
the electronic transition between the ground singlet S0 to

2nd excited singlet state (S2) and
from the S0 to 1st excited singlet
states (S1), i.e., S2←S0 and S1←S0,
respectively. The main absorption
peaks of 1 consist in the visible
range of two major absorption
bands, that is, one at 329 nm and
one at 432 nm. The spectral
characteristics of 1 (recorded in
DCB and measured against theFig. 1. Structure of (a) 1, (b) 2 and (c) 3

Fig. 2. UV-Vis absorption spectrum of (a) 1 (dark brown color
line), (b) 2 (black colour line)and (c) 1-2 system (red colour line)
done in DCB and recorded against the solvent as in reference.
The concentration of 1 and 2 are maintained at 3.358 × 10-5

mol × dm-3 and 4.787 × 10-6 mol×dm-3, respectively, in solution
during measurement of absorption spectra.
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solvent as reference) is demonstrated in Fig. 2. Absorption
spectrophotometric measurements provide formidable
evidence in favour of non-covalent binding between 1 and
porphyrins. It is observed that the absorption spectra of
both 2 and 3 shows reduction in the value of absorbance
at its both Soret and Q absorption bands following the
addition of 1. This feature is certainly indicative of
complexation between 1 and 2 (/and 3) in DCB. One typical
absorption spectral variation of 2 in absence and presence
of 1 are shown in Fig. 2. The reduction in the absorbance
value of 3 during complexation with 1 is found to be more
compared to 2 as evidenced from Fig. 3. This phenomenon
indicates stronger binding of 3 with 1 compared to 1-2
system.However, no additional absorption peaks are
observed in both the cases observed which is indicative
of absence of charge transfer
interaction for both 1-2 and 1-3
systems.

Steady State and Time
Resolved Fluorescence Studies: To
explore the photo induced behavior
of 2 and 3 in presence of 1, steady-
state fluorescence titration
measurements are done in DCB.
Fluorescence measurement is very
much useful in finding the
recognition motif of 1 towards 2
and 3 during supramolecular
interaction. Following the gradual
addition of fullerene (here 1 is kept

at fixed value of concentration) to the solution of
porphyrins (here 2 and 3), it is observed that the
fluorescence intensity of both 2 and 3 suffers reduction in
intensity compared to what observed in absence of 1. The
porphyrins are excited at their corresponding Soret (S2←
S0) absorption peak. Typical steady state fluorescence
titration experiments for 1-2 and 1-3 systems are nicely
demonstrated in Figs. 4(a) & 5(a), respectively. Plot of
fluorescence intensity ratio, i.e., (fluorescence intensity of
uncomplexed porphyrin/fluorescence intensity of complexed
porphyrin) against concentration of the quencher (here 1)
originates excellent linear plots for both 1-2 and 1-3 systems
as demonstrated in Figs. 4(b) & 5(b), respectively. This
observation establishes the occurrence of static quenching
mechanism behind the deactivation of the photoexcited
porphyrins (here 2 and 3) in presence of 1. In our present
work, spontaneous mixing of the individual components,
i.e., 1 and porphyrins (i.e., both 2 and 3), form an inter
complex superstructure which is very much responsible
behind deactivation of the singlet excited state of both2
and 3 in presence of 1. The quenching efficiency (Q) is
estimated to be highest in case of 1-3 system (Q = 77%)
and it exhibits 6% more quenching efficiency than that
measured in case of 1-2 system (Q = 71%). This finding
certainly proves strong association between 1 and 3 in
solution than that for 1-2 system.Steady state fluorescence
investigations elicit the binding constant (K) for the
complexes of 1 with 2 and 3 in DCBwith the help of plots
as described in Figs. 4(b) & 5(b)34. Following correlations
are obtained:

For 1-2 system:

F0/F = (0.995 ± 0.005) + (8740 ± 265);
Correlation Coefficient = 0.99. (1)

For 1-3 system:

F0/F = (0.985 ± 0.012) + (15590 ± 735);

Fig. 3. UV-Vis absorption spectral variation of 3 (9.40´ 10-7 mol ×
dm-3)recorded in DCB in absence and presence of 1 (2.50´
10-5mol×dm-3).

