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Amnonla and other small moleculeg
co- lntercalate the a lkal l  ¡neta l  graphl te
lntercalat lon conpoundsr .  Posslb le ef fects
of such lntercalanta on thc degrec of
charge transfer from the alkall atoma to
the graphlte layers and on the stabll lty of
the conpounds notlvate the studles ln the
nuclear nagnetl,c reEonance Eltectroscopy
(NüB) reported here. For tbe systen
KC2¡(NH3)4.3 we pres€nt  protg l  NHR spectra
of the lntercalated NH3 and rJC NllR spectra
of the host graphlte layers. The proton
Nt{R spectra glve an order paraneter for the
ca axls of annonla wlt{t.respect to thc
graphlte c-axls. The ¡rC spectra lndlcate
stagc and suggest changes ln electron
concentrat lon.

Phase re lat lons a¡ong the var lous
conponentE are complex¿. A relattvely
alnple sectlon through the phaee dlagran
lnvolves conlloslt lona I(C2¡(NH¡)x where x
can be convcnlently and reverslbly varled
f r o n  - 2  ( p  N H ¡ -  0 . 0 I  T o r r )  t o  { . 3  ( 6  a t n ) .
v l r tues of  th ls  Eect lon are¡  a)  even ln the
presence of excess NH3 the alkalal ato¡na
remaln wlthln the GIct b) therefore the
compoel.t lon ls slmply controlled by the
preÉ¡sure of, NH3¡ c) the composltlon can be
varled to achleve eseentlally pure etage I
ternary (for whlch we presént speetra here)
as wel . l  as near ly  pule stage I I  ternary (a
resldue conpouqd), and varloue comblnatlons
of  both atages¿.

Speclnena were prepared by lntereal-
atlng hlghly orlently Pyrolytlc araphlte
(HOPG) wl th potasglum to stage I r  as
(ver t f led by X-ray d l f f ract lon.  )  The
prlnclpal sample was mounted ln an arlal,
two chanber, I0 nm tube, such that exceEg
llguld NH3 could be condensed ln the upper
po¡tlon by sllght coollng. Nl,lR spectra
were recgrded on a {EoL Fx60Q spectroneter
(60  MHz  lH ,  15  ¡ . r xz  r3c ) .

The proton Nt{R Epectrum for the
magnetlc f leld 8g normal to the graphlte
c-axl .s  ls  shown 1n F19.  I .  I t  conglsts  of
a  l ¡ 2 : l  t r l p l e t  o f  I r l : l  t r l p l e t s .  ( T h e
lntensl ty  and ghape of  the centra l  l lne are
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Flb. f  Proton NMR specl rum of  NH3 th
K C 2 4 ( N H 3 ) ¿ . ¡  a t  6 0  U H z .  B g  l n  t h e  p l a n e  o f
the ln tercalated HoPG sheets.

warped by l lqutd NH3 wet t lng the epeclmen).
The same Epectrum ytlth doubled splltt lnge
eraE Eeen for  86 paral le l  the c-ax ls .  (These
epectra vúere reproduced on a second
speclmen of  the same conposl t lon) .  The
lnter lor  t r lp let  was c lear ly  v ls lb le at  a l l
or lentat lons of  the c-ax1s r . t l th  regpect  to
BO. Thus far ,  the outer  t r lp lets  have been
detectable only  near  values of  0 and 90
deg.  of  the angle I  between the c-ax ls  and
the ¡nagnet lc  f le ld d l rect lon.  l te  ascr lbe
the l :2 :  I  t r lp let  to  nucl .ear  d lpolar
coupl lng o!  Che protons of  NH3 among
themse lves r ,  and  the  1 : l : l  sp l l t t l ngs  t o
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pgclear  d lpolar  coupl lng of  the protons to
r { N  ( o f  s p l n  I ) .  T h e  I 1 2 : I  t r l p l e t
l np l l es ¡  l )  r ap ld  ro ta t l on  ( v> I0oHz)  o f  t he
NH3  mo lecu le  abou t  1 t s  C3  ax le l  2 )
preferred or lentat lon of  that  Ca axls  r l l th
reepect  to  the graphl te c-ax ls ,  ( ldeal Iy  at
a unigue angle e) ,  3)  rapld prcceselon of
the C3 axle,  at  the f lxed angle 0,  about
the graphl te c-ax ls .  Thls  Iast  mot tonal
averaglng ef fect  may be due to reor lent-
at lon accompanylng t ranalat lonal  d l f fus lon
or  to rotat lon at  a s l te  or  sone combln-
at lon of  both.  From the In l lnewldth the
dl f fueton cgef f [c lept  of  NH3 ls  grcater
than 5xI0-r .u cm¿ s-¡ .  The preferred
or lentat lon of  the Ca axls  energes f rom the
I r2 r l  sp } l t t l ng  l n  t e rne  o f  an  o rde r
parameter  S,  def lned through

aroba = av¡¡¿¡¡ .S.  (  ¡cos2¡- t ) /Z

Artnax -  (3p/r3)r / t ¡  = 180.16/13 hUz.

