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CRYSTALLINE S™3UCTURE OF THE NEW CLOSE-GRAINED MODIFICATICE
OF SILICA, 510,
by
S. M., Stishov and X. V. Belov
Not long ago a descrintion was given of a new modification of 510, vinla

4 density 8ggp = 4235 g/cm) (1), obtained under conditions of high' pressure
(160 to 180 thoussnd ata)® and temperature (1,200—1,400°). For the t.l.lo
b;ing we do not have at our disposal material which is suitadle for X-ray
analysit by the monocr, stal method, but threre hag been obtuined a powder
prttern (filtered Cu emissiom, diameter of chamber 114 mm) of very satis-
factory quatity. 'In Table L there are presented for the new prase the
angles of reflection, interplane distances, and intensities, . The latter
were evaluated in accordance with the marke of darkening. One wes success-
ful in accomplishing a faultless inlexing of 3 Tebye dowder.pattern {Tadle 1

on the basis of a primitive tetragonal mucleus with tke parameters:

* Si0y M0y TIO, S0y
a=4,176A a=4,44A o= 4580 a= 4,727, (1)
¢ = 2,068\ c = 2,00A a=295A c=3,16A

¢/a = 0,638 ¢;a = 0,851 cja = 0,644 ¢ja = 0,660

In accordance with the indicated value b.q, in such & nucleus there
ere contalned precisely tﬁ umits of 310, In the drackets besice the puram=
eters of the new modificatiom of sxoz there are shown the analagous data for
Mn0,, T10,, and 8Sn0y, :nd 4n Fig. 1 along with the Dedye povder pettern of
the nev phase there 1s vlaced the X-ray picture of rutile TiO2. The great
affinity (of the relationships) of the parameters and the diffraction pat-
terns, as well as Lthe conformity to rules of the known series, CO2--S102--

T404--0e0,~- (Sn0;)-~Ce0z==TkO, warranted one's ‘hinking that we have defore

* On the scale of Xemnedy nnd Lamore (2) the above-mentioned limite

correspond to 120--140 thousand atm.
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us the long awaited rutile-like modification of S10, with Si in the sixfold
coordination, which s well kno.n for thre fluoride compouads of silicon.

In the list presented of indexed reflections there are lacking all those
which would go nguinst the spatinl group of rutile (cassiterite) D‘l,: =
Fuy/mam (the hOl are extinguished with the odd sum h 4 1, By writing the
coordinates of the atoms of the rutile-lixe peeudocentered structure in the
form S1(0n0,'%3): o(xxo.;;:o.!;-l-x.g-x. b3 3—~x,i4-x,4) we reduce the struc-
tgro—mlyucul prodlem to the finding of a single oxygen parameter x.

In (3) N. V. Belov and V. 1. Mokeyeva gave numerous examples of the
solution of not very complicated single-varameter structures with the use of
all, withoﬁt excention, lines of the Dedbye vowder pattern with the aid of
very simple diversity of the three -dimensional Pattergon synthesis, numely,
Harker viercing (linear synthesis). In the structur-l type of rutile the
viercing is done along the diagonal of the tctmgona; basis, which analyt-
ically 1s nresented in the form, x = y; 3 = 0. The Pattcrgon function for -

any voint of the piercing will de oo
P (xx0) = 5~ I3 Flur cos 2 (h + k) x = - 3 Ca c08 2nnz,
LX) [ L ]
where Cp = 222 Paxl with the condition |h +4- 1= r, -ith rendom 1,
hk1l

It is necessary to note that the intensities of the Debye lines $hxl}

(2)

vresented in Table 1 répresent the result of the ndding of the intensities
16, 8, 4 and 2 of the eeparate reflexes. Into {hklj, along with hxl

with all positive indices, there enter ;ﬂcl. xhl, ;hl. etc., which still
have the s:me intensity. It 1s easy to see (3) that from each group{hkg
the half 72 gets into Cn, where n = |h) 4-Jk|, *nd the other half into C,,
wvhere m = || h] —[k||. An exception 1s formed only by {hO1}, which go
entirely inte Cy vhere n = Inf. .

The totxlling of the F° ceries was ac:omplished vith the nid of the

FED-17-62-1709/1 ¢ 2 2
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B » 4 A ] LTy it 2Fnie sFuu
1| 5w | 2,95 100 | 110 3,766 1,978 a7
2 | 20e | 2,24 2 101 1,064 1,40 14
o2 ] 2,00 o 1 200 0,08 0, 4
4 1 2258 1,98 49 311 4,623 | —2,1% -2
5 | 24%2¢ 1,87 2t 120 2,275 1,500 15
6 | wne 1,53 a8 121 12,056 4,10 2%
7| a3 1 28 4,828 1,553 3
8 | a5y 1,312 13l o 3,202 0,848 36
9 | 3548 1,320 7 130 1.9 1,18 13
10 | aa%0 1,202 O ] 059 | —o0,727 -7
11 | 3843 1,28 M| 8,164 2,408 29
12 | a2 1,214 14 12 4, 2,050 20
13 | 40°44° 1,181 4 k] 1,262 1,788 8
14 | 4322 1A 2| 0,682 0,825 8
15 | 4518° 1,085 3| 12 1,068 1,462 7
16 | 47 1,081 4] 23 1,449 1,70 8
17 | 47°38' | 1,044 4] 400 1,460 0,854 17
18 | 4077 1,012 3 140 1,000 | —1,048 —~10
19 L 51°43° | 0,989 11 222 4,000 2,000 20 .
20 | 51°20° | 0,980 7| 3% 2,5%8 1,120 2
21 | 543 ] 0,047 9 141 3,125 2,408 12
2 | 554 | o.m0 6 132 2,055 2,028 10
23 | 55%0 | 0,0% 4] 20 1908 | 1,163 12
24 | 6102’ | 0,882 3| 4 0,867 1,06 7
25 35 | 0,809 3] 0,815 0,903 9
26 | 65°0%° | 0,85 2 13 0,49 | —0,700 7
27 | 6931 | o082 11 4 1,350 1.408 12
28 | 7005 | 0,819 a | 510 1,808 1,38 14
20 | 707 | 0,810 a, 5
n | 72500 0,8065 ¢, 9 142 1,440 —1,600 -8
31 | ™14 | 0,80084, 4
32 | 7346 |- 0,80223, | 21 123 3,167 2,517 13
33 | 74%18 | 0,200, | 11
3 | 7505 | 0,7971q, | 2t |500; 431 ] 2,877 [1,199; 1,695 4; 92
35 | 75°3% | .0,797a, i1
R | 7648 | 0,79199, | 2t V] 2,5 1,602 16
a7 * | 0,7918a, 1"
*Experimental

