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In previous work from our laboratories we have characterized the molecular motion of phenalenyl in the
supercage of cation-exchanged X- and Y-zeolites using continuous—e#@ron paramagnetic resonance
(CW-EPR) and pulsed-EPR techniques. The trends in activation energies with cation size and Lewis acidity
and in EPR line widths provided circumstantial evidence for a weak covalent interaction between the neutral
phenalenylz-system and the cations. This work on phenalenyl and alkali metal cations in solution provides
Li nuclear magnetic resonance (NMR) and CW-EPR spectroscopic evidence for this type of interaction.
Moreover, to our knowledge it is the first example afi@utralradicat-alkali metal ion complex in solution.

In rigorously dried alcohol solutions this interaction results in the formation of a complex between neutral
phenalenyl and Lfi or Na", which is in equilibrium with solvated phenalenyl and the respective cation. The
forward and reverse rates for this equilibrium fof lsind phenalenyl in methanol allow for an analysiglaf

NMR data acquired at 320 K in the fast exchange limit, which yields an equilibrium constantio#29 1.
Analysis of the CW-EPR data for Naand phenalenyl in methanol at 295 K in the slow exchange limit
produces an isotropic Na hyperfine frequency for the phenatedgt complex of 4.24- 0.1 MHz. This
hyperfine frequency reflects a Fermi contact with the Na nucleus of ca. 0.5% of the nonbaréliectron

spin density from phenalenyl.

Introduction is a bonding interaction between thesystem of the phenalenyl
ring system and the empty s-orbital of the cation. The bond
remains substantially intact, while the phenalenyl reorients in
its plane but is broken when it reorients out-of-plane. The
increasing phenalenyl EPR line widths with exchanged cation
nuclear magnetic momeéngive additional evidence for this

5 model of phenalenytcage interaction. The line width depen-
(I) dence indicates that the unpaireetlectron resides in an orbital

In previous work we have studied the molecular motion of
phenalenyl (PNLYI) in the supercage of cation exchanged X-
and Y-zeolites using CW- and pulsed-EPR techniques. This

that is being mixed with s-orbital character on the cations of
the zeolite cage. The resulting spin density on the cation nucleus
results in an, as yet, unresolved nuclear hyperfine structure. The
study indicated a possible correlation between the CW EPR hyperfine interaction has been observed recently, however, for
spectrum of the neutral phenalenyl radical and the nuclear j+ Nat, and C$ in X- and Y-zeolites loaded with phenalenyl
magnetic moments of the exchanged alkali metal catiofis Li  with electron spin echo envelope modulation spectros@opy.
Na*, K*, Rb*, and Cg.! This correlation is believed to result  Recent NMR: UV,5 and ODMF® spectroscopic studies of these
from the formation of a PNL-cation Lewis acidbase complex.  zeolites have shown indirect evidence that Lewis atidse
Understanding the nature of such a complex may be importantcomplex formation between neutral, diamagnetic guests with
in revealing the unique catalytic properties of these zeolites. aromaticr-electron systems and exchanged alkali metal cations
Phenaleny(l) undergoes predominantly in-plane reorientation occurs at various temperatures. The studies also show that the
in the NaX zeolite cage to about 200 'R.Above this  energetics of this complex formation may be important in the
temperature, the molecule approaches a free, isotropic rotation catalytic activity of these host zeolites. The literafusdso
as out-of-plane reorientations catch up with rapid, in-plane suggests that the lack of formation of this typeetomplex
reorientation-2 Studies of the relatively small activation energies may favor a different catalytic mechanism where Bronsted acid
on exchanged cation are consistent with a midehich there sites play an important role in the chemistry that the guest
. . molecule undergoes. Clearly, a study of the energetics of the
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alkali metal cations in dry alcohol solutions. Direct evidence
for the existence of ar-complex between phenalenyl and an
alkali cation is reflected in the CW-EPR data for methanol
solutions of Li* and N& containing phenalenyl and in tHki
NMR data for the Li solutions. The dilute alcohol solutions
provide a potentially isotropic environment in which to study
this type of interaction. This environment allows for the

determination of the isotropic magnetic resonance parameters

for these complexes. Knowledge of these parameters will help
in the characterization of the complexes in the more anisotropic
environment of the zeolite hosts. Moreover, to the best of our
knowledge, an EPR study of complex formation between any
neutral zz-type radical and an alkali metal cation in solution

cannot be found in the literature, although there are numerous

studies of complexes betweeantype anionradicals and alkali
metal cations. This is not surprising when one considers that
ion pair formation betweemr-type radical anions and large
cations with smaller atomic hyperfine frequenéisach as K
result in hyperfine interactions which are often too weak to
observe with CW-EPR at X-barfdClearly, under the same
conditions the interaction between an alkali cation and a neutral
radical would be expected to generate an even weaker hyperfin
interaction.

