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Single crystals of quartz are subject to a high degree of Daupliné
ning after heating above the transition temperature of the alpha-beta
-ersion. The X-ray data indicate the presence of 41 Y of material in
Dauphiné twin position after repeated heating at 680 °C, while less
2 % of twinning was found in the starting material. The reversi-
bility of the alpha-beta phase transition holds for the symmetry change
Jrom the trigonal low-temperature phase to the hexagonal high-temperature
but the twinning process itself is irreversible.

INTRODUCTION

Quartz crystals undergo a structural phase transition at 573 °C [1] with a 2
int. The mechanism of the phase transition of quartz has been described
two ways. One of them is the displacive inversion [2], the other one is the
rder-disorder type model [3]. Shapiro and Cummins [4] carried out a Raman
and Brillouin scattering study on the alpha-beta transition of quartz, with
a result disfavouring the displacive model. Arnold [5] studied the structure
of high quartz applying the space groups P6,2 (or P6,2) and, under supposition
of twinning, P32 (or P3,2) at 650 °C. The displacive hexagonal model could be
refined to R = 16.2 %,. Assuming that high quartz is a submicroscopically
twinned trigonal alpha-quartz arrangement, the reliability R-factor decreased
to 12.6 %,. Ishida and Honjo [6] observed anomalous increase of diffuse scat-
tering from quartz in the vicinity of the A transition point. They found that the
distribution of diffuse intensity around reciprocal lattice points was strongly
anisotropic and could not be explained by the intensity distribution due to
the acoustic mode calculated from the elastic constants. From the study of
the diffuse X-ray scattering alone, definite distinction between the two tran-
sition models could not be made.

The original crystal structure model of trigonal low-quartz proposed by
Wei [7] has been refined by Brill et al [8, 9]. Precise redetermination of the
positional and temperature parameters has been performed by Young and
Post [10] and by Smith and Alexander [11] using the X-ray diffractometric
data. Recently, extinction effects in an alpha-quartz sphere have been studied
by Zachariasen and Plattinger [12] and by Chandrasekhar et al [13].

The crystal structure of hexagonal highquartz has been first proposed by
Bragg and Gibbs [14] and by Wyckoff [15]. Recently, the structure of beta-
quartz has been refined by Young [16] and Arnold [17].
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Isis difficult to find quartz crystals entirely free of twinning. The experiment-
al data given in two recent papers on quartz [11, 12] indicate the presence
of a small amount of Dauphiné twinning. The purpose of this work was to
study the twin formation during the alpha-beta transformation of quartz.

EXPERIMENTAL

The X-ray study was carried out with natural crystals collected at Banska
Stiavnica, Czechoslovakia. The crystals were clear and colourless and in the
form of rods several milimeters long. Emission spectrographic analysis for
impurity content gave the following results: Fe 0.05—0.10, Mn 0.001—0.005,
Al 0.01—0.05, Ca 0.005—0.01 (wt. %,). Crystals of maximum cross-section
0.015 cm were used for the X-ray structure analysis. The X-ray photographs
have been taken on an integrating Weissenberg ,,Nonius-Delft‘ camera using
a high temperature attachment of own construction [18]. This device enabled
exposure at normal and high temperatures. The crystals were fixed in small
tongs of the welded junction of a Pt-Rh thermocouple mounted on the gonio-
meter head. The thermal gradient along the crystal has been minimized by
-allowing only 0.1 mm of the crystal vertex to range over the thermocouple
tongs. The integrating X-ray photographs were prepared with filtered copper
radiation using the multiple film technique. Two sets of photographs were
obtained with crystals oriented along the ¢ axis and along the & axis respecti-
vely. The intensity data were collected for the layers AkO through Ak4, and
Okl throuhg 4kl, respectively. Tirst, exposures at room temperature were
performed. Then, two sets of exposures have been taken from each layer line
on the same film, at 680 °C and again at room temperature (Fig.1).* This techni-
que enabled us to compare pairs of reflections from the same crystal taken
at different temperatures under the same conditions (time of exposure, X-ray
emission, film development). However, the layers differed in number of heating
cycles. The peak intensity of the integrated spots and the film background were
measured with a ,,Zeiss* densitometer. All intensities were corrected for the
non-linear dependence of integral intensity versus exposure. The averages
of intensities [ (kkl) + I(hkl)]/2 were used to obtain the experimental structure
factors. There were 120 distinct reflections for the alpha-form and 76 data for
the beta-form. The extinction corrections were not applied, since the irregular
shape of the irradiated part of the crystal caused difficulties in the evaluation
of the f# value in the formula for extinction corrections [12]. All reflections were
corrected for the Lorentz and polarization factors in the usual way.

