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The solvations of various polycyclic aromatic hydrocarbon alkali metal salts are studied using their
self-diffusion rates measured by NMR spectroscopy. The moiety size is more dependent on the anion
than the cation. The self-diffusion rates of the neutral compounds are found to be predictable while the
salts diffuse considerably slower than the unsolvated species indicating the presence of a solvent shell.
The apparent moiety size is temperature dependent for the salts in ethereal solutions indicating a

solvation shell of varying size.

Introduction

Synthetic organic chemists widely use dianions and polyanions
of polycyclic aromatic hydrocarbons (PAHs). The ions’ proper-
ties and reactivity are therefore of great importance to
the organic chemist. Detailed studies have been made of their
solvation state'” which affects their acidity, reactivity and
spectroscopic properties. There is UV and NMR spectroscopic
evidence for at least a first solvation shell including observ-
ations of equilibria between contact ions and solvent separated
ions. The fact that the salts are insoluble in non-polar solvents
such as cyclohexane indicates a dependence on solvation.
X-Ray crystallographic studies of dilithium 9,10-dihydro-
anthracenediide show association of the metal to a solvent.®
However, the total size of the solvation shell and the question
of aggregation in solution is still open to speculation.

The self-diffusion constant is one physical property that
can, in principle, be used to estimate the size of each moiety in
solution and shed some light on solvation and aggregation.
The salts under study are highly reactive and this makes the
application of traditional methods of self-diffusion measure-
ment such as Rayleigh interferometry *'® and radioactive tracer
studies!! impractical. Greater availability of the hardware used
for generating gradient pulses in commercial NMR spectro-
meters has made it possible to measure self-diffusion easily and
accurately by NMR spectroscopy.

Results and discussion

Self-diffusion of neutral polycyclic aromatic hydrocarbons

In principle, the self-diffusion constant can be used to measure
the moiety size. Under the right conditions, the Stokes—Einstein
relation [eqns. (1) and (2), where D is self-diffusion constant, ky
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is the Boltzmann constant (1.380 62 x 1072 J K!), T is tem-
perature, 7 is viscosity and r is radius] can be used directly to
determine the size.

The Stokes—Einstein relation holds best when the particles

Table 1 Self-diffusion constants and molecular radii of polycyclic
aromatic hydrocarbons in [*Hg]THF at 298.5 K

Molecular  D/10™°  Stokes
Compound radius/mm  m*s'*  radius/nm*
Benzene 0.267 10 2.31 0.18
Naphthalene 0.305 57 1.97 0.22
Anthracene 0.336 22 1.76 0.24
Pyrene 0.34519 1.58 0.27
9-Methylanthracene 0.348 74 1.49 0.29
Corannulene 0.361 86 1.29 0.33
Tetracene 0.362 12 1.57 0.27
9,10-Dimethyl-9,10-dihydro- 0.368 13 1.32 0.32
anthracene

0.377 99 1.23 0.34
0.41213 1.04 0.41
0.502 53 0.76 0.56
0.513 51 0.86 0.49
0.584 88 0.60 0.70

9-Phenylanthracene

9,10-Diphenylanthracene

1,8-Dicorannulenyloctane

Penta-zert-butylcorannulene

Hexakis(tert-butylbenzo)-
coronene

“ Self-diffusion measurements were made by the PFG-SSE NMR
method and are accurate to +2%. The Stokes radius was calculated
from the measured self-diffusion constant.

are spherical and much larger than the solvent molecules. When
the particles are smaller than about five times the radius of the
solvent molecules, the self-diffusion constant is significantly less
than would be indicated by the Stokes—Einstein relation.'? For
non-spherical particles and especially flexible ones, there is no
simple relationship with the self-diffusion constant. The poly-
cyclic aromatic hydrocarbons that we have studied have an
average radius [r=°V(3V/4n) where V is the van der Waals
volume %] between 0.3 and 0.6 nm. Larger polycyclic aromatic
hydrocarbons are generally very insoluble so were not studied.
Simple ethereal solvents have an average radius between 0.24
and 0.28 nm. Therefore, the Stokes—Einstein relation does not
hold well because of the small size of polycyclic aromatic
hydrocarbon molecules relative to the solvent molecules. Most
polycyclic aromatic hydrocarbons are planar but all are
decidedly not spherical. Some, such as 9,10-diphenylanthracene
and 1,8-dicorannulenyloctane, are flexible. The self-diffusion
constants of a number of polycyclic aromatic hydrocarbons
(Table 1) shows an inverse dependence on van der Waals radius
(Fig. 1). The relation, however, compares poorly with the
Stokes—Einstein relation [eqn. (1)] unless a correction is used for
the radius. Fig. 2 shows the correspondence between the van
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Fig. 1 Dependence of 1/self-diffusion constant as measured by NMR
on the calculated van der Waals radius
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Fig. 2 Relationship between Stokes radius and van der Waals radius
for neutral polycyclic aromatic hydrocarbons in [*Hg] THF

