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Introduct lon

Ternary graphlte lntercalatLon conpounds (t-

GICrs) haye been the focus of oonslderable recent

attentlonr-5 becaug" they exhlblt  novel structural
f o r m s  9 u q ¡  - a s  h € t e r o s t r u c t u r e  s t a c k l n g

ar rangements '  (e .g .  fo r  KCsCr^) .  In  add l t lon ,  t -

GICrs open up io tnvestlgatfon physlcal phenonena

whlch gannot be convenlently exPlored ¡tlth the more

conventlonaf blnary GIC|s such as HC¡, M - KrRb,Cs.

For lnstance, the K(NH")-Cr[ systeúJtas been used

exten+fely to study ütré ?ñee energy of stagl 'ng ln

G I C  t  E . ' t  
-

The synthesls and preparatlon t-CICrs ls '  l lke

o¿her  te rnary  3ys teos ,  coop l lca ted  by  the  u lde

v a r l e t y  o f  p u r e  a n d  o l x e d  p h a s e s  x h i c h  c a n  b e

formed. Chemleal physlclsts have long recognized
the  advantages  o f  employ lng  a  t r langu lar  GfbbR
phase dlagram to descrfbe ternary l lquld syEteos' 

-

hecently, thé Glbbs phase'dlagran approach ha¡ also

been applled to ternary Chevrel coüpounds. '  The
purpose of thls brfef note ls to present and hlSh-
ltgnt tne key features of the Glbbs trlangle for K-
N H ^ - C ,  e s p e c t a l l y  t h o s e  f e a t u r e s  u h f c h  a r e

assbc ta ted  H l th  s tag lnS Pfase t rans l t lons  ¡ 'h lch
GICrs  are  knoHn to  exh tb l t . -

Results and Dlscusslon

The full Clbbs trlanSle forK-NHa-C ls sho$tn ln

Flgure 1 and conslsts of several dlst lnct reglons,
s o m e . o f  w h t c h  a r e  l n t e r n a L l y  c o n n e c t e d  b y  t l e

l lneso (dashed l lnes + tro-phase regton) and soúe

of rrhlch are eDpty trlangles (three-phase reglons)'
The s t ra lSht  l tnes  f rom the  NH2 apex  to  the  C-K

axfs are l lnes of constant compdsft lon KC.'  AIso'

horlzontal llnes (not shorrn) rrhlch nere pafiallel bo

t h e  C - K  a x l s  w o u l d  b e  I l n e s  o f  c o n s t a n t  l { H 3

cooposlt lon.

To l l lus t ra te  the  use  o f  ¿he K- ! {H2-C Glbbs

trlangl.e conslder uhat wlll occur lf a bfnary, K-C-a

CIC ls  exposed to  an  lnc reas lng  pressure  o f  NHI

gag. Such an exposure 13 equlvalent to a braJecr

iory along the l lne marked KCR and movlng fron the

C - K  b a s e  t o  t h e  l l H .  a p e x .  d n  e x p o s u r e  t o  l o w

Dressure NH. vapor tne t-clc composl¿fon r¡ould I le

in t t¡e threeJphase regton label led B in Flgure 1 '

Thus, three materlals corresponelBg to the corners

of the B tr langle r¡ould coexlst,-" namely, KCU'

F l g u r e  1 .  T h e  G l b b s  t r t a n g l e  f o r  t h e  K - N H ? - C
s y a t e m .  H e a v y  s o l l d  l l n e s  r e p r e s é n t
phase boundarles. Light sol ld I lnes are
c o n s t a n t  c o m p o s l  t  l o n  p a t h s .  L l g h t
dashed l lnes are phase boundarles. The
leLtered reglons are referred to ln the
tex t .

K(NH-)^ ^C.^, and pure K. The relatfve proport lons
of t f lettHréé phases uoul<t st l l l  yfeld a col lect lve
eompos l t lon  o f  K(NH. ) .Cr ¡  l rhere  x  l s  de termlned by
the pnessure of the ámñoñfa vaPor.