The observation by CW-EPR of complexes betweaetype

radical anions and alkali metal cations has been known for many

years?~12 For example, isotropic hyperfine frequencies ef@
MHz have been observed in solution witktype radical anions
from room-temperatut€ and low-temperatuté CW-EPR mea-
surements. Equilibrium equations for the solutions of metal

cations and radical anions have been used to model the CW-,

EPR data acquired at various temperatures for &amplexing
with the radical anion from naphthalédeand Na and K"
complexing with the pyracene radical anifrin both of these

€
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to follow the phenalenyl/Li complex solution in this study with

the same type of'Li NMR study of the 7Li resonance
frequencies, it should be possible to study the paramagnetic line
broadening of the uncomplexedLin a similar manner.

Experimental Section

Sample Preparation Phenalenyl radical stock solutions were
prepared in driedh-hexane (Aldrich, hplc grade) and character-
ized for formal phenalenyl concentrations with UV spectroscopy
as described previousl.Formal phenalenyl concentrations
ranged from 3.9 to 6.2 mM with an average of 5:00.6 mM.
Methanol (Aldrich, hplc grade) was distilled from magnesium
turnings and transferred under argon to an atmosphere box.
Appropriate amounts of freshly cut sodium and lithium metal
were massed on an analytical balance, dissolved in dried
methanol solvent, and diluted in volumetric glassware under
argon in an atmosphere box. Aliquots of each solution were
removed and titrated with a°2standard HCI solution to a
bromthymol blue endpoint in order to check each sample for
metal alkoxide concentration. In all cases the concentrations
determined from titration were the same, within experimental
error (<4+5%), as those determined from massing the metals
before dilutions. Metal alkoxide concentrations of 1.0, 0.8, 0.5,
0.3, 0.1, and 0.01 M were prepared for thetLland N&
solutions. A typical radicatmetal ion solution was prepared
by transferring 1.00 mL of phenalenyl stock solution in a 10.0
mL round-bottom flask sealed under argon to a rotoevaporator.
The solution was rotoevaporated to a solid residue, then sealed
under argon, and transferred to an atmosphere box. A 1.00 mL
volume of metal alkoxide solution was then added and the
resulting solution was transferred to a 4.0 mm o.d. Pyrex EPR
tube. The EPR tubes were transferred under argon to a vacuum
line and taken through three freezgump-thaw cycles at

studies a temperature range was investigated, which included -3 Torr pefore being flame-sealed in the tube under vacuum.

equilibration rates in the fast exchange lithand slower rates,
where specific broadened hyperfine transition line widths can
be interpreted as an alternating-line-width effécThe rates
for exchange of the alkali metal ions between two identical
and two different? radical anion complexes were determined
from the data showing the alternating-line-width effect. Equi-
librium constants were determined for Nequilibrating between
two different complexes with the naphthalene radical anion
above the temperature of the fast exchange hhiThe

The resulting sealed tubes of 5:00.6 mM phenalenyl solutions
with LiTCHzO~ and Na CHzO~ concentrations in methanol as
described above were stored in a freezer until needed. Duplicate
samples were prepared for the 1.0, 0.1, and 0.01 Mdnd

Na" methanol samples with 58 0.6 mM phenalenyl. These
samples were prepared with the same protocol except that after
sealing on the vacuum line they were opened under argon and
transferred back to the rotoevaporator setup. The methanol
solvent was removed and 1.0 mL of driechexane was added

temperature-dependent equilibrium constant data was then useg the solid residue. The resulting solutions were transferred to

to determineAH for this equilibrium!? The phenalenyl radical
complex with alkali metal cations in alcohol solution studied
in this work should be able to be represented by a similar
thermodynamic equilibrium model.