der Waals and Stokes radius [eqn. (2)] given that the viscosity
() of PHgTHF is 5.01 x 10~* kg m's™* (5.01 millipoise)."

Effects of salt formation on self-diffusion

Salt formation decreases the self-diffusion constant indicating
a significant increase in moiety size. The reduction in self-
diffusion constant (between 20 and 51%) varies from anion to
anion." However, in general the greater the ionization, the
more the self-diffusion is slowed. An extreme example is the
self-diffusion constant of Li* in dilute aqueous LiCl that is
9.6 x 107" m? s . Using the Stokes—Einstein relation the self-
diffusion constant of Li* would be expected to be 5.7 x 10° m?
s~!, nearly six times higher than observed. Polycyclic aromatic
hydrocarbon salts in ethereal solution are much less solvated.
Nevertheless, the increase in moiety size indicated by the
Stokes—Einstein relation is far too great to be accounted for by
the addition of the cation (0.4 to 5%). In most cases it is too
great to be accounted for by dimerization (21%) even where
other evidence does not suggest aggregation.

The increase in apparent size may therefore come from the
solvent shell that accompanies polarized species. Table 2 shows
the diffusion parameters. However, estimates of the numbers of
solvent molecules in the solvent shell are only approximate as
they depend on the sixth root of the calibration of the gradient
strength. There is evidence that the number of solvent mole-
cules increases with the ionization of the molecule. However,
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Table 2 Self-diffusion constants of lithium salts of polycyclic aro-
matic hydrocarbons, Stokes radii in [PHg]THF at 298 K

D/10°  Stokes
Compound Charge m?s'*  Radius/nm
9-Hydroanthracene monoanion  —1 1.00 0.44
Anthracene -2 0.90 0.48
Corannulene —4 0.65 0.67
9,10-Dimethyl-9-hydro- -1 0.91 0.48
anthracene monoanion
9,10-Dimethylanthracene -2 0.91 0.49
9,10-Diphenyl-9-hydro- -1 0.77 0.56
anthracene monoanion
9,10-Diphenylanthracene -2 0.74 0.58
1,8-Dicorannulenyloctane -8 0.50 0.87
Penta-tert-butylcorannulene =2 0.71 0.62
Penta-tert-butylcorannulene —4 0.62 0.70
“ +2%.

slight experimental and theoretical errors lead to large changes
in the number of solvent molecules calculated. Therefore, more
accurate observations are required in order to reach firm
conclusions. The solvent shell is in a state of constant flux so
the number of molecules involved is dependent on the timescale
used to measure it.° The smaller the timescale, the larger the
solvent shell. On the NMR timescale (milliseconds to seconds)
no signals arise from the bound solvent molecules. On the
UV-VIS timescale (femtoseconds), solvation effects can be
resolved.® The diffusion timescale is several collisions of the
order of 100 ps. On timescales shorter than the time between
collisions the concept of a solvent shell becomes meaningless
anyway because, without molecular collisions,there is no test as
to whether the molecule is bound. It is therefore the diffusion
timescale that is of greatest physical and chemical importance.

Corannulene

In the case of corannulene, it is known that the tetraanion
with lithium is dimeric from other studies."™'” A mixture of
anions of corannulene and fert-butylcorannulene yields signals
arising from mixed dimers.'®!” We attempted to find evidence
for dimerization for other anions (anthracene, tetracene
and 9,10-dimethylanthracene) but failed. No mixed dimers
appeared in the spectrum even at low temperatures and the
chemical shifts and self-diffusion constants were found to be
almost independent of concentration up to 10 mmol dm 3. The
lack of mixed dimers is strong evidence against dimerization.
However, the lack of a concentration effect does not rule out
aggregation. It merely rules out weak aggregation. The cor-
annulene tetraanion with lithium does not show significant
chemical shift changes with concentration down to the detection
limit of M NMR spectroscopy. This is still consistent with
a strongly bound dimer that does not undergo further
aggregation.

