
Clamshell Arrangements and Chirality in Cocrystals of C70 with
MII(octaethylporphyrin) (M = Co or Zn)

Lilia M. Baldauf, James C. Fettinger, Marilyn M. Olmstead, Kamran B. Ghiassi, and Alan L. Balch*

Cite This: Cryst. Growth Des. 2023, 23, 915−922 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: Two new cocrystals, 2C70·3CoII(OEP)·2CHCl3 (1) (OEP is the dianion of
octaethylporphyrin) and C70·2ZnII(OEP)·o-xylene (2), with a clamshell arrangement of
two porphyrins about a central C70 were grown and structurally characterized. The
cocrystal 2C70·3CoII(OEP)·2CHCl3 (1) possess a unique double-clamshell arrangement
in which there are two distinct compartments for the fullerenes and a distorted CoII(OEP)
molecule that is sandwiched between two C70 molecules. C70·2ZnII(OEP)·o-xylene (2) has
a simple clamshell arrangement of two ZnII(OEP) molecules surrounding the C70

molecule, with the clamshells arranged into chains through close face-to-face contacts
between the porphyrins. In contrast, C70·ZnII(OEP)·1.5p-xylene (3) has a more common
structure with the C70 molecule in close proximity to only one ZnII(OEP) molecule.

■ INTRODUCTION

Fullerenes are molecular allotropes of carbon that are
distinguished by their solubilities in a range of organic solvents
to produce colored solutions.1,2 Fullerenes come in a variety of
sizes and shapes.3 The simplest cage, C60, has a soccer ball
shape with Ih symmetry. The next largest fullerene, C70,
however, has an oblong shape with D5h symmetry and is the
first in a series of fullerenes that are closely related to single-
walled carbon nanotubes. Other members of this series that
have been isolated and crystallographically characterized
include D5h(1)-C90

4,5 and D5d(1)-C100,
6,7 both with pentagonal

end caps, and D3d(1)-C96
8,9 with hexagonal end caps.

Fullerenes can also form isomers, and the number of possible
isomers increases as the size of the fullerene increases. For
example, in addition to D5h(1)-C90, two other C90 isomers of
low symmetry, C1(30)-C90 and C1(32)-C90, that are not
nanotubular in shape have been crystallographically charac-
terized.10 For C96, in addition to the nanotubular D3d(1)-C96,
C2(181)-C96 with a flat-sided, somewhat spherical shape has
been identified crystallographically.7 As these examples show,
fullerenes have considerable diversity in their structures.

Determining the structure of a newly identified and isolated
fullerene is a task that is best accomplished by single-crystal X-
ray diffraction. However, the uniform surface of fullerenes with
merely a collection of 12 pentagons and the appropriate
number of hexagons frequently results in the formation of
crystals that display significant disorder. Problems with
disorder can frequently be overcome by cocrystallization of
the fullerene or endohedral fullerene with a metalloporphyrin,
usually NiII(OEP) (OEP is the dianion of octaethylporphyr-
in).11,12 This technique has been used to identify many new

fullerenes3,4,7,8 and endohedral fullerenes including cage
isomers of endohedral fullerenes (e.g., Er2@Cs(6)-C82,

13

Er2@C3v(8)-C82
14), endohedral fullerenes that violate the

isolated pentagon rule (IPR) (e.g., Gd3N@Cs(51365)-C84,
15

Sc3N@Cs(39663)-C82
16), actinide endohedral fullerenes (e.g.,

U@C82‑86,
17 Th2@Ih(7)-C80

18), endohedral fullerenes display-
ing single molecule magnetism (e.g., TbNC@C2v(19138)-
C76,

19 Dy2O@Cs(10528)-C72
20), and large clusters within

fullerene cages (e.g., Sc4C2@Ih-C80,
21 Sc4(μ3-O)3@Ih-C80

22).
In most cases where NiII(OEP) cocrystallizes with a

fullerene or endohedral fullerene, the asymmetric unit contains
a 1:1 ratio of NiII(OEP) and fullerene molecules with all eight
ethyl arms of the porphyrin embracing the fullerene. However,
we recently discovered that when C70 was allowed to
cocrystallize with NiII(OEP) in p-xylene solution, a remarkably
complex crystal was obtained that contained 42 unique
molecules in the asymmetric unit.23Figure 1 shows a drawing
of the structure of 12NiII(OEP)·12C70·18p-xylene at 90 K. The
asymmetric unit contains 12 molecules of NiII(OEP) that are
paired with 12 molecules of C70 along with 18 molecules of p-
xylene. The pairs of NiII(OEP) and C70 molecules can be
distinguished by the angle that the fivefold axis of the fullerene
makes with the plane of the porphyrin. This angle varies from
0.3 to 9.7° in the 12 porphyrin/fullerene pairs.

