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Wavelet analysis of x-ray diffraction pattern for glass structures
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A wavelet analysis of x-ray diffraction patterns is introduced for analyzing glass structures. The analysis
indicates that within a short distan¢e0.8 nm for silica glagsatoms in the glass are arranged around the most
probable positions which are almost as regular as the equilibrium positions in crystal. However, in glass the
atomic distribution around the most probable position increases exponentially with increasing interatomic
distance(exponentially damped regularjtywhereas the crystal does not have this kind of damping. Beyond
this distance, it is difficult to determine the structure in atomic scale due to the large atomic distribution. But,
the analysis shows that the arrangement of quasiatomic planes in glass is still statistically(reiguldgamped
regularity up to an intermediate distance, e.g., 2.5—3.0 nm for silica glass. Then glass structure might be
guantitatively determined by means of the structure of corresponding crystals and of the extent of the distri-
butions around the most probable positions for atoms, as well as of the sizes of the structurally correlated
group.[S0163-182608)04545-1

[. INTRODUCTION tances and thgSiO4] structural group in silica glass. How-
ever, it is believed that these functions are less sensitive at
Crystals have a long-range order characterized by a permedium(0.5—1 nm or large distanceg>1 nm).* In order to
odic arrangement of atoms. In contrast, it is generally begain more insight into the glass structure at these large dis-
lieved that glasses are lacking this order. Even though th&ances, some indirect methods have been established such as
application of glass has a long history, the nature of glasstructural modelingsuch as Zachariasen’s random network
structure has not been totally understood. The inability tonodeP and Lebedev’s crystallite modilor simulation by
resolve glass structure has prevented a clarification of theneans of molecular dynamiés.
relationship between properties and structure at the micro- Wavelet analysis originated about 15 years ago from a
scopic level. Currently, there are no experimental or matheollaboration between Morlet and Grossm&inwavelet
ematical methods to reveal the glass structure with full infor-analysis can be defined as an alternative to the classical win-
mation. dowed Fourier analysi®. The former will be labeled as a
X-ray diffraction is the most used method for investigat- time-scale analysis and the latter is called a time-frequency
ing atomic arrangements in crystal. It can also give valuabl@nalysis. In contrast to the Fourier transform, the wavelet
information about glass structuté By means of the Fourier transform consists of expanding functions over wavelets
sine transform of the experimental interference functionwhich are constructed from a single functigfr) by means
sJy(s) in reciprocal space, a real space differential correla-of dilation and translatioh**?
tion function d(r), a total correlation functionr(r), or a
radial distribution functiomd f(r) is extracted by the follow- Jap(r)=a"Y3g[(r—b)/a], 2
ing equations:
2 (o where the parametessandb can be chosen to vary continu-
d(r)z—f sJy(s)sinsrds, (1l ously @>0), or to be restricted to a discrete lattice. The
m™Jo wavelet transform of a real functioi(r) is defined as

d(r)=4mr[p(r)=pol, (1b)

Fdf(r)=4mrp(r), (10 Tg(a,b)za’llzcallzf g*[(r—b)/alf(r)dr, (3
T(r)=4mrp(r), (1d)
s=4msin6IX, (18) Cg=277f 9(s)|*/s ds 4

whereJ(s) is the normalized x-ray diffraction intensity,

is the wavelength of the x ray#ds the scattering angls,is

the magnitude of scattering vecti(r) is the radial density
function of electrons at a distanc€rom an arbitrarily cho- T (a,b)=a1’2C‘1’2f sin(sb)@*(as)f(s)ds, (5)
sen origin, which is essentially a one dimensional form of ’ g

crystallographer's Patterson functidand p, is the average ~
radial density. The differential correlation function or radial Where the asterisk denotes the complex conjugategéapl
distribution function is useful to determine interatomic dis-andf(s) are the Fourier transforms of the functiayg) and
tances and coordination numbers in glass at the short randér), respectively.

