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The Crystal Structure of SrBe304* 
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(Received 23 September 1968) 

The crystal structure of SrBe304 has been derived and refined from X-ray diffraction data. The hex- 
agonal unit cell with a0=4.5961, c0=8.9300A contains two formula weights and conforms to the 
space group P-62c. The basic structure is composed of nearly close-packed layers of oxygen and stron- 
tium atoms in which strontium atoms occupy sites of ninefold anion coordination. Four of the beryl- 
lium atoms in each cell have normal tetrahedral oxygen-atom environments but the other two are 
trigonally coordinated to oxygen. 

Introduction 

Previously reported determinations of crystal structures 
of Ca12Be17029, Y2BeO4, and La2Be205 (Harris & 
Yakel, 1966, 1967, 1968) show that beryllium-oxygen 
atom coordinations may occur as either planar trigonal 
BeOa groupings or as the more usual tetrahedral BeO4 
groupings. While the problems besetting experimental 
verification of thermodynamic stability in these sys- 
tems are by no means resolved, we believe that trig- 
onal coordinations occur in unstable or metastable 
phases. 

We describe here the crystal structure of a strontium 
beryllium oxide compound whose composition was 
fixed by the structural analysis as SrBe304. Good 
agreement is found between our X-ray diffraction data 
for SrBe304 and powder diffraction data for a com- 
pound called Sr2Be90~, reported by Mercer & Miller 
(1964, 1966). The SrO-BeO equilibrium diagram 
(Levin, Robbins & McMurdie, 1964) shows only one 
phase, called SrBe4Os, lying between SrzBe305 and BeO. 
The diagram indicates a peritectic decomposition of 
this phase at 1380 °C. 

Experimental 

Single crystals of SrBe304 were grown from a mixture 
of 1SrO (as SrCO3):4BeO which was heated on the 
platinum strip of a resistance furnace to about 1400 °C, 
in air. The mass appeared essentially molten at this 
temperature. The mixture was cooled to 1000°C at an 
average rate of 10°C min -1 and then rapidly brought 
to room temperature by cutting off power to the strip 
heater. The resulting material consisted of colorless, 
clear crystals of SrBe304 as the major phase and BeO as 
a minor phase. We were not able to form SrBe304 by 
solid state reactions, and we observed partial decom- 
position of the compound on heating to 1100°C. 

The SrBe304 crystals had a plate-like morphology 
and were optically isotropic when viewed normal to 

* Research sponsored by the U.S. Atomic Energy Commis- 
sion under contract with the Union Carbide Corporation. 

the plate faces, but birefringent when viewed in other 
directions. A unaxial positive optic figure was observed. 
Refractive indices measured parallel and perpendicular 
to plate face normals were n,--1.72 + 0-01 and no,= 
1.71 +0.01, respectively. Occasional cleavages normal 
to the plate faces intersected at 120 ° angles, suggestive 
of hexagonal or trigonal symmetry. 

The single crystal selected for X-ray diffraction ex- 
periments can be described as a halved hexagonal prism. 
The halving occurred normal to basal pinacoid faces 
{0001} and parallel to a trigonal prism face {10]0}. 
The crystal dimensions were 0.025 mm between pina- 
coid faces and 0.100-0.150 mm between prism faces. 
The mounting fiber's direction was close to what was 
later shown to be an hexagonal a axis. 

Film data collected using Cu K0c (,~= 1.54178 A) and 
M o K e  (A = 0.71069 A) X-radiations confirmed the 
hexagonal crystal system and showed 6/mmm Laue 
symmetry. The only observed systematic space group 
absences occured for reflections hh.l with l odd. Pos- 
sible space groups were therefore P63/mmc, P-62c, and 
P63mc. Since the crystals showed a pyroelectric effect 
normal to the c axis, the space group P-62c, D4h was 
selected as most probable. Absences were also noted 
for reflections hk. l with h - k  = 3n and l odd. 

The crystal was mounted on a computer-controlled 
four-circle diffractometer (Busing, Ellison, Levy, King 
& Roseberry, 1968) for the measurement of reflection 
scattering angles and the collection of intensity data. 
Cu K~ X-radiation was used for the former measure- 
ments. Lattice parameters derived from them were 
a0=4.5961 +0.0002 and c0=8.9300_+0.0004 A. The 
theoretical density, computed with two formula weights 
of SrBe304 per cell, is 3.6306+0.0005g.cm -3, which 
may be compared with an observed density of 3.4 + 
0.1 g.cm -3 measured with an 0.014 g. sample weighed 
in a Berman balance. Prior to definition of the stoi- 
chiometry by the structural analysis, the observed den- 
sity and unit cell volume indicated that the number of 
strontium atoms per cell is probably two. 