Figure 2% shows an X-ray photograph taken with the new oscillation technique
[18] at gradually increasing temperatures using a single crystal after several
cycles of heating. Small shifts of the cylindric film camera after each exposure
of the selected layer-line at chosen temperature eanbled separation of the
X-ray spectra. Exposure started at room temperature. The alpha-beta transi-
tion temperature was achieved during the sixth exposure. Above this tempera-
ture, a singificant weakening of reflections 041 and 042 can be observed. The
intensity values of both reflections above 573 °C (the transition temperature) are
smaller (7'able I, column [II) than those of the weaker components from the
corresponding pairs I (hkl)/I(hkl) before haeting of the quartz crystal (Table
I, column I), which is a fact in favour of the displacive model.

* see Appendix
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Table 1

N-ray intensity values I (hkl) and I (kkl) taken on the same crystal before heating (I),
after several cycles of heating (II), and data taken at 680 °C (I1I)

AH I
o11 334.7
o1l 231.0
o12 842
012 2805
235.6
013 15.2
014 201.6
011 466.6
15 386.7
15 201.9
4.8
129.9
1 R3.4
21 209.7
22 308.3
3 136.1
023 | 321.2

023 793
024 7.8
02% 140.2
025 43.6
025 8.1
026 450.6
026 96.4
031 578.3
031 0.9
032 256.0
032 | 400.0
033 | 27.0
033 155.8
034 156.3

034

035 40.7
035 96.0

I I | wkl | I 11 I |kl | I 11 111
388.0 | 431.2 | 041 | 56.3 | 180.0 9.9 | 132 | 441.0 | 253.7 | 190.5
217.3 041 | 272.3 | 191.5 132 | 176.7 | 223.2
139.5 | 63.3| 042 | 210.3 | 82.3 55| 133 | 1322 | 80.2 | 302
245.2 402 6.9 | 65.7 133 | 902 | 61.0
135.0 | 64.8 | 043 | 289.0 | 345.6 | 248.0 | 134 | 83.7| 44.0| 855
131.0 043 | 272.3 | 203.3 134 | 265.7 | 190.0
152.5 | 163.7 | 044 | 90.3 | 58.0 9.0 | 141 | 76.5 | 108.2 | 100.0
304.5 044 3.6 | 19.2 141 | 372.2 | 146.7
333.3 | 275.5 | 051 | 81.0 | 45.0 | 40.3 | 142 | 182.2 | 922 | 84.7
187.0 051 4.0 | 26.5 142 | 101.0 | 64.0
32.0 | 40.2 | 111 | 123.3 | 144.0 1.1 | 143 | 386.0 | 2053 | 31.2
110.7 111 | 144.0 | 815 143 | 46.8 | 84.2
118.0 | 194.5 | 112 | 420.3 | 354.5 | 540.5 | 221 | 145.2 | 264.0 | 32.0
183.0 112 | 477.3 | 493.7 221 | 105.0 | 153.7
266.0 | 125.5 | 113 | 169.0 | 131.3 | 70.5 | 222 23| 154 172
152.5 113 | 252.5 | 196.7 223 2.3 | 15.2
438.0 | 612.5 | 114 | 342.2 | 264.7 | 481.7 | 223 | 3115 | 351.2 | 260.7
493.5 111 | 426.5 | 497.1 223 | 240.2 | 273.2
27.2 | 483 | 115 | 255.0 | 254.7 | 138.0 | 224 | 169.0 | 101.2 2.9
84.5 115 | 214.5 | 145.0 221 | 110.2 | 211.0
24.5 60| 116 | 97.0 | 922 | 483 | 225 | 68.7 | 100.5 9.9
18.4 116 | 775 | 64.0 | 225 | 124.2 | 193.7
285.0 | 1742 | 121 | 441.0 | 388.2 | 299.7 | 231 | 333.0 | 178.0 | 32.0
201.0 121 | 280.5 | 253.7 231 0.1 181.0
|
383.7 | 288.0 | 122 | 484.0 | 298.0 | 295.7 | 232! 307 | 755 | 103.0
239.3 122 | 203.0 | 218.5 232 | 148.7 | 112.2
267.3 | 346.0 | 123 | 1103 | 173.8 | 235.5 | 233 1.3 6.7 4.1
292.7 23 | 3745 | 234.8 233 4.4 5.7
35.3 8.7 | 124 | 11.5| 85.0 | 208.7 | 234 | 160.0 | 213.0 | 80.5
85.3 124 | 315.0 | 208.5 231 | 285 | 123.0
146.0 | 207.3 | 125 | 324.0 | 107.2 | 127.8 | 241 | 44.2 | 47.6 1.7
70.3 125 | 28.0 | 136.0 241 | 198 | 42,0
13.5 | 555 | 131 | 299.2 | 150.9 | 243.2 | 331 | 232.5 | 114.0:| 455
109.8 131 | 110.2 | 106.2 331 | 201.5 | 95.2
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Dauphiné twinning

