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Density and Refractive Index Hysteresis III 
Compressed Silicate Glasses 

Physikali.sches Instill/ t, UniveTsitiil Bern 
Bern, 8lC'il zeTland 

The increased refractive index of diopside and albite gla~s, quenched from liquidus tem
peratures at preosu res to 50 kb, can be accurately calculated from compres~ibility data on the 
crystals at 25°C and the Lorentz-Lorenz refraction law. The results indicate tba t the pressur~ 
effect is locked in by 'configurational trapping' on cooling through thc glass point, but thermal 
relaxation takes place with the thermal expansion coefliciem characteristic of the applied 
pressure. The resulting permanent compression is therefore that predicted at 25°C and load 
pressure. Permanent compression of glasses at temperatures below the glass point should be 
that predicted at load pressure and (1) 25°C, if temperature is released before pressure, or 
(2) run temperature, if pressure is released before temperature, bec:1use thermal relaxation 
then takes place with the low-pressure thermal expansion coefficient. For Si02 the glass com
pressibilit~- is known as a func tion of temperature, and the o'-eriap field parameter (fJ = 1.37) 
can be established from other data . Refractive indices of Si02 gJa~s compressed at various P 
and 7' with varying quenching cycles are con~istenJ; with the ntlues calculated for permancnt 
("ompression whpn T > ~500 °C . At lower temperatures the compression is part ly elastic and 
the resultant indices are thus lower than expected. In all these glaoses, configur:1tional trap
ping of preosure deiormation is adequate to explain the permanent compression . The direcL 
relationship of permanent compre~sion with compressibili ty shows that the model of H. M. 
Cohen and R. Roy (1961, 1965) , based on sCl!ond-order structural changes at high P followed 
by elast ic dccompression, is not necessary to explain any of the exisLing data. 

INTRODUCTION 

Bridgman and Simon [1953] discoyered tbat 
glasses display imperfect volume ebsticity at 
large hydrostatic pressures and suffer perma
nent changes in density proportional, ",ithin 
limits, to the applied pre~5UJ'e. Brcause crystal
line inorganic solids exhibit perfect elasticity, 
this effect W[lS quite unexpecterl, and Bridgman 
and Simon established se, 'er[ll illlportant char
acteristics of the behayior of compressed glasses: 
(1) SiO. glass at room temperature has an 
elastic limit that. mllst be exceeded before 
permanent deform[ltion occurs; (2) both tile 
elastic limit and the permanent compressibility 
decrease progrco"ivc ly when ions sll ch !lS sodium 
are added to SiO. ; (3) the permanent COIll

pressibility of SiO, is greater at higher tem
perature; and (4) the density increase is 

IOn leflYc from Unh'ersity of C[llifornill at San 
Diego, La J olla, California, to which thc author 
has now returned. 
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acbieyed by folding up the vitreous network of 
the glass so tbat the Si-O bond angles are 
altered although the nearest neighbor Si-O dis
tances appe!lr to remain un changed. The folded 
structures are mechanically stable at room tem
perature, but the original density can be re
stored by annealing at bigh temperatures . Thl' 
annealing effect is simiinr, though opposite ill 
sign, to the increase of density observed ill 
annealing rapidly chilled glasses at ordinary 
preswre. Bridgman and Simon therefore sug
gested that there exists an equilibrium con
figu r!ltion for :t gbss at any t emperature and 
that both high- and low-density metast:I blr. 
states, ch:u!lcterized by the trapping of displaced 
atoms behind relati "ely strong potential bar
riers, C!l ll exist. 

Cohen and Roy [U)61] showed that the per
manent densification of SiO. and other glasses 
is accompanied by an incre!lsed refractive index, 
which they found to be continuously propor
tional to pressure at tempcr!ltures greater th:uI 
500°C_ At room temperature tbey found a 
threshold pressure of about 20 kb for SiO, gbss, 
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