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Pressure-induced distortions of PBNO,), isomorphs
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Energy-dispersive and angle-dispersive x-ray-diffracti&®XD and ADXD) measurements show that
when compressed by pressures above 10.0 GPa isostructiNDPh, Ba(NO3),, and S(NO3), transform
reversibly to highly disordered structures. Raman measurements under compression suggest that the transfor-
mation occurs via reorientation of the nitrate ions to multiple sites and movement of the metal ions from the
crystal positions. Our main conclusion is that EDXD and ADXD measurements give different meanings to the
notion “x-ray amorphous.” Thus, whenever this phrase is used, the method used and the conditions that
prevail must be specified. We also suggest that our results show that Raman spectroscopy can be used to
distinguish nonrandom nitrate and cation environments in metal nitrate glaS64€3-18206)05821-3

I. INTRODUCTION ticles 100 mesh in size. The National Bureau of Standards
(NBS) ruby calibration method was used to monitor the pres-
In this paper we report the effect of high hydrostatic pres-sure. All high pressure Raman measurements and ADXD
sures on a series of crystals with structures isomorphic t@angle-dispersive x-ray-diffractionand EDXD (energy-
PHNO;),. Our initial energy-dispersive x-ray-diffraction dispersive x-ray-diffractionmeasurements reported were re-
(EDXD) measurements showed that(RB;),, BaANOg),,  producible.
and StNOs), became highly disordered when compressed. The 514.5 nm line of a Spectra-Physics model 2020-5W
To study this pressure-induced transformation in more detatrgon ion laser was used for excitation of the Raman scatter-
we used angle-dispersive x-ray diffractiGADXD), which  ing effect; the scattered light was gathered at 160° to the
has a higher resolution than EDXD. The high pressuréncident exciting beam by a Spex 1403 double monochro-
ADXD measurements on RRO;), show that a disordered mator. Approximately 500 mW of power was incident on the
structure forms, but not an x-ray amorphous one. To probgample for all experiments. Resolution was 4 ¢nfor all
further the pressure-induced transformation of the nitratesmeasurements.
we used Raman spectroscopy to study the reorientation of The EDXD experiments were performed at CHE@iS%
the nitrate ions. The transformation to this disordered stat€ornell High Energy Synchrotron Soujaesing a polychro-
occurs via reorientation of the nitrate groups to multiple sitesnatic x-ray beam and a Ge solid state detetfdEd for all
and movement of the metal ions away from their fcc crystalmeasurements was determined with a piece of gold foil, and
positions. is indicated in each figure caption. The same high pressure
Although we began this work as part of an on-going re-cells and experimental protocol were used as for the Raman
search program to study pressure-induced amorphization, theasurements. The pressure was monitored by mixing 10%
results have a broader impacP Specifically, we discuss the by volume gold powde(Alfa, 99.995%, grain size 1-am)
meaning of the phrase “x-ray amorphous” as applied to highwith the sample. The change in ttikl1) diffraction plane of
pressure measurements. We also shed some light on the ngold was monitored; the pressure was then calculated using

ture of the environments present in nitrate glasses. an equation of stateAll EDXD x-ray-diffraction peaks were
The paper is divided into four sections(1) experimental  fit with Gaussians using a nonlinear least squares algorithm.
procedures(2) experimental observationé3) an interpreta- Angle-dispersive x-ray-diffraction(ADXD) measure-
tion of the transformation to the disordered state under comments were performed on two separate types of experimental
pression, and4) conclusions. apparatus at the National Synchrotron Light SouidsLS).

The first set of ADXD measurements were performed on the
X17-B1 beam line at NSLS using 0.439 A wavelength radia-
Il EXPERIMENTAL PROCEDURES tion. HR—IIIN Fuji ima}ge plqtes_wgre placed210 mm f_rom
the diamond cell. This cell is similar to the one described for
A summary of the experimental procedures used is preRaman and EDXD measurements, but was fitted with a rect-

sented here, while a detailed discussion of the techniquesngular pyramidal slot with included angles of 60° and 22°.
employed is discussed elsewh@réd modified Merrill-  The sample to plate distance was calibrated using the NIST
Bassett style diamond anvil cé[DAC) was used to generate «-Al,O; (SRM 676 standard. The two-dimensional diffrac-
high pressures. Inconel gaskets preindented to 5/1000 ition patterns on the plates were integrated using the methods
with a 0.25 mm hole drilled in the indentation were used todescribed by Nelmes and co-workéfs.
contain the samples. A 4:1 methanol/ethanol mixture was Diffractometer measurements were performed on the
used as a pressure transmitting fluid during all experimentsX7A beamline at NSLS using 0.696770 A wavelength
The samples were in powder form, typically ground to par-radiation*! Polychromatic radiation from the bending mag-