Dauphiné twing are related as by a rotation by 180 degrees around the ¢
axis. Daphiné twinning in alpha-quartz results in the superposition of reflection
ikl of one component upon hkl of the other. Then, if some amount of this
kind of twinning is present, the observed structure factors for the weak compo-
nents of pairs Akl/hkl become consistently larger than the calculated values.
A correction for Dauphiné twinning proposed in recent investigations [10, 12],
was accordingly applied. The fraction f of one twin component has been
calculated from the observed intensities [, and from the calculated values
I, evaluated from the Young and Post’s parameters [10] a3 follows:
{

I(hkl)y = (1 — f) I(hkl)e + FI(RED).,
I(RRl)o = (1 — f) I(Rkl)e + fI(Rkl)e.

. The value of f calculated by the least squares method from 33 pairs of re-
llections I(hkl) and I(kkl), was used for the evaluation of the ¥cor — values
corresponding to a crystal free of twinning according to equation (1). The
Brazilian twinning was not observed. The observed [, values of intensities

(1)

Table 1T

Low and high quartz coordinate parameters (x 10%)

Low quartz — alpha form

Space group P3,21; Si: (3¢) u, O, 1/3; O, u, 2/3; =, w, O.
O: (6c) 2, y,2; §,2—Y, 1/3 +2; y—=, & 2/3 +2;
T,

Yy @, &5 y—=, 13— 2z, *—uy, 9,23 —=
w(a) @(a) y(o) 2(0) R(%] f

‘Young and Post [10] 4705 (3) 4152 (7) 2678 (6) 1184 (4) 8.1
Smith and Alexander

{11] 4697 (3) 4144 (8) 2662 (7) 1188 (4) 3.6
Zachariasen and

Pettinger [12] 4696 (2) 4126 (6) 2663 (5) 1190 (3) 2.3 1.5
Present, study 4687 (19) 4169 (50) 2659 (32) 1196 (32) 12.2 2.0

Present study, crystal
after heating cycles 4650 (36) 4103 (80) 2635 (36) 1173 (35) 19.4 41.0

High quartz — beta form

Space group P6,22; Si: (3¢) 1/2, 0, 0; 0,1/2, 2/3 1/2, 1/2, 1/3.
i O: (65) u, 2u, 1/2; 2u, % 1/6; w,d, 5/6;
i, 2a, 0; 2w, u, 2[3; %@, u, 1/3.

