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Thermal and X-Ray Diffraction Studies of the
System Sr(OH),—H,0

GUNNAR BERGGREN and ALLAN BROWN

AB Atomenergi, Studsvik, P.O.B., S-611 01 Nykoping 1, Sweden

The system Sr(OH), — water has been studied by thermal and X-ray
diffraction techniques in order to characterise the phases formed on
heating Sr(OH),.8H,0. Removal of water of crystallisation occurs
in three steps, but only two of these appear to correspond to the
formation of stable, crystalline phases. These are the mono-hydrate
Sr(OH),.H,0 present at 140—150°C and the anhydrous hydroxide
Sr(OH),; which is stable from 200°C to the melting point at 450°C.

The present report lists enthalpies, densities, and unit-cell sym-
metries and dimensions for these phases.

1. INTRODUCTION

The system strontium hydroxide — water is of interest in connection with the
electrodeposition of radioactive strontium isotopes for medical application.
In a study conducted in 1967, a white deposit was obtained on platinum foil
from a strontium solution in near anhydrous propyl alcohol. This deposit
gave a complex X-ray powder pattern, unrecorded in the ASTM powder file
for 1966. Chemical analysis indicated that strontium, oxygen, and hydrogen
were the principal constituents of this material, but a definite composition
could not be assigned. Heat treatment of commercial Sr(OH),.8H,0, followed
by X-ray analysis, demonstrated the formation of a second unidentified phase.
On exposure to the atmosphere, this slowly gave way to the phase originally
obtained in the electrodeposition study. The material obtained by heat treating
the octahydrate had a density of 3.43 g cm™. After 20 h in the open, however,
this figure had fallen to 3.02 g ecm™ for a weight increase of a few per cent,
corresponding to the formation of the electrodeposited phase.

In view of these results it was decided that an independent X-ray and
thermal analytical investigation should be made into the decomposition of
Sr(OH),.8H,0 in an effort to determine the nature and composition of these
new phases.
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2. EXPERIMENTAL

2.1. General. The approach chosen was to first study the decomposition of
Sr(OH),.8H,0 using DTA, in order to distinguish the separate stages of the process.
Thermogravimetry was then used to measure the change in composition occurring at
each stage. Samples taken from the DTA crucible after heating to various temperatures
were analysed by X-ray powder methods to determine the phase condition at each stage.

The above treatment was also applied to a sample of hydroxide which, after being
heated to 200°C, had stood in the open for 24 h.

2.2. Thermal analysis. Differential thermal analysis was performed on approximately
200 mg samples, contained in platinum crucibles. The samples were heated at a rate of
10°C min™ in an air stream of 151 h™. The Pt/Pt-10 %, Rh thermocouples were calibrated
against a benzoic acid standard melting at 122°C with a heat of fusion of 33.9 cal g™.

Thermogravimetry was conducted in platinum crucibles using roughly 100 mg of
sample. In this instance, the heating rate was 5°C min™ in an air stream of 151 h™1,

2.3. X-Ray analysis. Powder patterns of polycrystalline materials were recorded in a
Guinier-Hégg focusing camera, using strictly monochromatic CuKe, radiation. A small
quantity of silicon was mixed with each sample as an internal calibrant.

Measurements of the Guinier-Hédgg powder patterns were used to derive accurate
Bragg angles for the reflections of the various hydroxide phases. The camera constant
at pomnts between the six Bragg angles defined by the silicon calibrant was computed,
using a second degree Lagrange interpolation procedure. Unit cell dimensions were
calculated from the values of sin%@,; by the method of least squares, minimizing the
function

R= 5 wi(4Q

where 4Q; is the difference between the observed value of 4sin® 6/42 for the 7th reflection
and the value calculated on the basis of the cell dimensions, and w; is a weight assigned
on the basis of measurement reliability.