0163-1829/96/5@1)/140898)/$10.00 53 14 089 © 1996 The American Physical Society



14 090 ROBERT R. WINTERS AND WILLIAM S. HAMMACK 53

LU N S R D B E B B U B L B S B B NN B B N B I T v r T v vrrr [ rr v Tt
Au (111)
release .
Au (111)
t release J\/L
10.4 GPa
o —_ x4 *
;é, 2 (x4) 12.2 GPa
5 s I
g b (x4) : *
£ 8.5 GPa g M 8.7 GPa
£ =
s 5 (x4) -
< L M 6.6 GPa
= 2
= =
c 2 (x4) N
,'E 5.6 GPa g /“’V’M 4.5 GPa_/\J\—
(111) 2.4 GPa Au i) I 1-9GPaJ\/L
(220)
(200) @10) (@11) (222) (111) - * Au(111)
(200) (210)( ) 0.6 GPa
[ A L - M > T . I
20 25 30 35 40 20 25 30 35 40
energy (keV) energy (keV)

FIG. 1. Energy-dispersive x-ray-diffraction patterns of ) ) ) )
PHNO3), to 10.4 GPa. The spectra have been normalized to the FIG. 2. Energy-dispersive x-ray-diffraction patterns of
intensity of the A111) peak(Ed=88.035 keV A. Ba(NO3), to 12.2 GPa. The spectra have been normalized to the
intensity of the A@l11) peak. The feature labeled with an asterisk
net was monochromatized and focused in the horizontalt —36 keV is a barium x-ray fluorescence feature. The feature

plane with a triangular-shaped asymmetrically cut Si szabeled with a cross may represent a diffraction plane consistent
silicon crystal bent to cylindrical curvature by point with a change to an orthorhombic form upon release of the pressure

loading®? The crystal was set to a Bragg angle of 21.033° on'Ed=88:035 keV A

the first axis to select-0.7 A radiation. A 10.X0.2 mn?
portion of the beam was focused at the sample position, 1.8iral compounds RBIOs),, BaNOs),, and StNOy),. In
m away on the second axis. A 1Q0n pinhole was placed 9eneral, EDXD experiments showed a disordered state was
immediately in front of the cell. A position sensitive detector formed upon compression to 10.0 GPa for each of the com-
(PSD was used with a spatial resolution ©0.03 mm. The pounds. A complete return to the crystalline state is observed
PSD is a multiwire proportional device operated with 909%When the pressure is released, albeit with considerable hys-
Kr and 10% CQ gas mixture at 4 bar The width of the teresis as shown by energy-dispersive x-ray diffraction. To
active region of the detector is 10 mm, but only the centradetermine details of the transformation and whether the final
+1° region of the detector is used to minimize parallax ef-State was truly x-ray amorphous we performed ADXD and
fects with step scans of 2° inq2 The detector was located diffractometer experiments on fOs),. The results show
about 45 cm from the sample, and was aligned optically witfhat some diffraction peaks remained to 29.5 GPa, albeit
a telescope. CeQNBS reference materiabn Kapton and greatly diminished in intensity and broadened. Additionally,
aligned with the diffractometer center in a transmission gehigh pressure Raman spectroscopy experiments showed the
ometry was used as a calibration standard. Samples wef#litting of features, thus indicating that multiple nitrate en-
loaded as in the previous Raman experiments with a chip ofironments were forming. The peak intensity in the Raman
ruby used for pressure determinations. Counting times of 1@atterns also diminish greatly in intensity and the peaks
min per 2° segment in @ were used and the sample was broaden. The x-ray and Raman results taken together show
rocked through+0.5° to reduce preferred orientation effects. that a disordered state is formed under compression, but not
The SENO,),, BaNOs),, PHNO,),, and C$NO,), crys- @ totally x-ray amorphous one. Finally, we also measured the
talline samples were obtained from Johnson Matthey, AlffRaman spectra of amorphous C8RO;); for comparison.
Products(99.999%. The CsPHNO,), glass was prepared by We discuss the details of each measurement below.
melting equimolar amounts of the constituents in a platinum
crucible for 30 min and then splat quenching the melt be-

X-ray diffraction: Energy dispersive
tween two brass plates.