u (o) 2(0) y(o) (o) B (%]
Young [16] 4137 (15)
Arnold, twinned model
- P3,21 [5, 17] 4270 (40) 1870 (40) 1280 (40) 19.3*
Arnold, untwinned model
1 P6322 [5. 17) 4240 (40) 24.8%
Eresent study 4202 (51) 12.2

" *R_factor basod on intonsitios.
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The observed Iy and calculated I'¢ structure factors for (I) alpha-,
(I1) twinned alpha and (III) beta-forms

Alpha-Beta Phase Transitien in Quartz

Table 111

1

11 111 1 I 11 111
hxl - hikl
Fo Ire IFo e To | Fo IFo i e Fo | Ire Fo Ie
003 12.94 | 1034] 9.91| 8.75| 4.0| 6.21] 044 9.53| 1.66]13.20]13.65| 3.01| 2.50
006 1544 15.88| 17.88 | 15.19 | 10.62[ 22.27| 044| 1.88 | 1.11| 214} 4.17 :
010 11.06 | 16.69 | 13.18 | 15.50 | 12.60| 16.59| 050 | 2.18 | 2.85| 2.26| 2.78 | 2.51| 2.06
011 15.19% 33.87 | 25.15| 39.72 | 20.33¢| 30.14/ 051 | 8.92 | 9.43 | 3.81| 7.45] 6.35| 8.23
011 18.32% 21.94 | 21.77 | 26.08 051 1.98| 2.71| 2.93| 2.04 i
012 9.18%¢ 4.15| 13.05| 10.37 | 7.96| ¢.77/ 110| 15.35 | 17.14 | 24.05 | 19.03 | 17.23 | 12.75
013 17.49% 12.64 | 19.12 | 19.63 111] 11.08 | 10.95 | 12.85| 9.13| 1.07| 2.06
013 1599 | 13.09 | 18.75 | 16.29 | 8.06| 5.97| 111 | 12.06 | 10.01 | 12.85| 9.52
389 | 1.73| 214| 1.33 112| 20.48 | 24.11 25.13 | 23.24 | 28.22
£ 1419 | 11.18| 9.84 | 10.86 | 12.82| 12.21| 112 | 21.82 | 24.92 | 24.82 | 27.04
11 21.60 | 19.84 | 24.03 | 25.07 113| 12.96 | 12.41 | 16.60 | 14.59 | 8.41| 6.33
15 19.66,( 20.72 | 28.39 | 27.06 | 16.60{ 16.66| 113 | 15.90 | 13.03 | 16.60 | 14.41
015 14.21( 13.73 | 7.35| 11.95 114| 18.33 | 18.73 | 23.75 | 21.49 | 21.99 | 20.11
“2.223 2.85| 2.14| 2.10| 6.39 .35 114| 20.66| 18.92 | 23.75 | 21.60
6 11.38| 9.58| 16.21 | 16.84 115 14.31 | 14.18 | 18.07 [ 17.19 | 11.74| 9.84
20 14.57;| 18.18 | 19.24 | 18.29 | 16.47| 16.27| 115| 14.67 | 13.19 | 18.07 | 16.95
721 9.03,| 7.37| 4.64|10.86|13.9511.95 116/ 9.83] 9.24] 11.14} 9.81/13.49| 6.07
@21 14.48,| 13.15| 18.51 | 12.58 116| 8.78 | 8.34 | 11.14 ] 10.04
w22 17.56;| 20.45 | 20.44 | 19.39 [11.20| 8.97| 120| 4.37| 3.78] 6.57| 6.62| 3.94) 4.64
23 11.66 | 8.69 | 11.61 | 12.71 121 20.89 | 18.96 | 22.32 | 18.42 | 17.04 | 17.19
17.92 | 16.98 | 20.18 | 16.43 | 24.72[ 27.71| 121 | 16.77 | 17.84 | 17.85 | 18.19
w23 28.11 | 33.24 | 28.18 | 37.28 122 | 21.96 | 19.24 | 22.87 | 23.55 [ 17.18(15.29
4 283 | 0.31| 214 3.26| 6.95 4.92) 122| 14.24 | 12.63 | 16.28 | 12.70
021 11.84 | 10.25| 13.78 | 12.68 123 | 10.51 | 10.08 | 17.83 | 9.55 | 15.34 | 13.40
5 6.62 | 6.06| 8.55| 6.41| 2.46 2.02/123|19.34| 18.91 ] 19.47 | 21.12
025 286 | 1.79| 2.14| 2.19 124| 3.42| 5.09| 7.80| 5.59|14.48|11.25
26 21.23}| 22.56 | 26.03 | 30.53 | 13.19| 14.99| 124 | 17.77 | 18.47 | 23.40 | 20.12
