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, ingle crystals oj qucirtz cwe subject to a high clegree oj Dauphiné 
l!ťÍnning ajter heating above the transition temperatiwe oj the ctlpha-beta 
im·ersion. The X-rciy clata inclicate the presence oj 41 % oj mciterial in 
the Dauphiné twin position aftei· repeatecl heating at 680 °0, while less 
thon 2 % oj twinning uas Jouncl in the slarting material. The reversi­
bility oj the alplm-beta phase trnnsition holcls for the symmetry change 
jrom the trigonal low-lemJJeratiire phase to the hexagonal high-temperatiwe 
one but the twinning JJrocess itselj is ii-reversible. 

INTRODUCTION 

Quartz crystals undergo a structural phase transition at 573 °C [ l] ·with a ). 
point. The mechanism of the phase transitio.ri of quartz has been described 
in two ways. One of them is the displacive inversion [2], the other one is the 
order-disorcler 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 clisfavouring the displacive model. Arnold [5] stuclied the structure 
of high quartz applying the space groups P622 (or P642) and, uncler supposition 
of twinning, P3 12 (or P322) at 650 °C. The displacive hexagonal model could be 
refi.ned to R = 16.2 %- Assuming that high quartz is a submicroscopically 
twinned trigonal alpha-quartz arrangement, the reliability R-factor decreasecl 
to 12.6 %- Ishicla and Honjo [6] observed anomalous increase of diffuse scat­
tering from quartz in the vicinity of the ). transition point. They found that the 
distribution of diffuse intensity around reciprocal lattice points was strongly 
anisotropie and could not be explained by the intensity distribution dne to 
the acoustic mocl� 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 
,Yei [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 [ll] 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
q uartz has been refined by Young [ 16] and Arnold [17]. 
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F. Hanic, E. Šumichrast:

Is is 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. 

EXPERIMENT AL 

The X-ray study was carried out with natural crystals collected at Banská 
Štiavnica, 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 \Veissenberg „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 filteretl copper 
radiation using the multiple film technique. Two sets of photographs were 
obtained with crystals oriented along the c axis and along the a axis respecti­
vely. The intensity data were collected for the layers hlc0 through hlc4, and 
Okl throuhg 4kl, respectively. First, 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 tempera ture (Fi g. l ). * This techni­
que enabled us to compare pairs of reflections from the same crystal taken 
at different temperatures uncler the same conditions (time of exposure, X-ray 
emission, film development). However, the layer3 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 )ntegral intensity versus exposure. The averages 
of intensities [I(hlcl) + I(hkl)]/2 were usecl to obtain the experimental structure 
factors. There were 120 distinct reflections for the alpha-form ancl 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 fJ value in the formula for extinction corrections [12]. All reflections were 
corrected for the Lorentz ancl 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 heati1}g. Small shifts of the cylinclric film camera after each exposure
of the selectecl layer-line at chosen temperature eanbled separation of the
X-ray spectra. Exposure started at room temperature. The alpha-beta transi­
tion temperaturo ,vas achievecl during the sixth exposure. Above this tempera­
turo, a singificant weakening of reflections 041 and 042 can be observecl. The
intensity values of both reflections above 573 °C (the transition temperature) are
smaller (Table 1, column III) than those of the weaker components from the
corresponding pairs I (hlcl)/I(hkl) before haeting of the quartz crystal (Tahle
I, column I), which is a fact in favour of the clisplacive model.

* sec Appendix
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Alpha-Beta Phase Transition in Quartz 