The effect of pressure on the powder energy-dispersive
Ill. EXPERIMENTAL OBSERVATIONS x-ray-diffraction (EDXD) patterns of the RNOs), isomor-
phs shows that a highly disordered state forms at approxi-
We studied the effect of compression on the x-ray-mately 10.0 GP#see Figs. 1-B As the pressure is increased
diffraction patterns and the Raman spectra for the isostruahe diffraction pattern for each of these compounds shows a
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FIG. 3. Energy-dispersive x-ray-diffraction patterns ofN8Ds),
to 11 GPa. The spectra have been normalized to the intensity of thgs
Au(111) peak(Ed=95.37 keV A.

FIG. 4. Energy-dispersive x-ray-diffraction patterns off\8D;),
the pressure is released. The spectra have been normalized to the
intensity of the Ay111) peak. The feature indicated with an asterisk

. . . .. represents an artifact of the experimégtd=88.035 keV A.
marked decrease in thak spacings and a loss of intensity; P perimen A

also the compounds undergo a volume change of approxi- . -
mately 18% in 10.0 GPa. Tha 1) diffraction peak in the tion peaks, but the sample contains remnants of crystallinity

x-ray pattern is the last feature retained; a broad hump chaf® the highest pressure attained, 29.5 GPa. Shown in Fig. 6 is
acteristic of an amorphous state forms around this featurdn€ ADXD diffraction pattern at a pressure of 12.9 GPa. One
Upon release of the pressure the crystalline diffraction peak§an clearly see that a degree of crystallinity that remains.
return, but with some loss of intensity. It required 24 h of e attempted to fit this diffraction pattern to that of
relaxation to obtain the original x-ray-diffraction pattern for Orthorombic PINOs), (see discussion belgwAlthough the
Ba(NOs),, while those of SINOs), and PENOs), returned pattern in Fig. 6 is reminiscent of the orthorombic phase, it
immediately upon release of the pressure. The reemergen€@not be fit to it. Note particularly the peak around 2
of the x-ray-diffraction pattern occurs with considerable hys-—0-1°- This is a single peak in the orthorombic lead nitrate
teresis in relation to the disappearance. It gradually disap?@Se, butis split into two peaks here. Combing this obser-
pears as the pressure increases, but the reemergence does{en With the raman spectra described below suggest
begin until the pressure has been released to approximate?rongly looking for a lower symmetry version of the
half of the maximum pressure of the experiment. The x-ray- _rthoromb'lc lead r_utrate structure. We were unable to unam-
diffraction pattern of SNOs), was monitored upon decom- biguously index this pattern to a cell; a larger set of peaks in

pression and did not reappear until approximately 4.0 Gpkeciprocal lattice space are needed to find the precise phase.
(see Figs. 3 and)4 Note, though, that the spectra do clearly indicate a lowering

of symmetry of the ambient pressure, cubic structure of

e . . . PH(NOy),.
X-ray diffraction: Angle-dispersive and diffractometer

measurements

The angle-dispersive x-ray-diffractiofADXD) patterns Raman measurements

for PH(NO;), are presented in Figs. 5 and 6. The results from The effect of compression on the Raman spectra of
the ADXD experiments on both types of apparatus at NSLPH(NO,),, BaNO,),, and S(NO,), are presented in Figs.
were comparable. The result shows that the diffraction peakg—9. Understanding the change with pressure of these spec-
shift at a rate comparable to that observed in the EDXDira is crucial in understanding how the disordered state
experiments, but features not apparent in the EDXD patterforms. We monitored three regions of the Raman spec-
appear: above 9.5 GPa crystalline peaks remain indicatinga: (1) the symmetric stretch of the NDion (~1050