The self-diffusion constant varies with anion (Table 2) more
than for cation (Table 3). The cation is small relative to the
anion and therefore has little effect in itself. The solvation shell
does have a large effect but its outer reaches are similar whether
the cation is lithium or caesium. As a result the self-diffusion
constants of salts with different metals are similar.

The outer parts of the solvent shell affect self-diffusion
measurements. Therefore, they are barely affected by the inner
solvation state of the ion pair (triplet, quintet, ezc.). Hence, self-
diffusion constants are not able to differentiate between solvent



Table 3 Self-diffusion constants of dimetallic salts of 9-phenyl-
anthracene in [*Hg| THF

Metal D/10°m?s 1
Li 0.94
Na 0.81
K 0.85
Rb 0.88
Cs 1.06

“£2%.

Table 4 Parameters for Eyring model for self-diffusion constants of
various solvents

Solvent /108 kgm™'s™  W/10°molJ '  r/nm
NH;, 2.1 7.8 0.15
MeOMe 4.4 6.4 0.12°
THF 5.3 8.4 0.15¢
[H,JTHF 42 9.2 0.17¢
DME 1.6 10.7 0.18°

“ Assuming #=2.55x10"* kg m™! s7' at 239.65 K.* ° Estimated
Stokes radius. © Assuming #=4.64 x 107* kg m™! s at 298 K.
4 Assuming 7 =5.01 X 10 *kgm s 1.1

separated or contact ions. Such solvation states can be studied
by chemical shift or UV absorption frequency dependence on
temperature.”*'® However, if the ions were freely separated
then the self-diffusion constant of the cations would be much
greater than for the anions. We measured the self-diffusion
constant of Li to be the same as its anion for anthracene
in [*Hg]THF and NHj;. This is clear evidence that the ions are
tightly bound on the diffusion timescale. The other alkali
metals have a higher quadrupolar moment and resonate at
lower frequencies than lithium, hence their relaxation rates
are much faster and their low gyromagnetic ratio make self-
diffusion measurements more difficult. As a result we were
unable to measure their self-diffusion rates although equipment
exists that can do so with the possible exception of potassium.
The self-diffusion rate of potassium in these salts is probably
unmeasurable with current technology because of its very low
gyromagnetic ratio.

Temperature dependence of self-diffusion constant

Self-diffusion constants are very temperature dependent. In the
Stokes—Einstein relation [eqn. (1)], not only is there a temper-
ature term but the viscosity () is temperature dependent
[eqn. (3), where 7, is a constant and W is the ‘rate constant of

w
n = noTert ®)

viscosity’ and R is the gas constant (8.3143 J mol™! K™1)].181°
Over a range of 100 K the self-diffusion constant of THF
increases by a factor of 5.4 (4.9 x 107" m? s™* at 200 K and
2.64 x 107° m? s~! at 300 K). This is the reason that we were
very careful to calibrate the temperature for each measurement.
The self-diffusion constant of THF behaves approximately in
accordance with eqn. (4), where r, [Stokes radius calculated

D:L 4)

w
RT
6mr e

from eqn. (2)]=0.150 nm, #7,=53%x10"% kg m s' and
W = 8440 mol J~'. Table 4 lists the values for other solvents. The
‘rate constants’ (W) increase with the molecular weight for the
ethers while that of ammonia is slightly larger than expected,
probably because of hydrogen bonding. These values were not
perfect and deviations of up to 5% are observed over the tem-
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Fig. 3 Dependence upon temperature of relative self-diffusion con-
stant of disodium 9,10-dihydroanthracenediide in DME

perature range. While 5% is small compared with the change of
81% in the absolute self-diffusion constant the simple Eyring
model ! was not sufficient for our purposes.