026 9.82°| 11.19| 8.07| 9.79 125| 17.86 | 15.37 | 18.72 | 16.81 { 11.31 [,10.59
0.49 | 9.63| 14.64 | 8.81 [15.4214.15/125| 531 | 4.56| 9.12| 7.49
24.05| 27.90 | 26.29 | 32.43 | 15.07|12.06 130| 19.16 | 20.47 | 19.44 | 23.39 | 10.62 | 10.87
031 0.98| 051 11.96| 5.55 131 17.29 | 14.98 | 16.00 | 15.04 | 15.62 | 15.95
032 16.09 | 16.08 | 19.07 | 14.85 | 18.62| 17.65| 131 | 10.61 | 9.48 | 14.65 | 9.30
037 19.74 | 22.69 | 20.40 | 22.21 132 20.89 | 18.56 | 21.99 | 20.43 | 13.79 | 11.87
5924 | 6.35| 3.13| 3.20| 2.99| 1.22/132| 13.32| 12.42 | 17.40 | 10.38
033 1243 | 10.09 | 13.24 | 12.60 133 ] 11.52 | 10.15 | 14.49 | 11.27 | 5.50| 3.75
034 12.52 | 10.98 | 14.83 | 9.22 | 14.42[11.69 1383| 9.53 | 7.26| 8.04| 6.13 |
031 817 | 4.44| 6.39| 5.67 134| 9.17 | 10.12 | 10.02 | 7.98 | 9.26| 8.75
035 4.57 | 5.83| 2.14| 2.09| 7.49| 8.49 134 16.32| 13.58 | 16.49 | 16.31
035 9.82 | 11.18| 15.81 | 10.52 140| 5.27| 4.85| 6.63| 6.87| 5.08| 4.16
040 15.16 | 15.12 | 15.25 | 15.55 | 15.33| 18.25/ 141 | 8.72 | 7.63 | 13.17| 7.34 [10.01|10.90
041 7.58 | 5.46 | 14.11| 6.62| 3.14| 4.32) 141| 19.28|17.30| 17.59 | 21.73
041 16.32 | 20.17 | 16.73 | 21.17 142 13.54 | 12.10 | 17.13 | 8.98 | 9.20| 8.87
042 14.38 | 12.19 | 14.51 | 11.45 | 2.37| 0.76| 142 | 10.07 | 7.09| 7.26 | 6.84
043| 2.59 | 4.21| 5.03| 6.77 143 | 19.62 | 16.02 | 26.11 | 21.62 | 5.62| 5.10
043]16.93 | 18.17| 2.14|11.49 |15.7614.39| 143 | 6.83 | 5.91| 2.14)| 5.98
043]16.65 | 17.12 | 29.28 | 19.03 J 220 | 16.96 | 21.11 | 22.05 | 17.65 | 21.59 | 22.69
Silikaty ¢. 1, 1974
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1 | 11 . 1 i I ‘ 111
hicl | ikl | ;
g Fo | Fe ‘ Fo I Fe l Fo Fe Fo Fe To Fe ! Fo Fe
1 ‘
221[12.06 | 9.06 | 14.76 | 13.11 | 5.63| 4.12{232| 5.56| 5.99| 9.27 4.88|10.14| 9.39
221(10.28 | 10.96 | 14.76 | 13.09 233 | 12.19 | 12.06 | 13.23 | 10.93
| 222| 1.54 | 1.24| 4.14| 4.36| 4.16| 3.67/233| 1.19| 063 | 2.48| 2.49| 2.22| 2.50
223 | 1.54 | 2.11| 4.13| 2.16 233| 2.08| 1.12| 2.40| 1.51
| 223(17.67 | 16.74 | 20.95 | 18.92 | 16.25|16.25| 234 | 12.63 | 17.14 | 21.81 | 27.41 | 9.89|10.58
| 223|15.47 | 17.52 | 20.95 | 17.95 234| 5.36| 7.31| 214 532
‘[ 224 13.02 | 9.8614.99 | 15.73 | 1.69| 1.12/240 | 11.77 | 14.96 | 16.99 | 16.94 | 10.68 | 12.55
1| 224|10.41 | 10.96 | 14.99 | 15.31 241| 6.64 | 8.42| 854 | 9.94| 1.31| 2.08
i 225| 8.32 | 12.85|14.10 | 17.75 | 3.15 3.09| 241 | 4.43 | 537 | 7.52| 8.3
;| 226 | 11.15 | 12.85 | 14.60 | 18.46 330 | 18.36 | 15.39 | 15.80 | 14.97 | 2.67 | 1.24
i| 230|13.68 | 11.56 | 15.53 | 16.74 | 8.04 7.96| 331 | 15.25 | 12.89 | 12.59 | 11.45 | 6.73 | 8.30
231[18.25 | 19.14 | 19.26 | 18.37 | 11.78/ 10.95| 331 | 14.21 | 12.35 | 12.59 | 10.80
231| 0.22 | 1.28| 8.75| 2.62