a disordered state, but not an amorphous state. The maim 1), (2) the in-plane bending mode of the NGon (~730
feature remaining is the remnant of tifgl1) diffracion cm™1), and (3) the lattice mode$100—250 cm?).24-1¢ Of
peak. Just as in the EDXD experiments there is a precipitougarticular interest is the nondegeneratdy) symmetric
decline in intensity, and broadening of the width of diffrac- stretch of the N@ ion. This stretch is especially sensitive to
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disordered stat¥. In the figures the intensity scale varies
from spectrum to spectrum; the scale becomes elongated as
the pressure increases. The amount of noise in a spectrum is
an indicator of its weakness relative to other spectra within a
pressure run. If the high and low pressure spectra were plot-
Release ted on the same scales, then the features in the high pressure

spectra would not be visible. The specific behavior for each
A J ‘ compound is as follows.
W Raman measurements: PINO,),
The high pressure Raman spectra of N\R®;), are pre-

9.0 GPa sented in Fig. 7. Compression to 5.3 GPa causes the sym-
metric stretch to split into two distinct features, with the new
feature at lower energy. The in-plane bending mode splits

7.5 GPa . L= .

M into two bands consisting of multiple components, and the
lattice modes present between 100 and 250 cthiue shift
and lose intensity. In addition, a Raman band at 815%tm
becomes active. By 9.2 GPa the symmetric stretch is split by
8 cm %, the bending mode has continued to blue shift and
23 GPa remains split, and_the lattice modes can no Ionggr be ob-
) served. Compression to 13.0 GPa results in additional blue
A I shifting of the remaining modes and lose of intensity. Upon
O e e ey release of the pressure the Raman spectrum characteristic of
5 10 15 20 o5 30 the initial crystalline state returns.

Relative Intensity

20 (degrees)
Raman measurements: B@NO53),
The high pressure Raman spectra of(¥@;), are pre-
FIG. 5. Diffractometer x-ray-diffraction patterns of (\D,), to sented in Fig. 8. Compression to 5.9 GPa causes the sym-
16.7 GPa. metric stretch to split into at least four distinct features, with
the new features at lower energy. The in-plane bending mode
the onset of disorder, while the x-ray-diffraction pattern will splits into two bands consisting of multiple components, and
give only an average structuté. the lattice modes present between 100 and 250*cbiue
In general, compression causes a splitting of the symmeshift and lose intensity. By 10.0 GPa the symmetric stretch
ric stretch into multiple features, a splitting of the in-plane has merged into one larger feature with a full width at half
bending modes into two bands approximately 20 tapart, maximum(FWHM) of approximately 50 cm, the bending
which are composed of multiple peaks, and a loss of intenmode has continued to blue shift, remains split and loses
sity of these modes and the lattice modes. In addition to thétensity, and the lattice modes can no longer be observed.
splitting seen, the symmetric stretch also blue shifts unde€ompression to 13.0 GPa results in additional blue shifting
compression, while the in-plane bending mode does not shiftf the remaining modes and lose of intensity. Upon release
appreciably after splitting. In addition, all the features exhibitof the pressure the Raman spectrum characteristic of the ini-
a precipitous decline in intensity which is characteristic of atial crystalline state returns.

FIG. 6. Angle-dispersive
x-ray-diffraction (ADXD) pattern
of PH(NOy), at 12.9 GPa.

intensity (arbitrary units)

. . s ' ¢ ' L | L L L L | L L : L |
5 10 15 20 25
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FIG. 7. The effect of pressure on the Raman spectrum of FIG. 8. The effect of pressure on the Raman spectrum of
PBINOs),. On an absolute scale the intensity of 1000-1150tm Ba(NO3),. On an absolute scale the intensity of 1000-1150tm
region is~10 times more intense than the 700-850 &megion,  region is~10 times more intense than the 700-850 ¢mmegion,
and the 700—850 cnt region is~2.5 times more intense than the and the 700-850 cnt region is~2.5 times more intense than the
100-250 cm? region. The scales of the intensity axes are ex-100-250 cm? region. The scales of the intensity axes are ex-
panded for all the regions. If the high and low pressure spectra werganded for all the regions. If the high and low pressure spectra were

plotted on the same scales, then the features in the high pressuptotted on the same scales, then the features in the high pressure
spectra would not be visible. spectra would not be visible. The feature labeled with an asterisk

represents a plasma line, which is an artifact of the experiment.