There are many examples in the literaturétéfand3C NMR
studies ofr-type complexes between transition metal ions and
neutral diamagnetic organic-electron system¥. There are a
few examples oflH, 13C, and’Li NMR studies of z-type

complexes between alkali metal ions and neutral diamagnetic

organicr-electron systemsin a recent study of azz-complex
between 4 Lt and a corannulerie ion, az-complex “sand-
wich” dimer was observed where 4 *Liwere sandwiched
between 2 corannulefie with 2 Li™ above and below the

EPR tubes under argon, treated on the vacuum line, and stored
for later use as described above. CW-EPR spectra were acquired
for all of these duplicate samples under the conditions described
below, and in each case the spectra were of free PNL with signal
intensities that were within experimental error of the original
PNL stock solution. LiCH3O~ 1.0, 0.8, 0.5, and 0.3 M stock
solutions were transferred in 4.0 mm EPR tubes under argon,
treated on the vacuum line as above and stored for later use.
EPR Measurements.CW-EPR spectra were acquired at
room temperature with a Micronow 8100A X-band EPR
spectrometer upgraded with a Micronow 8320A field controller
and data acquisition unit. The acquisition unit was controlled
by a Zenith 286 computer with a National instruments GPIB-

corannulene anion rings. The rate of exchange between the 4PCll IEEE-488 board. Typical microwave frequencies were

Li* on the inside of the sandwich and 4'Lan the outside was
determined with’Li NMR datal® The exchange involved the
coelescence of the two differefiti nuclear resonance frequen-
cies and line widths at ca. 240 K with the slow exchange limit
starting at 190 K and the fast exchange limit at 29G°¢K.
Although the hyperfine interaction would make it very difficult

between 9.3 and 9.5 GHz with—B mW of power. The
spectrometer was operated with a 25 kHz field modulation at
an amplitude of 0.04 to 0.08G. CW-EPR spectra for the 0.1
and 1.0 M Li" and N& solutions were also acquired on a Varian
4500 X-band EPR spectrometer with the same model field
controller and data acquisition unit as described above. The data
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Figure 1. CW-EPR spectra of the PNL-Nasamples in methanol
acquired at room temperature as a function of Na

acquisition parameters were the same except for the microwave

frequency and modulation frequency which were 9.1 t0 9.2 GHz

and 100 kHz, respectively. Field and frequency measurements

were also made for the spectra acquired on the Varian
spectrometer. Field measurements were made with a Micronow
51511H NMR gaussmeter and an Albia 550 MHz frequency

counter. The frequency counter and a HP540B transfer oscillator
were employed for microwave frequency measurements. The

EPR sample tubes were placed directly in the rectangular cavities

of either the Micronow or Varian spectrometers.

NMR Measurements “Li NMR spectra were acquired from
215 to 335 K in ca. 10 K increments with a Bruker AC300
FT-NMR spectrometer equipped with an Aspect 3000 mini-
computer and a 10 mm broad band probe fitted with a standard
dewar for variable temperature work. The probe was tuned to
a’Li resonance frequency of 116.6 MHz. Typically, a spectrum

was acquired as an average of 16 free induction decays with a

20 us n/2 pulse and 16K data points with a transformed
resolution of 0.06 Hz per point over a 1000 Hz frequency

window. The FID data were then transferred over an open aspect ,,

data interface to a 90 MHz Pentium computer. Fourier trans-

forming and phasing of the data and subsequent processing were

then done with WinNuts 1D NMR softwa#é€.Variable tem-
perature data was acquired with a Bruker variable temperature
unit which was calibrated with a methanol temperature pfbbe
from 210 to 338 K to+ 0.8 K. The EPR sample tubes were
centered inside a standard 10 mm Pyrex NMR tube with a
Teflon tape gasket. The 10 mm NMR tube was then filled with
a 0.1 M LiNG;s solution in DO (Aldich, 99.9 atom %) which
served as a lock solvent ariti reference frequency.