Table I 

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

lil I 
I 

II I III hkl I I II I 
11 334.7 388.0 431.2 041 56.3 180.0 

011 231.0 I 217.3 041 272.3 191.5 

01:? .2 I 139.5 63.3 042 210.3 82.3 
OL i! .5 245.2 402 6.9 65.7 

013 2-55.6 135.0 64.8 043 289.0 345.6 
01� 15.2 131.0 043 272.3 203.3 

14 201.6 152.5 163.7 044 90.3 58.0 
li 466.6 I 304.5 044 3.6 19.2 

I.> 3 6.7 333.3 275.5 051 Sl.O 45.0 
13 201.9 187.0 051 4.0 26.5 

16 4. 32.0 40.2 lll 123.3 144.0 
Ji\ 129.9 110.7 lll 144.0 81.5 

�I 3.4 118.0 194.5 ll2 420.3 354.5 
Cr:!l 209.7 183.0 112 477.3 493.7 

O:!::! 308.3 266.0 125.5 ll3 169.0 131.3 
�:! 136.1 152.5 ll3 252.5 196.7 

023 321.2 438.0 612.5 ll4 342.2 264.7 
023 793.4 493.5 ll4 426.5 497.1 

024 7.8 27.2 48.3 ll5 255.0 254.7 
024 140.2 84.5 115 214.5 145.0 

025 43.6 24.5 6.0 ll6 97.0 92.2 
025 8.1 18.4 llfi 77.5 64.0 

026 450.6 285.0 174.2 121 441.0 388.2 
026 96.4 201.0 121 280.5 253.7 

0:31 578.3 383.7 288.0 122 484.0 298.0 
031 0.9 239.3 122 203.0 218.5 

032 256.0 267.3 346.0 123 ll0.3 173.8 
032 400.0 292.7 123 374.5 234.8 

033 27.0 35.3 8.7 124 11.5 85.0 
033 155.S 85.3 124 315.0 208.5 

034 156.3 146.0 207.3 125 324.0 107.2 
034 66.7 70.3 125 28.0 136.0 

035 40.7 13.5 55.5 131 299.2 150.9 
035 96.0 109.8 131 ll0.2 106.2 

III hkl 

9.9 132 
132 

5.5 133 
133 

248.0 134 
134 

9.0 141 
141 

40.3 142 
1°42 

1.1 143 
143 

540.5 221 
221 

70.5 222 
222 

481.7 223 
223 

138.0 224 
224 

48.3 225 
225 

299.7 231 
231 

295.7 232 
232 

235.5 233 
233 

208.7 234 
234 

127.8 241 
241 

• 243.2 • 331
331 

·., 

I I 

441.0 
176.7 

132.2 
90.2 

83.7 
265.7 

76.5 
372.2 

182.2 
101.0 

386.0 
46.8 

145.2 
105.0 

2.3 
2.3 

311.5 
240.2 

169.0 
ll0.2 

68.7 
124.2 

333.0 
0.1 

30.7 
148.7 

1.3 
4.4 

160.0 
28.5 

44.2 
19.8 

232.5 
201.5 

, .. ' 

I I 

I II 
I 

III

253.7 190.5 
223.2 

80.2 30.2 
61.0 

44.0 85.5 
190.0 

108.2 100.0 
146.7 

92.2 84.7 
64.0 

205.3 31.2 
84.2 

264.0 32.0 
153.7 

15.4 17.2 
15.2 

351.2 260.7 
273.2 

101.2 2.9 
211.0 

100.5 9.9 
193.7 

178.0 32.0 
181.0 

75.5 103.0 
ll2.2, 

6.7 4.1 
5.7 

213.0 80.5 
123.0 

' ,, . 

4�'.6 o 
0 42.0' 

:1'1 .. 

114.0) 45.5 
95.2 

: ... ' I! ' ·.1 ... 
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• F. Hanic, E. Šumichrast:

Da�phiné twinning

Dauphiné twins are iielated as by a rotation by 180 degrees around the c 
axis. Daphiné twinning in alpha-quartz results in the superposition ofreflection 
�lél of one componen:t upon hlcl of the other. Then, if some amount of this
Jtind of twinning is present, the observed structure factors for the weak compo­
nents of pairs hkl/Tilél 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 I O and from the calculated values
lc evaluated from the Young and Posťs parameters [10] as follow,3:
! 

I(hlcl)0 = (1 -f) I(hlcl)c + fl(Tikl)c, 
I(Tilél)0 = (1-f) I(Tikl)c + JI(hlcl)c-

(1) 

, The value of f calculated by the least squares method from 33 pair,3 of re­
llections I(hkl) and I(Mcl), was usecl for the evaluation of the F cor - values
c'orresponding to a crystal free of twinning according to equation (1). The 
Brazilian twinning was not observed. The observed I O values of intensities 

:l.'etble II 

Low ancl high quartz coorclinate parameters ( X 104) 

J;.ow quartz - alpha form 

Space group P3 12l; Si: (3a.) it, O, 1/3; o, it, 2/3; u, i(,, o.

