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CRYWAL.In 3'`1u.1U= OF ?rn: N'd N LEW OS-GALI3.D IIODIFiCATIOI

01 SILICA. 5i0O

by

S. K. Stiuhov and N. V. Belov

Not long ago a description was given of a new modiftication of Si02 with

a density 6exp = 4.35 g/cm3 i1), obtained under conditions of high- pressure

(160 to 1U0 thousand atm)" and temperature (1.200-1,4000). Yor the time

being we do not have at our disposal aateriAl which is suitable for X-ray

analysit by the uonocr, stal method, but t.ere has been obtained a powder

pettoern (filtered Cu emission, diameter of chamber 114 mm) of very satis-

fac t ory quality. In Table L there are presented for the new pkase the

an.gles of reflection. interpiane distances, and intensities. The latter

were evaluated in accordance vit* the marks of darkening. One W success-

ful in accomplishing a faultless inde.sLn of a Debye svder.vattern ("able I

on the basis of a primitive tetragoial nucleus with tke parameteres

a=4.176,t j .- 4.44A a e4.,58A a- 4.72A, 1
cm-= •A c - 2.89.A am2,.5A c -. 1 6A

C/a - O.3 (4 - 0.651 c/eo - 0.644 C/A - o,60

In accordance with the indicated value boxv in such a nucleus there

ere contained precisely two units of 1020 In the brAckets beeice t-,. phram-

etere of the new modification of SiO there are shown the Analagous data for

MnL, TiO, and Sn02 , -and In Fig. I along with the Debye powder pattern of

the now phase there to placed the X-ray picture of rutile TO1•. "he great

affinity (of the relationshipe) of the parameters and the diffraction pat-

terns, as well As the conformity to rules of the known series, CQ--SiOV--

.'TiO2--0eO-- (SnO)--CeO.--hkz wrranted one's thinkcing that we have before

' On the scale of Kemsedy tnd LRmore (2) the above-mentiond. limits

correspond to 12--140 thousand atm.
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us the long ^waited rutile-lile modification of i102 with Si in the sixfold

coor4ination, which is well kno-.m for te fluoride compounds of silicon.

In the list presented of indexed reflections there are lacking all those

which would go knginst the spatial group of rutile (cassiteuite) D14

P42/,un (the hol are extinguished with the odd sum h -+ 1. By writing the

coordinates of the atoms of the rutile-lce pseudocentered struc*ure in the

form Si(0•O.'1•): O(xxOxxO,,-.-x,•--x, &; ý-x.--x.*) we reduce the struc-

ture-analytical problem to the finding of A single oxygen parameter x.

In (3) N. V. Belov and V. I. Mokeyeva gave numerous examples of the

solution of not very complicated single-parameter structures with the use of

all, without exception, lines of the Debye powder pattern with the Aid of

very simple diversity of the three -dimensional Patterson synthesis, nhmely,

Harker piercing (lineair synthesis). In the structur,.l type of rutile the

piercing Is done along the diagonal of the tetragorial basis, which analyt-

ically is presented in the form, x = y; s = 0. The Patt,.rson function for

any point of the plircing .will be

P(•X0) -u cos 2n-(h + k h -x 4 2C.cos2nanz

where Cn = FAhkl with the condition 1h 34 1): n, ,ith rý-ndom 1.

hk 1

It is necessary to note that the intensities of the Debye lines ýhklj

presented In Table I represent the result of the adding of the intensities

16. 8, 4 and 2 of the separa:te reflexes. Into thkI3 , along with hkl

with all positive lndcAs, there enter *l, khl, khl, etc., which still

have the s;,me intensity. It is easy to see (3) that from each group thk4

the half 72 gets into Cn. where n =Ih) 4-M- .0-nd the other half into C.,

where. a = h1 -_ kil. An exception is form*e only by th~lJ , which go

entirely into Cm where n = Ihl"

The tothlling of the F2 aeries was ac,'omplished '.ith the P-id of the
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.,,, .A , - '.°' "' '"'I'"
JMA I hAU jrA(.j

I I.VIW 2.9.1 100 Ito 3,7 4 4 .40 7:1 27 "292 2U16' 2,21 28 |, ; I.0 I.9e; I'- I
3 2142 2o 09 0 0,061(3. n.:%.i 4 t
4 22,58, 1:96 49 111 46n -2 4s _22 _24 ' I. •4.3 -2,1,5) -- J -20
5 2424 187 21 DO 2.273 1 ,ris 15 153
a .:11,W I,5 M 6a 121 12,056F 4,910 Ts 2 1
7 31 1,4- 25 220 4.K86 1,:-.1 31 2. 7
a Up2. " 1,312V 13 002 3.302 O,81e5 36 :0s.
9 3543' 1,3U0 7 3 I0 1,763 3,328 13 12