Intensity data were initially collected with Cu Ke 
X-radiation. This set included a total of 486 measured 
reflections of which 117 were non-equivalent and al- 
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lowed by the space group. The data were corrected for 
Lorentz, polarization, and absorption effects. In the 
latter correction, the crystal shape was approximated 
by seven bounding planes and the ORABS program 
(Wehe, Busing & Levy, 1962) was used to generate 
transmission coefficients. A linear absorption coef- 
ficient corresponding to the stoichiometry SrzBe9On 
was assumed; this small error was later rectified when 
the true composition became apparent. Relative IFI z 
values were placed on an approximate absolute scale 
following the method of Wilson (1942). Again, a small 
error was introduced in this scale factor owing to un- 
certainty regarding composition. 

A second intensity data set was collected with 
Mo Ke X-radiation after we had obtained the trial 
structure. This set included 520 nonequivalent, space- 
group-allowed reflections. Corrections were applied as 
described above, except that the linear absorption coef- 
ficient for SrBe304 was used in the absorption correc- 
tion. In the final stages of refinement, we corrected 
these data for secondary extinction by the method of 
Zachariasen (1963). 

Structure derivation and refinement 

A three-dimensional Patterson function, computed 
from the Cu K~ data set, showed peaks consistent 
with atoms in the following positions of space group 
P'62c: 2 strontium atoms in 2(c) (½, 2, ¼; 2, ½, ¼); 6 oxygen 
atoms in 6(g)(x, 0, 0; etc. with x ~ 2); 2 oxygen atoms in 
2(d)(3z_,½,¼; X~,z,~j.z aa The presence of 4Be atoms in 

1 2 . ~0.58) was also suggested. 4(f)(½,x, z, etc. with z 
Atom form factors used in structure factor calcu- 

lations were those given by Cromer & Waber (1965) 
for Be 2+ and Sr 2+, and by International Tables for X-ray 
Crystallography (1962) for O-. Anomalous dispersion 

corrections to the strontium atom form factors were 
taken from the latter source. A structure factor calcu- 
lation including only strontium atoms was used to ob- 
tain approximate phases for an electron density map 
of the structure. In this synthesis we found the 2 stron- 
tium, 6 oxygen, and 4 beryllium atoms located with 
the Patterson function and also found 2 beryllium 
atoms in positions 2(a)(0,0,0; 0,0,½). No other sig- 
nificant peaks appeared in the map, and it was at this 
point in the analysis that the 1SrO: 3BeO stoichio- 
metry was tentatively accepted.* 

The Mo Ka intensity data set was then collected, 
corrected, and used to refine the trial structure by 
iterative least-squares calculations. The weighting 
scheme used in previous analyses (Harris & Yakel, 
1967, 1968) was adopted. The final least-squares cycles 
were computed with anisotropic atom temperature 
factors and resulted in measures of agreement R1 = 
0-047, R2=0.052, and a=0.80, where RI=S, ( I lFIo-  
IFIcI)ISIFIo, R2=S(IIFI2o-IFI~I)IrlFIo 2, and a =  

1/~r w (IFIo 2 -  IFI~) 2 / ~ -  m. In the definition of a, w is a 
weight, n is the number of observations, and m is the 
number of variable parameters. Sums were taken over 
all 520 nonequivalent reflections. A difference map, com- 
puted from the final values of Fc and with all atoms 
removed, showed no peaks containing more than 0.5 
electron. 

Atomic positions and thermal parameters from the 
final least-squares cycle are listed in Table 1. These 
parameters yield IFIc values that are compared with ob- 
served IFIo values in Table 2. 

* Note added in proof: - The compound is most probably 
identical with that studied by Mercer & Miller (1964, 1966) 
and possibly identical with that reported by Levin, Robbins 
& McMurdie (1964); we would ascribe the differences in for- 
mula to inaccuracies in chemical analysis. 

Table 1. Atomic parameters for SrBe304 

Least-squares standard errors are given in parentheses. 