O: (6c) x, y, z; ff, x-y, 1/3 + z; y -x, x, 2/3 + z;
y, X, Z; x, y-x, 1/3- z; X -y, ff, 2/3 -Z, 

it(a) x(a) y(a) z(a) 

Young ancl Post [10] 4705 (3) 4152 (7) 2678 (6) 1184 (4) 
Smith ancl Alexancleť 

[ll] 4697 (3) 4144 (8) 2662 (7) 1188 (4) 
Zaclmriasen ancl 

Pettinger [12] 4696 (2) 4126 (6) 2663 (5) 1190 (3) 
Present study 4687 (19) 4169 (50) 2659 (32) 1196 (32) 
:C'rosent study, crystal·· 

after heating cycles 4650 (36) 4103 (80) 2635 (36) 1173 (35) 

High quartz - beta form 

Space group P6222; Si: (3c) 1/2, O, O; 0,1/2, 2/3 1/2, 1/2, 1/3. 
u, u, 5/6; ' O: (6j) u, 2u, 1/2; 2u, u 1/6; 

Young [16) 
Arnold, twinnecl model 

, P3121 (5, 17) 
Arnold, untwinned model 

; P6222 (5. 17) 
�resent study 

'li,, 2u, O; 2u, u, 2/3; u, u, 1/3. 

ii (a) 
4137 (15) 

4240 (40) 
4202 (51) 

x(a) y(a) z(a) 

4270 (40) 1870 (40) 1280 (40) 

*R-factor based on ihtensities. 

4 

R[%] 

8.1 

3.6 

2.3 
12.2 

19.4 

R [%] 

19.3* 

24.8* 
12.2 

I 

1.5 
2.0 

41.0 
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hkl I 
003 

006 

010 

Oll 

011 

OJ:! 

OH 

013 

013 

014 

IJ 

15 

·15

016 

hl 

�I 

_1 � � 
re3 

l"l:!3 

re,1 

re4 

re5 ina 
fr:!6 

Ot6 

030 

031 

031 

(132 

03:! 

033 

033 

034 

03-l 

035 

035 

040 

l 

041 042 042 043 
043 

I 

Fo 
! 12.94 I 15.44 11.06 15.19* 

l .32*9.18* 17.49* 15.99 3. 9 14.19 21.60 19.66, 14.21: 
.... 1 2.22J. 11.38 14.57Jt 9 .• 03i14.48

.; 17 .56� I l.66 17.92 2 .I! 2.83 11.84 6.62 2.86 2l.23j 9.82 0.40 24.05) 0.98 16.00 10.74 5.24 12.48 12.52 8.17 4.57 9.82 15.16 7.58 16.32 14.38 2.59 16.93 16.65 

Alpha-Beta Phase Transition ·in Qiiartz 

Table III Tho observecl Fo ancl calculatecl Fe structure factors for (I} alplia-, (Il} twinnecl alpha ancl (III) beta-forms 
I II III 