The reliability of results obtained in this way has been examined, using the criterion
for no residual systematic errors given by the Likelihood Ratio Method.! LRM calcula-
tions ? demonstrate that for the particular Guinier-Héigg cameras employed in this study,
angle-dependent systematic errors in the 0 data are less than the random errors in the
measurement of 0. Weights, w;, were therefore calculated according to the scheme
devised by Hess

w; = 1/sin? 26;
on the basis of the precision in the measurement of 6.

In these calculations, the wavelength of CuKu«, radiation and the cell dimension of
silicon at 23°C were assumed to be 1.54051 and 5.43062 A, respectively.

On heating the octahydrate to a temperature above 450°C, a melt was obtained which
on cooling could be crushed into fragments. One such fragment, coated with canada
balsam to prevent weathering, was mounted in a Weissenberg camera to obtain single-
crystal patterns. Rotation-oscillation patterns and equi-inclination Weissenberg patterns
for the first four layer lines were recorded with CuK radiation.

RESULTS

31. Thermal analysis

3.1.1. Thermogravimetry. Fig. 1. shows curves for the weight loss from two
different samples of strontium hydroxide as a function of temperature.

Curve C1 represents the weight loss on heating Sr(OH),.8H,0. The measured
loss is 52 + 1 9, as compared with 54.4 9, calculated for the complete removal
of water of crystallisation from ideally single-phase octahydrate. Differential
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Fig. 1. TG curves for thermal decomposi-
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Sr(OH),.H,0.
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analysis of the curve affords three distinct temperatures, indicated in CI,
at which changes occur following the onset of decomposition at 90°C. Two
of these steps represent the formation of intermediates at 123°C (—2.56H,0)
and 145°C (—7H,0), respectively. The third step corresponds to the formation
of the ultimate decomposition product at 160°C (— 8H,0).

C2 is the weight loss for a sample after heating to 200°C and standing in
the open for one day. The measured loss is 10 + 1 9%, as compared with 12.9 %,
calculated for the elimination of one molecule of H,O from Sr(OH), H,O.

In C1, the evolution of the first seven water molecules occurs quite rapidly
by comparison with that of the last molecule. In C2, where the starting material
is Sr(OH),.H,0, the removal of the last water molecule occurs at an even
slower rate.

3.1.2. DTA. Fig. 2 represents the thermal energy (enthalpy) of water
evolution from Sr(OH),.8H,0. The endothermal reaction C1 occurs in three
decomposition steps, covering the temperature range of Cl in Fig. 1. The
three peaks at 112°, 138°, and 150°C in the DTA curve evidently correspond
to the three temperatures in the TG diagram, at which new phases are formed.
The temperature differences are attributable to the higher rate of heating
employed in the DTA run. The DTA curve C2 represents the decomposition
of Sr(OH),.H,0; the starting material had the same origin as that used to
obtain the TG curve C2 in Fig. 1.
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Fig. 2. DTA curves for thermal decomposition of 1, Sr(OH),.8H,0; and 2, Sr(OH),.H,O.

The quantitative evaluation of the DTA curves was made on the basis

of the heat of fusion of benzoic acid, which yields calibration factors of 1.67
cal/mm? for C1, and 1.07 cal/mm? for C2. The measured enthalpies are accord-
ingly 4220 cal for the decomposition

Sr(OH),.8H,0 —» Sr(OH), + 8H,0
and 1560 cal for the decomposition .

Sr(OH),.H,0 - Sr(OH), + H,0
These values are 2 9, higher than the enthalpy calculated for the complete
dehydration of octahydrate, and 1.8 9, lower than that calculated for the
dehydration of monohydrate.

32. X-Ray phase analysis of products of thermal
decomposition

In addition to the starting material and small amounts of SrCO,, two
additional phases can be distinguished in the decomposition products formed
on heating Sr(OH),.8H,0 in the DTA apparatus. These additional phases
designated “X” and “Y” give complex powder patterns with more than 50
reflections each in the angular range up to 40° (9). In neither case is the powder
pattern recorded in the ASTM Powder Diffraction File for 1966.
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The balance of the above phases, as they occur in samples taken from the
DTA crucible at temperatures between 105 and 180°C, is given in Table 1.