(<0.5 nm, evidencing Si-O, 0-0, and Si-Si interatomic dis-  Reconstruction of the original functiof(r) is given by

while the expression in terms of the Fourier transform is
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f(r):cgl’zffa—ZTg(a,b)ga,b(r)dadb (6)

A very popular real wavelet is the second derivative of the
Gaussian functiofi.e., the so-called Mexican hat

g(r)=(1—-r?exp —r?/2), (78
g(s)=s?exp—s?%/2), (7b)
Cy=. (70

silica glass |

The wavelet transform is seen as a mathematical microscope a-cristobalite
whose position and magnification dvand 14, respectively,
and whose optics is given by the choice of the specific wave-
let g(r).1? The wavelet analysis is related to multiresolution
analysis.

This paper is an attempt to introduce the wavelet analysis
instead of the Fourier analysis of x-ray diffraction patterns
for glass structure, taking silica glass as an example. By
means of wavelet analysis of diffraction patterns, some in-
teresting results about the glass structure are obtained.

sJ (s) (e.u.nm‘l)

m

low tridymite

L 120 o-quartz -

II. EXPERIMENTAL PROCEDURE

The intensity of x-ray diffraction for an electrically fused 0 20 40 60 80 100 120 140 160
silica glass(HERALUX-E glass, SinEtsu Quartz Products
Co., Ltd) was measured with graphite-monochromated Mo
Ka radiation (50 kV, 200 mA using a Rigaku Denki RU- FIG. 1. The x-ray interference functions for silica glass, crystal-
200 diffractometer. For comparison, the diffraction patternsine « cristobalite, low tridymite, and quartz.
of crystalline « cristobalite, synthetic low tridymitémono-
clinic phase, anda quartz(Hori Mineralogy, Ltd) were also
obtained under the same experimental conditici2®
=4~145°, step of 2=0.059. The Krough-Moe-Norman
method®'*and a least-squares technii®® minimize the
spurious detail in radial distribution function at small inter- 4000 F ' ' T T
atomic distancé€<<0.1 nm) were used for getting the normal-
ized interference functiosJ,(s).

From Eq.(1a), the Fourier transform of differential corre- silica glass
lation functiond(r) is 7/2sJ,(s), thus from Eq.(5) the - .
wavelet transform ofi(r) is described by L _

s (nm'l)

Ty(a,b)=avc,*m/2 f sin(sh)g* (as)sJy,(s)ds (8)

a-cristobalite -

andd(r) can be reconstructed by means of E). Here, we
also use the real Gaussian type wavel@t) defined in Eq.

(7) for analyzing glass structure, as used by Arneetial }? | |

for analyzing the fractal patterns. :J\W\[\\A/V\/\A/WAA/WMWW
0

low tridymite |

Ill. RESULTS AND DISCUSSION r

d(r) (€nm™)

A. Reciprocal space interference functions and real space
atomic correlation functions - 1

Figure 1 shows the x-ray interference functiosg,(s) 0 N '
for the silica glass and crystalline cristobalite, synthetic L d
low tridymite, and @ quartz. There are only a few broad a-quartz
interference peaks for the glass, whereas for the crystals a e b e b b e b
large number of sharp interference peaks are exhibited. This

: . o . 0 1 2 3 4 5
difference results in the damped atomic differential correla-

. X - r (nm)
tion functiond(r) for the glass, as shown in Fig. 2, where all
differential correlation functions are calculated by Fourier F|G. 2. The x-ray differential correlation functions for silica
transform in Eq(1). Figure 2 shows no significant damping glass, crystallinex cristobalite, low tridymite, andx quartz, calcu-
for the crystals. We believe that dampingd{fr) is the spe- lated by the Fourier transform of E¢l).
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FIG. 3. Wavelet transform [fiy(a,b)| vs Ina at b=0.2 nm and
b=1.0 nm[defined in Eq(8)] for the x-ray differential correlation
functions of a silica glass, crystalline cristobalite, low tridymite,
and a quartz.