I 
I Fo Fo Fe Fo I Fe 

10.34 9.01 8.75 4.0 6.21 15.88 17.88 15.19 10.62 22.27 16.69 13.18 15.50 12.60 16.59 33.87 25.15 39.72 20.33• 30.14 21.94 21.77 26.08 4.15 13.05 10.37 7.96 6.77 12.64 .19.12 19.63 13.09 18.75 16.29 8.06 5.97 1.73 2.14 1.33 11.18 9.84 10.86 12.82 12.21 19.84 24.03 25.07 20.72 28.39 27.06 16.60 16.66 13.73 7.35 11.95 2.85 2.14 2.10 6.39 6.35 9.58 16.21 16.84 18.18 19.24 18.29 16.47 16.27 7.37 4.64 10.86 13.95 11.95 13.15 18.51 12.58 20.45 20.44 19.39 11.20 8.97 8.69 11.61 12.71 16.98 20.18 16.43 24.72 27.71 33.24 28.18 37.28 0.31 2.14 3.26 6.95 4.92 10.25 13.78 12.68 6.06 8.55 6.41 2.46 2.02 1.79 2.14 2.19 22.56 26.03 30.53 13.19 14.99 ll.l9 8.07 9.79 0.63 14.64 8.81 15.42 14.15 27.90 26.29 32.43 15.07112.06 0.51 11.96 5.55 16.08 19.07 14.85 18.62 17.65 22.69 20.40 22.21 6.35 3.13 3.20 2.99 1.22 10.09 13.24 12.GO10.98 14.83 9.22 14.42 11.69 4.44 6.39 5.67 5.83 2.14 2.09 7.49 8.49 11.18 15.81 10.52 15.12 15.25 15.55 15.33 18.25 5.46 14.11 6.62 3.14 4.32 20.17 16.73 21.17 12.19 14.51 11.45 2.37 0.76 4.21 5.03 6.77 18.17 2.14 11.49 15.76 14.39 17.12 29.28 19.03 

hkl 
044 044 050 051 051 110 lll lll 112 Íl2 ll3 113 114 114 115 115 116 116 120 121 121 122 122 123 123 124 124 125 125 130 131 131 132 132 133 133 134 134 140 141 141 142 142 143 143 220 

I I 
�--1 Fo I. ,.,Fe I 0.53 1.66 1.88 1.11 2.18 2.85 8.92 9.43 1.08 2.71 15.35 17.14 11.08 10.95 12.06 10.01 20.48 24.11 21.82 24.92 12.96 12.41 15.90 13.03 18.33 18.73 20.66 18.92 14.31 14.18 14.67 13.19 9.83 9.24 8.78 8.34 4.37 3.78 20.89 18.96 16.77 17.84 21.96 19.24 14.24 12.63 10.51 10.08 19.34 18.91 3.42 5.09 17.77 18.47 17.86 15.37 5.31 4.56 19.16 20.47 17.29 14.98 10.61 9.48 20.80 18.56 13.32 12.42 11.52 10.15 0.53 7.26 9.17 10.12 16.32 13.58 5.27 4.85 8.72 7.63 19.28 17.30 13.54 12.10 10.07 7.09 19.62 16.02 6.83 5.91 16.96 21.11 

II 
I Fo I Fo

13.20 13.65 2.14 4.17 2.26 2.78 3.81 7.45 2.93 2.04 24.05 10.03 12.85 9.13 12.85 9.52 25.13 24.82 27.04 16.60 14.59 16.60 14.41 23.75 21.49 23.75 21.60 18.07 17.19 18.07 16.95 11.14 9.81 11.14 10.04 6.57 6.62 22.32 18.42 17.85 18.19 22.87 23.5(> 16.28 12.70 17.83 9.55 19.47 21.12 7.80 5.50 23.40 20.12 18.72 16.81 0.12 7.49 19.44 23.30 16.00 15.04 14.65 9.30 21.99 20.43 17.40 10.38 14.40 11.27 8.04 6.13 10.02 7.98 16.40 16.31 6.63 6.87 13.17 7.34 17.50 21.73 17.13 8.98 7.26 6.84 26.11 21.62 2.14 5.98 22.05 17.65 
Silikáty č. l, 1974 

I III 
I Fo / Fo

3.01 2.5Q 
' 2.51 2.06 6.35 8.2q 

17.23 12.75 1.07 2.0(l 
23.24 28.22 

8.41 6.33" 
21.99 20.11 
11.74 9.84 
13.49 6.07 

3.94 4.64 17.04 )7.19 
17.18 15.29 
15.34 13.40 
14.48 11.25 
11.31 ;10.50 
10.62 10.87 15.62 15.05 
13.79 11.87 

5.50 3.75 
9.26 8.75 
5.08 4.16 10.01 10.00 
9.20 8.87 
5.62 5.10 

21.59 22.69 
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F'. Hanic, E. Sumichrast: 

hkl \ 
I 

i 
II I III I 

! hkl 

Fo I Fe i Fo I Fe I Fo I Fe Fo I Fe 
I I 

I 

221 12.06 9.06 14.76 13.11 5.63 4.12 232 5.56 5.99 
221 10.28. 10.96 14.76 13.09 232 12.19 12.06 

