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Abstract .  To understan¿ tne l3C NMR of  in tercalat ion conpounds
ó-f-gTá[h-ite, one can invoke analogies to several systems:
metals ,  c losed shel l  aromat ic  ions,  and aromat ic  radical  ions.
To assess these alternatives, one needs to measure the T,
and the Knight shift of the carbon resonance. Cornplexitles
can arise from intercalated paramagnets.

In the case of ions of aromatic hydrocarbons, the l3C
NllR absorption can be broadened by exchange between closed
shell specles and radical lons. Species whlch do not exchange,
such as hydrido-carbanions forned by attack by protons, can be
observed, but may be a minorlty specles. This problem may be
of relevance to the proposal of "tetra-anions" of perylene and
of pyrene.

Int roduct ion

Carbon-I3 Nl . lR is  usefu l  in  character iz ing a
wide variety of benzenoid systems, ranging from
graphi te to fo¡s i l  fue ls .  In  the case of  in ter-
calation compouRds of graphite, the resonance
posi t ion,  t f  proDl t ly  in terpreted,  could y ie ld
'information about the--qxtent of charge transfer
between graphlte host an-d-lnserted guest, an issue
which has been somewhat controversial in the last
ten years (l). To unrierstand the C-13 spectra in
graphlte conpounds, one may use several possible
ana log ies :

l .  Because the compounds have metal l ic  conduct iv l ty ,
one could treat the spectra ln tenns of the l l l ' lR
theory of  metals ,  in  whlch re laxat ion fo l lows a
Korr i iga Law re lat ion (Tr  X T *  (Knight  sh i f t ) -z .
Since both donor and accéptor compounds have
greater conductivity than graphite, they should both
have shl f ts  at  h igher  f ie ld than that  of  graphi te,
and they_both should have T. t  va lues less than that
of  graphi te.

?. Because graphite compounds may be viewed as
charged ben¿enoid species,  one could in terpret
:he shi f ts  in  terms of  chemical  sh i f t /charge
rransfer correlations worked out for closed shell
ions of small aromatic hydrocarbons.

3. Because graphite compounds contain benzenoid
sheets which are not only charged but also contain
.rnpaired electrgns, one might relate observed
shifts toJte,fBrmi contact term, as done for

aromat lc  radical  ions.  For  these species,  the
shi f t  o f  a g iven carbon atom in the benzenoid ion
is  re lated to the magni tude and s ign of  i ts
hyperfine coupl ing constant.

4.  Because graphi te tonpounds are anlsotropic ,
per iodic  sol ids,  one might  requi re deta i led
band theory to in terpret  the shi f ts  (2) .  Herein,
shifts are expressed in terms of "band" and
"dipole"  contr ibut ions,  v l i th  donor,  but  not
acceptor, compounds having a nonzero dipole term
only because of  the metal l ic  nature of  the donor
compounds so far studied. The "band" term has
been proposeC to be independent of intercalate
concentrat ion,  and presunably charge t ransfer  (2) .

Herein,  we i l lust rate these points wl th data
concerning C- l3 NMR of  graphi te acceptors,  the
pyrene/pery ' lene tet ra-anion d iscussion (3) ,  and
the  C 'VH2O d i scuss ion  (4 ) .

Resu' l ts  and 0 iscussion

In terms of T1, CrrK has been reported to obey
the  Ko r r i nga  Law (5 ) . ' [ e  f i nd  t ha t  d i f f e ren t
graphite,/acceptor compounds can have different T.,
behavior: samples from SP-l graphite with
intercalated paramagnets ( "Cl4UF6'  or  "C¡4Cr03)
have the shor test  T. , 's ,  fo l lowed b l  CIOAsFU and
Cl¿PF6 (which show temperature independent
páiamágnet ism, as measured by ESR).  A 9 lZ C- l3
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enriched Boudouard carbon (XRD L^ = .|20 
A), when

intercalated wi th bromine,  shows' re lat ive ly  long
T. , -va lues (q!  ?9e.K,  T l  = 2.1 sec at  15 MHz and
418  sec  a t  90  MHz) .