FIG. 4. X-ray differential correlation functions of a silica glass
and « cristobalite from Fourier transforrsolid lineg and wavelet
reconstruction (dashed lines using the integration range
—3<Ina<3and—-0.4 nn<r—b<0.4 nm (>0) in Eq.(6).

cial characteristic of the glass, which results in the difficulty (Ref. 18] of d(r) for the silica glassa cristobalite, low
for glass structure clarification. tridymite, anda quartz, respectively. The local maxima lying
Figure 3 shows the absolute value of the wavelet transen connected curves are usually referred to as “maxima
form T4(a,b) of d(r) for the silica glass and silica crystals lines.”*"**Due to the localication characteristic of the wave-
as a function of dilation parameterfor two values of the let g(r) or g(s), the wavelet transfornTy(a,b) of d(r) at
translation parametédrassociated with radial locatianlhere  largerr are mainly defined by the small scattering vector
b=0.2 nm ancb=1.0 nm are shown as exampleglotted in  similar to the Fourier transform. By considering the limita-
a In-In scale representative. The oscillatior| Bf(a,b)| rep-  tion of s in the small scattering range in the present experi-
resents its magnitude at different scaléor a defined posi- ments, the maxima lines in the range 0—5 nm are plotted. In
tion b. All In|Ty(a,b)|s are reduced linearly with lnin the  Fig. 5, maxima lines in the range ef2<Ina<2 were rep-
two sides, and it is difficult to find any special characteristicresented because only a few maxima lines were observed
for the glass from Fig. 3. when Ina>2, and a lot of spurious maxima lines related with
Due to the exponential reduction ¢Ty(a,b)| with the  the ripples ind(r) were observed when b —2.
parameter Ira and the localization characteristic of the real = The wavelet analysis is related to multiresolution analysis.
Gaussian type wavelgf(r) defined in Eq(7), it was found When smalka (high resolution, such as b= —2) is used, the
that the wavelet-calculated differential correlation functionwavelet detects the locations of WTMM or peak positions
d(r) [obtained using Eq6] is not sensitive to the selection associated with interatomic correlation even though some
of the integration ranges od and b when |[Ina|>2.5 and overlapping peaks might still not be separated. Comparing
[r—b|>0.3 nm. Figure 4 compares the Fourier transformwith the maxima lines of the silica crystals in FiggbB-
d(r) with the wavelet-reconstructed one using integration5(d), the maxima lines of the silica glass in Fig(ab are
range —3<Ina<3 and —0.4 nnxr—b<0.4 nm@>0) denserinlow Iraand highb (or r) region(>0.8 nm). Three
in Eq. (6) for the silica glass andv cristobalite. There is repeated measurements on the same glass indicated that the
almost no difference between the Fourier transforrd@d  maxima lines in the rangb<<0.8 nm reappeared, but those
and the wavelet reconstructed one, expect the relatively largées in the range of low la andb>0.8 nm did not reappear
difference in the short interatomic distance region which ison the same locations, as shown in Fige)5However, there
caused by the limited integration range=0. Thus no infor- ~was almost no change of the maxima lines for the repeated
mation was lost using the wavelet reconstruction to obtairfmeasurements on crystals, as indicated in Fg. for three
the real space correlation functions from the diffraction pat-neasurements o cristobalite. These results clearly exhibit
terns. Furthermore, the following discussion will show morethe increased randomness of atomic arrangement or atomic
detailed information about glass structure by means of th@verlap for glass in the intermediate range. However, the
multiresolution ability of the wavelet analysis. regularity of maxima lines at the short and medium ranges
less than~0.8 nm for the glass is similar to that of the
crystals, indicating the short range order as defined by us. At
large a (low resolution, such as lm=0), wavelet does not
Using the mathematical microscope, wavelet analysis, théistinguish the atomic correlation peaks, but the peaks for
real space correlation function such@&g) can be decom- correlated atomic groups. For understanding what the atomic
posed into wavelet transforriig(a,b) using Eq.(8) with  groups are, the maxima lines in Figgbp-5(d) for the three
positionb and magnification H as well as opticg(r). Fig-  silica crystals are investigated. For these crystals, in large
ures %a)—5(d) represent the locations of the maxima of theln a region periodic and straight arrangements of the maxima
modulus of the wavelet transfornjgeferred to as WTMM  lines are observed with the periods aak0 shown in Table