222 1.54 1.24 4.14 4.36 4.16 3.67 233 1.19 0.63 
222 1.54 2.11 4.13 2.16 23:l 2.08 1.12 

223 17.67 16.74 20.95 18.92 16.25 16.25 234 12.63 17.14 
223 15.47 17.52 20.95 17.95 234 5.36 7.31 

224 13.02 9.86. 14.99 15.73 1.69 1.12 240 11.77 14.96 
224 10.41 10.96 14.99 15.31 241 6.64 8.42 
225 8.32 12.85 14.10 17.75 3.15 3.09 241 4.43 5.37 
220 11.15 12.85 14.60. 18.46 330 18.36 15.39 
230 13.68 11.56, 15.53. 16.74 8.04 7.96 331 15.25 12.89 
231 18.25 19.14' 19.26 18.37 11.78 10.95 331 14.21 12.35 
231 0.22 1.28 8.75 2.62 

* These refleetions were :omitted from the refinem'.0nt.
I i· 

� 

III 

Fo I Fe . I 
9.27 4.88 10.14 9.39 

13.23 10.93 

2.48 2.49 2.22 2.50 
2.40 1.51 

21.81 27.41 9.89 10.58 
2.14 5.32 

16.99 16.94 10.68 12.55 

8.54 9.94 1.31 2.08 
7.52 8.43 

15.80 14.97 2.67 1.24 

12.59 11.45 6.73 8.30 
12.59 10.80 

[ (corr��ted '. for the Lorentz a�d polarization factors) of pairs of reflections hkl

'and hkl are listed in Tahle I. These data are related to the same crystal. They 
I represent three sets of measurements: the intensity data taken on the crystal 
! before heaiting, the data taken after several cycles of heating at room tempe­
t rature and the data ta;lrnn at 680 °0. The three sets of data differ significantly
! one from each o_ther.

' The least squares refinement 

Í The leait squáres program writ�en in the Chemical Institute of the Aarhus 
:University [19] was us'ed, with the atomic scattering curves for neutral atoms 
lgiven 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
jdata on the GIER computer at the Computing Center of the Slovak Academy
,of Sciences. Anisotropie temperature ťactoi·s were used for each atom. The
1refi.nement 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 relateé 
1to the P312 space groúp symmetry, the beta-phase is described in the spac{ 
fgroup P642. The cell dimensions were assumed to be a= 4.91304, c = 5.40463.A 
'·(25 °0) [22] for the alpha-quartz form and a = 5.020, c = 5.523 Á (600 °0) [23: 
,for the beta-fonn. Refinement of positional and thermal parameters was in­
!terrupted at a moment when the parameter shifts were reduced to 1/10 or less oJ 
:the standard deviations. Tahle II 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 exceeé 
:the standard deviations and they show the internal consistency of the positiona 
iparameters. The final R-factors (0.122 for alpha- and beta-quartz) in this stud} 
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Alpha-Beta Phase Transition in Quartz 

unfavourably inluenced by the extinction and absorption effects and, in 
o the twinned alpha-quartz form (R= 0.194), by necessary corrections 

nnnning. The observed F0 and calculated Fe structure factors correspon-
- _ o he final positional and thermal parameters of this study are given in

eill.

RESULTS AND DISCUSSION 

Full reversibility of the symmetry change from tlie trigonal low temperature 
-phase to the hexagonal high-temperature beta-phase by heating through

aan.si ion p Jint and from hexagonal to trigonal by cooling has been confir­
from the X-ray data taken at room temperature and at 680 °0. After 

- ing of a natural single crystal containing less than 2 % of material in the
phiné twin position, the degree of twinning increased to a value off = 41 % 

=- 0)_ The twinning in the alpha-form is irreversible. No significant influence
• '1rinning on the atomic positions in the crystal structure can be stated

n oomparing the data in Tahle II. Fig. 3 shows superposition of all three
" mic arrangements projected along the c axis, Two of these arrangements 