(a) (b)

Fig. 4. Steady state fluorescence spectral variation of 2 (4.7868×10-6 mol.dm-3) in absence and
presence of 1 (2.40 × 10-6 to 3.60 × 10-5 mol.dm-3); (b) Plot of F0/F vs. concentration of 1
for 1-2 system for the determination of K.
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Correlation Coefficient = 0.99. (2)

Table 1. Values of binding constant (K, dm3.mol-1)
measured from steady state fluorescence measurements
and heat of formation (DHf

0, dm3.mol-1) values for 1-2
and 1-3 systems obtained from semiempirical PM3
calculations in vacuo.

Systems K, dm3.mol-1 ΔΔΔΔΔHf
0, dm3.mol-1

1-2 8,740 ± 265 19.5

1-3 15590 ± 735 -11.5

The values of K are reported in Table 1. Table 1
reveals high value of K for 1-3 system, i.e., K1-3 = 15,590
dm3×mol-1 compared to 1-2 system, i.e., K1-2 = 8,740
dm3×mol-1. Table 1 also predicts the selectivity in binding
between the complex of 1-3 and 1-2, i.e., K1-3/K1-2 is
determined to be ~ 1.80. Although, the selectivity in binding
in our present work is estimated to be lower compared to
bridged calix[5]arene (~10.2)35, it shows very much
comparable value compared with complex host molecule
likeazacalix[m]arene[n]pyridine (~1.9)36 and that of
cyclotriveratrylenophane (~2.5)37. However, reported
selectivity of binding of syn-1 (a designed bisporphyrin)
with C60 and C70 is estimated to be ~ 6.3538 which is
exhibiting ~3.5 times higher value of selectivity in binding
compared to that of K1-3/K1-2 determined in present work.

Apart from steady state fluorescence measurements,
a detailed nanosecond time-resolved fluorescence
experiments are also performed for the 1-2 and 1-3 systems
in DCB using 375 nm laser pulses. The concentration of
both 2 and 3 are kept at a fixed value throughout the
experiment. In time-resolved fluorescence experiments, both
2 and 3 decay mono-exponentially; the lifetime value of
the singlet excited state (τ0) of 2 and 3 are measured to be
13.95 and 1.65 ns, respectively (listed in Table 2). The

decrements in the lifetime value of 2and 3 in presence of 1
are computed to be only 1% for 1-2 and 1-3 systems,
respectively, which absolutely supports the rationale of
static quenching mechanism behind the photo excited
decay of both 2 and 3 in presence of 1. Typical decay
curves constructed for 1-2 and 1-3 systems (recorded in
DCB) may be visualized in Figs. 6(a) & 6(b), respectively.
The notable feature of the lifetime measurements is that in
both the cases, no significant decrement in the value of τ0
is observed even when lifetime titration experiments are
performed in DCB. As polarity index of DCB is supposed
to be high compared to other solvent like toluene, it may

be inferred that there is no
possibility of electron transfer
mechanism behind the
photoexcited decay of 2 and 3 in
presence of 1. Moreover,the
lifetime experiment rules out
existence of any sort of diffusion
driven process in present
investigations. As the value of τ0
for both 2 and 3 do not undergo
considerable change in presence of
the quencher (here 1), there is no
chance of getting the lifetime value
in different time scale region like
picosecond or femtosecond. This

Table 2. Lifetime values of 2 and 3, i.e., in absence (t0)
and presence of 1 (t) recorded in DCB.

System 105 Concentration 109t0, ns t, ns
of 1, mol.dm-3

2 – 13.95

1-2 1.44 – 13.882

1.68 – 13.911

1.92 – 13.868

2.15 – 13.905

2.40 – 13.925

2.64 – 13.833

3.35 – 13.846

3.60 – 13.847

3 – 1.65

1-3 1.25 – 1.629

1.43 – 1.630

1.80 – 1.624

2.15 – 1.629

2.50 – 1.628

2.70 – 1.624

(a) (b)

Fig. 5. Steady state fluorescence spectral variation of 3 (9.40×10-7 mol.dm-3) in absence and
presence of 1 (3.60 ×10-6 to 2.70 ×10-5 mol.dm-3); (b) Plot of F0/F vs. concentration of 1 for
1-3 system for the determination of K.
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important finding also supports the view of static
quenching mechanism associated with binding phenomena
behind the quenching and g of fluorescence of both 2
and 3 in presence of 1 in DCB.