Received: October 7, 2022
Revised: December 23, 2022
Published: January 9, 2023

Articlepubs.acs.org/crystal

© 2023 American Chemical Society
915

https://doi.org/10.1021/acs.cgd.2c01136
Cryst. Growth Des. 2023, 23, 915−922

D
o
w

n
lo

ad
ed

 v
ia

 U
N

IV
 O

F
 C

A
L

IF
O

R
N

IA
 D

A
V

IS
 o

n
 J

u
ly

 1
4
, 
2
0
2
3
 a

t 
2
0
:1

3
:3

9
 (

U
T

C
).

S
ee

 h
tt

p
s:

//
p
u
b
s.

ac
s.

o
rg

/s
h
ar

in
g
g
u
id

el
in

es
 f

o
r 

o
p
ti

o
n
s 

o
n
 h

o
w

 t
o
 l

eg
it

im
at

el
y
 s

h
ar

e 
p
u
b
li

sh
ed

 a
rt

ic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Lilia+M.+Baldauf"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="James+C.+Fettinger"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Marilyn+M.+Olmstead"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kamran+B.+Ghiassi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Alan+L.+Balch"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.cgd.2c01136&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.2c01136?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.2c01136?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.2c01136?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.2c01136?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.2c01136?fig=abs1&ref=pdf
https://pubs.acs.org/toc/cgdefu/23/2?ref=pdf
https://pubs.acs.org/toc/cgdefu/23/2?ref=pdf
https://pubs.acs.org/toc/cgdefu/23/2?ref=pdf
https://pubs.acs.org/toc/cgdefu/23/2?ref=pdf
pubs.acs.org/crystal?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.cgd.2c01136?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/crystal?ref=pdf
https://pubs.acs.org/crystal?ref=pdf


Recent systematic studies of the cocrystallization of C60 with
the porphyrins MII(OEP) with (M = Co, Ni, Cu, and Zn) in a
variety of solvents have shown that both the metal ion and the
solvents play significant roles in determining the type of
cocrystal formed, including the porphyrin/C60 stoichiometry
and how the solids are organized.24,25 Here, we explore
whether C70 can form clamshell arrangements of two
porphyrins around a single C70 molecule and complex
cocrystals like 12NiII(OEP)·12C70·18p-xylene with other
metal ions in the porphyrin and with other solvents.

■ RESULTS AND DISCUSSION

Cocrystal Growth. Crystals of 2C70·3CoII(OEP)·2CHCl3
(1), C70·2ZnII(OEP)·o-xylene (2), and C70·ZnII(OEP)·p-
xylene (3) were prepared by layering a solution of C70 in
chloroform, o-xylene, or p-xylene, respectively, over an
equimolar solution of the appropriate MII(OEP) in an identical
solvent. The reverse layering was also performed. Crystals
began appearing within 3 days but were often left to grow for
2−4 weeks to reach the appropriate size for data collection.
Crystallographic data for the crystals are shown in Table 1.

Efforts to generate cocrystals of CoII(OEP) with C70 from
solutions in o-xylene, p-xylene, or toluene were unsuccessful.

Structure of 2C70·3Co
II(OEP)·2CHCl3 (1). The crystals form

in the space group P21. The asymmetric unit contains two
molecules of C70, three molecules of CoII(OEP), and two
disordered molecules of chloroform. The two molecules of C70

and three molecules of CoII(OEP) form a double-clamshell
arrangement in which there are two compartments for the
fullerenes. One of the C70 molecules is ordered, while the other
is disordered and occupies two sites, the major site A with 0.58
occupancy and the minor site B with 0.42 occupancy. Figure 2
shows the asymmetric unit with the fivefold axis of each
fullerene shown in a distinctive color. Part A of this figure was
drawn showing the position of the major site for the disordered
C70 molecule, while part B shows the location of the C70

molecule in the minor site.
The C70 and CoII(OEP) molecules are arranged into chains,

as shown in Figure 3. The chloroform molecules (not shown)
are not integrated within the chain but reside on the outer
portion of the chain, similar to 12NiII(OEP)·12C70·18p-
xylene23 and 6CoII(OEP)·5C60·5CH2Cl2.