B. Multiresolution analysis of differential correlation functions



14 282 YONG DING, TOKURO NANBA, AND YOSHINARI MIURA PRB 58

1 1 F
g0 ERUE
L
-1 -1
2 -2
0 1 2 3 4 5 0 1 2 3 4 5
b (nm) b (nm)
2 T T T T T T T T T T T T T T T T T 2
r (b) a-cristobalite = r
I o il :
- -
L o Ul
3 H %
gor ] ) _—’
a1 F a1 F
2 -2
0 1 4 5
0 1 2 3 4 5 b (nm)
b (nm)
2 2 T T T T T T T T T T
r r® a-cristobalite (3 meas.)
1§ 1 F a
s 0 [ go x 1
i | H ( |
;.J o Ly .l.'| Jd L bl ..[.l\' l.[
2 bl | | H l I
0 1 2 3 4 5 0 1 2 3 4 5

b (nm) b (nm)

FIG. 5. Locations of the maxima of the moduli of the wavelet transforms or maxima lines of x-ray differential correlation functions for
(a) a silica glass(b) « cryistobalite,(c) low tridymite, (d) « quartz, and from three repeated measuremenig)ahe silica glass andf) «
cristobalite.

I [(i) the first maximum is excluded during the calculationtals at low resolution are the atomic planes with the highest
because it is belonging to the first Si-O interatomic peakx-ray diffraction ability. It is surprising to find that the
which was still detected due to its high intensity and limitedmaxima lines in the high Ia region for the glass in Figs.
integration rangéd=0 in Eq. (8), (ii) the large errors were 5(a) and 5e) are also almost periodic and, moreover, re-
caused by the low resolution atds=0]. The data in Table | peated up to an intermediate rari@es—3.0 nmfor the three
indicate that these periods represent the distances of atomiceasurements. Thus it is considered that the wavelet-
planes giving the highest x-ray diffraction intensity. Then thedistinguished correlated atomic groups at low resolution for
wavelet-distinguished correlated atomic group for the crysthe glass might also be related with statistically regular



PRB 58 WAVELET ANALYSIS OF X-RAY DIFFRACTION . .. 14 283

TABLE I. The periods at Im=0 in Fig. 5, atomic plane distancdsnm) and Miller indices for
the planes with highest x-ray diffraction intensities.

Substance Glass « cristobalite Low tridymite a quartz
period (nm) 0.414+0.047 0.41%0.031 0.405%:0.071 0.34%0.013
d(nm) (1/1g) 0.418+0.02* 0.403974(100° 0.4107(100), 0.4328(90)¢  0.3342100¢
Miller index (101) (101

&Calculated from the first sharp diffraction peak.
PJCPDS Card No. 39-1425.
€JCPDS Card No. 18-1170.
4JCPDS Card No. 33-1161.

atomic planes, or the quasiatomic planes as defined by usy infinite value. The peak value dfy(a,b) at Ina=0 for a

The above results mean that thg arrangement_in the atomiﬁystal,T;p(a,b), could be expressed by

group or plane scale in a glass still has a statistical regularity

extending to the intermediate range even though it is difficult T(a,b)=I" (Ina=0). (90)

to detect the regularity in atomic scale in this range. In other

V\(ords,_atoms are still statistically distributed around the_ QuaThen for glass,

siatomic planes even though there are a large fluctuation for

atomic positions in the intermediate range. Furthermore, it is p _Tcp’ _ _

interesting to note that the period 0.414 nm for the silica Tg(@b)=Tg" (ab)exp(=b/g) (Ina=0), (9

glass is near the calculated atomic plane distance 0.418 nm op’ )

from the first sharp diffraction peak. Then it is reasonableVhere Tg" (&,b) is the peak value off4(a,b) of a corre-

that there are statistically regular planes in glass, the sosPonding crystal associated with the glass.

