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.!, r. :\rrordin~ly, Eqs. (4) and (8) of our paperl 
:: d.J be multiplied by the faclor ex' (ep x ev ). 

i ill:dh-, we \"ish to point out three misprinls: in 
I , : . ( ~) ·k~-k.\ should read k~-k)." Eq. (6) should be 
: .:~:: iptkd by - (27fyn anel in Eq. (7) Pi should read Pi' 
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]
(\'IOE:\CE has been pre.senttd in this journa ll by 
.:l Okamoto, Chang, and Kantor lhat ferroCl.:ne does 

-. ,t have a phase transformat ion belo\\' 20 khar anc! 
:, iCrl'l\(e is made to carEer \\'o rk of \'an Valkenhur<; 
"~, I \\'eir to supporl thi ~ \'itw. 

. \ ,'t lI:-tlly, evicience for the exist l'ncc of a phase trans­
~ . ' ~!i1:tt ion in ferroce.,c h:-ts fIrst presented by \reir, 
\' n r alkenburg, and Li]Jpil1cott,~ although no optical 
.,: x-ray identification of the transfo rmation \\'as 
, .. , dJIe at th at ti me. On occasion we have obscf\'ed 
:. :~<.lcc:ne in the diamonc!·all\·il, hi~h-pressurc cell and 
~·;;:nd a rathcr distinct boundary bdl\'een the f('rrocene 
:1 thl.! high p ressure region (in the center of the ccll) 

: ::0\ that ncar alt-,lOspheric pressure at the edge of the 
, ,mond, (see Fig. 1) . \\'e lHn-c n:ccntly been able to 
" ' .!uce the trans;' !i'mation at will anc! haY(' ddem,lined 
: " pressure of the transforma tion ancl th e optica l 
;,~ "p~rtics of the two phases. 

The formation of fcrroc ellc IIP can be ob::;efl-cclmost 
::--, .ily in the following experiment. .. \ single crystal of 
;·- dllimed fcrrOCClle is placed in the diamond-a m'il 
<h 'prl'ssure cell and the applied pressure is incrcased 
' -, about 20 kuar. As thc pressure is applied, the 
. ' ,i::ldary between fenocene I and fl'l'rocene II r can be 
: ;n tly observec!. Howc\'er, th e bOllnda!'I' becomes \'cry 
:- '~;nc t upon decrc:-tsing the pressure~ since as the 
"'~ndary mons inward toward the cen ter of the cell, 

-~-'''(cne I crystallizes from ferrocellc 111 in the fo rm 
; ,. rystallites 1 to S p. in diameter. These Cfl-s tallitcs 
::1. Lt easily distinguished from the continll~us layer 
: Inrocelle in th e center. One cannot distinguish the 

:' -l:i.: transfo rmation boullcbry if polycrystalline 
,':ro(l'ne is used, but infrared anel yisible :-tbsorption 

''' ~:i l1rl'ments are identical with those obtained with 
: -.:;le crystals as aboye if suflicicn t time is allowcd to 
. ::,. h equilibriulll. 
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FIG. 1. "ie .... of fcrroccne (lOOX) in diamond,all\·il prcssure 
cell at 16 kbar (applied prcssure) sho\\'i!1~ layer cf fcrrocenc III 
in center and polycrystalline fcrrocen e I around it. The artifact 
is a re5ult of handling and unrelatcd to the obscrvcd phenomel1~n . 

X-ray identificat ion of ferrocene In has nol been 
possible in the diamond·anvil high-prcssure ccl! because 
of the loll' Illass of tht: atoms, the sma.lI amount of the 
s:-tll1ple (compared \\'ith the mass of the diamoncls) 
and the fact that lI'e ha\'e not as yet been auk to grow 
ft.:rrocene III single crystals in a uniform pressure fteld . 