; prM‘l
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Tabdle

1

«nd computed etructural amplitudes are preszented on the

genersl scale, ~nd besides in the experimental strictursl umplitudes there

is taken into consideration the factor of recurrence.

three-dezree strips (for 120 points of the diagonal) and the results of the

aumericnl synthesis (vith rela*ive vuluer of Jﬁkl and with the initial memdar

discarded) are given in Tabdle 2,

stands out very wmoothly with the coordirnte 38/120, 1, e, x = 0,317,

Secides the trivial initiul vear only one

This

nunber musat dbe compared with the known x, equal for rutile 0,31 #né cas-

citerite 0,26,

By the deternined purameter x one can conmute the pigns of thre

structural amplitudesfor =11 37 reflexes of the nowder X-rny ricture =nd

further accomplieh the dingonal viercing through the three-dimensional

FTD-TT-62-1709/1 ¢ 2 J
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- BEarker Piercing through Paterson's Three-Dimentional Synthesis

along the Disgonal of the Base

¢ 1 ... 14 1B ... N N N B W... » »
33t a7 Mi... BB OW... 19 » 23 23 n.. 88
gs3 distridution of ‘he electron plane., "he formula for this plercing remains

the srme, but into the runms C, insteac of thkl the enter the Fp,irvrovicded
by the commuted signs. Wishing to constiuct the synthesig on the sime
basis as with P2y, , 1. e,, considering the tadble Fic178 the sums of the
resvective 16, 8, 4, “nd 2 of the )mplitudes we should multioly p)‘zh;;-

vy 42 . 1, 1/42, 4 [compare (3).]. Bestdes in the distributicn of

Zr,.m accerding to cn:llwkl and

cmql|h|-|k|l it 1e necessary to keep

. in mind that in the group Ply/mnm

the pluce of slipping n mukes the

7
’ e equality rm = Tpyy valid only

for h 4 k 4+ 1 = 2n; if, however,
b = X 4 1z 2n 4~ lthenl"mﬂ:
= Triy -
In this .way the second synthesis
was Dy no means simply s recurrence

of the first with change of acale}

Fig. 3. Axometry of the structure of it lead, however, as Table 3 whows,

the rew modification of S10, in octa-  to the identical value x = 0,317,

hedrons In comparing the exverimental
rhkl with the computed value we ob=

thined the coefficlent of the dieperseion R = 0.0 (for &1l 3?7 reflexes).
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TRIRST LINE OF 7UXr ‘ Tadle 3

Cut across the Three-Dimensional Synthesis of the Electron Plane

‘along the Diagonal of the Base

< 1 ... 1 18 LT Ly  J ... 50 60

15 47 %9... 5 8B ... 3 338 B... KT

According to Fig. 2 the ratio x : (l—x) determines how many times greatertle

diagonal of the Si04 octahedron is than the horizontal edge of the octahedron.
The value 1,74 obtained is considerably greater than the same value for the
correct octahedron (1.,414) and shows that the 5i0g octahedron is extended
along the.diagonnl (as is the octahedron Ti0g, but not the octahedron Sn0,),
i, o., of the 6 atome of oxygen around the Si 4 are considerably closer than
the remaining 2. The precise computation of the distance S1 — 0 gives for
the first ones 1,716 { and for the second ones 1.872 1 (Fig. 3). 1f one
considers as standard for the tetrahedric coordination the distance Si—0

< 1.63 X. then for the first four distances we get the value by~ 6%, i. e.,
Just in agreement with what was shown by Goldechmidt already in 1928 for the
ratio of the distances of the respective 6th and 4th coordinations, One
can also consider that for the four lesser distances we have an ionic bond
onto which their is put a covalent one, while in the two remaining ones
there is only a single ionic one. Computation of the length of the horizon-
tal edge of the Si Octuhedron 0—O gives 2,161 A, This is conslderable
lecs than the sum of two oxygen radii, but the shortening corresponds

woll to that which should be for the general edge in the column from the
octahedrons according to the 3rd and 4th rules of Pauling. The lengths

of the vertical edges, apparently, represent nothing other than the param-
eters of the nucleus ¢ = 2,666 R. i. e., they are almost precisely equal to
the diameter of the oxygen ion. The inclined edges of the coordination

octahedron all equal 2,540 1.

FID-TT=62-1709/1 4 ¢ 5




In conclusion the suthors expreess tl eir thunks to Memdeir-Correspondent
of the Academy of Sciences of the USSR L, F, Vereshchngin for giving his

attention to ~nd reviewirg thiy present work,

Moacow State University ‘ Entered
numed for M. V. Lomonosov .January 19, 1962
Institute of the Physics of liigher FPressures

of the Acidemy of Sciences of the USSR.
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