Raman measurements: (NO .
SNOa)2 bands for PEINO,), occur at higher wave numbers, because

The high pressure Raman spectra ofN&3), are pre-  of compression of the nitrate ion.
sented in Fig. 9. Compression to 6.4 GPa causes the sym-
metric stretch of the N@ ion to split into two features, with
the new feature at lower energy. The new feature is much
weaker and the splitting much less than that seen in the pre-
vious compounds. The in-plane bending mode splits into two  To interpret the effect of compression on the three nitrates
bands consisting of multiple components, and the lattic&ecompounds, we must first examine their crystal structures.
modes present between 100 and 250 tislue shift and lose  The structures of lead, barium, and strontium nitrate are iso-
intensity. Compression to 13.4 GPa causes the symmetridorphous to CA&NO,), and a high temperatuf@60 °Q form
stretch to continue blue shifting, the bending mode has conef Cd(NO,),.182° The crystal structureRa3(T £)] consists
tinued to blue shift and remains split, and the lattice mode®f a cubic face-centered arrangement of méhl™?) ions
can no longer be observed while the others have also lostith nitrate groups in between. The nitrogen atoms are on
intensity. Upon release of the pressure the Raman spectruthe threefold axes and the metal ions are coordinated by
characteristic of the initial crystalline state returns. twelve oxygen atoms in the shape of a distorted cubocathe-
dron. There are four NQunits per unit cell, with one crys-
tallographically distinct nitrate group and one crystallo-
graphically distinctM ™2 cation in the structure. The three

Amorphous CsPINOs;); is chosen for comparison with compounds studied in this work have similar sized unit cells;
the pressure-induced disordered state ofNEl),, because the major difference among the structures is the height of the
PH(NO;), does not form a melt quenched glass by itself. TheNO; pyramid.

Raman spectra of glassy C4RI®;); consists of a broad We will discuss the transformation of the (RD;), crys-
feature in the 1045 cirt region, with a FWHM of 15 cm?,  tal, but the arguments apply equally to (Bi#®;), and

a broad band centered around 720 ¢neonsisting of two ~ SHNO,),. The application of high pressure causes compres-
features each with approximately a 15 ¢hFWHM, no ob-  sion, distortion, and reorientation of the §Qyroups lying
servable lattice modes, and a feature at 815 trtFig.  above and below thé¢l11) plane, thus breaking the cubic
10). The Raman spectrum of BWO;), at 13.0 GPa symmetry. The reorientation of the nitrate groups results in
matches that of glassy Csf\D;); in terms of band split- multiple sites, which are manifest in the splittings observed
tings and the FWHM. However, the position of the Ramanin the Raman spectra for the symmetric and out-of-plane

IV. INTERPRETATION OF THE PRESSURE-INDUCED
TRANSFORMATION

Raman measurements: Amorphous CsPtNO3)5
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FIG. 9. The effect of pressure on the Raman spectrum of energy (cm”)
SiNO,),. On an absolute scale the intensity of 1000-1150 tm
region is~10 times more intense than the 700—-850 ¢megion,

and the 700—850 cnt region is~2.5 times more intense than the amorphized PEINOs), melt-quenched amorphous C$RID,);. The

_1 . . .
100-250 cm* region. The scales of the intensity axes are eX-gpjtts of the features in the pressure-amorphized sample have been
panded for all the regions. If the high and low pressure spectra Wergdjusted for compression.

plotted on the same scales, then the features in the high pressure
spectra would not be visible.