Experimental Results

CW-EPR spectra were acquired at room temperature with
the Micronow spectrometer for the six PNINa" solutions as
a function of initial Na& concentration (see Figure 1). CW-EPR
spectra were acquired at room temperature for the six-PNL
Li* solutions as a function of initial Lii concentration (see
Figure 2). CW-EPR spectra for the 1.0 and 0.01 M {Na
PNL—Na" solutions were also acquired with the Varian
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Figure 2. CW-EPR spectra of the PNLLi* samples in methanol
acquired at room temperature as a function of Tg.i
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Figure 3. (a) Experimental and simulated CW-EPR spectrum for the
PNL—Na" sample with [Nd]o = 1.0 mM. (b) Experimental and
simulated CW-EPR spectrum for the PNNa" sample with [Na]o

= 0.01 mM.
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the normal vacuum line protocol. CW-EPR spectra were
acquired at room temperature.

Li NMR spectra for the 1.0, 0.5, and 0.1 M [t PNL—
Li* solutions were acquired at 13 temperatures from 215 to
338 K. ’Li NMR spectra for the 0.8 and 0.3 M [it]o PNL—
Lit solutions were acquired at 4 temperatures from 295 to 327
K. The line widths at half-heightAvi,, for the Fourier
transformed and phased spectra were determined using the
WinNuts NMR softwaré?® The resulting line widths from all

spectrometer along with three field and frequency measurementf the NMR spectra are given in Table 1. The 0.01 M*{li
made at the center line of each spectrum (see Figure 3). ThePNL—Li™" solution had &’Li resonance peak which was too
average values for the field and frequency measurements wereveak to be able to collect usable dafia. NMR spectra for the

used to determine thg values for the 1.0 M solution. After
use, a few of the PNENa' and PNL-Li* samples were opened
and exposed to the air for #20 min and then re-sealed with

LiTCH;O™ 1.0, 0.8, 0.5, and 0.3 M stock solutions were acquired
for 4 temperatures from 215 to 338 K and used to determine
Avyp values for each sample. The line widths for the stock
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TABLE 1: 7Li NMR Line Width Data as a Function of while the isotropictH hyperfine frequencies for the metay,
Temperature and [Li*]o for Solutions of PNL—Li™ in and para,a, protons in PNL, the isotropi@Na hyperfine
Methanol frequencyana and the Lorentzian line widtiAH, were allowed
AvIMHz to least-squares fit to the spectra. The parameters of best fit
[Li oM wereay = —17.8+ 0.1 MHz,a, = 6.2+ 0.1 MHz,ay, = 4.2
temperature/K 0.1 0.3 0.5 0.8 1.0 + 0.1 MHz, andAH = 1.3 £ 0.1 G for the [Nd]o = 1.0 M
338 2.0 0.9 0.9 sample andy, = —17.8+ 0.1 MHz,a, = 6.2+ 0.1 MHz, ana
327 1.6 1.2 11 1.1 0.9 = 0.0+ 0.1 MHz, andAH = 1.0 £+ 0.1 G for the [Nd]o =
315 1.6 13 1.6 1.6 1.2 0.01 M sample. The value @f= 0.0+ 0.1 MHz for the 0.01
304 13 15 17 17 15 M sample, which differs statistically from the value at 1.0 M,
295 1.4 2.2 4.3 3.1 1.8 . . ' oy _
85 13 6.3 25 is probably an artifact of the insensitivity of the fit to the small
275 15 6.9 2.3 concentration of the complex present in the 0.01 M Na
265 1.5 6.9 2.8 sample. The calculated spectra of best fit are shown in Figure
255 13 6.7 2.8 3. These results support the equilibrium in eq 1 in the limits of
ggg 8-2 g-g gg high and low N& concentration. The isotropic values fag
25 0.6 6.0 17 and a,, are within error estimates of the normal experimental
215 05 6.3 1.4 values for PNL in solutioft” The approximately @ (Hm), 6G

(Na), and—18G (Hp) coupling constants and the nearly integral

All of the samples were prepared with [PNLF 5.0 & 0.6 mM. fractional relationships between them give the spectrum its

All of the Av values are recorded in Hz. All of the data have been

averaged withs(Av) = +0.1 Hz. Line widthsAv are widths at half- ~ @ppearance as a pseudo-sextet of multiplets. Thus the presence

height. of the Na hyperfine coupling, in addition to the relatively
unchanged proton couplings, gives the spectrum an easily

solutions were all in the range of 0.3 to Gt50.1 Hz for all of distinguishable appearance. Thgd values are significantly

the temperatures studied. Chemical shift values referenced tolarger than expected for just PNL in solutibfiThis may involve
the LiNG; internal standard were also calculated for each of some unresolved anisotropic coupling with the*Nand/or
the samples; however, the changes in chemical shift were toohyperfine interactions with the solvemhH may also have a

small to be statistically useful in further analysis. contribution from exchange due to Naxchange between
. . . symmetry equivalent locations with respect to the PNL molec-
Analysis and Discussion ular framework. See the discussion at the end of this paragraph.