Utilizing the values of τ0 and
t, one important physico chemical
parameter, namely, bimolecular
quenching constant (kq) for 1-2
and 1-3 systems have been
determined in present work. The
value of kq for 1-2 and 1-3 systems
are calculated from KSV with the
help of relation KSV = kq.τ0, where
τ0 denotes the lifetime of the
uncomplexed porphyrins, i.e., 2 and
3 (Fig. 7). The order of kq for the
above mentioned systems is
reported to be in the range of 1011

which also cancels the occurrence
of any diffusion driven process in
present work. As diffusion-
controlled quenching reaction
typically produces kq value in the
order of 1010 dm3 × mol-1 × sec-1

39, the reported value of kq in our
present investigations surely
indicate binding interaction is the
only path behind photo excited
decay of 2 and 3 in presence of 1.

Computational Chemistry
Calculations: In present
investigations, quantum chemical
calculations using semiempirical
PM3 model generate geometric
structure through process of
energy minimization. The optimized
geometric structures of 1-2 and 1-3
systems are demonstrated in Figs.
8(a) & 8(b), respectively.  The
substantial binding of 1 with 3 is
reflected with less value of heat of
formation (ΔHf

0= -11.5 kcal×mol-1)
for this particular complex than that
of 1-2 system (ΔHf

0 = 19.5 kcal×mol-
1). Trend in ΔHf

0 value suggests
that 1-3 complex is enthalpically
more stable compared to 1-2
complex by 30.0 kcal×mol-1. The

above phenomenon affirms that van der Waals attractive
forces play significant role in binding interaction between
fullerene and porphyrin40,41. PM3 calculations also
generate molecular electrostatic potential maps (MEPM)

Fig. 6. Decay profile of 2 (4.80 ×10-6 mol.dm 3) and 3 (9.40 ×10-7 mol.dm 3) in presence of
1 (1.25×10-5 mol.dm3 to 3.60 ×10-5 mol.dm3) recorded in DCB.

(a) (b)

Fig. 7. SV type plot for (a) 1-2and (b) 1-3 systems done in DCB.

(a)

Fig. 8. PM3 optimized geometric structures of (a) 1-2 and (b) 1-3 systems done in vacuo.

(b)
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for 1-2 and 1-3 systems which are visualized in Figs. 9(a)
& 9(b), respectively. Generation and visualization of frontier
molecular orbitals and MEPM establish the donor-acceptor
type electronic interaction between 1 (here acceptor) and
porphyrins (here 2 and 3).

Conclusions

The key features of present work may be summarized
as follows:

(1) An effective ground state supramolecular
interaction occurs between a functionalized
fulleropyrrolidine (here 1) and porphyrins, namely,
free-base (2) and zinc porphyrin (3) in DCB.

(2) The interaction is purely in van der Waals type
and it is not controlled by any charge transfer
type mechanism.

(3) Magnitude of the values of binding constants
surmises that 3 (zinc porphyrin) undergoes strong
intermolecular interaction with 1 compared to 2
(free-base porphyrin).

(4) Very low selectivity in binding between the
complexes of zinc and free-base porphyrin with 1
indicates that the binding is of purely electrostatic
in nature.

(5) Both steady state and time resolved fluorescence
experiments establish that the photo excited decay
of both 2 and 3 in presence of 1 only occurs via
static quenching mechanism compared to dynamic
mechanism.

(6) Optimized geometric structures of 1-2 and 1-3
systems along with the determination of enthalpy
of formation values for the above mentioned
systems in vacuoprovide very good support in
favour of strong electronic interaction between
functionalized fullerene and the porphyrins and
moreover, give clear evidence in favour of strong
binding of 1 with 3 compared to 2.

(7) Generation of molecular electrostatic potential maps
for the 1-2 and 1-3 systems would certainly
provide very good perspective for the construction
of fulleropyrrolidine based photovoltatic devices
in near future.
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