24 Within the chain,
there is a CoII(OEP) molecule that is sandwiched between two

Figure 1. Asymmetric unit of 12NiII(OEP)·12C70·18p-xylene cocrystal at 90 K drawn from data in ref 23. Each C70 and NiII(OEP) pair has a
distinctive color. Thermal ellipsoids are drawn at 30%. Hydrogen atoms are omitted for clarity.

Table 1. Crystal Data for Cocrystalsa

2C70·3CoII(OEP)·2CHCl3 (1) C70·2ZnII(OEP)·3o-xylene (2) C70·ZnII(OEP)·1.5p-xylene (3)

chemical formula C250H134N12Cl6Co3 C166H118N8Zn2 C118H59N4Zn

formula weight 3695.17 2355.42 1598.06

radiation, λ (Å) Cu (Kα) Mo (Kα) Mo (Kα)

crystal system monoclinic monoclinic triclinic

space group P21 P21/n P1̅

T (K) 100 (2) 90 (2) 90 (2)

a (Å) 14.9315 (5) 13.7400 (13) 15.2042 (10)

b (Å) 24.2226 (7) 27.584 (3) 15.9787 (11)

c (Å) 21.9933 (7) 30.402 (3) 16.5972 (11)

α (deg) 90 90 76.550 (3)

β (deg) 91.1506 (18) 101.499 (3) 72.160 (2)

γ (deg) 90 90 68.465 (2)

V (Å3) 7952.9 (4) 9877 3537.3 (4)

Z 2 2 2

dcalc(Mg m−3) 1.543 1.386 1.486

μ (mm−1) 0.414 0.491 0.414

F(000) 3802 490 1650

crystal size, mm 0.284 × 0.281 × 0.202 0.480 × 0.240 × 0.060 0.092 × 0.030 × 0.024

reflections collected 239 537 62 454 138 166

data/restraints/parameters 51 895/1115/3158 20 878/162/1687 16 315/18/1107

R(int) 0.0681 0.820 0.0510

R1 [data with I > 2σ(I)] 0.0660 (49 323) 0.0820 (10 532) 0.0427 (14 015)

wR2 (all data) 0.1996 0.2452 0.1108

largest diff peak, hole (e Å−3) 1.889, −0.901 1.392, −1.064 0.654, −0.539

a ; .
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C70 molecules, while the other two CoII(OEP) molecules make
face-to-face contact between their planar portions. The
CoII(OEP) molecule that is sandwiched between two C70

molecules has three of its ethyl groups embracing the ordered
C70 molecule, while the remaining five ethyl groups hug the
disordered C70 site. The other two CoII(OEP) molecules have
all eight of their ethyl groups surrounding the adjacent C70

molecule. Notably, the structure of 2C70·3CoII(OEP)·2CHCl3
(1) shows two interesting characteristics that are unique to C70

cocrystals: the adjustment of the C70 orientation to maximize
the π−π interactions between fullerene and porphyrin, and the
distortion of the middle porphyrin to accommodate both
fullerenes. Figure 3 also shows the packing in (1) highlighting
the angles between the planar terminal CoII(OEP) molecules
and the central CoII(OEP) molecule.

The orientation of the C70 molecule relative to the plane of
the adjacent porphyrin can be quantified by considering the tilt
angle, which is the angle between the C5 axis of the C70

molecule and the plane of the porphyrin. As shown in Table 2,
the C70 molecules generally have small tilt angles and are
aligned nearly parallel to the plane of the neighboring

porphyrin. However, the ordered C70 molecule in 2C70·
3CoII(OEP)·2CHCl3 (2) displays rather large tilt angles to
both of the nearby porphyrins. These tilt angles have been seen
in previous close-packed structures: fullerenes will offset
themselves to maximize π−π stacking from porphyrins.