The CW-EPR spectra for the PNiNa® solutions as a T_he possible c_ontribution of an exchange of Fhe*M;gtween
function of [Na']o in Figure 1 range from the well-knoh different PNL sn_es to t_he observeé was con_3|der_ed in t_erms
isotropic PNL spectrum for [Ngo = 0.01 M to a spectrum of an overall line width and an alterngyng line width.
with a more complicated hyperfine pattern for [Na= 0.5 anortunately, thg roomitemperatur_e conditions and concgntrg-
M. The more complicated spectrum remains essentially un- tions ranges available dl_d not_permlt an observable variation in
changed from 0.5 to 1.0 M [Ndo. Below [Nat]o = 0.5 M the the exper_lmental EPR Ime widths. It is clear that the solvent
spectra appear to be a superposition of two spectra from 0.3 MPplays an important role in the. formation of these complexes.
down to 0.01 M where the free PNL spectrum dominates. These Several of the PNENa" solutions were exposed briefly to
qualitative observations can be explained by a simple thermo- atmospheric moisture. The resulting CW-EPR spectra of those

dynamic equilibrium between an alkali metal ionfNINa" in samples showed no sign of the PNNa" spectrum. All these
this case) and the neutral PNL radical, samples showed a free PNL EPR spectrum regardless of the
Na' concentration. Apparently the introduction of small amounts
PNL 4+ M™ = PNL—=M" 1) of water to the dry methanol solvent disrupts the formation of

the complex. The isotropi®&Na hyperfine frequency of 4.2 MHz

For [PNL], = 5.0mM this equilibrium is forced almost reflects a relatively small interaction with the Na nucleus. Given

completely to product by 0.5 M or higher [Nk, which would an atqmic Na_hyperfine .frequencxr of 885'81, MHzthe
result in the observation of the EPR spectrum of the PNL  NYPerfine frequency for this PNENa™ complex involves a

Na* complex. The observation of a possible superposition of Fermi contact ir_lteraction with the Na n_ucleus where_only 0.5%
two spectra for [N&]o between 0.5 and 0.01 M could also be of_ the nonbond_lngt-ele_ctron spin density frpm PNL is shared
explained by this equilibrium model if the equilibration rate ywth thg metal ion. This represents a relatively weak covalent
were in the slow exchange linfit.In this limit one would expect ~ Intéraction. The spectrum for the [N = 1.0 M PNP-Na"
the observed EPR spectrum to be some linear combination ofSolution was well-fit by a calculated spectrum with an isotropic

the PNL spectrum and the spectrum of the PNNa* complex. hyperfine interaction for the Na Therefore, within the limits
For [Natlo = 0.01 M this equilibrium is forced almost ©f the propagated error in this fit, the interaction or the time

completely to the reactant side, which would result in the average of the interaction of the Navith PNL in this Lewis

observation of the EPR spectrum of PNL. acid/base complex must be symmetric with respect to the 3-fold
Simulation of the PNL and PNENa* complex CW-EPR symmetry axis of the rapidly reorienting PNL ring system. This
spectra were done with a procedure described previbtishjth Nat—phenalenyl interaction would appear to resemble more

two modifications. An isotropié3Na hyperfine term was added ~ Nearly the sigma 2s orbital type of interaction found in the
to the previous Hamiltonian for PNEand a Lorentzian rather ~ Li® complex with benzene than the 2p—z orbital type of
than Gaussian line width function was employed. The simulated interaction found in the Licomplex with acetylene and ethylene
spectra were least-squares fit to the experimental spectra forin the work of Manceron et &f