FIG. 10. Comparison between the Raman spectrum of pressure

stretching modes show a multiplet structure with four bands

bending modes of the nitrate ion. As the pressure continue%”"i‘?ged in two sets of two features at 1068.8 and 1070
to increase the nitrate ions compress and continue to reorierf™ - ISotopic studies indicate the four bands are due to four
eventually forcing theM *2 ions away from their crystal po- Sets of nonequivalent NDions in the CANOy), structure.
sitions resulting in a disordered state as reflected in the x-rayln€ in-plane bending mode in the 700—800 cmegion is
diffraction patterns observe@ee Fig. 11 Support for this @IS0 split into multiple bands due to a lifting of the degen-
interpretation is drawn, in addition to our high pressure data8acy, resulting in two types of vibrations. It has been sug-
from four general areas:(a) Raman studies of GNO,),,  9ested that this phase change occurs because thg NO
(b) high pressure x-ray and Raman data for CaC@) ex-  9roups rpta}te ora d_lstortlon in the_st_ructure is caused by a
perimental studies of other nitrates, af) theoretical work chang_e in interatomic dlstance_s Wlth_ln the structure. Some
on the Raman spectra of nitrate crystals under various corfombination of both mechanisms is the most probable
ditions.

The high pressure Raman spectra of(NRD;), and the
low temperature Raman spectra o RB;),, CANO;),, and (@)
CaNO3), show many similarities. The low temperature Ra- e o o o

man spectra of RbBlO;), resemble the high pressure spectra Ogo
in terms of band splitting&> A Cd(NO,), isomorph exists in .,,:‘.ng.r:‘. d

a low temperaturél60 °Q orthorhombic form with unit cell ® 6 o o ° Y
parameters doubled in thie direction, and two crystallo- o\gﬂ cxgo o @ %,o
graphically distinct types of N groups and\ *2 cations. ® .ri.. .‘1.. [ ) o° @ « @
The orthorhombic form has the cations slightly displaced o

®
from their fcc sites, and the nitrate ions rotated in their plane ¢ 6 o o o *

from their positions in the cubic forif:?’ CaNO,), also
appears to transform to this orthorhombic structure at 80 K.
The Raman spectra of the orthorhombic phase for both of FiG. 11. View of the(111) plane of lead nitrat¢a) before dis-
these compounds indicate the presence of four crystallaordering andb) after disordering. This shows the proposed changes
graphically distinct sites for the nitrate iGA.The Raman to the nitrate ions and lead atoms. The large black dots are the lead
spectra for CINO,), at 77 K exhibit multiple bands in the atoms. The dark nitrate ions lie 0.27 A below the plane of lead
symmetric and in-plane bending modes similar to our highesatoms and the lighter nitrate ions lie 0.27 A above the plane of lead
pressure Raman spectra for (RB;),. The symmetric atoms.
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outcome?® In addition, the C(NO;), orthorhombic form is  pression. The results show the reversible, pressure-induced
more dense than the cubic form, 2.69 vs 2.65 d/cfhus the  transformation to a disordered structure. We used Raman
transformation to a more dense state would be consisterpectra, obtained under compression, to suggest that the
with the application of pressure. transformations occur because the nitrate groups compress,
Similarities between our data and the high pressure registort, and rotate. There are several broad conclusions we
sponse of CaCQalso exist, lending further support to our dgraw in this section. The first concerns the terms “x-ray
interpretation of our results. Specifical_ly, chang_es_ in Fhe Raamorphous” as used in pressure-induced amorphization.
man spectra of CaC{under compression are similar in na- gecond, we suggest the results reported here yield insight
ture to the changes we observed in the Raman spectra of thg J ;t the use of Raman spectroscopy to determine the
nitrates under compression. At a_mbient temperature Qacoatomic structure of nitrate-based glasses.
unltigrgltl)les 1the q iransfgrmaﬂon . C?Id’\]ﬂecal.(lzlne(lé)é X-ray amorphousThe reader will notice that using the
calcitallll), at 1.5 and 1.9 GPa, respectively. Merill an as'high pressure EDXD measurements led one to conclude that

sett showed using x-ray diffraction that the cakije the nitrate crystals were “x-ray amorphous” at high pres-
calcitdll) transformation occurs under pressure via rotation - Cry y orp 9n p
res, while the results from the diffractometers show the

of carbonate ions by 11° and displacement of alternate plan . .
y P P crystals are highly distorted. Thus, one of our key conclu-

of calcium atoms along the axis?® Raman spectra docu- -, . . .
menting this transformation show a splitting of the nonde-SIoNS, then, is that the terms “x-ray amorphous™” must be

generate symmetric CDstretch at 1070 cirt, with the new qualified with a description of the technique uséNote,
feature growing in at lower energy. The doubly degeneratdhough, that some samples that become amorphous by com-