Each crystal of 2C70·3CoII(OEP)·2CHCl3 (2) is chiral since
this material crystallizes in the Sohncke space group P21 with
the component molecules packing about the 21 screw axis.
However, the component molecules individually are not chiral.
Similar formation of chiral crystals from achiral components
occurs in other fullerene cocrystals, including the cocrystal of
C70 with ferrocene (C70·2(η5-C5H5)2),

26 the cocrystal of C60

with hexamethylbenzene (C60·C6Me6),
27 and the cocrystal of

tin tetraiodide with C60 (C60·2SnI4).
28

A unique feature of this structure is the distortion of the
central porphyrin that is sandwiched between two fullerenes.
In many other published fullerene/porphyrin cocrystals, it is
more common for porphyrins to be stacked back-to-back,
rather than situated between two fullerenes. For the C70

molecule, the flat planar portion of the molecule allows for
better π−π stacking with MII(OEP) than the spherical C60

Figure 2. Asymmetric unit of 2C70·3CoII(OEP)·2CHCl3 (1). The pentagons along the C5 axis of the fullerene molecules are highlighted in red for
the ordered site and green for the disordered site. Part A shows the asymmetric unit with the major orientation (0.58 occupancy) of the disordered
C70 molecule, while B shows the same unit with the disordered C70 molecule in the minor (0.42 occupancy) site. Solvate molecules that reside on
the sides of these chains and hydrogen atoms are omitted for clarity. Thermal ellipsoids are drawn at 50% probability.
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molecule. This arrangement can result in more favorable
fullerene−porphyrin interactions, where a porphyrin may be
packed between two fullerenes, although this arrangement can
cause some distortion in the central porphyrin.

This distortion of the porphyrin is best seen in the
displacement plot shown in Figure 4, which allows a

comparison of the central CoII(OEP) molecule of (1) to the
other two CoII(OEP) molecules in that structure and to
another cocrystal, C70·CoII(OEP)·C6H6·CHCl3,

11 which has
the more usual 1:1 C70/CoII(OEP) stoichiometry. The central
CoII(OEP) molecule in (1) is twisted into a saddle shape,29

whereas the other CoII(OEP) molecules in that cocrystal
display only very slight dome distortions. The distortion of the
porphyrin and the disposition of the ethyl groups makes the
CoII(OEP) chiral in this environment.

Structure of C70·2Zn
II(OEP)·3o-xylene (2). The asymmetric

unit, which is shown in Figure 5, consists of a clamshell
arrangement of two molecules of ZnII(OEP) and one molecule
of C70 along with three molecules of o-xylene, two of which are
disordered. All eight of the ethyl groups on each ZnII(OEP)
molecule embrace the neighboring C70 molecule. The
clamshell arrangement of two molecules of ZnII(OEP) and a
C70 molecule are packed into chains as shown in Figure 5B. In
these chains, pairs of ZnII(OEP) molecules make close back-to-
back contact. Similar chains are seen in the clamshell structure
of the C60 cocrystals, C60·2MII(OEP)·CHCl3, where M is Zn or
Co.25 The o-xylene molecules in C70·2ZnII(OEP)·3o-xylene
(2) reside in channels that run parallel to the chains formed by
the C70·2ZnII(OEP) units as seen in the packing diagrams in
Figure SI-2.

The porphyrins in C70·2ZnII(OEP)·3o-xylene (2) have a
slight dome distortion from planarity as can be seen in
porphyrin displacement plots in Figure 6. As seen in Table 2,
the tilt angles between the fivefold axis of the fullerene and the
porphyrin planes are small, which allows π−π overlap of the
flat portion of the C70 molecule with the ZnII(OEP) molecule.

