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The first-order molecular connectivity, '/v, is determined for each C2n (fullerene) and used to predict the enthalpy of sublimation, A//sub, of each C 2n solid. The prediction is based upon a linear regression fit of the enthalpies of vaporization of polycyclic
aromatic hydrocarbons as a function of '^v. For C60 and C70, the calculated (and experimental) values - in kcal/mol - are C60:
40.8 (40.5) andC 70 : 46.6 (45). The theory is also used to predict the van der Waals volume, V, of the fullerenes. It is evident that
this simple approach works for A//sub for C60 and C70, but it needs to be checked with experimental data for the larger fullerenes.

1. Introduction

2. Results and discussion

First-order valence molecular connectivity theory,
developed by Randic [ 1 ], has been used by White
to successfully predict the enthalpies of vaporization, AT/v, and van der Waals volumes, V, of 47
planar polycyclic aromatic hydrocarbons (PAHs)
[2]. White demonstrated that linear regression fits
of A//v and V as functions of the first-order molecular connectivity, '^v, are linear, with correlation
coefficients near 1 [ 2 ]. Oddly enough, using the same
straight-line dependencies with the appropriate '#„
predicts remarkably well properties of the first two
stable fullerenes, C60 and C70. Thus, linear relations
developed for planar PAHs may, in general, be useful for polyhedral fullerenes. Successful prediction of
fullerene properties from empirical relations developed from data on planar PAHs seems unlikely for
several reasons, among them that the PAHs discussed here are planar, and the fullerenes are not.
Nevertheless, if the predictions are successful for C60
and C70, further testing is warranted. Testing will require experimental results for enthalpies of sublimation and molecular volumes for the larger fullerenes. The issue is not merely academic, because the
van der Waals binding, reflected in the values of
A//sub, plays a role in the extraction, dissolution, and
purification of fullerenes (see discussions by Ruoff
et al. [3] and Smart et al. [4]).
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Thefirst-ordervalence molecular connectivity, '
is
'/v= I

(Sjj)

-1/2
(1)

where each vertex (atom) is assigned a value, S, equal
to the number of bonds to that atom [ 1 ]. For fullerenes, <5=4, and if ^ is the number of bonds and
m = In, the number of carbons in the C2n fullerene,
one obtains
l*v=lm.

(2)

White [2] demonstrated the following straight-line
fits from data for 47 PAHs
A//v = 1.545 '/v + 6.010

(3)

volume is therefore 317 cm3/mol. C60 is a truncated
icosahedron, and assuming that there are 90 equallength edges, the volume must be scaled by 0.86. The
van der Waals volume of C60 is therefore 273 cm3/
mol. Eqs. (2) and (4) yield values for Ffrom the
model presented here.
The values for A//sub and V predicted using eqs.
(2), (3), and (4) are shown in table 1. It is evident
that the agreement between experiment and theory
for A/fsub is essentially exact for C60 and C70. However, the van der Waals volume of C60, 415 cm3/mol,
is not in very reasonable agreement with the experimental value (273 cm 3 /mol) determined above for
C60, differing by 34%.
The values obtained from eq. (4) for fullerene van
der Waals volumes can be compared to those of
Adams and Ruoff, who have calculated the van der
Waals volumes for a variety of fullerenes up to Ih C240
[ 9 ]. This comparison appears in table 1 as the volumes normalized to the volume of C60 ( V / V 6 0 ) . The
calculated volumes are for the D5h C70 structure,
seven different isomers of C84, and seven different
isomers of Ci2o- The spread of calculated volumes
for the isomers of C84 and C12o is relatively small, on
the order of a few percent [ 9 ], so the average was
used for the C60-normalized ratio in table 1. The
agreement between the normalized ratios obtained
by the molecular connectivity method and those obtained by actual calculation from known geometries
is reasonably good. Also, the relative difference between molecular volumes decreases as the size increases from C60 to C12o- For example, the volume

of C120 obtained from eq. (4) is 818 cm3/mol, and
the average calculated value is 601 cm3/mol; the two
values differ by 27%.
The model invites comparison with experimental
values for A//sub and V for the larger fullerenes, although such values are as yet unavailable. Comparison with theory for "fullerenes" with assumed
spherical shapes is, however, possible. Girifalco [10]
has derived the pair potential energy function for two
hollow spheres, with the van der Waals interaction
chosen as the Lennard-Jones 6-12 potential, and the
A and B constants chosen so that the experimental
enthalpy of sublimation and 1 bar compressibility of
fee C60 are fit. The minimum energy for C2n-C2n dimers from the pair potential derived by Girifalco,
with m = 2n, scales as about m0-6, at least up to ~
C6ooo-C6ooo- The volume of spheres scales as
m3/2. In contrast, the asymptotic behavior from eqs.
(2), (3), and (4) is that both A//sub and V scale as
m. Thus, if larger fullerenes are essentially spheroidal, one would predict that the molecular volume,
overestimated at C60 and C[2o, would be eventually
underestimated by eq. (4); in contrast, A//sub would
be overestimated for large fullerenes by eq. (3).