ing highest x-ray diffraction ability is associated with the M. This phenomenon means that for glass the correlation of

first sharp diffraction peak. the quasiatomic planes decrease dramatically with increasing
In order to exactly understand the structural characteristiéistances, whereas for crystals the atomic planes are still

for glass, Figs. @)—-6(c) compare thd ,(a,b) of d(r) of the strongly correlated at long range with a very long or infinite

silica glass with those of the three silica crystals foa#2, ~ characteristic correlation length. According to the definition

Ina—=1, and Ina=0, respectively. At small and medium ©f differential correlation function in Eq(1), an exponen-

Ina, Ty(a,b) basically represents the profile of the atomic tially damped correlation defines the exponentially increased

correlation, similar to the profile ofi(r) in Fig. 2, even distribution of interatomic plane distances. The difference in

though some weak peaks such as the first 0-O peak correlation lengths or distribution is the main structural dif- .
~0.263 nm are lost at medium Ia. At large Ina, Ty(a,b) ference be_tween the glass and crystals, which is mathemati-
represents the correlation of the atomic planes having thg2lly described in Eq(9). o _ _
highest x-ray diffraction intensity. For a crystal a strong cor- Another chgractgnstm indicated in Fig. 7 is the levelling
relation can be clearly observed up to long range due to th@ff of the logarithmic decrease dfg(a,b) for b larger than
periodic or regular arrangement of atoms and atomic planes:3-0 nm(repeated measurements for the same sample gave
For a glass, even though the peaks of the correlation functiof Proad range of 3:00.5 nm, also in Fig. ¥ Beyond this

can be detected up to intermediate range by the wavelé@nge,T§(a,b) appeared random. This range might be the
analysis as shown in Fig.(&, the peak intensities damp diameter of a structurally correlated group or particle. There
dramatically with increasing interatomic distances. Fromis structural correlation inside the particle, and there is little
Figs. @a) and Gb), it is difficult to mathematically describe Or no correlation outside the particle. The size was very sen-
the damping characteristics of a glass due to the complesitive to the experimental interference functied,(s) in the
vibration. However, the vibration in Fig.(6 seems to be smalls region. Due to the difficulty of the measurement of
simple. Figure 7 plots the logarithmic peak intensity of SJn(s) in the smallsregion, the exact size might be larger or
Ty(a,b), In Tg(a,b) at Ina=0, as a function ob (the first smaller than 2.5-3.0 nm, which should be further investi-

peak is excluded againit is found that InTg(a,b) at lna=0  gated.

are almost constants with increasibdor the crystals, but Furthermore, it is found that in low resolution region
decrease exponentially for the glass up~+8.0 nm. This (largearegion such as la~0 in Fig. 5, the data in Fig. 7
relationship can be expressed by are not sensitive to la, as shown in Fig. 8. for the data_vynh
Ina=0.2-0.4 with a step 0.2 fak cristobalite and the silica
Tg(a,b) =T'exp—b/B) (Ina=0) (99 glass(for the glass a few data with very small values such as
the data fob~2.4 nm, which still represents the atomic cor-
or relation, are not plotted hexeThen, it could be expected that
InTg(a,b)zlnF—b/ﬂ (Ina=0), (9b) Eqg. (9) would be applicable to other lnandb. In this case

we have the following equation for the glass:

whereI" is the pre-exponential factor, an@ is called the .
characteristic correlation length. For crystalis a very large Tq(a,b)=Ty(a,b)exp(—b/B), (10)
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FIG. 6. Wavelet transfornT,(a,b) vs b of the x-ray differential correlation functions for a silica glass, crystallineristobalite, low
tridymite, anda quartz at(a) Ina=-2, (b) Ina=-1, (¢) Ina=0.

whereTg(a,b) is similar to theTy(a,b) fqr crystal, and it i; d(r)y=aexp —r/B)d.(r), (11
the wavelet transform of a corresponding crystal associated
with the glass. where « is a calibration factof~1), which is required be-

