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1. Introduction

The behavior of fullerenes in solutions is characterized by a number
of specific effects [1]. One of them is the solvatochromism—a
sharp change of the solution color with a small change in the
solvent composition. In particular, it was reported [2], that the
mauve color of solutions Ceo/pyridine/water with the H,O
concentration less than 50 molar % changes to yellow when the
H,0 concentration approaches 50%. This effect is assumed [2] to
be connected with the formation of specific aggregates in solutions.
The dynamic light scattering (DLS) study [2] pointed to the fact
that these aggregates are rather monodisperse and have a spherical
shape with the radius of about 30 nm. Chemical tests using
hydrazine [2] revealed complete chemical inertness of Cgp in these
solutions. The latter testifies that Cgg is covered by a pyridine shell
protecting the surface of Ceo against hydrazine. Fig.1 presents two
possibile structures of the aggregates—pyridine covers a massive
core consisting of Cgp molecules (a) or pyridine covers one/several
molecules of Cgp and the aggregates consist of these combined
particles (b).

a)

Figure 1. Schematic picture of possible structures of the Cgy aggregates in
pyridine/water solutions. Black cores and white shells correspond to Cg
and pyridine, respectively.



The aim of the current work was to try the small-angle
neutron scattering (SANS) for solving the inner structure of the
discussed aggregates. The use of SANS for fullerene solutions
faces a problem [3]. On the one hand, the protonated solvents have
the high incoherent cross section, which does not make it possible
to obtain scattering curves in a wide range of momentum transfer
" (g-vector). On the other hand, the deuterated solvents have virtually
no scattering contrast with fullerenes. Nevertheless, for the
considered solutions the estimates of the scattering, in assumption
that the aggregate radius is less than 30 nm, show that the scattering
curves differ significantly for different combinations of
protonated/deuterated components (water and pyridine) at g-values
less than 0.3 nm™. In the given report the results of SANS
experiments in a g-range 0.08+1 nm™ are presented.

2. Materials and methods

Ceo and pyridine (both 98% purity) were purchased in
Hoecht and Merck, respectively. Cgo was dissolved in pyridine with
a concentration of 0.5 mg/ml (maximal solubility is 0.89 mg/ml
[4]). Then, this solution was added to water up to the concentration
of 10%. Hence, the total concentration of Cg in solutions was 0.05
mg/ml. The change in color from mauve for the Cgy/pyridine
solution to yellow for the final solution was observed in agreement
. with the previous work [2]. Four solutions with different
combinations of deutareted/protonated water (H,0/D,0) and
pyridine (H-Py/D-Py) were prepared. They were H-Py and D-Py in
H>0 and D,0, respectively.

Small-angle neutron scattering (SANS) experiments were
carried out on SANS instruments at the Budapest Neutron Center
(BNC), Hungary, and the pulsed neutron reactor IBR-2 of the Frank
Laboratory of Neutron Physics, Joint Institute for Nuclear
Research, Dubna, Russia. At BNC, measurements were made at a
fixed wavelength of 0.5 nm (resolution 13%) and a sample-detector



distance of 5.5 m covering a g-range 0.1+0.6 nm™. The calibration
was made using water with usual corrections [5]. At the IBR-2, the
scattering curves were obtained over a wavelength interval
0.05+0.5 nm™ and at a sample-detector distance of 12 m covering a
g-range 0.08+2 nm’. The calibration was made by a special
procedure using vanadium [6]. The temperature of the solutions
was maintained at 20°C. As a buffer, the 10% pyridine aqueous
solution was used. This buffer is quite correct due to the small
content of Cg in the studied solutions. The estimates show that the
effect of pyridine, which could be included into the aggregates, on
the scattering density of the solvent is negligibly small.

3. Results and discussion

First experiments at BNC revealed a slight excess of the SANS
signal of the solution over the buffer scattering. The scattering
curve obtained for 12 hours in the case of D-Py in H,O is presented
in Fig.2. It is clear that the used instrumental regime does not allow
us to obtain reliable SANS curves. Unfortunately, further increase
of the neutron wavelength at the setup (i. e. decrease of the minimal
g-value and increase of the g-resolution) results in a great loss of
the incident intensity and, as a consequence, leads to insufficient
signal-to-noise ratio. However, from the slight rise of the scattering
at small g-values in Fig.2 one can estimate the radius of the
inhomogeneities in the solution, which is less than 30 nm.
Secondary peaks are not observable because of the small signal-to-
noise ratio. The analysis of the full scattering over all detected
angles for different combinations of the deutarated/protonated
components of the studied solutions gives the following results.
After the background is subtracted, the cases H-Py and D-Py in
HyO give =10% excess of the solution scattering over the buffer
scattering. For the case H-Py in D,0 it is = 5%, For the case H-Py
in D0 it is = 5%, and in the case D-Py in D,0 there is virtually no
difference between solution and buffer scattering (less than 1%).
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Figure 2.  Scattering curve of the Cgy/ D-Pyridine/H,O solution (BNC).