Table 1. Phase analysis of products formed in thermal decomposition of Sr(OH),-8H,0.

X-Ray Thermal treatment Phases present Comments
No.
AI6  Sr(OH),.8H,0 Sr(OH);.8H,0 Octahydrate and *“X’’ phase present with octa-
heated to 105°Cin  “X” hydrate reflections dominant.
DTA apparatus and
cooled

AIl  Asabove, cooled Sr(OH),.8H,0 Octahydrate and “X’ phase present in roughly

from 130°C “XxXr equimolecular amounts. SrCO; represented by
SrCO, 4— b weak reflections. Patterns of “X*’ and SrCO,

ill-defined, characteristic of poor crystallinity.
Al 2 As above, cooled “xr “X” is dominant phase, SrCO; at estimated
from 140°C SrCO, 5 molY%, level. Octahydrate at trace (~ 1 mol%)
Sr(OH);.8H,0 level. Pattern of “X* phase sharper than in AT 1.
AI 4  Asabove, cooled “xX” Clear, sharp pattern of “X” up to 6 max (45°).
from 150°C SrCO, SrCO, still at ~ 5 mol9, level. No trace of octa-

hydrate.

AI3  Asabove, cooled “xX” “X” is still dominant phase with SrCO; at
from 160°C SrCO4 ~ b molY, level. New phase “Y"’ is represented by
Y three reflections. Pattern of “X is again diffuse

indicative of decreased crystalline perfection as
compared to condition in AI 4.

AG 2 Asabove, cooled “Yy” Clear, sharp pattern of “Y” up to 6 max (45°).
from 180°C SrCO, SrCO; retains same strength. No trace of “X”

phase. The pattern is identical for samples heated

at temperatures from 200°C to the melting point

(—450°C).
AH 12 Octahydrate heated “X” Slightly diffuse pattern of ““X”’. SrCO, at estimated
to 200°C, cooled SrCO, 10 molY, level. No trace of *“Y’’ remains.

and left in the
open for 48 h

From the results of the thermal analysis described in 3.1, phase “X” is
recognised as having the composition Sr(OH),. H,O, and “Y” is identified as
anhydrous strontium hydroxide Sr(OH),. It has not been possible, however,
to detect in the powder patterns reflections corresponding to the phase inter-
mediate between Sr(OH),.8H,0 and Sr(OH),.H,0O expected from the results
of thermal analysis.

On standing in the open, rehydration of Sr(OH), to the monohydrate occurs,
as is shown by powder pattern AH 12. Although the pattern is not ideally
sharp, the monohydrate reconstituted under these conditions is surprisingly
well crystallised, considering its room temperature formation.
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Table 2. Crystallographic data for the strontium hydroxides.

. . Density in g em3 No. of sin?%6,
Phi Cell d . .o
oomp:ssi:ion Symmetry Space group © il;nenslons Film No. used in
Qobs Qcalc refinement
Sr(OH),;.8H,0 | Tetragonal P4[nce a, 9.0163+2 | 1.88; 1.870 R 10 69
co 11,6078+ 4
a, 6.7147+2
Sr(OH);.HyO | Orthorhombic | Pmma or Pm2a| b, 3.6482+1 | 3.02; 3.054 Al 4 63
c, 6.1992% 2
a, 9.8889+5
Sr(OH), Orthorhombic | Pnma b, 3.9187+2| 3.42 3.408 AG 2 76
(PbCl,-type) | ¢, 6.1175+2

33. Unit cells and space group symmetries of the
strontium hydroxides

3.3.1. 8Sr(OH),.8H,0. The crystal structure of the octahydrate is well
established from single crystal studies.® The unit cell is tetragonal with the
space group symmetry P4/ncc. The powder pattern obtained in this investiga-
tion affords unit cell dimensions (Table 2) with an accuracy appreciably
greater than that given in the literature. Powder pattern data are listed in
Table 3.