* These reﬁections were iomitted from the refinemuont.
1

e i e 0

(conected for the Lorentz and polarization factors) of pairs of reflections Akl
tand Akl are listed in Table I. These data are related to the same crystal. They
}leplesent three sets of measurements: the intensity data taken on the crystal
{ before heating, the data taken after several cycles of heating at room tempe-
‘rature and the data taken at 680 °C. The three sets of data differ significantly
tone from each other.

| - The least squares refinement

! The least squares program written in the Chemical Institute of the Aarhus
UlllVBlSlty [19] was used, with the atomic scattering curves for neutral atoms
|g1ven in International Tables for X- -ray Crystallography [20]. The refinement
‘was performed with block-diagonal approximation and with the weighting
'scheme originally suggested by Hughes [21] for photographic intensity
tdata on the GIER computer at the Computing Center of the Slovak Academy
.of Sciences. Anisotropic temperature factors were used for each atom. The
-refinement of the positional and thermal parameters was started with the
‘positional parameters by Smith and Alexander [11] for alpha-quartz and
‘those by Young [16] for beta-quartz. All data for the alpha-form are relatec
ito the P3,2 space group symmetry, the beta-phase is described in the spacc
igroup P642. The cell dimensions were assumed to be ¢« = 4.91304, ¢ = 5.40463 A
(25 °C) [22] for the alpha-quartz form and ¢ = 5.020, ¢ = 5.523 A (600 °C) [23,
for the beta-form. Refinement of positional and thermal parameters was in-
terrupted at a moment when the parameter shifts were reduced to 1/10 or less of
‘thestandard deviations. Table IT compares finaly the positional parameters witl
.those obtained by Young and Post [10], Smith and Alexander [11] and Zacha
‘riasen and Plettinger [12] for alpha-quartz and by Young [16] and Arnold [17
ifor beta-quartz. Discrepancies between different sets of data do not exceec
ithe standard deviations and they show the internal consistency of the positiona
iparameters. The final B-factors (0.122 for alpha- and beta-quartz) in this study

6 silikaty & 1, 197¢



Alpha-Beta Phase Transition in Quartz

re unfavourably inluenced by the extinction and absorption effects and, in
case of the twinned alpha-quartz form (B = 0.194), by necessary corrections
for tvnnnlng The observed F', and calculated I structure factors correspon-
. o the final positional and thermal parameters of this study are given in
Table III

