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Recent studies have shown that fullerenes and porphyrins or
metalloporphyrins form supramolecular heguest complexes, of
which the majority contain closest contacts between one of the
electron-rich 6:6 bonds of the guest fullerene and the geometric
center of the host porphyrin or metalloporphytifi. Contact
distances are of the order of 2:3.0 A, much longer than normal 1 2 3
metat-olefin bonding distances commonly found in organometallic £jgyre 1. The PBE/DZP optimized structures ofdietraphenylporphyrin
complexes. The nature of the fullerengorphyrin interactions is (1, 1554 STOs), @/tetraphenylporphyrinato-zin2( 1576 STOs), @/
not easily described in terms of conventional bonding arguments; tetraphenylporphyrind; 1684 STOs), and fgtetraphenylporphyrinato-zinc
instead, explanations that account fof s interactions or van der (4, 1706 STOs).
Waals forces are required to explain the supramolecular assoéfetion.  7ape 1. The Closest Center-to-Center Distances (De in A),
A recent study by Reed et al. found that a free-base porphyrin binds Interaction Energies in kcal/mol Together with the Three Energy

Cso SOomewhat more strongly than do metalloporphytfrsyggest- ~ Components, and VDD Atomic Charges of 1—4
ing the importance of electrostatic interactions. Charge-transfer 1 2 3 4
interactions between the host and guest have also been invoked in p__(calcd) 2743 2770 2.908 2864
the literature® Clearly, the nature of the fullerengorphyrin Dcc (exptp 2.756 2.720 2.884 2.814
interactions is still not clearly understood, and we report here high-  AEn —17.33 —16.25 —18.39 —18.11
i i AVeistat —20.75 —29.51 —21.67 —26.67
Ittre]vel thcetoretlgal calculations to address more fully the nature of A 1584 1851 7 1893
ese interactions. AEpaui 19.26 31.76 20.49 27.50
Our calculations employed the PerdeRurke—Ernzerhof (PBE) S AQuiterend’PP -0.12 —-0.10 ~0.14 ~0.13
density functionaf, which has been used in the study of weak 3 AQporphyrin’P° 0.12 0.10 0.14 0.13

interaction< In addition, the extended transition state method was
used to decompose the interaction enefdy, into electrostatic
AVeistas Orbital AE,;, and Pauli-repulsioAEp,;termsi® All density
functional theory (DFT) calculations have been performed using a

double< Salter-type (STO) basis set plus polarization functions results also show that the complexes having & the guestX

(DZP) aT |nclluded Wl'th ADF 2002|'12'|Tth2 gegmetrlt;s of .fOlIJ:r. and4) show a slightly larger degree of charge transfer and greater
iupramo ecular complexes were cajculated and are Snown In Fgur§,q 4 ction energies. The interaction energies given here are smaller

. . than those obtained by molecular mechanics calculatier28.Q

th The Cﬂcqlat?d d'Stgr;ﬁeg‘(lC) btetwegnhtgtle(sgs orzet;ltt:hce?tﬁrs of to —33.6 kcal/mol)2but are greater than those obtained from BLYP
€ porp y”: ”.rt]r?tﬁn € elec rtoT-nCI ' T %Téaf Th'e Iu elrene calculations without BSSE corrections .8 to —7.7 kcal/mol)!2
igetkllr;;ccorasmg rthe? tegsﬁigrgencglgé};?ns (tk?e PBE/DIZSPet\)/'id'n It is possible that the force field used in molecular mechanics
nerai yfwrb lrJ]Z mébenzen yn htuh II 9 hthalen dimlr N9 calculations may have overestimated the contribution to the total
energies for benzenwenzene, hapnthaleneapnthalene ers, energy by the van der Waals interactions.
and a naphthalereanthracene complex. The binding energies .
btained f the PBE/DZP level without tion for basi i Table 1 also shows that for all complexes both the electrostatic
obtained from the evel withou® correction 1or basis S€t 4 the orbital interaction terms are attractive, while the Pauli term,
superposition error (BSSE) agreed with those reported in the

literaturé? (see Supporting Information). These results suggest that which accounts for the interactions between closed shells, is
I pp 9 ) ' ) 99 repulsive as expected. The orbital interaction energy arises mainly
traditional BSSE corrections using the counterpoise method may

tb licable wh ing the PBE functional. Th from charge transfer between occupied and unoccupied orbitals.
go dmi; FI)IE;)%?phey\r/;/n ignﬂzllgges?/vhere t%récsl?eni)én dse;tgsesomeThe attractive electrostatic interactions are much greater for those
6 . . . .
; . i complexes having a metalloporphyrin as the host molecule which
the closest contact with the metal cent&sThis experimental P 9 porphy

observation implies that the exceptional structural orientation of has a greater charge separation because of the presence of a metal
having a 56 boEd located on the cgntral metal ion also corres Ondscenter. Pauli repulsive interactions increase significantly on going
ga>:5 0o . P from the free-base porphyrin complexes to the metalloporphyrin
to a minimum in the potential energy surface. . o A .
. ) . complexes, while the orbital interaction energies change only
The results in Table 1 show that the interaction energy for the

Col hvri . ter than that for theggmetall hvri moderately. The relative changes in the three components of the
s/ POrpnyrin @) is grea er than that for thegeZmetalioporphyrin total interaction energy indicate that complexes with a metallopor-
(2), in good agreement with the experimental observation that a

o hyrin host have a smallekE;; because of increased repulsive
free-base porphyrin bindsg&more strongly® For the two Go E’aﬁli interactions n P

e . . . 0
T Present address: Department of Chemistry, Guizhou University, Guiyang, Electrostatic |'nter.act|ons. contribute approxmatgly—!?OA; tO.
Guizhou 550025, China. E-mail: ybw@gzu.edu.cn. the total attractive interactions. The other attractive interactions

a2The X-ray crystal structures were taken from refs 1a and 2a.

complexes § and 4), the G¢/porphyrin @) has only a slightly
greater interaction energy than the/@etalloporphyrin4). These
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and host molecules can be understood in terms of the complemen-
tary nature of their molecular electrostatic potentials. Comparison
with calculations for complexes that do not contain-ig---z
interactions suggests that each such interaction contributes ap-
proximately—1.0 kcal/mol to the total interaction energy.
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(A crystal structures of several fullerenporphyrin complexes. This
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host molecules in the supramolecular complexes through examina-
tion of their molecular electrostatic potentials (MEPS) will be useful. ~ Supporting Information Available: Cartesian coordinates f-4,

The MEPs of the fullerenes and porphyrins were calculated at the MEP maps, and calculations of arene dimers (PDF). This material is
PBE/6-31G(d,p) level at the optimized geometries shown in Figure available free of charge via the Internet at http://pubs.acs.org.
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