3.3.2. Sr(OH )y.H,0 (phase X). The powder pattern of this phase was
indexed unambiguously with the programme INDEX 4 using the twenty-eight
reflections in the low-angle (sin?6 <0.3) region as input. The proposed unit
cell is orthorhombic, and the only condition limiting possible reflections is
h = 2n for hk0. Thus in the angular region, sin?6 < 0.48, six of the nine reflections
permitted by this condition are visible, while the nine hkO reflections with
h=2n+1 are absent. The probable space group symmetry is accordingly
Pmma, or its non-centric congener Pm2a.

The cell dimensions in Table 2 have been obtained from the well-crystallised
material (X-ray No. Al4), referred to in Table 1. Good agreement is obtained
between the observed density and the density calculated on the basis of these
dimensions and a unit cell content of 2[Sr(OH),.H,0]. Powder pattern data
are listed in Table 4.

3.3.3. Sr(OH), (phase Y). It was established in 3.1, that anhydrous
strontium hydroxide is obtained on heating the octahydrate to 200°C. X-Ray
powder patterns demonstrated that this phase was formed on cooling from
the melt at 450°C. Since the crystal structure of this compound is not described
in the literature, it was decided to determine the symmetry from a single
crystal study.

An acicular fragment, roughly 50 x in diameter, was mounted with the
needle axis as rotation axis in a Weissenberg camera. Single crystal patterns
demonstrated that the fragment had orthorhombic symmetry and the approx-
imate unit cell dimensions
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Table 3. Table 4.
REF INENENT OF REFINEMENT OF
SRIOH)2,8H2 0 TETRAGONAL PA/NCC SR{OH)2.H20 ORTHOROMBIC PHNA
H K L SINSQ{O) SINSQ(C) 08S-CALC D 0BS H K L SINSQ(O) SINSQIC) 08S~CALC 0 08S
WAVELENGTH = 1.54051 WAVELENGTH =  1,54051

0.015390 0.0I5438  ~0,000048  6.20891
0.028570 04028597 =-0.000027 4455700
04044560 0.044577 ~04000017 3.64890
0.052640 0.052635 0.000005 3.35719
0060030 0.060015 0.000015
0.068110 0.068073 0.000037
0.073190 0.073174 0.000016
0.074920 0.,074911 0.000009
0.097180 0.097212 =0.000032
04106330 04106329 04000001
0+112680 04112650 0.000030
0.119500 0.119488 04000012
0.133930 0.133867 0.000062
0.138980 00138943 0.000037
04152070 0.152102 =0.000032
0.178290 04178306 ~0.000016

0.014560 0.014597 ~0,000037 6438348
0.017587 0.017613 ~0.000026 5.80820
0.029177 0.029193 =0.000016 4050933
0.032192 0.032209 -0.000018 4429301
0.046824 0+046806 0.000018 3.55958
04058406 0.058386 0.000020 3.18716
0,070506 0.070451 0.000055 2490082
04075999 0.000038 2479324
0.077386 =0.000020 2.76924

085036 0.085048 -0.000012 2.64139
0.090655 0.090595 0.000059 2.55823
04099700 04099644 0.000055 2.43962
0106993 04106943 04000050 2435481
04112650 0.112612 0.000039 229492
0116866 0.116772 0.000093 2425316
04128904 0.128838 04000066 2414537

04131380 31369 2412505 0.180110 0.180182 =0.000072
04134428 e 134385 2410082 0.183470 0.183520 =0.000050
0.143486 0e143434 2,03343 0.191500 0.191578 -0.000078