RESULTS AND DISCUSSION

reversibility of the symmetry change from the trigonal low temperature
pha-phase to the hexagonal high-temperature beta-phase by heating through
the transition point and from hexagonal to trigonal by cooling has been confir-
i from the X-ray data taken at room temperature and at 680 °C. After
~eating of a natural single crystal containing less than 2 9%, of material in the

Dzophiné twin position, the degree of twinning increased to a value of f =41 9,
The twinning in the alpha-form is irreversible. No significant influence

£ ing on the atomic positions in the crystal structure can be stated
when comparing the data in Table II. Fig. 3 shows superposition of all three
850 arrangements projected along the ¢ axis. Two of these arrangements

telong to the twin components of the alpha-form (single and dotted lines),
the third one is the hexagonal beta-arrangement (double lines). Atoms in
the hexagonal arrangement are close to the centres of gravities of atomic
positions which correspond to two orientations of the alpha-form in a twinned
.r:"'al Consequently, the following mechanism of twinning can be suggested.

a single crystal of the alpha-form is heated above the transition point

O &

—La
—— HQ
—-—tar

Fig. 3. Superposition of the atomic arrangements in quartz projected along the ¢ axis. Two
£ them belong to the twin components of the trigonal alpha-form (single and broken lines),
the third one is the hexajonal beta-arrangement (dotted lines).

ty € 1, 1974 . 7
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(573 °C), it changes into a single erystal of the bagh Sempesstare beta-form,
the symmetly at the same time changl_.- from tareefindd 5o sixfold. Upon
cooling under the transition temperature, yaumetry off the erwséal changes
to the trigonal one, but atoms can move inio ome of e S Twin srran ':"nents
(Fig. 3) which ave energetically equivalent. Domusins of both twin

created and their dimensions influence the demme of twimmime =x

the f value. The twinned alpha-form and the ik Semperstare
represent two different phases with different atomte srrsswsmenis anc
different physical properties. The intensity dais im Table 1 allso show that
formation of hexagonal beta-quartz cannot be explainesd By twimning alone.
Some observed intensities of the beta-form (hhgh teomperstmre are
significantly weaker than the intensity data for the weak sompoments of pairs
hiEl[REL, a fact which is not consistent with the twim fwrmetion and in favour
of the displacive transition model.

®

We are indebted to Mr. Dubaj for his assisience danme the sallouss s, Spectroscopic

analysis has bzen kindly performed by Dr. H
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FAZOVY PRECHOD ALFA-BETA V KREMENI

Frantisek Hanie. Lubomir 3

Ustav anorganickej chémie SAV. Bratisiara 9

U monokrystalov kremetia dochddza pri ohreve nad teplota fazového prechodu alfa-
beta k vysokému stupnu zdvojéatenia typu Dauphiné. Rintgenografické udaje poukazuja
na to, Ze nizkoteplotnd midifikdcia kremena obsahuje po opakovanom zdhreve na teplotu
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Alpha-Beta Phase Transition in Quartz

680 °C, 41 9 materidalu zdvojéatelého podlia Dauphiného zakona, zatial ¢o vo vychodzom
materidli sa nachdadzalo menej nez 2 9; zdvojéatelych krystdlov. Reverzibilita fdzového
prechodu alfa-beta plati pre zmenu symetrie z trigondlnej nizkoteplotnej fadzy na vysoko-
teplotnti hexagondlnu fazu, zatial o proces dvojéatenia je nereverzibilny.

Obr. 1. Integraénd rty. Weissenbergrova snimka kremeiria, zhotovend pri teplote miestnosti
a pri 680 °C a za pouzitia Cuk Ziarenia. Dvojice reflextt Okl zodpovedajit dvom
rozdielnym teplotdm.

Obr. 2. Oscilaéna rty. snimka zvolenej vrstovnice, zhotovend pri postupne rasticej teplote.
Malé posuny valcovej komorky s filmom po kazdej expozicti umoinili separdciu rty.
spektier. Teplota premeny (573 °C) sa dostahla pri Siestej expozicit. U reflexti
041 a 042 je mozné pozorovat’ signifikantné zoslabenie.