From wavelet reconstruction using @) andTy(a,b) in cause there should be no damping for the correlation func-
Eq. (10), the relationship between the atomic differential cor-tion within the first interatomic distance and other factors
relation functiond(r) of a glass and that of its corresponding such as the periodic difference between glass and crystal
crystald.(r) can be expressed by should be consideredB is the characteristic correlation
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o T T T T e g @) TABLE II. Estimateda, 3, andR} in 0.1<r<0.8 nm.
10 na=| B .
[ BOROE B g Eomo o @ o ogo| W Sicagls(®)
gL W T o oo O% 1 Sﬂ'CélglabSSliC)() Assumed o B (nm) RY (%)
L . o - ¢ a-cristobalite (a; H
g L 70 1 % aceristobalite ® corresponding crystal
s - 1 + acristobali ) .
g " O o domite © a cristobalite 1.43 0.397 5.89
2 4 \‘ 71 ¢ a-quartz low tridymite 1.53 0.473 6.83
s L AN a quartz 1.86 0.208 12.47
= ‘..; i o" Al l.‘
0 n ®an .
b ---InT %(ab)=0.64 - b/0.336, R=0.98 creasing interatomic distances. Beyond the short range, it is
oo Lt b b e ieee . .
difficult to determine the structure at an atomic scale due to
0 ! 2 oy ¢ > the large interatomic distance fluctuation. However, the most

probable locations of the quasiatomic planes in glass are still

FIG. 7. Logarithmic peak intensity ofy(a,b), InTi(ab) vsb  periodic up to an intermediate rang2.5-3.0 nm for the
at Ina=0 for silica glass and crystalline cristobalite measured for ~ silica glas$. We define this as intermediate range order. The
three times(a)—(c), and low tridymite andv quartz. only difference for the arrangement of atomic planes be-

tween crystal and glass in the intermediate range is again the

length for the atomic arrangement in glass, which determinelegrees of distribution of the atomic planes around the equi-
the extent of atomic distribution or damped regularigyis  librium or most probable positions. Beyond the intermediate
related to the distance at which the atomic correlation inrange, there is almost no correlation for atomic or atomic
glass is~1/e of that in the corresponding crystal. plane positions. So this intermediate range might be an av-
erage size(diametey of atomic groups or particles whose
atomic positions are statistically correlated.

There have been a lot of glass structure mottefe 2

From the above results and discussion, it can be imagineand two representative models are Zachariasen’s random net-
that within a short distancéincluding short and medium work mode? and Lebedev’s crystallite mod®&But, there are
range, ~0.8 nm for the silica glagsthere is a statistical still many discrepancies among them. Our wavelet analysis
atomic scale order in glass for which the atoms are arrangeithdicates that there is a similarity in the atomic structures of
around the most probable positions which are also regular aglasses and crystals in statistical means, but the atomic ran-
periodic. Their arrangement is similar to that of the equilib-domness in glass increases exponentially with interatomic
rium positions for the atoms in crystals. We define this agdistance. The extent of randomness in a glass structure might
short range order. The only difference between crystal antde expressed mathematically with the characteristic correla-
glass in the short range is the degree of atomic displacemetibn length 8 in Egs. (9)—(11). These results conceptually
around the equilibrium positions, as indicated in the waveletupport the modified crystallite models such as the quasi-
transform of the differential correlation functions in Figs. 6 crystalline modeéf 23 or paracrystalline modéf: But a new
and 7. For crystal, the atoms are periodically located at thenodel for glass structure might be required for a better and
equilibrium positions with displacement only due to thermalquantitative understanding of the complex glass structure and
vibrations. But for glass, the atoms are arranged around thghe structural relations of various properties. This kind of
most probable positions or equilibrium positions which areresearch is under way.
periodic with distributions increasing exponentially with in-