Fractional position parameters 
^ 

x y z 
Sr ½ ~ ¼ 
Be(l) ½ ~ 0"57075 (37) 
Be(2) 0 0 0 
0(1) ~- ½ ¼ 
0(2) -0.33371 (43) 0 0 

Thermal vibration parameters* 
, ^ 

Bll B22 B33 B12 B13 B23 
Sr 0.00790 (11) 0.00790 0.00114 (2) 0-00395 0 0 
Be(l) 0.00767 (87) 0.00767 0.00102 (24) 0.00383 0 0 
Be(2) 0.00542 (122) 0.00542 0.00181 (40) 0.00271 0 0 
O(1) 0-01381 (85) 0-01381 0"00105 (19) 0.00690 0 0 
0(2) 0.00427 (50) 0"00517 (79) 0.00212 (11) 0.00258 -0-00032 -0.00063 (30) 

* Coefficients in the expression Bllh2+B22k2+B3312+2B12hkW2B13hl+2B23kl. For atoms Sr, Be(l), Be(2), and O(1), 
B2z = Bll, B12 = Bll/2, B13 = B23 = 0. For atoms O(2), B12 = B22/2, B13 = B23/2. 
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Table 2. Comparison of observed and calculated IFI Values 

F C =  10. ]Flcale, F O =  10. IFiobs. S IG=  10. o'(IFJobs), where o'(IFlobs) is defined as a(FobsZ)/2lFlobs unless Fobs 2 is less than 1 
(indicated by a W to the right of  the entry for SIG in the Table), in which case SIG=a(Fobs2).  PH=tan-](Bea]e/Aca]e) to the 
nearest degree. 