04193760 0.193745 0.000015
0.196680 0.196678 0.000002
0.206830 04206903 ~0+000073
0.210530 0.210541 ~0.000011
0.224770 04224758 04000012
04226020 04225979 04000041
0.230940 0,230942  ~0.000002
0.236160 04236155 0.000005
04246290 04246380  ~0.000090
04246990 0.247010 =0.000020
0.253250 0.253218 0.000032
0.255040 0.255118 =~0,000078
0.257320 0.257372 =0.000052
0.270510 0.270556 =040000456
04291580 04291586 =0, 000006
0.299600 04299645 =~0+000045
0.301890 04301949  -0.000059
0.312130 0,312174 =0,000044
04317230 04317249 =0.000019
04330320 04330408 ~0.000088
0.344430 04344409 04000021
04349480 00349484 =04000004
0.358430 0.358488 =0.000058
0.369970 0.369885 04000085
0.388980 0.386985 =0.000005
0.390870 04390723 0.000147
04394100 0.394061 0.000039
0.398980 0.399112 ~0.000132
04401120 0.401189 =0.000069
0. 404240 0+404286 =0.000046
0.416640 0.416628 0.000012
04425380 0.425316 0.,000064
0,429830 0429786 0.000044
04435570 0.435679 =0.000109
0.438670 0.438588 0.000082
0.443870 0.443688 0.000182
04453790 0.453825 =0.000035
0.457510 0.457551 =0+000041
0.469320 0.469263 0.000057
0.473740 0.473718 0.000022
04476230 0.476101 0.000129
0.478100 0.477952 0.000148
0.489160 0.489156 0.000024 1.10129
0.502070 0.502128  -0.000058  1.08706

0e146031 0.145965 0.000066 2.01564
Qe 149037 0.148981 04000056 1.99520
0.150416 0.150368 0.000048 1.98603
0a158616 04158516 0.000100 1.93402
04163607 0,163578 0,000029 1490429
04173062 04173112 - 00951 1.85154
04183015 0.183063 -~ 100048 1.80049
0.186980 0.186860 . 0.000120 1.78130
0.187223 0.187224 ~04000001 1.78015
0.187660 0.187709 =0,000049 1.77807
0.189755 0.189755 0.000000 1.76823
04201862 04201820 04000042 1471438
04207390 0.207368 0.000023 1.69138
0.216812 04216902 =0+000090 1465422
0e231479 04231498 =-04000019 1.60095

48048 0.248141 =0,000093 1.54656

0.251126 0,251157  =0.000031  1.53705
04252480 0,252544 =04000063 1.53292
0.256013 04256046 ~0+000032 1.52231
0.260109 04260206 =0.000097 1.51028
0.265713 04265754 ~0.000041 1.49427
0.275193 0.275288 ~0.000095 1.46830
0.280280

~0.000070 1.45492
00045 1.45086
.000126 1.43376
04000031 1443054
~0,000087 1.42580
04296222 -0,000112 1.41523
0.304002 0.,000006 1439700
04304404 04304481 ~0.000077 1439608
0.309471 04309543 =0.000073 1.38460
04318508 0.318592 ~04000084 1.36482
33194 0.333189 0.000006 1433440
0.348223 0,348270 =04000047 1430529
04354840 0.354788 0.000052 1.29306
0.362385 04362382 0.000003 127953
0.379573 0.379509 04000064 1.25022
04392093 0.392060 0.000033 1.23010
04397158 0.397122 0.000036 1.22223
04398931 04398873 0+000058 1.21951
6708 06657 1.20779
413217 *413175 0.000043 1.19824
0.421283 0.421253 0.000030  1.18672
0s423318 04423299 0.000019 1.18386
04427763 0,427771 -0.000008 1.17769
0.435432 0.435364 04000068 le16728 NUMBER OF REFLECTIONS = 63
04440946 04440912 0, 000034 1.15996
04450317 04450446 =0.000129 1.14782
~0.000002