In terms of shift position, we haye reported that
acceptor compounds made from polycrystall ine SP-l
graphi te have a s ingle resonance s l ight ly
downf ie ld f rom the posi t ion of  benzene ( l ) .  The
uniformity of results suggests a "motional
averaglng" process of the type reported for the
ESR of polycrysta'lf ine graphites by Singer (6).
Some workers have uti l ized chemical shift/charge
transfer  corre lat ions der ived for  c losed shel l
aromat ic  ions to in fer  that  the smal l  sh i f ts
observed tn graphtte/acceptors indicate negllgible
charge transfer (7). The releyance of such
correlations to graphlte compounds is questionable,
for  the corre lat ions are based on data on smal l ,
c losed-shel l  lons,  in  which the t ransferred
charge is located on peripheral carbon atoms.
lrlhen electron exchange is present, the situation
is  more complex,  as i l lust rated in  the recent
debate over the existence of tetra-anions of
pyrene and pery lene (3) .

Af ter  a per iod of  weeks,  one can obta in h igh
resolution proton and carbon spectra of a mlxture
of  pyrene,  de-THF, and a lkal j  meta l ,  and var lous
workers have-ascribed such spectra to the pyrene
dianion,  the pyrene tet ra-anion,  or  the hydr ldo-
pyrene carbanion,  a l l  o f  which are c losed shel l
specles. Current wlsdom suggests that the last
entlty may be the observed species, with electron
exchange between radical anion and dianion
broadening the spectra of these specles at roon
temperature. In the case of a perylene, THF,
sodium metal  mixture,  we f ind that  h igh power,
w ide  l i ne  t echn iques  g i ve  a  C - l 3  spec t rum w i th
two peaks (15 l '1H2,298 K).  The peaks are about
0.35 G wide,  are about  45 ppm apart ,  and are of
equal  in tensi ty ,  ind icat ing that  they ar lse f rom
the THF. No evidence for perylene species could
be found.  I f  such ev idence were found,  the shi f ts
of the resonance positions would be determlned
by the Fermi contact term, and not by the above
mentioned chqrical shi ft lcharge transfer
correl ati ons .

The tet ra-anion d lscussion is  of  re leyance to
charge transfer issues in graphlte charistry. If
one could make the pyrene tetra-anion, in whlch 4
electrons are d is t r ibuted.anong l6 carbon atoms,
then a formulation of C;K? for the first stage
graphite intercalation üonpound ¡rculd not seen
unreasonable.  In  the case of  pery lene,  C26H¡2,
we have found that one can obtain the "coiieé["
NMR spectra after a potasslum consumptlon of only

2 mole K/nnle perylene. 0n quenching this
solut ion wi th methyl  iod lde,  the major  product  is
di-nethyl di-hydro perylene.

Thus, charge transfer jn aromatic hydrocarbons
(l e- for ten carbon atoms in the dianion of
perylene) ls of the same order of magnitude as
in intercalation conpounds. Howeyer, the
graphi te compounds,  CqM (M=K, Rb,  Cs) ,  appear to
have incomplete chargé transfer fro¡n Mo to C,
as shown by optical, NMR, Mossbauer, and
chernical techniques. l le have been interested
in using the reaction of C^K w,ith water as a probe
of  the k inet ics of  the ani6nic  carbon sheets and
of the electron-depleted potassium layers. l le
have found that the CoK/Hr0 product fiom Sp_l
graphi te conta ins a lk l ' l i  r le ta l  cat ions wi th
water ,  suggest lng a k inei lc  l imi tat ion to the
react ion of  graphi t ic  anions wi th prot ic  sources.

There has been some debate about this interpretation.
Schló91 and.Boeln have suggested that  incomitetá
reactJon ar ises f rom topo¿ñemical  l . imi tat ions,
an<l that ¡rater can react complelely w.lth CoK
as i f  that  compound conta ined Ke (4) .  ' r le  fave
recent ly  obta lned data on the react ion of  CrK
made from Ultracarbon UCP-325 with H20;
the product  conta ins 75,41l  C,  l . l2 f  H,  and
l l .64f  K,  as measured by Galbra i th Labs.  l . le
could not remove all the potassium, even from a
-325 mesh material. Furthennore, dll compounds
which tre have studled appear to contain water,
as in ferred f rom pyro lys is /Kar l  -F isher  react ions.
The T. ,  o f  the protons is  re lat ive ly  lonq at  room
tenpelature (1.6 to 2.0 sec.  invar iant  óf
radiofrequency) and shorteas as temperature is
lowered. lr le f ind that T., ) Tc, ás in a number
of  othel in tercalat ion s ls temS
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