out of plane bending mode of GOat ~700 cm  splits into ~ Pression are truly amorphous; for examplequartz®**9)

two distinct bands, one of which clearly consists of multiple ~ Glass structureThere is a debate about whether Raman
featureso3! spectroscopy can delineate among the nitrate environments
A number of other studies have found evidence for thepresent in metal-nitrate based glasses. Two views have been
presence of multiple sites in monovalent and divalent nitratexpressed concerning the structure of nitrate glasses, and
crystals. Multiplet structures in the symmetric stretching re-more specifically the distribution of cations in the material.
gion have been observed for a number of these ionic salthe first viewpoint suggests that the Raman spectra for both
Raman spectra similar to those we observed fofNER),  glassy and molten nitrates are largely independent of the de-
isomorphs _under compression are observed for thosgiled geometry of the modéf. Furkawaet al. show that a
compounds?** The presence of a Raman feature at slightlytremendous range of perturbing forces will produce essen-
lower energy than the symmetric stretch could not be astja|ly the same details of band broadening and splitting as
signed for a number of galts based on their crystal structurgeen in the Raman spectra of a nitrate glass. They conclude
Therefore, Badet al. assigned the lower energy componenthat 5 continuum of nitrate environments exist, which are
to an “energetically” distinguishable alternate structure, ONindistinguishable by vibrational spectroscopy, even though

the basis of its enhanced intensity with increasing., qaratel ; ; : :
. . y sharp spectra exist with well defined band split-
temperaturé? Single crystal studies of A§IO;), KNO(1), tings. The opposite view concludes that certain bands in the

and TING, support the View and suggest the secon(_j sites ar§Iassy nitrate spectrum are associated with a particular cation
Frenkel type defects which result from alternate orientation . . o
or a mixture of both cations, resulting in a nonrandom ar-

of the NO; ions323® : i
O rangement of cation® %> Thus there are specific anigni-

Lastly, theoretical studies of Karpov and Shultin on . iated with h f . Al b
NaNO, suggest the symmetric stretch in the Raman spectra!® Sites associated with each type of cation. Also, by

of NaN©O;, would consist of a number of components dependStudying  MIN(NO3)/NH,NO; glasses and  CdNOy)
ing on the various local fields of orientational nearestdlasses, Carrick and co-workers showed that similarities ex-

neighbors’®3” The NaNQ crystal has the calcite structure at ISt between the crystalline and glassy nitrate environments.
room temperature, and as the temperature is increased the We believe that Raman spectroscamn be used to dif-
disordered structure is influenced by the appearance of tHrentiate among a number of distinguishable nitrate environ-
alternate aragonite orientation of the nitrate ion. As the temments in the amorphous phase. The nitrate and cation envi-
perature rises the nitrate ions reorient to their configuratioionments present in the distorted crystals at high pressure are
in the aragonite structure. The presence of aragonite nearegtry similar to those present in the nitrate glasses. Compari-
neighbors in conjunction with calcite neighbors for a givensons between the high pressurg®), phase and glassy
NO; ion result in eight bands appearing in the symmetricCsPHNO;); at ambient pressure show similarities in form
stretch as each NDion has three N@ ion neighbors in  and structure, specifically noting the region-at045 cni*
either a calcite or aragonite orientation. The calculated Rafor the PBNO,), phase. Multiple, sharp features correspond-
man spectra agreed reasonably well with the literature for thehg to specific nitrate environments are observed to be de-
symmetric stretch. Therefore one would expect multipleriyed from a single nitrate type under compression. These are
bands to occur in the symmetric stretch of(R@s), under  yemarkably similar to those of the amorphous nitrate. We are
compression due to similar interactions as reorientation ofpe o create highly distorted nitrate crystals that exhibit
the nitrate ion occurs. Raman features very similar to those of nitrate glasses. Thus
these results suggest that vibrational spectroscopy can be
used to delineate different but specific types of nitrate envi-

We have presented in this work x-ray-diffraction mea-ronments in glassy nitrates in accord with the work of Car-
surements of RNO5),, Ba(NO5),, and S(INO,), under com-  rick et al*?

V. CONCLUSIONS
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