3. Conclusions

Linear equations relating the first-order valence
molecular connectivity to the enthalpy of sublimation and van der Waals molecular volume for PAHs
predict essentially exactly the enthalpy of sublima-

Table 1
Predicted sublimation enthalpies and molecular volumes a)
Fullerene

and
V= 17.88 '^+12.23,

'*

(kcal)

V
(cm3)

(4)

the units being kcal/mol for eq. (3) and cm 3 /mol
for eq. (4). We assume that the enthalpy of sublimation, rather than of vaporization, can be calculated from eq. (3).
The experimental van der Waals volume of C60 can
be determined by scaling the volume of the sphere
with fee packing. The crystallographic density of fee
C 60 (s) is 1.68 g/cm 3 [5], the molecular weight 720
g/mol, and the space filling factor 0.74. The sphere
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VIV^
'/v

CM
CTO

CM
Cl20
a|
b)
c)

d)
e)

22.5
26.3
31.5
45.0

40.7 (40.5) c)
46.6 (45) e)
54.7
75.6

415d>
482
575
817

calc.

1

1

1.16
1.39
1.97

1.19
1.47
2.20

All dimensioned units are per mole C2n; experimental values given in parentheses.
See discussion in text; "calc." refers to actual calculation of the van der Waals volume of particular fullerene isomers [ 9 ].
Average of experimental values quoted in refs. [6] (A//sub= 38 kcal/mol for C60, 45 kcal/mol for C70), [7] (A//sub for C60 = 43.4 kcal/
mol) and [8] (A//sub for CM = 40.1 kcal/mol; from a roughly 85:15 solid solution of C 60 :C 70 ).
Experimental value 273 cm 3 /mol as shown in text.
Fromref. [6] (A// sub =38 kcal/mol for C«,, 45 kcal/mol for C70).
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tion of C60 and C70, but don't predict particularly well
the van der Waals molecular volume of C60. Success
of the model in predicting A7/sub for C60 and C70 has
encouraged its use for larger fullerenes. The only input parameter in the model is the number of bonds
in a fullerene, and it is therefore independent of the
specific isomer chosen for a particular C2n. The usefulness of this model for larger fullerenes will be tested
when experimental data become available for them.
It will also be interesting to attempt to fit measured
properties of the fullerene family to other molecular
connectivity parameters, to see if the fullerenes behave as a homologous series, such as «-alkanes, or
not.
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By slowly evaporating solutions of fullerene C60 in CC14 at room temperature, a stable solvate (C60, 2CC14) crystallizes in a
simple hexagonal system (Laue class 6/mmm) with a = 10.10 (5) A and c = 10.7 5 (5) A. This solvate undergoes a phase transition
at 210-220 K and decomposes at 397 K. Atomic force microscopy of the (001) face shows a C60 molecular packing analogous to
that which exists in the {111} planes of face-centered cubic C^. It seems likely that C60 and CC14 molecules are orientationally
disordered at room temperature.

1. Introduction

C60 is known to be soluble in a number of hydrocarbons (see, for instance, ref. [1]) and the structures of the crystals which are obtained by slow evaporation seem to depend on the nature of the solvent.
Moreover, it is difficult to get rid of solvent traces
once the crystals are grown. In the course of a study
of the influence of the solvents on the structures of
the resulting crystals, CC14 has been tried as a crystallization solvent.
By slowly evaporating solutions of pure C60 in CC14
at room temperature, one obtains randomly either
violet transparent cubes or dark-violet hexagonal
1
!
3
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platelets (thin platelets look yellowish and transparent) (fig. 1). The cubic crystals are destroyed as soon
as they are removed out from their mother liquor,
whereas the hexagonal platelets can be kept for a long
time (one year or more) after complete evaporation
of the solution.
The simultaneous crystallization of both species
has never been observed. The present Letter is devoted to the study of platelets.

2. Experimental

Fullerene C60 has been obtained as previously described [2,3] and dissolved in hot CC14. The solution was allowed to evaporate slowly at room temperature. After a few weeks, 50x100x100 urn
crystals were obtained.
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