As one lncreases anmonia pressure st l l l  far-
ther ,  the  to ta l  compos i t lon  t rave ls  up  the  KC2!
I lne  ln to  the  th ree-phase re8 lon  tabe l led  O añd
forms the  t -GIC K(NHa)"  nCr r ,  pure  po tass lum meta l
a n d  a  s e P u r a t e d  ' g b l - < l ' f  - N H ?  m e t a l  a m m o n l a
so lu t ton . ' "  As  the  ammonla  presdure  ls  lnc reased
e v e n  f u r t h e r ,  t h e  g y s t e m  e n t e r s  t h e  L w o - p h a s e
conpos l t lon  regLon narked l {  ln  F l8ure  1 .  In  th ls
reglon, the t¡to phases present are K(NH.), nC, and
a  m e t a l  a m m o n l a  s o l u t l o n  K ( N H a ) -  v h e l e - y -  < i . 7 .
The re la t l ve  anounts  o f  the  twó phases  are  ln -
verse ly  p ropor t lona l  to  the l r  measured d ls tances

Irl4¡)¡:,2
t f / / / /
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Froú bhe ln te rsec t lon  o f  the  KC.^  l tne  v i th  the
r tne of  'h tch they 

" ;L ' ; ; ' " - . ; ;# ;

dots on KC,,,  l ine or Flgure Z) rr l lh cor-
K(NH?)*C2ü wñére  4 .1  (  x  (  4 .33  fo r  3  a tm.
9 .5  á tñ . - ' I t  i s  th ls  s lng le  phase var lab le

(  be  breen
posl¿ion
< Ptt¡r^ <

compo

dashed t le
polnts.  

o

Not lce  tha t  when amnon la  l s  added to  KCo,  a
n e w  s t a g e  1  K ( N H e ) r  n C ,  p h a s e  l s  t n m e d t a t e l y
f o r o e d  a n d  p e r s l s l s - f o - r ' á 1 1  a n o o n l a  p r e s s u r e s
greater  than sooe smal l  n ln lnun va lue .  In  con-
t r a s ¿ ,  d r a m a t f c a l l y  d l f f e r e n t  a n d  m u c h  n o r e
lnteres¿lng behavlor , i t  exhtblted by stage-Z KC^,.
H h e n  l t  l s  a m n o n l a t e d . -  T o  t l l u s t r a t e  t h i s ,  6 é
refer to Flgure 2 nhlch shoÍs an enlargenent ln the
vlclnlty of the C apex of Flgure l .

The addlt lon of l{H, to KCrx corresponds to a
t r a J e c t o r y  a l o n g  t h e  t ( C a U  I Í ñ e  t n  F f g u r e  2 .

l t lon reglon r¡hich ls of conslderable
ln te res t  because the  compos l t ion  o f

sc  ien-
blnary

such a
t f f l c
G f C r s
large

cannot  be  conven len t lygvar l .ed  over
range at conatant stage.-

Concl.udlng Renarks

For t-GIC systens i t  rrould be an intermlnable
proJect to accurately establ lsh the conplete Clbbs
t r lang l€  s lnce  s tag fng  cons t t tu tes  a  re la t fve ly
u n s l e l d l y  c o o p l l c a ¿ 1 o n .  T h u s ,  t h e  d l a g r a m s  o f
Flgures I and 2 are approxlnatlons except 11 

lthe X,
T, and R reglons. Moreover, certatn rules, e.g.
Schr len lmakers  ru le ,  dovern  the  in te rsec t fons  o f
trúo-phase boundarles wlth a three-phase lnternal
tr langl-e. Because He do not know the exact ahape
of nost of the phase boundaries ln Flgures 1 and 2
se have represented  then as  s t ra lgh t  l lnes  even
t h o u g h  d o l n g  s o  m a y  l o c a l l y  v l o l a t e  t h e  a b o v e
ment,loned rules.

ThLs work
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the reglon near the C
S e e  a l s o  c a p t l o n

D o t s  o n  K C 2 l ¡  l l n e
p h a s e  r e g l o - n ' ( s e e

anogndr
a Exo-
stage-1
s tageg

altu x-ray
oeasurenents.- The conpostt lons have been estab-
l l s h e d  f r o n  x - r a y  l n t e n s l t y  a n d  ¡ ¡ e i g h t  u p t a k e
s t u d t e s . - l  t l h e n  t h e  a m e o n l a  p p e s s u r e  e x c t e d s
.6 atn.; there 19 a s¿aglng phase transtt lonr and
the systeo energes lnto a pure stage-l slngle phase
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