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Reply to "Comments on 'Effects of Ultrahigh Pressures on Glass' " 

by H. M. COHEN and RUSTUM ROY 

W
Ell{ (Llld ::lpililier l reccllLly Iliade sevcnd COIIIIIIClltS Oil a 
1I0tC by Colt ell alld ]{oy .2 Sillce it is fclt that these C\)III
lIlents Iliay lead to a degree of COli fusion conccmillg tlte 

nuture alld lIleallilig of tlte data reported by Cohell alld I{ oy, :l 

rebuttal is in order. 
Weir and Spinncr state that since Bridglllan alld Simon 3 pn" ~ lIl 

their results in tCrlns of density changes, whereas Cohell alld I{oy 
present their results in terms of changes in index of refraction, a 
reader calillot directly compare the two sets of data ulltilthe rela
tion between illdex and density has been experimentally estab
lished. 

The note by Cohen and Roy clearly states (p. 523) tlmt, on the 
basis of observed densities alld refractive indices, there was a dif
ference of only 3.5% between the respective molar refractions of 
the normal silica glass (n = 1.458) and the most dense silica glass 
(n = 1.54). Thus, the index of refraction is related to the density 
through the Lorentz-Lorenz equation. Although densities wcrc 
measured, only the refractive indices (the more easily measun.:<i 
parallleter) were presented because of the space limitations of tlte 
note. 

Thc refractive index versus density plot for silica glass a nd a fell" 
other silicate glasses is prescntcd in Fig. 1 to show tlte values of 
dellsity measured and the nature of the relation hetween these tW\) 
parallleters for progressively densifted silicate glasses. 

Weir [lnd Spinner also relllark that the discrepancy heLween the 
results of Bridgm:lII and Simon 3 and Cohell and R oy2 may IIrise 
because of the relative degrce to whieh thc respective results were 
..... aITeeted by plastic defoClnation arising from the 110nhyclrn
static prcssures .... " 

Ther:! is absolutely no doubt that shear has a very pronounced 
cITeet 011 the ratc at which the glass samples respond to the pres
surc-temperature cnvironment. However, Daehille and Hoy·1 
have shown that shear, although it changes the kinetics of a stru c
tural transformation, does not change the equilibrium relations 
within their experimental error. The fact that shear plays an im
portant role in the killetics of densification in no way dCLracts frolll 
the validity of conclusions based on the observed pressure-induced 
COlli paction in glass. Further, the reference listed undcr f"ol 
note 2 in the lIote by Cohen und Roy2 states explicitly tI ~ll 
points falling on the same curve werc obtained from S:l.I11P !cS 

scaled ill capsules and exposed to argon pressure up to 10 kilo!J:u·,. 
Weir and Spinller also state that the results of Cohen alld H"y 

are" ... in interes ting contrast with those of Anderson," who ('onl 
pressed a borosilica te glass usillg a diITerent experimental l('('h 
Ilique." Although the din'crence in experimental teehniqne :llid 
glass composition was pointed out, it was not mentioned that I Itt' 
magnitUde of the pressure-temperature range in Anderson's stndy 
(G.G kilobars, 285°C) was far diITerent from the magnitude of lhc 
pressure-telllperalure range used in the study by Cohen and 1,.,.\· 
(200 kilobars, tiP to GOOOe), and Alldersoll111ade 110 eJTort to del ('1' 

mille whether his glass was at equilibrium with the pressure-telll
perature environment. 
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Fig. 1. The refractive indices refer to the sodium 0 line for silica 
g lo ss and 10 while radiation for the other glasse.. Each point repre
sen ts on uncerlainty of ± 0.005 index of refraction unils and ±O.Ol 
9 per em " density unit.. Compo.itions are expressed as molar 

ratios .. 