1 391 393 6 185 
2 306 306 5 186 
3 7~  717 11 5 
4 186 178 5 189 

146 1~3 6 191 
353 3z~8 6 8 

7 88 8~ 13 195 
8 66 67 t7 198 

9 167 173 7 12 

m H 1 0 m 

I 639 ~ lO 3~1 
2 257 260 4 187 

3 203 203 k 189 
4 329 327 6 353 
5 125 125 6 192 
6 98 98 10 194 

7 139 133 9 354 
8 54 ~8 22 199 
9 42 55 18 202 

2 46b, ~52 7 25 
3 169 168 4 190 

4 135 134 6 191 

5 24t 2~5 6 30 

7 61 55 15 199 
8 112 108 IO 45 

3 ~28 426 7 7 
112 105 8 193 

5 87 92 8 196 
6 219 221 6 I1 

7 52 57 19 200 

4 171 17~ 7 355 
5 68 65 12 197 

6 54 57 17 199 

7 67 68 15 353 

H 5 O '~  

5 128 135 7 42 
6 43 39 22 205 

1 398 ~0 6 188 

2 345 342 5 10 
3 o 25 13 o 

4 2~,0 238 • 5 192 

5 195 187 5 14 

6 o 2~ 32 0 
? 120 116 9 199 
8 91 8~ I0 23 
9 0 0 21 0 

ee, e H 1 I m 

2 308 303 5 190 

3 259 258 5 12 
4 0 0 11 236 

5 171 172 6 196 
6 l j 5  t36 7 18 

7 o o 22 241 

8 79 89 12 205 
9 61 60 17 28 

H FC FO SIG PH 

5 96 105 12 202 
6 76 84 13 25 

0 0 19 236 

H 5 i m 

6 60 76 1,3 209 

H o 2 

0 267 2~.7 ~ 195 

H FC F0 SIG PH H FC FO SIG PH H FC FO SlG PH H FC FO SIG PH 

erllnlt H 2 J m I ~tt* H 1 5 m t m H I 7 m I m H I ~ ~ *  

1 377 386 6 
2 306 309 5 
3 223 220 4 196 

190 189 ~ 9 
5 152 157 5 I I  
6 118 123 7 206 

7 90 97 I I  15 
8 69 70 15 17 
9 45 55 19 232 

757 7~  ' 12 205 
2 262 261 4 7 
3 208 206 ~ 8 

4 352 349 6 205 

5 133 134 6 IZ 

7 18~ 193 7 213 
8 61 54 20 20 

9 45 50 17 22 

2 ~.22 ~.25 7 171 
3 176 18~ 4 9 

zl 142 137 6 I I  

5 216 217 6 175 

6 86 98 11 14 
7 67 68 16 17 
8 102 103 1o 175 

~ "  H 3 2 *~*  

3 146 139 6 202 
4 115 106 9 13 

5 91 83 13 14 
6 63 72 15 220 

7 53 49 19 21 

4 211 209 7 211 
5 75 81 15 17 

6 56 63 18 20 
115 112 10 219 

H 5 2 m 

5 116 110 1~ 175 
6 z~, 26 37 20 

H 0 3 m 

1 455 46~, 7 7 
2 4O5 ~O5 6 188 

3 0 0 8 0 
4 285 286 5 10 

5 232 234 5 192 
6 0 26 32 o 
7 138 140 8 t7 

8 I06 108 10 199 
9 0 0 21 0 

2 365 362 6 9 
J 307 307 5 190 

4 0 0 8 238 
5 203 202 6 13 

6 156 I49 7 195 

7 0 0 2~ 241 

8 91 99 t I 22 
9 68 67 15 ZO~ 

H 2 3 * ' ~  

3 266 263 5 11 

216 216 5 t93 
5 0 23 27 120 

6 132 131 9 17 

7 100 88 13 201 
8 0 0 21 120 

"1'* H 3 3 *~*  

~, 177 182 6 1~, 

5 I~0 147 8 196 
6 0 36 29 0 

7 81 89 8 22 

5 
6 5 111 122 7 19 

6 85 78 11 202 

H 5 3 m 

6 69 78 I0 2~ 

0 986 943 15 4 
1 265 269 4 187 
2 221 219 ~ 188 

3 58~ 576 9 6 
4 145 149 5 192 
5 116 126 6 194 

6 301 299 6 10 
8 55 67 16 201 
9 t~8 147 8 14 

1 466 469 7 3k z~ 
2 192 195 4 189 
3 157 156 ~, 191 

~. 26O 263 5 353 
5 1oi I l l  8 194 

6 80 83 9 197 
112 99 12 35 ~, 
~6 43 25 202 

9 36 34 29 206 

m H 2 ~ m 

2 371 36Z~ 6 28 

3 t3~ 139 5 193 
108 101 6 19 ~, 

5 203 2o~ 6 34 
6 68 7~ 10 2OO 
7 51 19 59 203 
8 100 105 10 50 

3 360 358 6 9 
91 83 8 196 

5 72 73 12 199 
6 191 190 7 12 
7 44 56 19 203 

z~ 137 145 8 35W 

S 56 5~. 18 201 
6 46 61 18 203 

* * *  H :5 ~ ,e*-* 

5 113 127 9 47 
6 37 59 17 209 

H O 5 

30~ 306 5 191 
2 273 277 5 12 

3 0 0 8 0 
20z~ 2 t l  5 19~. 

5 166 171 5 16 
6 0 0 18 0 

7 106 105 I I  201 

8 80 68 17 26 

9 0 0 21 o 

m H t 5 

3 223 217 5 193 
4 183 177 5 15 

5 0 30 27 I t 7  
6 113 110 10 200 

? 87 87 12 23 

8 o o 20 I t 9  

m H 3 1 

152 Iz*6 7 197 
5 119 t l J  IO 2o 
6 o o 20 o 

7 72 79 I~  206 

2 251 259 5 192 

3 218 214 5 14 
0 0 13 240 

5 1~7 138 7 197 
6 118 127 9 21 

7 0 3t 25 239 
8 70 55 21 206 

" * *  H 2 5 "1'* 

3 189 190 5 195 
~, 157 163 6 16 
5 o o 19 120 

6 99 9 ~, 12 203 
7 77 80 I1 25 
8 0 0 21 120 

* * *  H 3 5 

133 125 8 199 
5 1o~ 112 10 22 

6 0 31 35 0 
7 66 70 16 208 

5 85 81 14 204 

6 69 56 20 28 

mint H o 6 m 

0 JSI ;15.'1 6 191 

307 310 5 6 

2 27 ~, 280 5 7 
3 275 281 5 193 
4 193 I~ 5 9 
5 156 155 6 10 
6 140 129 9 201 
7 94 93 13 1~. 