The accuracy of the Eyring model [eqn. (3)] is not sufficient
to detect small changes in moiety radius with temperature.
However, the temperature dependence of self-diffusion con-
stant should be the same for all particles in solution provided
that the particle size is independent of temperature. For neutral
PAHs we found that this was the case. To demonstrate this,
we used a solution of anthracene and hexakis(zert-butyl-

Hexakis(tert-butylbenzo)coronene

benzo)coronene in THF. Therefore, this method of comparison
can be used for determining changes in moiety radius with
temperature. The self-diffusion constant relative to that of the
solvent varies much more with temperature for charged species
than for neutral molecules. The relative self-diffusion constant
increases with temperature. We observed the effect in ammonia,
dimethyl ether, THF and dimethoxyethane. The effect was
strongest in THF and weakest in ammonia that is consistent
with a solvation effect. Fig. 3 shows the relative self-diffusion
constant’s temperature dependence for disodium 9,10-
dihydroanthracenediide in DME. The change in relative self-
diffusion constant was 1.3 X 107> K™ in [*Hg]THF, 1.0 x 107*
K™! in DME and 5% 107* K™! in MeOMe. The effect was
negligible within experimental error (107* K™) for lithium
9,10-dihydroanthracenide in NH;. A different salt was studied
in NH; because the dianion is not formed. A significant tem-
perature dependence of relative self-diffusion rate was observed
for lithium 9,10-dihydroanthracenediide, dilithium 9,10-di-
hydroanthracenediide and disodium 9,10-dihydroanthracene-
diide in [*Hg]THF. The changes in self-diffusion constant for
THF and DME are equivalent to adding about one solvent
molecule per 50 K of cooling.
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Experimental

'H and "Li NMR spectra were recorded on a Bruker DR X-400
spectrometer with a BGU II gradient amplifier unit and a 5 mm
BBI probe equipped with a z-gradient coil. As alkali metals
react with TMS, chemical shifts were measured relative to the
most downfield solvent peak that had in turn been calibrated
against TMS. In the temperature range 209 to 304 K, the chem-
ical shift of NH; was 0.732 — (2.83 x 107* T”). In the temper-
ature range 186 to 304 K, the chemical shift of MeOMe
is 3.2133 + (4.2 x 107% T"). In the temperature range 155 to
390 K the chemical shift of H1 of [*H,JTHF in [*Hg]THF is
3.5749 + (471 x 1073 T)—(5.1x107® T’ +(82x107"
T'% — (3.3x 107 T'* ppm.” The regular THF H1 is 0.0369
ppm upfield of the signal for the deuterated solvent. In the
temperature range 242 to 300 K, the chemical shift of the CH,
of diethyl ether is 3.3769 + (2.40 X 107* T"). In the temperature
range 200 to 300 K, the chemical shift of the DME methyl
signal is 3.4280 + (1.92x 10™* T’), where T'=temper-
ature — 295 K. The temperature was determined using a stand-
ard methanol NMR thermometer.”**

Materials

Commercial samples of anthracene, 9-methylanthracene, 9,10-
dimethylanthracene, naphthalene, pyrene, tetracene, 9-phenyl-
anthracene and 9,10-diphenylanthracene were purified by
recrystallization. Corannulene was synthesized using the
method of Scott et al?* The NMR spectra of 9-methyl-
anthracene,? 9,10-dimethylanthracene,” 9-phenylanthracene,”
corannulene,®®  dilithium  9-phenyl-9,10-dihydroanthracene-
diide,” disodium 9-phenyl-9,10-dihydroanthracenediide,*! dipo-
tassium 9-phenyl-9,10-dihydroanthracenediide,” dirubidium 9-
phenyl-9,10-dihydroanthracenediide,’ dicaesium 9-phenyl-9,10-
dihydroanthracenediide,” dilithium 9,10-diphenyl-9,10-dihydro-
anthracenediide” and tetralithium corannulenetetraide? are
reported elsewhere.

Solvents

NH;, MeOMe, THF and [*Hg THF were dried and degassed
as previously reported.® The solvent was placed in a flask and
connected to a vacuum line then degassed with several freeze—
pump-thaw cycles before being vacuum transferred into a flask
containing distilled Na:K, 5:1 alloy. This was then sonicated
(unnecessary for NH;) until dry for several minutes. NH, goes
very dark blue, and THF (and [*Hg]THF) turns light blue. No
color change is observed for MeOMe. DME was prepared by
the same method but using LiAlH, instead of the alloy.

Preparation of anions

The alkali metal was placed into the upper part of the tube
containing the polycyclic aromatic hydrocarbon (~1 mg to yield
~2 mMm solutions). Lithium was inserted into the tube under
argon while the other alkali metals were distilled into the tube.
Dry [PHg]THF was vacuum transferred into the tube, which was
then sealed under vacuum.?”” Repeated inversion of the tube
brought the solution into contact with the metal. '"H NMR
spectroscopy was used to detect the formation of the anions.