VO NNINOWNG LG OWVOVO P IO CWWOR FNUINIVEUNVNUUNI L WURIOLWIWIUNIWRNNWRWUNONNINO -
NN YOWWWAL AR -OWRNNINNW OO OB RNY AR N R W R OO W NONWN - OWNO =0 FNONO =0 8~
®OCNIBOOBOINCOIDOIING I HOONONONIV-NOGONSIOO I~ NONOHNOSINCSIOWIINSRNLIONNOND
PONEONINMNWU-ODIORFNINUINHOWWNO LW A-ONNNAW I~ HONOWOMOWRNONRHNOND O
—~ONWOWOWHONWRNWNWO~ORNNOONNNEO~~O~NONENO~ON~NORONOOO MO~ O=O~00
P ANORPONNUF I~ ONWNFUNY PV RW I I WON P, =W O NOM WEWWNOWWRN =N ON -0 O~

1 0.454916 0.454918 1.14201 . NUMBER OF REFLECTIONS USED = 63 FOR A GATE OF 0.00030
04471603 Q.471561 +000042 1.12162
PARAMETERS STANDARD DEVIATIONS LAST SHIFTS
NUMBER OF REFLECTIONS = 49
A - 6.T14691 04000212 0.000000
] = 3.648220 0.000109 0.000000
NUMBER Of REFLECTIONS USED = 69 FOR A GATE OF  0.00020 4 = 64199225 0.000207 0.000000
PARAMEYERS STANDARD DEVIATIONS LAST SHIFTS
A - 2.016229 0.000215 0.000000
4 = 1l.607788 04000426 =0.000000

@p=9.89, by=3.95, c,=6.17 A.

The rotation axis corresponded to the b axis of the crystal.

Systematic absences in the layer lines 0 <k <3 were observed to occur
for h=2n+1in kk0— and k+1=2n+ 1 in 0kl-type reflections. These conditions
correspond to the requirements for the centrosymmetric space group Pnma
and the non-centric alternative Pn2a. Comparison of the layer line patterns
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shows, however, that the intensity distribution for AOl-type reflections is
closely similar to that for A2l reflections. A similar correspondence is seen to
apply for layer lines 217 and 43l. The constituent Sr and O atoms are accordingly
confined to layers extending normal to the b axis with a separation of b/2.

An arrangement of the above type can only be accomodated by the centric
space group Pnma, with all atoms placed in 4(c) positions, for which the y
coordinates are fixed at +1/4. This, together with the unit cell dimensions,
strongly suggests that Sr(OH), has the PbCl,-type crystal structure with a
unit-cell content of four molecules.

The cell dimensions of Sr(OH), (Table 2) were refined, using data collected
from the powder patterns of material heated to 180°C. The observed density
is seen to be in good agreement with the density calculated on the basis of
these dimensions and a unit cell content of 4[Sr(OH),]. The powder data
are listed in Table 5.

Table 5.

REFINEMENT OF
SR(OH)2 ORTHOROMBIC PNMA

0.267620 Ge267469 0.000151 1.48893
0.272970 0.272899 04000071 1.47427
0.278520 0.278387 0+000133 1.45951
0,201860 ©,201823 0.000037  1.45083
04298370 0,298356 0.000014  1.41012
0.303440 0.303291 0.000149 1.39829
0.313130 0.313133 -0,000003 1.37649
0.316580 0.316557 04000023 1.36897
0.332850 0.332989 ~0.000139 1.33509
0.346890 0.346892 ~0,000002 130779
0.350670 0.350724 ~0.000054 1.30072
0.351850 0.351827 0.,000023 1.29854
0360710 04360693 0.000017 1.28249
04363510 04383578 -0.000068 127754
0.369550 04369631 ~0.000081 1,26706
0.371770 0.371993 ~0.000223 1.26327
0.372850 0.372954 =0,000104 1e26144
0.389250 0.389360 -0.000110 1.234%8
04394220 04394295 =0.000075 1.22678
0.399570 0.399725 ~0.000155 1.21853
0.402310 0.402400 ~0,000090 l.21438
04404020 0.404137 =0,000117 1.21181
€.405180 04405326 =0.000146 1.21007
0.408110 0.408198 =0,000088 1.20572
Q.414350 0e4142653 0.000085 1419660
0.417170 0.417205 =~0.000035 1419255
04426930 0.426919 04000011 1.17884
0.432530 0432465 0.000065 1417119