� to the twin components of the alpha-form (single and dotted lines), 
-hird one is the hexagonal beta-arrangement (double lines). Atoms in
hexagonal arrangement are close to the centres of gravities of atomic

- -ons which correspond to two orientations of the alpha-form in a twinned
_" al. Consequently, the following mechanism of twinning can be suggested. 

l\1:ien a single crystal of the alpha-form is heated above the transition point 

o Si 

_LQ 
_l,Q 
-- -LQT 

Fig_ 3. Superposition oj the atomic arrangements in qiwrtz projected along the c axis. Two 
• them belong to the twin components oj the trigonal alpha-jorm (single and broken lines),

the third one is the hexaJonal beta-arrangement (dotted lines). 
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F. Hanic. E.

( 573 °0), it changes into a sinale cr5 :,l· 
the symrnetry at ,the same time cha.nf 
cooling under the transition tempera ure. -
to the trigonal one, b.ut atoms can mo\""e in· 
(Fig. 3) which are energetically equi'nůe 
created and their dimensions influence � 11i..-.-... 
the f value. The twinned alpha-form 
represent two different phases with difii 
different physical properties. The in eru1 . 
formation of hexagonal beta-quartz e-� 
Somo observecl intensities of the be 
significantly weaker than the intensi y da· 
hkl/íikl, a fact which is not consi tent lri 
of the clisplacive transition model. 

We are inc;lebted to Mr. Dubaj for hi.s a&-i.­
analysis has b3en kindly performed by Dr. HPrli,->i<M'lli.. 
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9 

U monokryštálov kremeú.a dochádza pri ohre,·e nad i íáun·ého prechodu alfa.-
beta k vysokému stup1'í.u zdvojčatenia typu Dauphiné. R- genognúick-é údaje poukazujú 
na to, že nízkoteplotná miclifikácia krnmeňa obsahuje po opako\clllom záhreve na teplotu 
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Alpha-Beta Phase Transition in Quartz 

680 °C, 41 % materiálu zdvojčatelého pocUa Dauphiného zákona, zatial' čo vo východzo1n 
materiáli sa. nachádzalo menej než 2 % zdvojčatelých kryštálov. Reverzibilita fázového 
prechodu alfa-beta platí pre zmenu symetrie z trigonálnej nízkoteplotnej fázy na vysoko­
teplotnú hexagonálnu fázu, za.tiaT čo proces dvojčatenia je nereverzibílny. 

Obr. 1. lntegračná rtg. Weissenbergrova snímka kremei'ía, zhotovená pri teplote miestnosti 
a pri 680 °0 a za použitia CuK žiarenia. Dvojice rejlexií Okl zoclpoveclajú clvom 
rozclielnym teplotám. 

Obr. 2. Oscilačná rtg. snímka zvolenej vrstovnice, zhotovená pri postiipne ra.stúcej teplote. 
Nlalé posuny valcovej komorlcy s fllmom po kažclej expozícii umožnili seJJaráci·u rtg. 
spektier. Teplota premeny (57 3 °0) sa closiahla pri šiestej expozícii. U reflexií 
041 a 042 je možné 11ozorovať signifllcantné zoslabenie. 

Obr. 3. S11.perpozícia atómových iisporiaclaní ii kreme1ía projektovaných pozcllž asi c. Dve 
z nich patria zložlcám zclvojčatelej trigonálnej alfa-formy (plné a prernšované čiary), 
tretia zoclpoveclá hexagonálnemii beta-iisporiaclaniii (bocllcované čiary). 