8 72 7~ 12 16 
9 53 58 1~. 221 

1 596 598 9 200 
2 248 253 5 7 
3 2O9 212 5 8 
4 356 363 6 202 
5 l j 8  14z~ 7 11 

6 107 I l l  7 tJ  
7 187 200 7 210 

8 63 73 lZ~ 18 

H 2 6 * *~  

2 ~.15 z~21 7 175 
3 180 178 5 9 

z~ 147 147 7 10 
5 227 229 7 177 
6 90 8z~ 15 13 

7 69 76 15 16 
8 106 t l J  I0 177 

m H 3 6 * *~  

3 175 168 7 198 
12 z~ 120 l t 7  9 

5 95 lOt 9 13 
6 75 80 12 212 

7 55 61 18 19 

H 4 6 " "  

4 216 219 7 208 
5 77 75 12 16 

6 59 78 14 19 

H 5 6 * * *  

5 122 120 1o 177 

H 0 7 

301 297 5 11 
2UO 282 5 191 

;1 o o 11 o 

208 21~ 5 1~ 

5 17k. 183 6 195 
6 0 0 20 0 

7 106 I01 9 21 
8 86 9~ 12 203 
9 0 0 21 0 

m H t 7 

2 258 269 5 12 
3 223 228 5 193 

4 0 29 26 239 
5 154 154 7 17 

6 119 128 9 199 
7 0 29 29 240 
8 7~ 77 12 26 

3 197 202 5 14 
4 162 163 7 197 

0 0 22 120 
1o3 100 13 20 

8O 77 13 2O6 
0 0 21 120 

m H 3 7 * ,* t  

4 13~ 139 8 18 

5 110 109 8 200 
6 O 0 18 0 

7 65 73 15 27 

H z, 7 m 

5 89 8O t5  24 
6 68 82 14 206 

0 535 559 8 7 

1 157 163 5 192 
2 14J 1~  5 192 

3 ~O9 41~ 7 8 
4 108 I1~ 8 195 

5 89 86 I1 197 
6 239 242 7 I I  
? 58 62 I~ 2O2 

8 45 43 23 205 

9 12~ 121 9 16 

* " *  H I 8 

1 303 307 6 352 
2 132 132 6 193 

J 115 116 7 19~ 
191 192 6 355 

5 78 83 9 198 
6 6J 60 15 201 

7 86 95 10 356 
8 38 ~6 2~ 206 

2 274 281 6 30 

J lOO lOl  9 196 

4 83 75 14 198 

5 162 165 8 39 
6 54 55 16 204 

7 ~2 51 17 206 

H 3 8 

J 280 278 6 I I  
4 71 91 12 199 

5 57 59 22 203 
6 158 159 El 14 

7 ,37 45 24 207 

4 I0~ 95 14 356 
5 ~6 ~5 22 204 

6 38 ~8 17 206 

5 96 86 I~ 51 

* ' ~  H 0 9 

I 289 286 5 191 
2 267 268 5 I I  

3 0 28 26 0 
4 206 207 6 193 
5 167 161 8 15 
6 o o 2~ o 
7 109 11o 11 200 

8 81 8~ 14 2~ 

* '**  H 1 9 

2 2k9 2~J~ 6 191 

3 219 219 6 13 
0 25 36 2~0 

120 128 10 
7 0 o 24 24o 
8 71 75 I I  204 

m H 2 9 m 

3 190 190 6 19~ 

158 169 7 15 
5 0 0 25 120 

6 100 106 12 202 
7 79 6~, 19 22 

H 3 9 m 

4 135 118 I1 198 