L] K L SINSQ(OD) SINSQIC) 08s-CALC 0 0BS
WAVELENGTH = 1,54051

0.021910 0.021920 =0,000010 520372
0,024240 0.024268 =0.000028 4.94730
0.040100 0.040121 =0.000021 3484647
0.054470 0.054489 =0.000019 3.30032
0.062890 04062904 =0.000014 3.07145
0.063370 0.063413 ~0,000043 3,05980
0.069410 0,069480 =0.000070 2492364
0.070450 0.070456 0.000034 2.90115
0.078750 0.078757 =0.000007 2.T4479
0.087680 0.087681 =0.000001 2.60126
0.097110 0.097071 0.000039 2.47174
0.108090 0.108116 =~0.000026 2434284
0.112970 00112924 0.000048 2.29167
0.118090 0.118016 0.000074 2.24144
0.126280 0.126317 =0,000037 2.16754
04135720 0+135707 04000013 2.09080
04148660 0.148747 =0,000087 1.99773
0.151600 0.151560 0+000040 1.97827

04154510 04154544 -0.000034 1.,9%955 04435310 0.4354006 =0.000096 1.16744
04156720 0.156652 0.000068 1.94568 0.436110 0.436367 =0.000257 1.16637
0.166580 0.166948 04000032 1.88496 0+441050 0.441036 04000014 1.15982
00176460 0.17646% ~0,00000% 1.83363 0.444020 0.444796 0.000024 1415489
04178840 0.178812 0,000028 1.82139 04450950 0.450936 0.000014 1.14702
0.181370 0.181316 0.000054 1.80864 0.460620 04460649 ~0.000029 1413491

0.187500 0.,187383 0.000117 1.77883
04194740 04194665 0,000075 1474545
04199140 0.199120 04000020 1.72606
0205690 0.205584 0.000106 1.69835
00206290 0.206163 04000127 1.69588

0,465840 0.465741 0,000099 1.12854
04467710 0.467677 0.000033 1.12628
0.472120 04472063 0,000057 1.12101
0.490680 0.490405 0.000275 1.09960

CENLIW I ONNB - FOVB~O P IONNONWIWANN- =0 s0 s
CONLUWOWHNWN~WANNCOO RN =NWNWONO = ~ON O~ N
WEENEVDUNNIONI LI UWWICONHNWI I WE W 2 NWm

O ANPWNONUNIN=ONRNNWOrPmANWERENNWHONONN-
CONNONNOO RN P RNNO PN O ~OO~OO~OO0~=000
P P ONWFNONNUN LW~ WNO~WONNFENONEERNNO - mO~

0.215170 0.215086 0.000084 1.66052 NUMBER OF REFLECTIONS = 76

0.2185C0 04218409 0,000091 1.64702

0.224020 0.,224025 =0.000005 1.62739

04224950 0.225000 ~0.000050 1.62402 NUMBER OF REFLECTIONS USED = 76 FOR A GATE OF 0,00030

04239850 0.239751 04000099 1.57277

0.242190 04242225 ~0.000035 1.56515 PARAMETERS STANDARD DEVIATIONS LAST SHIFTS

0.251720 0.251615 0.00010% 1.53524

04253560 0.253653 =0.000093 1452966 A - 9.888949 0.000452 ~0.000000

0.259800 0.259720 0.000080 1.51118 L] - 3.918662 0.000164 0.000000
4 = 64117504 0000243 0.000000

4. DISCUSSION

The system strontium hydroxide-water comprises three thermally stable
crystalline phases, namely strontium hydroxide octahydrate Sr(OH),.8H,0,
the monohydrate Sr(OH),.H,0, and the anhydrous hydroxide Sr(OH),.
Thermal decomposition of the octahydrate to the anhydrate commences at
90°C, and occurs in three steps with DTA indications at 110—112°, 132 —138°,
and 150 — 160°C. Dehydration is complete at 200°C.