the PNL-Na" solutions with [N&]o = 1.0 M and [Nd]o = The CW-EPR spectra of the [Nk concentrations 0.3 M (not
0.01 M using a previously described procedtféhe isotropic shown in Figure 3) and 0.1 M were fit with simple linear
g values determined above for both samples were kept constantcombinations of the high- and low-limit [Nd, experimental
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spectra in Figure 1. The resulting best-fit combinations resulted 1.25

in ratios of [PNL—Na"]/[PNL] of 20 + 5 and 60+ 5 for the |

0.1 and 0.3 M samples, respectively. Given the equilibrium 1 / N

expression for eq 1 and the fact that for both these samples (75 P e

[Nat]o > [PNL]o, equilibrium constanK can be determined A N

from the ratios of the calculated spectra as :>1“ 0.5
- N
[

K = [PNL—Na"J/([PNL][Na"],) @ =¥ 7 S
_ o 0 _/I Fast Exchange [

Equation 2 can be used to calculate an equilibrium constant Ae Exchange

from the above data ¢f = 190+ 20 M~ at room temperature. -0.25

The quality of the fits of these calculated spectra to the 05 | |

experimental spectra (see Figure 3) suggests that the assumption
of an equilibration rate in the slow exchange limit for eq 1 is
valid for the PNL-Na" solutions at room temperature. 1000/T (1/K)

The CW-EPR spectra for the PMNILi*™ solutions as a Figure 4. Temperature dependence of theé NMR line width, Av.
function of [Li*]o in Figure 2 appear to be similar to the PNL ~ Plot of the In@\) versus 1T for the temperature-dependeht NMR
Nat. They range from the well-knovéfisotropic PNL spectrum ~ data in Table 1 at [Lilo = 1.0 M. The coalescence region (peak) is
for [Li*]o = 0.01 M to & spectrum with a more complicated i?nogvvgist\;]osl\ggga:gvﬁgh?eat'?f;ﬁf:%r‘:?t and slow exchange limits.
hyperfine pattern for [Li]o = 0.5 M. The more complicated

28 3 32 34 36 38 4 42 44 46 438

spectrum remains essentially unchanged from 0.5 to 1.0 M 18
[Li*]o. Below [Lit]o = 0.5 M the spectra appear to be a
superposition of two spectra from 0.3 M(not shown in Figure 16 1

2) down to 0.01 M where the free PNL spectrum dominates.

These qualitative observations can be explained with a simple ~ 14

thermodynamic equilibrium in eq 1 where™s Li*. Unfor- ’ \
1.2

tunately, the more complicated problem of simulating the PNL ‘
Li* EPR spectrum with the extra hyperfine term from the ca.
8% abundanfLi has prevented our fitting the high [L]o i "
spectrum. 1 :
The CW-EPR spectra of the [t concentrations 0.3 and ‘ -
0.1 M were fit with simple linear combinations of the 1.0 and 0.8 T . - T .
0.01 M [Li*]o experimental spectra in Figure 2. The resulting 0 0.2 0.4 0.6 0.8 1 1.2
best-fit combinations resulted in ratios of [PNLi*]/[PNL] Initial [Li] (M)
of 3.0 +£ 0.5 and 9.0+ 0.5 for the 0.1 and 0.3 M samples,
respective]y_ Given that [E]]O > [PNL]O for these Samp]esl eq Figure 5. Exp(_erimental value_s of thiei NMR line Wldth, Av, versqs
2 can be used to calculate an equilibrium constant from the {h'qofoidata'” Tet‘)b'etlf_tacgu"ef m}; 32;;11“&'}?? rfﬁ’e;et”t'.”g
above Qata oK =30 5 M at room temperature: The quality alseo es?lsovir?.ulé_iirr?es Wﬁ;hslwoafeqwi(;,:hs at half-height. ome e
of the fits of these calculated spectra to the experimental spectra
suggests that the assumption of an equilibration rate in the slowwherey represents mole fractions. The line width datacan
exchange limit for eq 1 is valid for the PNLLi ™ solutions at be used to determine the equilibrium constdhtin eq 4
room temperature. Several of the PNLi* solutions were  (assuming that [Lf]o > [PNL]o):
exposed briefly to atmospheric moisture. The resulting CW- 1 )
EPR spectra of those samples showed no sign of the-RNL Av = Av;; +{Avpy i [PNL]/(K "+ [Li] o)}  (4)
spectrum. All these samples showed a free PNL EPR spectrum _ - .
regardless of the tficoncentration. Apparently the introduction An approach similar tLi I!n_e-broadenlng msa_surements has
of small amounts of water to the dry methanol solvent disrupts been employeq by Kolodziejski.The PNL—Li " line width for
the formation of the complex. the complex is treated as an unknown parameter to be