10 W40, 319z 2 221 0,53 --0,7'27 -7 -_
11 1,23 21l 8,31.1 1,.15 9 31
12 .W27 1.214 14 112 4.2411 2,0Wo 20 10
13 40-44 1,181 4 131 1.232 I..8 a 4
14 432 1,123 2 22 0.6. , 8 OK
15 4518 1.06 3 122 1.OWN 1.40' 7 9
16 U037 oat 4 2.11 1,449 I,7tr.; 16 11
17 473A 1,044 4 400 1,44) o,&54 17 14
18 49W 1,012 3 140 1.090 -- Iot8 -10 -- 0
19 5143 O,989 11 222 4.000 ,000 20 2-0
20 'A'29' 0,966 7 3.10 2.53A 1,126 IM) zl
21 S-Y34 0.947 9 141 3,12 " 2,498 12 15
22 05514' 0940 1 132 2,055 2,029 10 1o
23 554 0,934 ', 4 240 1.3:A .1 12 I;
24 61'02 0,M2 3 421 0,867 1,31C, 7 7
25 6235 0,',9 3 103 0,815 O..03 9 9
26 Cb5' O,8'm1 2 113 0.490 -0,700 7 8
27 4W37* 0,823 7 402 1.0 I.16A 12 Ii"M28 WM 0,819 a 1n 510 I,39 1.378 14 13
29 O1r57 0,891 at
30 750 ,a0oSWe 9 142 1,440 -1.69 -- 8 -8
31 7.14' 0.816S., 4
32 7 •*46 0,8022 , 21 123 3.167 2.517 13 14
33 74O18 0,9•I.
34 7505 0,79712, 23 50: 431 2,8"77 1.109; 3,695 4; 12 4; it
3.5 ?SOW .0.7971.. of
is 70915 0,7919t, 2 332 2,507 1,602 16 20
37 77o3 0,7938., it

"Experimental And computed structural amplitudes dre presented on the

general scale, ind besides in the experimental str,,cturel 'implitudes there

is take.n into consideration the factor of recurrence.

thr**-derree strips (for 120 points of the diagonal) and the results of the

numeric,%l synthosis (with relalve vkduso of and with the initial member

discarded) are given in T able 2. lecides the trivial initisl, peak only one

stands out very suooth1y with th- cooreir.-te 38/120. 1. e, x - 0.317. Th-is

n~umber must be compared with the knovw x, equal for rutile 0..31 Mnc cas-

titerite 0.26.

By the determined .atrameter x one can com.ute the signs of the

structural Aplitudesfor ll 3? reflexes of the powder X-r7y picture -.ad

further accomplish the dihgonal piercing through the three-dimenslonal

YD-TT-62-1709/1 + 2



"•"able 2

Barker Piercing through Paterson's Three-Dimentional synthesis

along the Diagonal of the gase

a .. 14 Is 16.. X a1 X 5 41... H if

33t 32? 3 . . . 5. .. 9 23 23 22 n . . 1 99

m distribution of the electron plane. "he formula for this piercing remains

the same, but Into the gums Cn instead of 72hkl the enter the Fhklrrovided

by the computed signs. Wishing to construct the synthesis on the sgime

basls ns with F2 hkl, 1. e., considering the tablo h]7lAs the sums of the

respective 16, 8, 4, ý-nd 2 of the implitud.es we should multiply

by 2 1. 1/ ' f-compare (3)i. Besides in the distribution of

•F•rhl accorling to Cnil}*k and

Cm 41ih-I[kII it is necessary to keep

in mind tVat In the group P4 2 /mnm

the place of slipping n makes the

equality Ftl = Fhk1 valid only

for h + k + 1 = 2n: if, however,

Fig. 2. Plan of rutile.-type structure b -I- k + I 2n 1- 1 then F?&

- hkl *

In this way the second synthesis

VIA was by no means simply a recurrence

of the first with change of scale;

Fig. 3. Axometry of the structure of It lead, however, as Table 3 shows.

the rew modification of SiO2 In octs- to the Identical value x = 0.31?.

hedrcons In ,op(ring the experimental

Fhk1 with the computed value we ob-

t'tined the coefficiont of the dispersion R = 0.10 (for ll 3? reflexes).
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Cut across the three-Dimensional Synthesis of the Blectron Plane

along the Diagonal of the Base

S• I 1. . . ii 6 16. . 7 U 39. . . 69 QO

150 047 13 . .. 99 Y • .. 35 :36 3 . .. 3it 5

According to Fig. 2 the ratio x ; (l-x) determines how many times greaterti,

diagonal of the S1O6 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 (L.UL14) and shows that the Si06 octahedron is extended

along the diagonal (as is the octahedron Ti06, but not the octahedron Sn02 ).

i. e., of the 6 atoms of oxygen around the Si 4 are considerably closer than

the remaining 2. The precise computation of the distance SI - 0 givec for

the first ones 1,716 X and for the second ones 1.872 1 (Fig. 3). If one

considers as standard for the tetrahedric coordination the distance Si-O

1.63 X, then for the first four distances we get the value byv6%, i. e.,

just in agreement with what was shown by Goldscbmidt 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-
0

tal edge of the Si Octthedron 0-0 gives 2.161 A. This is considerable

less than the sum of two oxygen radii, but the shortening corresponds

well 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 c = 2.666 1, i. e., they are almost precisely equal to

the diameter of the oxygen ion. The inclined edges of the coordination

octahedron all equal 2.5i0 •.
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In conclusion the biuthors express t) eir thanks to ?4eeber-Correspondent

of the Academy of Sciences of the USSR L. F. Yeroshchugin for giving his.

%ttention to "dn reviewirg this present work.

Moscow State University Entered

named for X4. V. Lononoaov oJa-nuary 19. 1962

Institute of the Physics of Higher Presurees

of the Acdwmy of Sciences of the USSR.
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DIMMIBMMN LMX3

DEPARHZM 0F DWrVUZ Hk. Copies MAJOR AIR COI4AIM xb. Copies

AMS

LO MR MYTDIEL 5
AFCIUI-3IW 1D
ARL (All)1

OTIM AomcIC

CIA1
Am 6

DIA 9
AID 2
0N 2
ADO 2

ARM 3
NAVY 3
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