5 105 90 I t  21 
6 0 30 39 0 

m H ~ 9 

5 86 82 11 201 

6 71 74 15 25 

0 245 2~7 6 19~ 
197 202 5 9 

2 183 176 6 9 
3 196 195 6 197 

4 138 137 8 11 
5 115 109 11 13 

6 10~ 107 12 2O6 
? 72 84 15 17 

8 57 59 18 19 

I 385 387 7 201 
2 170 177 6 IO 

265 263 205 

5 103 86 15 14 
6 81 80 12 16 

7 151 147 ~ 212 

8 51 32 25 21 

2 291 286 6 178 

3 130 127 7 I1 
4 109 112 11 13 

5 172 160 10 178 

6 70 72 15 16 

7 55 69 17 19 

* '** H 3 10 

3 127 136 9 203 
4 90 89 I1 15 

5 73 68 19 16 
6 60 64 17 218 

4 171 162 9 211 

5 61 66 19 19 

183 186 6 16 
2 174 17~ 6 197 

3 o o I~ o 
134 140 8 20 

5 116 119 11 201 
6 0 0 19 0 

7 74 58 23 28 
8 64 6~ 18 209 

163 160 7 18 
3 1~2 122 10 198 

0 32 35 2~1 

5 104 97 14 2k 
6 82 85 12 205 

7 o o 19 240 

H FC F0 $IG PH 

m H 2 I I  

129 1~2 tO 19 
I09 IO0 13 2O3 

5 0 0 25 120 
6 74 73 16 26 

7 60 58 15 21J 

m H j 11 

9o 85 17 24 
5 78 75 16 206 
6 0 31 38 0 

en~ H ~ I1 m 

5 65 7~ 17 31 

H 0 12 m 

0 406 411 7 8 
I IJ? l J~  7 192 

2 128 127 8 193 

3 336 j i g  7 9 
4 I00 119 IO 195 
5 8~ 81 17 196 

6 208 201 8 12 

7 56 k l  31 201 
8 4J~ 38 29 20~ 

H 1 12 

1 26~ 265 6 358 

2 120 127 8 193 

3 106 108 I I  194 

175 180 8 359 
5 74 ~1 36 197 
6 61 81 12 200 
7 83 80 1 6 360 

m H 2 12 m 

2 2~O 237 7 2? 
3 9J~ 108 12 196 
4 79 82 17 197 
5 147 I J l  I1 J6 

6 52 38 35 203 

m H j 12 

J 242 2J9 8 11 
68 61 22 198 

5 55 58 20 202 
6 I~0 137 9 15 

1 115 118 6 1~ 

2 109 106 10 I~ 

3 115 110 11 206 

4 86 78 17 16 

5 73 72 IS 18 
6 67 57 17 218 

7 49 ~J 27 22 

I 236 242 6 207 
2 10 j  I0~ I1 15 

3 91 79 22 16 

176 169 9 211 
5 67 60 22 19 

6 5~ 43 29 21 

2 178 170 8 181 

3 82 88 22 16 
4 70 61 21 18 
5 113 118 I I  181 
6 ~ 47 2J 21 

3 79 95 13 214 

4 59 51 21 20 
5 50 50 22 21 

122 118 10 216 

m H 0 15 

1 152 1~9 8 17 

2 1~5 IJ3 9 198 
3 0 0 24 0 
k 113 106 13 21 
5 100 104 12 202 
6 0 ~I 37 0 
7 66 60 17 28 