The temperature-dependéht NMR data in Table 1 can be determ|_ned alqng with K. Thm’”? da_ta_ in Table 1 for the
analyzed for the rate of equilibration in eq 1 relative to the F,)N,L_L'+ sollut|on. atT.= 327 K, which is in the fast exphange
measurement of line width and resonance frequencies by a plotIImIt determined in Figure 4, was plotted versusﬂd The
of In(Avyyp) versus 1T.1* The Avy; data in Table 1 for the PNE data were then Ieas_,t-squares fit by e914 (see Figure 5). The
Li*+ solution with [Li]o = 1.0 M has been plotted for this Parameters of bestfit weke =29+ 4 M~", Av;; = 0.9+ 0.1
analysis in Figure 4. The temperature range for the region of Hz, andAven,-;i = 18 + 1 Hz. The [PNL) was assumed to

fast exchange of the Li nuclei involved in eq 1 is clearly evident P€ 5:0 £ 0.6 mM. This equilibrium constant is in good
in Figure 414 Since the [PNL{ is constant for all of the different ~ 29réementwith thi values determined from the CW-EPR data

—|it i i
[Li 110 samples, the region of fast exchange should be the samePf the PNL-Li™ samples. ThiX value is also reasonable when

for all of them15 The data in Table 1 seem to be in obvious Ccompared with a slightly smaller value fisrin the PNL-Na*

agreement with this assumption for all of the fl§ samples samples. A sma_IIeK _value would be expected for a we_ak_er
egcept the 0.01 M P L P PNL—M* bond since it would affect the rate for the dissociation

An analysis of the’Li NMR line width can be described of the complex in eq 1.
according to the PNELi™ equilibrium in eq 1. In the fast
exchange limit, the line widtiAv obeys the relationshifp

Av (Hz

Conclusion

This work on phenalenyl and alkali metal cations in solution
Av = yoni-Li Aveni-ui Tt Ay (3) has employedLi nuclear magnetic resonance (NMR) and CW-



7634 J. Phys. Chem. A, Vol. 104, No. 32, 2000

Dwyer et al.

EPR spectroscopy evidence to characterize Lewis acid/baseReferences and Notes

complex formation between the neutral phenalenyl radical and
alkali metal cations in solution. To the best of our knowledge
an EPR study of complex formation between any neutrglpe
radical and an alkali metal cation in solution cannot be found
in the literature. In rigorously dried alcohol solutions this
interaction results in the formation of a complex between
phenalenyl and Ui or Na, which is in equilibrium with
solvated phenalenyl and the respective cation. The forward and
reverse rates for this equilibrium for Liand phenalenyl in
methanol allow for an analysis dti NMR data acquired at
327 K, which yields an equilibrium constant of 294 M~L,
Analysis of the CW-EPR data for tiand phenalenyl in
methanol at 295 K yields an equilibrium constankof 30 +

5 M~1. Analysis of the CW-EPR data for Naand phenalenyl

in methanol at 295 K yields an equilibrium constankof 20

+ 5 ML Rigorous analysis of the CW-EPR data in the slow
exchange limit produces an isotropic Na hyperfine frequency
for the phenalenytNa® complex of 4.2+ 0.1 MHz. This
hyperfine frequency reflects a Fermi contact with the Na nucleus
of 0.5% of the nonbondingz-electron spin density from
phenalenyl. The maintenance of the phenalenyl proton hyperfine
structure and the transfer of a relatively small amount of spin
density to the metal suggests that the complex is- dype
complex?® However, the &' singly occupied molecular orbital

of Dap phenalenyl by symmetry would allow no net interaction
with the s orbital of the alkali metal ion situated on thgaxis.
Thus a time average of equivalent off-axis interactions appears
to be implied.
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