C. Glass structure from wavelet analysis

D. Estimation of structural parameters of glass

10 F | 1na=-0!2~0.4, ste1'>=0‘2 | 3 Here is the preliminary estimation of the structural param-
B A A g o g 0 . Q . eters of the silica glass at the atomic scale_. Taking the_mea—
s [ ® ] suredd(r) of the silica glass and assuming successively
_ C Iy ] dc(r) from the crystalse quartz, low tridymite, and cris-
§ 6 L ® silica glass ] tobalite, a least-square refinement of Exfl) is conducted in
g [ L] 0 g-cristobalite ] a range 0.£r=<0.8 nm. This gives the estimated g8, and
= 4 F | ] the discrepancy facth;( defined in Ref. 2Gthe superscript
g: [ LY ] X means that the discrepancy faci®y is for x-ray diffrac-
e [ ! s X} tion) for the total correlation functio(r) in Eg. (1) as
= Z P | ! s ; listed in Table II. Here the density of silica glass 2.20 gicm
o b ’. o - is used for calculation of the average radial denpgyeven
r ] for the crystals.
Y AR N R AV From the results in Table Il, it is clear that the discrepancy
factor is larger wherw quartz is used as the corresponding
0 ! 2 b (nm) 3 4 > crystal. The discrepancy factors for low tridymite amdris-

tobalite are similar. These two discrepancy factors are com-
FIG. 8. Logarithmic peak intensity dfy(a,b), InT8@ab) vsb parable with the molec':ular Qynamic simulatiqn reSBKf
at Ina=—0.2-0.4 with a step 0.2 for a silica glass and crystalline =6.8% (a very good simulation, the superscrigt means
cristobalite. thatR, is for neutron diffraction in the samer range?®*’
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For comparison, Fig. 9 shows the measured x-ray radial dis- AL S AR AR AR R
tribution function of the silica glass and the calculated func- . cma?gﬁ?;fgffé{r))fgggsgg‘gfreg;;f;dmg crystals)
tions using Eq.(11) when « quartz, low tridymite, andx b
cristobalite are used as the corresponding crystals. This is

just a preliminary estimation, and it cannot be concluded 50000
which one is the corresponding crystal for silica glass. It is
also possible that another crystalline phase such as a higr
temperature cristobalite or tridymite phase of silica will be
the corresponding crystal. But the above estimation indicates
that Eq.(11) from wavelet analysis might give a suitable ~ 0 ===
mathematical description for glass structure. Further search- §
ing and refinement of the structural parameters of the corre- "
sponding crystal should be conducted.

The searching for corresponding crystals for glass should
be done by further refinement of the structural parameters of 0
the corresponding crystals, parameterand 8 in Egs.(10)
and(11), which might be realized in a similar way with the
Rietveld methoff?° for the refinement of the structural pa- 25000
rameters of crystal. The Rietveld method is a least-square
refinement method for the measured and calculated diffrac-
tion patterns. At present, we are developing a refinement C
method for the measured differential correlation function of C
glass and the calculated one of the corresponding crystal ac- N
cording to Egs(10) and(11). 0 01 02 03 04 05 06 07 08
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IV. CONCLUSIONS
FIG. 9. A comparison of the measured x-ray total correlation

The multiresolution wavelet analysis is a unique tech-function of a silica glasgsolid line) and the calculated functions
nique for giving a deep understanding of the glass structurgrom Eq. (11) and Eq.(1) when & quartz, low tridymite, and
The analysis indicates that there are two length scales fafristobalite are assumed as the corresponding crystished
glass structure, named short and intermediate ranges. In thiges).
short range~0.8 nm for a silica glagsatoms in glass are . o
arranged around the most probable positions which are afure of corresponding crystals and. t.he extent of the distribu-
most as regular as the equilibrium positions in crystal, withfion @round the most probable positions for atoms, as well as
fluctuations of the interatomic distances increasing exponent-he sizes of the structurally correlated group.
tla[ly with increasing mteratomu_: @st_anc&éstaﬂsﬂcal regu- ACKNOWLEDGMENTS
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