X-Ray phase analysis demonstrates that the anhydrate begins to form at
160°C. Similarly, the presence of monohydrate can already be detected in the
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sample cooled from 105°C. There is no X-ray evidence for the formation of a
phase intermediate between the octa and mono hydrates. In view of the
occurrence of mixtures of these two phases between 105° and 140°, the formation
under equilibrium conditions of an intermediate phase is forbidden by the
phase rule, assuming the system to be truly binary in character. It is therefore
suggested that the step between 90° and 112°C, observed in both the DTA
and TG studies, represents a kinetic effect, possibly associated with the
creation of a transient condition in the decomposing octahydrate crystals.

Monohydrate formed at 140—150°C begins to lose its crystallinity at
160°C and is completely decomposed at 180—200°C. It can readily be re-
constituted from the anhydrous hydroxide, however, on exposure to
atmospheric moisture at room temperature. Continued exposure does not
lead to the reconstitution of the octahydrate.

Strontium hydroxide crystallises with an orthorhombic structure resembling
that of PbCl,. The only other hydroxide reported as having this structure
is Pb(OH),.® The majority of the remaining dihydroxides, including Mg(OH),
and Ca(OH),, crystallise with the simple layer-like trigonal structure of CdlL,.
The exceptions are Be(OH), and Zn(OH),, which have orthorhombic unit
cells and constitute a third structural group.

The transition from the CdI,-type structure in Mg(OH), and Ca(OH), to
the PbCl,-type configuration in Sr(OH), is probably induced by conditions
of atomic packing. Thus the M2* jons in the CdI,-type hydroxides have radii
less than 1 A, whereas the ionic radii of Sr2t and Pb%* are 1.12 and 1.20 A,
respectively. It is accordingly to be expected that since rpa+=1.34 A, Ba(OH),
will also crystallise with the PbCl,-type structure.

The structure of Sr(OH), . H,0 appears to be unique, no other compound
having been reported as crystallising with this configuration. The unit cell is
clearly derived from that of Sr(OH),, as can be seen by inspection of the cell
dimensions and symmetries given in Table 2. Thus the b, and ¢, dimensions
of the unit cells are fairly similar, being changed only slightly by the addition
or removal of water of crystallisation. Even more striking is the retention of
the symmetry elements in the [010] and [001] directions, with changing water
content. The main structural alternation is in the [100} direction. For com-
parison purposes, a structure cell of Sr(OH),.H,0 may be chosen with a,=2 a,,
so that, as with the anhydrate, a cell is obtained which contains four mole-
cules. On losing the 4H,0 water of crystallisation, the a, dimension of the
monohydrate cell is now seen to decrease from 13.43 to 9.89 A. This corresponds
to a density increase from 3.03 in the monohydrate to 3.42 gem™ in the an-
hydrate for an overall loss in weight, calculated to be 13 9%,.

The close structural relationship which, on the basis of the above
similarities, seems to exist between Sr(OH), and Sr(OH),.H,0O is probably
responsible for the ease with which the monohydrate can be reconstituted
in a well crystallised condition at room temperature on exposing the anhydrate
to atmospheric moisture. Knowledge of the atomic arrangements in these
two compounds would permit a more detailed description of the geometrical
changes underlying this process.

Similar results to those described here have been obtained for the system
Ba(OH), - H,0. These will be reported later.
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