FlIrtller, Andersun's sample.s were exposed to gas pressure. It 
is quite pussible that the small "reversible" density changes ob
served by Andersoll (rv8 X 10-' g per cm 3) could arise from solu
tion of the gaseous pressure-translllitting lIIedium into the glass 
(Hellry 's law). The question of the equilibriulll solubility of gas 

Received May 28, 19G2. 
The writers arc, respectively, graduate assistant a lld professor 

of geoci lcllli stry, College of Mineral Industries, The Pennsylva nia 
Slalc Ullivers ity , University Park, Pennsylvania. 

I C. E. Weir and S. ::lpillller, "Collllllents on 'EfTects uf Ultra
high Pressures on Class,' .. J. Am. Ccram. Soc., 45 [4] 19G (H)G2). 

, ] I. M. CohclI a nd Rustllln Roy, "EJTects uf Ultrahigh Pres
slIres (HI Glass," J.IIIII. Cr.mlll. Soc., 44 [10] 523-2-t (1961). 

, P. \\ ' . Hridg-1I1:1I1 alld r. SilllOll, "EfTect of Very Iligh Pressurcs 
on Clas,." J . ,1/,jJI. I'/IYS., 24 [4) 40ii- 13 (H)5:l); Cuall/. Abstr., 
1953, Sl'pll'lnb(~ r, p. lfiXg. 

·1 F. I )achilk and J{ . R"y, "Inlluellee of 'Displaeive-Shearing' 
Sln 'sscs (>II Kinetics (If R econstructive Transformations EfTected 
ily Pn',sure in till' Hange 0-100,000 Bars"; pp . 5()~- 11 in 
HC:lclivily of Solids - l'roceedings of 4th SymposiulII, AIII
stc rdanl, Ifl(iO. Edited hy J. H. de Boer, W. C. Burgers, E. W. 
(:orter, J. P. [I. IruL'sse, a llli G . C. A. Sehuit. Elsevier Publishing 
CII., Princetoll, :'-I . .r., 191i! . 762 pp.; Cumll. A bsl.r. , 1962, 
May, p. l:Ha. 

"0. L. Anderson, .. EJTeet of Pressure un Glass Structure," 
J. liNt. Phys. , 27 181 943-49 (195G); Cera III . Abstr., 1957, 
January, p . Gc. 



August 19G2 Journal oJ '[he AmeriwlI ('('m illie Soricly - JJ£s(f{ssiolls and Notes 

in glas, has ncvcr bccn fully invcst'igatcc1 : Thus, it is nlCln' t Il'''l 
undcrs tandahle that thc rcsults nnd cdnclusio';is 'of Ander~Cln arc 
not in any way comparahlc with tllOSC of Cohcn anc1 Roy .• . 

In an AddcndwIi" Wcir and. Spinncr statc that" ... the ·10 til 

80~ pa rticles uscd by Cohcn and Roy would bc somcwhat hir~ 
fringcllt ... " and 'that" , , . thcre wcrc certainly deforllling strcsses 
at poillts of contact betwccn particlcs. Qne wonders, thcn . jmt 
what the observed refractive indcx means." 

Weir and Spinner lllust he aware of the possibility of detcrlnin 
ing thc indiccs of rcfrncliCln of slIlall grains, whether Ih!'y arc' iSIl 
tropic or slightly birefringent «0.003). Sinee hircfring('llC'c Ilf 

the order Clf Illagnitllde thal is relevanl (i .t' ., O.O();j) Call be both 
rcc(lgnizcd and easily dcterlllined undcr the polari:7.ing microscope, 
thc reported refractive indices arc mcanillgful within the stated 
unccrtainty. 

Finally, Weir alld Spin ncr say that "From purely thcorctical 
cOllsiderations it would be sllrprising if 1I1 0lar refraction is not 
changcd by dcnsification undcr prcssurc." The notc hy Cohen 
a nd Hoy statcd that the molar refraction was changed by 3.5%. 
Its spl't'ilic nlcntion (p. :;24) was ignored hy Weir a nd Spinner. 
'1'11(' prcsent wrilcrs wOllld wdcolnc dctaiJto<1 trcntlllciit Clf sudl 
"thcoretical considcra tions." 
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