Here p ls thc proton nomcnt, r lts
gyronagnct lc  rat lo ,  h ls  Planckrs congtant
and r the proton-proton separatlon (fn l)
ln the egullateraL trlangle (whlch for NH3
ls  1 .66A) .  Thus ,  avnax  =  39 .385  kgz .  F ro ¡n
avobE ( t=o)  of  1?.0 kf lz ,  5-10.13 at  roo¡ l
tcmperature. Fron the deflnlt lon

s = 13coE2e-r )zz,\ /
where the brackets lndlcate an average of
the funct lon over  the a l lowed valuee of  0,
we f lnd "nost  probabler  va lues of  I  o f
3 8 ( s + )  o r  ? 8 " ( S - ) .  ¡ t  l s  m o s t  u n l t k e l y
that  the d let r lbut lon ln  e ls  anyth lng near
a 6 funct lon,  g lven the sof t  potent la l
lnp l led by the rapld rotat lonal  and
dl f fus lonal  mot lons,  and g lven the smal l
moment of  lner t ia  of  NH3. 9te bel leve there
to be conelderable thermal  averaglng as
wel . I  as zero polnt  v lbrat lon about  mean
va lueg  o f  0  o f  e l t he r  0  o r  90o .  va r l a t l on
of the order parameter wlth tenperaturg may
declde the s lgn of  the order  parameterr .
The order  paraneter  of  ND3 as revealed by
zD NMR studles ln  th ls  systen would aseeee
ze ro  po ln t  e f f ec tE .

The  l r l : 1  sp t l t t l ng  due  to  l 4n  l ¡ r p l t es
that  Sz 1s a good quantum nu¡nber for  14N,
at  least  for  cer ta ln or lentat lons of  the
3IC r {1th reepect  to  Bg,  that  the states of
Sz are long l lved,  and that  rapld proton
exchange does not occur. The proton
spectrum 1g fndeed that of an a¡nmonla
¡o Iecu Ie .

the I3C apectra tor  both KC24 and thc
'-ernary are ehor,rn ln Flg. 2. The doublete
for  KC2¡ ghow the two k lndg of  carbon
assoclated wl th A-B stacklng of  the two
graphl te layers 1n contact  -  thoae above
rlngs and those above carbon atons ln the
adJacent  layer ,  both types of  carbon ln
equa l  abundance .  Fo r  s tage  I ,  KC2¡ (NH3)4 .3
there ls  only  one k lnd of  carbon áÉom,-dúé-
to rapld d l f fus lon of  K+ and NH3 ln the
gal lery.  As a tentat lve measure of  the
electron concentra$lon we take the
anlsotropy of  the rJC spectra,  def lned as
¡ - (61  - ¡ l l )  whe re  6 t t  ( 6 I )  l s  t he

mean shl f t  o f  I3c for  ! .0  (90)  i leg.  For
g raph l t e ,  KC2{ ,  and  KC24(NH3) t . l  t he
anlsotroples are 180,  6I ,  and ?8 ppm
rcspectlvely. Asaumc that thc anl.sotropy ls
proportlonal !o the conductlon clectron
concenErat lq¡) ;  then ca l l t  o f  the
electrons or lg l .nal ly  t rangferred to
graphl tc  ln  xC2¡ arc lost  to  the potasslum
and /o r  NH3  l n  KC21(NH3) f . ¡ ¡ .  Ac tua l I y ,  t he
prescncc of  NH3 r l th  l ts  Etrong proton
slgnal makec the ternary a good candldate
tor  determlnat lon of  the densl ty  of  s tates
at the Fer¡nt level by the
Schunachcr-Sllchter technlgue.
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F19.2. Carbon-I3 NüR Epectra of graphene
carbon atorns ln  KC2¡ and ln KC2¡(NH3){ .3 at
15 ¡.rHz. The llne bcteecn the schcmatlc
nagnetlc pole pleces lndlcates a graphene
plane v lered edge on,  and te l la  Ehe
or lentat lon of  those p lanes ln  the GIC wl th
respect to the applled conetant nagnetlc
f l e l d  89 .
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