Structure of C70·Zn
II(OEP)·1.5p-xylene (3). Of the cocrystals

reported here, C70·ZnII(OEP)·1.5p-xylene (3) is the only one
to have a common 1:1 C70/MII(OEP) molar ratio. The
asymmetric unit in (3) consists of an ordered C70 molecule, a
ZnII(OEP) molecule, a disordered p-xylene molecule, and a
half of another p-xylene molecule with the remaining half
generated by a center of symmetry. Figure 7 shows a drawing
of the interactions between the component molecules. As
usual, the ZnII(OEP) molecule embraces the C70 molecule
with all eight ethyl arms surrounding the fullerene. The tilt
angle between the fullerene and porphyrin is small, 2.3°. The
ZnII(OEP) molecule makes close face-to-face contact with
another ZnII(OEP) molecule. One of the p-xylene molecules
makes face-to-face contact with the C70 molecule. A packing
diagram for C70·ZnII(OEP)·1.5p-xylene (3) is shown in Figure

Figure 3. Chain structure of 2C70·3CoII(OEP)·2CHCl3 (1) showing
two asymmetric units. The C5 axis of the fullerene molecules is
highlighted in red and green to show the differences in fullerene
orientation relative to the porphyrin. The orientation of the porphyrin
planes is denoted by colored bars. Hydrogen atoms are omitted, and
only the major orientation of the disordered C70 is shown.

Table 2. Dimensions within Cocrystals

compound
tilt angle of C5 axis of C70 from plane of

the porphyrin (deg)
C70−CoII(OEP) plane

distance (Å)
metal−metal
distance (Å)

porphyrin plane distances [nearest
CoII(OEP)] (Å)

2C70·3CoII(OEP)·2CHCl3 (1) 3.331 3.009

ordered site 31.2 6.314

disordered site A 1.7 6.301

disordered site B 3.0 6.301

2C70·3CoII(OEP)·2CHCl3 (1)
central CoII(OEP)

12.795, 12.05 12.269, 12.651

ordered site 28.4 6.442

disordered site A 1.6 6.357

disordered site B 1.2 6.357

C70·2ZnII(OEP)·3o-xylene (2) 4.40, 4.90 3.072 3.185 3.446

C70·ZnII(OEP)·1.5p-xylene (3) 2.30 3.047 3.131 N/A

C70·CoII(OEP)·benzene·CHCl3 17.9 6.327 3.392 2.994
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Figure 4. Porphyrin displacement plot showing out-of-plane distortion of the porphyrin core: deep red (top), central porphyrin plane of (1); green,
terminal porphyrin of (1); yellow, terminal porphyrin of (1); light red (bottom), porphyrin plane of C70·CoII(OEP)·C6H6·CHCl3.

11

Figure 5. Asymmetric unit of C70·2ZnII(OEP)·3o-xylene (2) (A) and a chain showing 3.66 asymmetric units (B). Solvent molecules that reside on
the sides of these chains and hydrogen atoms were omitted for clarity. Thermal ellipsoids are shown at 50% probability.
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SI-3. C70·ZnII(OEP)·1.5p-xylene (3) is isostructural with C70·
CuII(OEP)·1.5p-xylene, whose structure was reported earlier.

■ CONCLUSIONS

Utilizing information gained in the studies of cocrystal
formation of C60 and MII(OEP),11,24,25 two new cocrystals
with a clamshell arrangement of two porphyrins about a central
C70 were grown and structurally characterized. For C60, the
clamshell motif has been found only with CoII(OEP) or

ZnII(OEP), but NiII(OEP) and CuII(OEP) have not been
found to form the clamshell arrangement. Here, we have
obtained the clamshell arrangement utilizing the same two
metalloporphyrins. C70·2ZnII(OEP)·3o-xylene (2) has the
usual clamshell arrangement seen in several cocrystals of C60

(e.g., C60·2MII(OEP)·CHCl3, where M is Zn or Co),11 while
the structure of 2C70·3CoII(OEP)·2CHCl3 (1) has a unique,
double-clamshell arrangement of molecules. This double
clamshell has two compartments for the C70 molecules and
one CoII(OEP) molecule that is sandwiched between the two
fullerenes. While it is unusual to have such an arrangement, the
nanotubular D5h(1)-C90 forms the cocrystal D5h(1)-C90·
NiII(OEP), which has chains of alternating D5h(1)-C90 and
NiII(OEP) molecules with NiII(OEP) molecules surrounded
by two D5h(1)-C90 molecules and the D5h(1)-C90 molecules
surrounded by two NiII(OEP) molecules. The tilt angle (3.2°)
in this structure is small, and the central flat portion of the
fullerene is situated above the porphyrin to maximize π−π

overlap. The porphyrin in D5h(1)-C90·NiII(OEP) is not nearly
as distorted as is the central porphyrin in C70·2ZnII(OEP)·3o-
xylene (2).