Scattering curves obtained at the IBR-2 for one day are
shown in Fig.3 (small-angle scattering for D-Pyridine in D,0O, like
in previous experiments, were not observed). In the same figure one
can see model calculations corresponding to two possible cases
(Fig.1). In both cases the radius of the aggregates and the width of
the pyridine shell are assumed to be 20 and 0.25 nm, respectively.
In the second model the primary particles consist of one Cg
molecule (radius 0.5 nm) covered by the pyridine shell.
Qualitatively, one can conclude that the first model (Fig.1, a) fits
the experimental data better. In other words, the comparison of the
calculated and obtained scattering curves, as well as the relative
position of the scattering curves corresponding to different
combinations of deuterated/protonated solution components in
absolute scale, points to the small pyridine content inside the
aggregates. The further quantitative analysis to determine exact
values of the Cgp and pyridine content in the aggregates is not
possible at the setup because of the insufficient resolution at g-
values less than 0.2 nm™. The last fact also does not allow us to _
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Figure 3. Experimental scattering curves of Cg (IBR-2) in different
combinations of solvent (-e- H-Py / H,O; -o- D-Py / H,O; -s- H-Py / D,0)
together with calculated curves. The graphs contain the same experimental and
different calculated curves. '

a) Calculated curves (— H-Py / H,O; - - - D-Py / H,0O; H-Py / D,0O)
correspond to model (a) in Fig.1.
b) Calculated curves (— H-Py / H,0; - - - D-Py / H,0; "H-Py / D,0;

-~="~ D-Py / D,0) correspond to model (b) in Fig.1.
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make a reliable conclusion about the rate of the polydispersity of
the detected aggregates. Smaller g-values, like in the case of BNC,
are not available at the setup because of insufficient incident
neutron intensity.

The possibility to carry out SANS experiments at g-values
of ~0.01 nm™ is under discussion. It should be pointed out that this
system is at the limit of possibilities of SANS diffractometers and
requires time consuming experiments.
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Axkcenos B.JI. u np. E14-2001-62
CrpykTypa (y/UIepeHHBIX arperaToB B pacTBOpe NHPHAWH/BOAA
[0 AaHHBIM MAaJIOYIJIOBOTO PaccessHUs HEHTPOHOB

IpencraBneHsl pe3yabTaThl 3KCIEPHMEHTOB IO MAJIOYIJIOBOMY PAacCESHUIO
HelitpoHOB Ha ¢ymiepeHax (Cg, ) B pacTBope MUpUAMH/BoNa. JlaHHbIE TOATBEPXKA-
0T BBIBOJIBI MPEBINYIINX HCCISHOBaHUI, B YACTHOCTH, IO AMHAMMYECKOMY pacces-
HMIO cBeTa. B pacTBope hOpMHPYIOTCS arperatsl ¢ XapakTEpHbIM PaHycoM OKOJIO
20 HM. Bapuaiug KOHTpacTa C MCIIOJIb30BaHHEM Pa3IMUHbIX KOMOMHALUI Mpo-
TOHHPOBAHHBIX/IEHTEPUPOBAHHBIX KOMIIOHEHTOB (BOfa M IMHUPHAMH) PacTBOPOB
yKa3bIBacT Ha Majoe COIEepXaHWe IMUPUANHA BHYTPH arperaToB. DTO CBUICTEIIb-
CTBYET O TOM, YTO arperaTsl COCTOST M3 OOJIBIIOro (hy/UIEpEeHHOrO0 AApa, MOKPHITOTO
TOHKOM MHUPUOMHOBON OGOIOYKOI.

PaGora BoimonHena B Jlaboparopuu HedTpoHHOH ¢pusuku uMm. U.M.®Ppanka
OUAN.

Coob6wenne O6beIMHEHHOr0 HHCTHTYTA SAEpHbIX HccnenoBanuii. Jy6Ha, 2001
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Structure of Fullerene Aggregates in Pyridine/Water Solutions
by Small-Angle Neutron Scattering

Results of small-angle neutron scattering experiments on fullerenes (Cyg,)
in pyridine/water solutions are reported. They confirm conclusions of the previous
studies, in particular, dynamic light scattering experiments. Aggregates
with characteristic radius of about 20 nm are formed in the solutions. The contrast
variation using different combinations of protonated/deuterated components
(water and pyridine) of the solutions points to the small pyridine content inside
the aggregates. This fact testifies that the aggregates consist of a massive fullerene
core covered by a thin pyridine shell.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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