Obr. 3. Superpozicia atémovych usporiadant w kremeria projektovanych pozdlZ osi ¢. Dve
z nich patria zlozkdm zdvojéatelej trigondinej alfa-formy (piné a prerusované &iary),
tretia zodpovedd hexagondlnemu beta-usporiadaniu (bodkované éiary).

o-fp DA3OBDLIE ITPEBPANEIHA KPEMHE3EMA

Mpantimwer laxun, Jobomup Illymuxpact

Hremuwmym neopeanunecroii austww CAH, Bpamucaaea

B Momorpucrasurax KBapua IpH HarpeBaHI J[0 TeMneparyp Boiie o-f (asoBoro mepe-
X0J[a 0TMCUAETCsI BLICOKASI CTCNEHE j{BOliHHKOBaHust o Tiny loduns. PenrreHorpadidecroe
HCCJIIJIOBAHIC TI0KA3aJ10, YTO IIIIBKOTEMIIEPaTy pHasI MOJIM(HKAIIIA KBaplla 0CJIC HOBTOPHOI'0
narpesauust ;o teMnepatypnst 680 °C couepswur 41 9% jBoitHukoBaHiil mo [foduss, B TO
BpeMsI KaK B 1ICXOJIHOM MaTepliaie X cojiep:snrcsa MeHee 2 %,. «-f ()a3oBbie ImpeBpamleHIs
O®PATIMBI 1l XaPAKTCPI3YI®TCsI 1IBMCHCHISIMII KPHCTAILIHYECKOI (JOPMDI (HI3KOTEMIIEPATYP-
Hasl TPIIOHANLHASI — BRICOKOTEMIEPAaTypPHAsI IeKcalroHAILHAS), TOIJIA KakK MPOICCC JBOIiHI-
KOBAHIISI HEOOPATIIM.

Puc. 1. Hnmeepaavnasa DBalicenéepeosa penmeeroepasatd — EPesMHE3Csa, NOAYHCHIAA  NPL
rosramued  meanepamype w npu 680 °C npu ucnoavsocanuw Cull wsayuenua.
Hapw ompascenuii Okl coomeememeyiom deys pazauniblil mesnepamypa.

Puc. 2. Ocypuanoepasa 6si6painozo 06pasya, NOLYHEHHAL NPU NOCMENEHIO GO3PACINAIOWEL
meatnepamype. IleGoavuue nepesewenus YuauHIpuyeckoli kastepvl nocae kaxicdoli
eurdepacku 10360.auAl cenapupocamy permeeroscruit cnexkmp. Tevnepamypa dasosozo
nepexoda (573 °C) 6uaa docmuenyma npu wecmotli arcnosuyuw. Ha ‘ompascenuax
041 u 042 samemno cywyecimeernoe ecaabrerue.

Puc. 3. Cynepnozuyus ynopadoveniii amostos, cnpoermupocannbiE napaaeavio ocw c. Jee
uz Hux npunadaencam OeolHUK0OCAIUINL MPUOHAILIOL arvfa-iopsvt (cnaowias
U NYHEMUPHAS AUNUL), MPENLL — 2CKCA0HAAVNOU bema-¢fopate (Mmovewras Aunes).

Silikaty ©. 1, 1974 9



P. Hanic, L. Sumichrast: Alpha-Beta Phase I'vansition in Quartz

i

Irig. 1. Indegrating X -ray Weissenbery photograph of quartz taken at room temperature and
at 680 *Cusing CuK « radiation. Pairs of reflections 0kl correspond to two different temperatures.

Irig.” 2. Oscilation X -ray photograph of the selected layerline taken at gradually increasing
temperature. Small shifts of the cylindric film camera after each exposure enabled separation
of the X-ray spectra. The transition temperature (5§73 °C) was achieved during the sivth

exposure. A significant weakening of reflections 041 and 042 can be observed.