1\1'0 methods havc becn employed to e\'aluate the 
pressure of the transforma tion. In one experiment, a 
crystallite of nickel dimethylglyoxime was placed 
bL:tween the ferrocene crys tal and the diamond so that 
the application of pressure ga\'e a ferro'ccne ll1 :-t trix 
with :-t fCI\' suspended crystallites of nickel dimethyl. 
glyoxime. Th e position of the absorption band in 
nickel dimethyl~lyoxime at the ftrrocene (I- Ill) 
boundary pcrmitted an assignment of pressure using 
th e data of Zahner and Drickamer t and conrtrllled in 
the diamond-am' il high-pressure cell by Lippincott 
and Duccker.5 In thi:; manner, the transformation 
pressure was determined to be l1.S±O.S kbar. 

In anothcr approach, th e transformation pressure 
was compared with the transformat ion prbsure of 
mercuric iodide by the simultaneous comprcssion of 
hem icylindrical disks of mercuric iodide and fert'ocene . 
A comparison was then made of the transformation 
pressurcs by the method of Hassett and Takahashi.G 

Assuming:-t nearly linear pressure gradient in the region 
of the tr:tnsformation, we calculate a transformation 
pressure of 11.0±0.7 kbar using Drickamer's mercuric 
iodide transformation prcssure of 13 kbar! th ese 
transformation pressures arc not fa r from that predicted 
by \\'eir, Van \Oalkenhurg, and Lippincott, or that found 
by freeman in a. fully hydrostatic environmcllt.8 

The phase transformation presents no discon tinuity 
in the absorption band at 23 100 cm-I . Spectra taken 
from microsections of ferrocene I and III at the phase 
boundary both have maxima at 23 -!50±50 encl. This 
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value agrees with th at obtained from spectra laktn of 
the entire sample at _an applied pressure of 11 kbar. 
Using spectral data of the latter type from 0 to -10 
kbar, the spect ral shift of ferrocene I is determined to 
be ahotit 32 cm-I/ koar while that of ferrocene ITI is 
foun d to be a houl 18 cnel /koa r. Th is speclral sb ift is 
qualitatively in agreement with \\'eil', Van Valkenburg, 
and Lippincoll and agreC's quanlitatiwly with Zahnel' 
and Drickamer,9 except in the region of the phase 
transform at ion which they app::trently did not o));;e1'\·e. 
The lack of c-!iscontinuity in the electronic spec tra at 
the phase transformation scC'ms to be in harmony \\'ith 
Okamoto's inability to deltct a transformat ion b~- an 
electrical conduct i\'it y mcthocl. l 

The infrared spectral data of \\,(;ir, Yan Valkenburg, 
and Lippincott cannol be signi fi cantly ilnpro\'ed upon 
since we \\'ere unable to take micro-infrared spectra of 
fcrrocene I and ITT at the phase boundary. Th e 
11OS-clll-1 hand in fenocene I is ohsen'ecl to shift to 
1135 cm-1 in felTocene nr, in agreement with the dis­
continuity reported earl ier. This shift was fo und to oe 
especially sharp or c1iscontinuou;; if a sin;le crystal of 
ferrocene is 'compressed as abO\·e. On lhe other hanel, 
if microcrystalline ferroCl:ne is comprcssed, the 1108-
cm- I band appear;; to simply broaden ancI decrease in . 
int ensity. Upon release of the pressure and recomprC3-
sion, the re!atin: intensity of the 1135-cm-1 . peak 
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increases and with furth er recompressions, tb e: 110S. 
cm-1 band yirlllally disappears. 

This result suggests th at thc format ion of felTocclle 
III may be "shear indu Ged," especially since the 1ll0"t 
evident connrsion of fcrrocene to ierrocclle III is b\· 
the rapid cOlllpre$sion of a sin gle crystal ancl ll1icr~ . 
crystalline ferrocene transforms sluggishly. 

A portion of this work was carried out at th e l\'atiollal 
Bureau of Standards, Washington, D.C. 
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