This study continues to demonstrate the important role of
solvent in determining the stoichiometry and molecular
organization within cocrystals of fullerenes and MII(OEP).
While the clamshell 2ZnII(OEP)·o-xylene (2) crystallizes from
o-xylene solution, changing the solvent to the isomeric p-xylene
results in the formation of C70·ZnII(OEP)·1.5p-xylene (3) with
the more common 1:1 C70/MII(OEP) stoichiometry. Prior
work with C60 suggested that chlorinated solvents could
produce crystals with unusual composition as was the case with
the formation of 6CoII(OEP)·5C60·5CH2Cl2, 6ZnII(OEP)·
5C60·5CH2Cl2, 6CoII(OEP)·5C60·5C2H4Cl2, and 6ZnII(OEP)·
5C60·5C2H4Cl2.

24 Here, we utilized chloroform to form the
unusual double clamshell, 2C70·3CoII(OEP)·2CHCl3 (1). Also
note that 2C70·3CoII(OEP)·2CHCl3 (1) crystallizes from
chloroform solution, but if a mixture of benzene and
chloroform is used as the solvent, then a simple 1:1 cocrystal,

Figure 6. Porphyrin displacement plot showing the out-of-plane distortion of the porphyrin cores: blue and darker blue, ZnII(OEP) porphyrin
planes in (2); red, porphyrin plane in (3).

Figure 7. Structure of C70·ZnII(OEP)·1.5p-xylene (3) showing the
C70/ZnII(OEP) and ZnII(OEP)/ZnII(OEP) interactions along with
the major site of the disordered p-xylene molecule, which makes close
contact with the fullerene. Hydrogen atoms were omitted for clarity.
Thermal ellipsoids are drawn at 50% probability.
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C70·CoII(OEP)·C6H6·CHCl3, forms.11 We have been unable to
find a situation that forms a cocrystal as complex as
12NiII(OEP)·12C70·18p-xylene.

■ EXPERIMENTAL SECTION

Materials and General Consideration. H2(OEP) was pur-
chased from Frontier Scientific. Metalation of H2(OEP) was
accomplished by an established route.30 C70 was purchased from
SES Research with 99.5% purity. Solvents were obtained commer-
cially and used as received.
Crystal Growth. General Experimental Procedure. In a clean

scintillation vial, a solution of C70 in p-xylene (1), o-xylene (2), or
chloroform (4) was prepared by sonication for approximately 20 min
with a concentration of 1.5 mg/mL. In a separate scintillation vial, an
equal concentration solution of MII(OEP) in the identical solvent was
prepared. Cocrystallization was conducted in sterile, thick-walled glass
tubes with an approximate inner volume of 2.0 mL. A 1.0 mL portion
of the MII(OEP) solution was slowly pipetted into the tube through a
filter pipet. Next, 1.0 mL of the C70 solution was carefully layered over
the MII(OEP) solution through a fresh filter pipet. For each
combination of metalloporphyrins, additional tubes were prepared
by the addition of the C70 solution to the tube with the subsequent
addition of the MII(OEP) solution. The crystal tubes were capped
with a rubber septum and left undisturbed in dark cabinet until
suitable crystal growth occurred.

Crystal Structure Determinations. Black blocks of C70·
2ZnII(OEP)·3o-xylene (2) and C70·ZnII(OEP)·1.5p-xylene (3) were
each mounted on a Bruker Apex II diffractometer employing a fine-
focus Mo sealed tube (λ = 0.71073 Å). A black block of 2C70·
3CoII(OEP)·2CHCl3 (1) mounted in the 100 K nitrogen cold stream
was provided by an Oxford Cryostream low-temperature apparatus on
a Bruker Venture Kappa DUO diffractometer equipped with a
molybdenum microsource (λ = 0.71073 Å). All data sets were
reduced with the use of Bruker SAINT,31 and a multiscan absorption
correction was applied with the use of SADABS. Structure solutions
and refinements were conducted with SHELXT-201532 and SHELXL-
2018,33 respectively. Crystallographic data are reported in Table 1.
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