H 1 15 

2 136 130 9 19 

3 120 114 12 199 
0 0 18 240 

91 93 12 25 
?2 79 14 2O5 

4 99 95 12 360 

5 45 51 22 203 

H 0 13 *~ 

t 192 197 6 195 
2 178 178 7 15 

3 o o 21 o 
4 1~3 133 10 197 

5 117 123 12 20 
6 0 33 35 0 
7 82 8O 12 204 

m H 1 13 ~ ' *  

2 168 170 7 195 
3 151 137 t0 17 

4 0 0 26 241 
5 105 100 14 200 
6 9o 91 15 2~ 

7 o G 22 21.O 

J l j 2  133 8 199 
112 108 I I  19 

5 0 0 27 121 

6 75 67 18 207 

~m H 3 13 

99 97 I~ 202 
5 78 79 15 26 

0 1~1 133 6 203 

3 110 117 10 20 

4 9~ 95 I0 204 
5 0 23 ~8 120 

,n~  H 3 1.5 m 

79 75 15 25 

5 70 72 12 206 

0 269 278 6 I I  
94 IOO 11 195 

2 89 85 14 t96 
3 230 225 7 12 

4 72 77 16 198 
5 61 66 13 200 

6 151 151 8 15 

176 180 7 2 
2 84 85 10 195 

76 82 11 198 
121 124 10 3 

5 55 58 15 201 
6 ~6 32 22 203 

2 169 170 6 30 

3 68 66 16 199 

4 50 55 18 200 

5 110 109 10 38 

H FC FO SLG PH H FC FO SIG PH 

14 3 16 *.me 

3 172 t53 8 14 
h 51 ~,8 16 202 

m H 0 17 

102 91 13 20t* 

2 95 105 I I  25 
3 o 32 3~ o 

z, 81 83 13 207 
5 68 71 15 31 

6 0 0 19 0 

H I 17 

2 91 87 13 205 
3 85 85 13 28 
4 0 0 22 241 
5 63 59 16 210 

H 2 17 m 

3 75 83 t3 210 
~, 66 52 20 29 

H 3 17 

~, 62 62 I.~ 212 

~1~ H o 18 m 

0 116 I1~, 10 20k 
85 82 13 16 

2 81 72 15, 16 
3 97 93 12 207 

66 68 15 18 
5 57 58 12 20 

, . r ,  H i 18 

178 179 ? 207 
2 77 79 12 17 
3 69 68 13 18 

137 137 8 210 

* * *  H 2 18 "~ t  

2 t37 13~ 9 18~ 
3 63 69 14 19 

4 55 66 14 20 

*~  H 3 18 * * *  

3 71 56 13 213 

,~  H o 19 

I 102 106 10 22 
2 98 99 9 203 

79 ? 12 26 

2 93 96 10 2~ 

3 83 81 12 20~ 
4 0 29 29 2~0 

~tw H 2 19 m 

3 78 72 13 25 

H 0 20 weel 

0 153 146 8 16 

5~ 49 20 204 
2 51 35 27 20k 

3 135 130 8 17 

' ~  H 1 20 *~  

I 9~' 101 9 9 
2 ~9 55 17 205 

3 k5 40 21 206 

m H 2 20 * ' ~  

2 102 96 ? 39 

*-m.m H 0 21 

I 74 74 9 209 
2 70 72 I0 30 

A C 25B - 15" 
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Description of the structure 

Impor tant  interatomic distances and angles were com- 
puted from the parameters of Table 1 with the ORFFE 
program of Busing, Mart in  & Levy (1964). They are 
given in Table 3. 

Table 3. Interatomic distances and angles in SrBe304 

Distances 
Standard 

D deviations 
(3)* Sr--O(1) 2-6536 A 0.0001 A 
(6) Sr--O(2) 2-7071 0.0006 
(1) Be(1)-O(1) 1.601 0.003 
(3) Be(1)-O(2) 1"656 0.002 
(3) Be(2)-O(2) 1.534 0-002 

Angles 
Standard 

Angle deviations 
(2)* O(1)-Sr ---0(1) 120 ° - -  
(2) O(1)-Sr - - 0 ( 2 )  60"652 0"07 o 
(2) O(1)-Sr - - 0 ( 2 )  90.03 0.04 
(2) O(1)-Sr - - 0 ( 2 )  119.31 0.03 
(1) O(2)-Sr - - 0 ( 2 )  111.11 0.03 
(2) O(2)-Sr - - 0 ( 2 )  58.66 0.03 
(2) O(2)-Sr - - 0 ( 2 )  147.14 0"01 
(3) O(1)-ae(1)-O(2) 112.4 0.1 
(2) O(2)-Be(1)-O(2) 106"4 0"1 
(2) O(2)-Be(2)-O(2) 120 - -  

* Numbers in parentheses preceding interatomic distances 
indicate the number of symmetrically equivalent distances 
about the metal atom named. Those preceding angles indicate 
the number of symmetrically equivalent angles about the vector 
from one of the set of oxygen atoms named first to the metal 
named. 

The structure contains pseudo-close-packed layers 
of  atoms in a hexagonal  sequence AB1AB2ABx... 
A layers consist only of  oxygen atoms with no vacan- 
cies; B layers have an equal and ordered distr ibution of 

oxygen atoms, s t ront ium atoms, and vacancies. The 
latter are at positions 2(b) (0,0,¼; 0 ,0 , l ) ,  and the lo- 
cation of s t ront ium or oxygen atoms at x--½, y = ~  
distinguishes the B1 and Bz layers. The deviation from 
close-packing is apparent  in the deviation of the axial 
ratio (c/2)/(a/(3)= 1.683 from the ideal value of 1.633. 
Finally,  beryl l ium atoms 4( f )  are located in tetrahedral 
interstices between A and B layers, while beryl l ium 
atoms 2(a) are trigonally coordinated with A-layer- 
oxygen atoms. 

These arrangements are shown in Fig. 1, a stereo- 
scopic drawing prepared with the ORTEP program 
(Johnson, 1965). The ninefold coordinat ion of oxygen 
atoms about  a s t ront ium atom forms a trigonal pr ism 
with three addit ional  coordinating oxygen atoms in the 
prism midplane,  but  skewed with respect to the prism 
face centers. The average s t ront ium-oxygen separat ion 
in this group is 2.69 A, which may be compared with 
separations of 2.57 and 2"75 A for Sr-O separations 
in sixfold [e.g. SrO (Gerlach, 1922)] and twelvefold [e.g. 
SrTiO3 (Goldschmidt,  1926)] coordinations, respec- 
tively. 