Self-diffusion measurement by NMR spectroscopy

We used the pulsed field gradient stimulated spin-echo (PFG-
SSE)#3! (Fig. 4) because it is most suitable for systems
where T is long relative to 7, or where there is homonuclear
spin—spin coupling the latter being the case for the systems
studied. The advantage of the stimulated spin-echo is that its
intensity is largely dependent on longitudinal relaxation time
[T}, eqn. (5), where [ is the observed intensity, /, is the intensity

Iy -u_ 2y 2 g
I:ﬁe?—z—(yGJ)D(A—3) (5)
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Fig. 4 Pulse sequence for measuring self-diffusion constants. Pulsed
field gradient stimulated spin-echo sequence.
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Fig. 5 Part of the self-diffusion spectrum of 9-phenylanthracene in
[*HgTHF at 298 K

for a single pulse experiment, 7, is the time between the second
and third pulses, 7, is the time between the first two pulses,
y is the gyromagnetic ratio, G is the gradient strength, D is the
self-diffusion constant, J is the gradient pulse length and 4 is
the time between the start of the first gradient pulse and the
start of the second]. Good results were obtained for coupled
systems provided that the time that the magnetization was in
the xy plane prior to acquisition was restricted to 8 ms. We used
a gradient pulse length of 3.5 ms and adjusted 4 in order to
yield a good dynamic range for gradient strengths up to 50 G
cm™ L. If the self-diffusion constant was too slow to be measured
accurately with such a short gradient pulse length then the pulse
length was increased.

The gradient was calibrated using a cylindrical glass
phantom sandwiched between two glass tubes and a hollow
glass cylinder sandwiched between glass rods and recording the
'H or *H NMR spectrum of the phantom immersed in solvent
with the gradient on. The spectrum contained a broad signal
with a rectangular depression which corresponds to the
phantom. The width of the depression (solid cylinder) or cen-
tral peak (hollow cylinder) is proportional to the gradient
strength [eqn. (6), where Aw is the width of the depression and

Aw =Gl ©6)

[ is the length of the phantom]. No significant deviation from
linearity with gradient strength was detectable as is to be
expected from other reports.’ The maximum gradient strength
on the spectrometer was 0.537 T m™' in non-polar solvents
regardless of temperature. The calibration was repeated many
times and the estimated error is 0.8% leading to an absolute
error in the self-diffusion constant of 1.6%. Self-diffusion con-
stants measured for THF with this calibration agreed with
literature values'® to within the experimental error. The diffu-
sion experiment yields spectra of the type shown in Fig. 5 where
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Fig. 6 Plot of intensity against gradient strength fitted to a Gaussian
curve for the left signal in Fig. 5
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Fig. 7 Plot of the natural log intensity against the square of the gradi-
ent strength for the left signal in Fig. 5

the signal decays in a Gaussian manner with increasing gradi-
ent strength. A plot of the signal intensity against gradient
strength fits the theoretical Gaussian curve well (Fig. 6). A plot
of natural log intensity against the square of the gradient
strength yields an excellent fit (Fig. 7). However, such a fit does
not take into account the greater relative error due to noise
for the less intense signals. We obtained more accurate values
for self-diffusion constants by using a non-linear fit of the
Gaussian curve to the actual intensities (Fig. 6).

Anthracene

Ou([PHg]THF; 298 K) 7.42 and 8.00 (AA’XX’, each 4 H) and
8.44 (s, 2 H);* 04(THF; 298 K) same as for [’Hg] THF to within
0.01 ppm; 0x(NH;; 298 K) 7.57 and 8.15 (AA'XX’, each 4 H)
and 8.60 (s, 2 H); 65g(MeOMe; 298 K) 7.41 and 7.98 (AA'XX’,
each 4 H) and 8.42 (s, 2 H).

Corannulene
Corannulene was synthesized using the method of Scott et al.**
Ou(PH,JTHF and THF; 298 K) 7.93 (s, 10 H).

1,8-Dicorannulenyloctane

1,8-Dicorannulenyloctane was synthesized using the method of
Cheng.** 64([*Hg]THF and THF; 298 K) 1.49 (tt, 4 H), 1.59 (tt,
4H),1.94(tt,4H),3.17 (t,4 H), 7.61 (s,2H), 7.74 (d, 2 H), 7.78
(d, 2 H), 7.80 (AB, total 4 H), 7.81 (AB, total 4 H), 7.84 (d, 2
H), 7.98 (d, 2 H).