CY.-{J cDA30BbIE ITPEBPA�EI-IHH HPEMHE3ĚMA 

<DpaI-ITnllieit l'aI-IHI\, Jiro6oMHp IllyMaxpacT 

J:!1-1,cmwnym 1-ieopaa1-1,u'tec1.oií xu,ittm CAIJ, B pamucJ1,a1Ja 

B MOI-IOHp11crnJJJJax 1rnapu:a np11 Harpenamrn AO TeMnepaTyp BLillie CY.-(J ťpasonoro nepe­
XOAa OTMe•raeTCJ1 BLICOI\UJ1 CTeneHL )_\BOHIUil{OBaIUIJ1 no Timy ,D,ocJnnrn. PeHTl'0HOrpacpH'l0CHOe 
HCCJie):\ODaT-rne rror;aaaJJO, 'ITO I-II!3HOTeMnepaTypHaJ1 MOAmp1ma1vrn rrnapu:a IIOCJJe IlODTOpHOJ'O 
J-Iarpenamrn AO TeMnepaTyj)M 680 °C COAepmHT 41 % ADOI1HHIWDaHHl�I no ,D,ocp1rn3, D TO 
Dj)0MJ1 HaH D HCXOAHOM MaTepHa.rre HX CO}:\epnrnTCll MeHee 2 %- CY.-{J cpa30DLie npenparu:emrn
o6paTIIMLI H xaparnepH3YIOTCJ1 113M0H0HHHMH Hp11cTaJ1m1qecH011 cpopMLI (mI3HOTeMnepaTyp­
J-IUJ1 TPiffOHUJJLHUH - Dl,ICOIWTellmepaTypHaJ1 reHcaroHaJJJ,Han), TOr):\a Hal{ npou:ecc ADOHHl1-
IWDaHHll neo6paTIIM.

Puc. 1. HnmeapaJ/,bl-/.a,<r, BaiíceH6epaoea penmaenoapa.11 .. ,ia 1,pe,1ineae,1ia, II-0J1,ťtel-/.1Ut,<r, 11p1i 
hCO,.\il-/,{ll/Ul,Oii me.H,llepamype u npu 680 °C IIJJU llC/WJ1,b80{1{l/Ulll Cul( l/BJl,y•ienu.,,. 
Ilapbt ompaJ1ce1-wa Ok/ coomaemcmey1om EJey,1i paaJl,Wll-lbtJ.t me,1inepamypa.A1„ 

Puc. 2. Oc_tft1.�J1,oapa,11.,1w au6pminoao 06paa4a, noJ1,y•te1-1,Hasi npu 11ocmenen1-1,o aoapacma1ou1e1'í. 
me„11.nepcunype. 11 e60J1-bU/lle 11epe,aeuv1-1,11si l/UJ1,UHiJpu•teCli'Ot'í. h'Cutepbt nocj/,e h'ClJ1cEJoii. 
ebliJepJ1c1.u 1waeoJ1,11J1,ll cenapupoaamb pe1-unaaioec1.u1'í. cne1,cmp. Te.,irnepamypa g]aaoaoao 
nepexoEJa (573 °C) 6btJ1,Cl EJocmuanyma npu uiecmoi'í. a,;cnoaui1uu. Ha 'ompaJ1ce1-tu.RX 
041 u 042 aa..11.emno cyufec11we1-1,noe OCJ1,Cl6J1,enue. 

Puc. 3. Cy11epnoau111ui ynop,q,EJ01ie1-i1u'í. amo.,iwe, cnpoe1.mupoea1-1,1-ib1X napaJ1,J1.eJ1,bH0 ocu c. JJ.ee
ua nux npunaiJJteJ1cam oeot'í.nu,;oaa1-iu.R J.t 1npuao1-taJ1,bl-/.Oll ClJ1,brfia-ýiop,1ib1, (cn.rww.1-1.a.q, 
u nyH1,m1ipna,q, Jl,U/-luu), mpemb.<r, - ae1,caa0Ha.J1,b1-ioii 6ema-rfiop.1ie (11101te1utaJi Jl,lll-lll.<i).
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F'. Hanic, E. Šwnichrctst: Alpha-Beta Phase 'l'mnsition in Qiwrtz 

F'ig. 1. I ntegrating X -·ray W eissenberg photograph oj qiwrtz talcen at room tempcratu.re ancl 
at 680 °Ousing CuK o: racliation. Pairs oj rejlections 0lcl corresponclto two clijf crent temperatures. 

F'ig." 2. Oscilation X -ray photogrctJJh oj the selectecl layerl-ine talcen at gracltwlly increasing 
temperal'ure. Small shijts oj the cylinclric film camera ajter each exposure enablecl separation 
oj the X-ray spectra. The transition temperatiire (573 °0) was achievecl during the sixth 

exposure. A signijicant wealcening oj rejlections 041 and 042 can be observed. 