The trigonally coordinated beryll ium atom is at the 
center of  an equilateral triangle of oxygen atoms with 
all Be-O distances equivalent by symmetry and 1.535 A 
in length. This value is consistent with previous ob- 
servations of similar groups in YaBeO4 and CalaBe17029 
(Harris & Yakel,  1966, 1967, 1968). The tetrahedra of 
oxygen atoms about  the four-coordinated beryll ium 
atoms form end caps on the trigonal prisms of stron- 
t ium-oxygen coordinat ion polyhedra. These tetra- 
hedra contain three symmetrically equivalent Be-O 
separations of 1.656 A and one shorter 1.600 A con- 
tact. The short separation occurs in a line parallel  with 
the c axis and is probably the result of repulsion by the 
strontium atom lying on that  same line and screened 
from a 4( f )  beryll ium atom by three oxygen atoms of a 
trigonal prism (or tetrahedron) base. 

Fig. 1. Stereoscopic drawings of the environs of the strontium atom in SrBe304. The c axis is approximately vertical while an a 
axis is almost normal to the plane of view. The strontium atom is centlal in each drawing. Atoms are represented by thermal 
displacement ellipsoids including 99.7% probability (4 x r.m.s, displacement). Bounding and principal ellipses only are shown 
for strontium and beryllium atoms; forward principal axes are added for oxygen. 
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Results of this analysis, together with the previous 
work cited in the introduction, again illustrate the 
occurrence of unusual trigonal beryllium oxygen coor- 
dinations in oxides lacking clear thermodynamic sta- 
bility. 

The authors gratefully acknowledge the cooperation 
of H.A. Levy and R.D. Ellison who made their auto- 
mated four-circle diffractometer available for the in- 
tensity estimations. We also thank O.C. Kopp who 
measured the density of the crystals. 
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The Crystal Structure of Sparteine-N(16)-oxide Sesquiperchlorate 
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Sparteine-N(16)-oxide sesquiperchlorate, 2C1sH26N20.3HC104, crystallizes in the space group P21212. 
The unit-cell dimensions are a= 18.01, b= 12.47, c=8.14 ,~ and Z=2.  The structure has been refined 
by block-diagonal least squares to the R value of 0.096 with use of photographic data for 1894 observed 
reflexions. All four rings of this compound are in the chair conformation and the oxygen atom is 
attached to the nitrogen atom of the cis-quinolizidine system. The crystallographically symmetrical 
hydrogen bond between the oxygen atoms of two neighbouring molecules of the alkaloid was found 
to be 2.479 + 0.008 .~. 

Introduction 

The X-ray analysis of 0Msosparteine monohydrate, 
(Przybylska & Barnes, 1953) confirmed the cis-cis con- 
figuration proposed for c~-isosparteine by Marion & 
Leonard (1951), as the two hydrogen atoms, at C(6) and 
C(11), were found to be cis with respect to the methyl- 
ene bridge. The molecule consists of two trans-quino- 
lizidine systems (see Fig. 1). The results of the molec- 
ular and crystal structure determination of 7-hydroxy- 
fl-isosparteine perchlorate, which is the trans-trans com- 
pound and has two cis-quinolizidine systems, were 

* National Research Council of Canada Postdoctorate 
Fellow, 1965-67. Present address: Physics Department, Uni- 
versity of Allahabad, Allahabad, India. 

published by Pinkerton & Steinrauf (1967) when this 
investigation was in its final stages. Sparteine-N(16)- 
oxide sesquiperchlorate is the first cis-trans Cls lupine 
alkaloid studied by X-ray analytical methods. 

On the basis of chemical and physico-chemical evi- 
dence the oxygen atom was expected to be attached to 
N(16) of the cis-quinolizidine system; however, a con- 
firmation of this fact by a structural determination was 
considered useful, as both types of evidence had weak 
points. 

The conformation of the rings was also of interest 
because the inversion of N(16) can apparently readily 
take place in solution, transforming the ring C into a 
boat form (Bohlmann, Schumann & Arndt, 1965; 
Wiewiorowski, Edwards & Bratek-Wiewiorowska, 
1967). 