Penta-tert-butylcorannulene

Penta-tert-butylcorannulene was synthesized using the method
of Cheng.*® §4([*Hg]THF and THF; 298 K) 1.72 (s, 45 H), 8.17
(s, SH).

Hexakis(tert-butylbenzo)coronene
Hexakis(tert-butylbenzo)coronene was synthesized using the
method of Miillen et al.3** §4(*Hg]THF and THF; 298 K) 1.83
(s, 54 H) and 9.42 (s, 12 H).

Lithium 9,10-dihydroanthracenide

Ju(PHE]THF; 298 K) 3.50 (s, 2 H), 4.00 (s, 1 H), 6.00 (t, 2 H),
6.24 (d, 2 H), 6.48 (t, 2 H), 6.54 (d, 2 H); 65(NH3; 298 K) 3.58 (s,
2 H),4.58 (s, 1 H), 5.77 (t, 2 H), 6.00 (d, 2 H), 6.38 (t, 2 H), 6.39
(d, 2 H); 05(MeOMe; 298 K) 3.92 (s, 2 H), 5.02 (s, 1 H), 6.11
(t,2H), 6.37(d, 2 H), 6.57 (t, 2 H), 6.64 (d, 2 H).

Dilithium 9,10-dihydroanthracenediide

ou([PHg]THF; 298 K) 1.88 (s, 2 H), 3.36 and 4.25 (AA’XX’,
each 4 H);” 65(MeOMe; 298 K) 2.17 (br, 2 H), 3.66 (br, 4 H)
and 4.48 (br, 4 H).

Disodium 9,10-dihydroanthracenediide

Ou(PHG]THF; 298 K) 1.48 (s, 2 H), 2.80 and 3.78 (AA'XX’,
each 4 H);* 65(MeOMe; 298 K) 1.79 (br, 2 H), 3.10 (br, 4 H)
and 4.00 (br, 4 H); 0y(DME; 298 K) 1.53 (br, 2 H), 2.85 (br, 4 H)
and 3.83 (br, 4 H).

Lithium 9,10-dimethyl-9,10-dihydroanthracenide
Su(PHg]THF; 298 K) 0.91 (d, 3 H), 1.73 (s, 3 H), 3.49 (q, 1 H),
5.72 (t,2 H), 6.07 (d, 2 H), 6.39 (d, 2 H) and 6.46 (t, 2 H).

Dilithium 9,10-dimethyl-9,10-dihydroanthracenediide
Ju([PHg]THF; 298 K) 0.58 (s, 6 H) and 3.86 and 4.81 (AA'XX’,
each 4 H).

Lithium 9,10-diphenyl-9,10-dihydroanthracenide

Ju(PHg]THF; 298 K) 4.82 (s, 1 H), 5.85 (t, 2 H), 6.31 (t, 2 H),
6.56 (d, 2 H), 6.61 (d, 2 H), 6.73 (t, 2 H), 6.84 (t, 1 H), 6.90
(t, 1 H), 6.94 (t, 2 H), 7.08 (d, 2 H), 7.10 (d, 2 H).

Dilithium 9,12-dihydrotetracenediide
Su(PHg]THF; 175 K) 2.79 (s, 4 H) and 4.28 and 4.71 (AA’XX’,
each 4 H).

Dilithium penta-tert-butylcorannulenediide
Ju(PHg]THF and THF; 298 K) —3.37 (s, 5 H), —1.56 (s, 45 H).

Octalithium 1,8-dicorannulenyloctaneoctaide
Su(PHg]THF and THF; 298 K) 2.2-3.2 (m, 16 H), 6.7-7.2 (m,
18 H).

Conclusions

Self-diffusion is a useful tool for comparing sizes of molecules.
NMR and specifically the PFG-SSE method is a good way of
measuring self-diffusion constants with an accuracy of *1%
achievable. For a set of similar molecules, it is possible to obtain
a reasonably predictable (£10%) correlation with molecular
size. Solvation shells complicate the measurement of charged
systems. However, the self-diffusion constant can be used to
study these solvation shells: comparing solvents and estimating
their size. The size of the solvation shell varies widely with
anion but not with cation. The solvation effect is strongest for
THF = DME > MeOMe > NH;. Self-diffusion measurements
provide unequivocal proof that the lithium salts are not free
ions in solution.
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