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The crystals of calcium ditodate(V) hexahydrate, Ca-
(105)2 . 6H,0, are orthorhombic, space group Fdd2
with 8 molecules in the unit cell. The structure con-
sists of pyramidal anions joined to one another in
chains by intermolecular I...Q interactions. The
chains are held together by calcium ions and by hy-
drogen bonds between water molecules and anions.
The coordination polyhedron around calcium can be
described as a square antiprism, with distances Ca—
0=2.43-2.57 A. In the pyramidal anion the distan-
ces between oxygen and iodine atoms are [-O—=1.78,
1.90, 1.85 A. The environment of the iodine atom
is approximately octahedral: the coordination is com-
pleted by two water molecules and by one oxygen
atom of another anion.

Introduction

As part of researches on calts of oxyacids of hep-
tavalent and pentavalent iodine, we have now deter-
mined the structure of the crystals of calcium diiodate-
(V) hexahydrate, Ca(10s), . 6H,O

Experimental Section

Preparation. The crystals of the compound are ob-
tained' in form of colorless prisms by concentrating
solutions of calcium carbonate in periodic acid and
concentrated hydrochloric acid.

Cristal Data. Compound: calcium diiodate(V) he-
xahydrate, Ca(1Os),.6H,O; F.W. 498.02

Crystal class: orthorhombic pyramidal

Unit cell: (from rotation and Weissenberg photo-
graphs around [010] and [001], CuKea radiation,
A=1.5418 A)
a=23.02(2), b=14.82(1), ¢=6.39(1) A;
V=2180.0 A% Z=8;
D.=3.03, D,=2.97 gcm™® (by picnometer method);
wW(CuKa)=497.0 cm™!;

Space group: Fdd2 (C(19) - No. 43) from system-
atic absences; the crystals are piezoelectric.

Intensity Data. Three-dimensional intensity data

(1) M. Biagini Cingi, F. Emiliani, and C.

Guastini, Acta Cryst., 23,
1114 (1967).
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have been determined photometrically on integrated
equi-inclination Weissenberg, photographs (multiple
film technique) of layers hQ¢,h14,...,6h3¢ and hkO,
hkl, ..., hk5 (626 independent reflections out of 685
possible).

Calculations. Usual Lorentz and polarisation cor-
rections, but not anomalous dispersion corrections,
have been applied. Absorption corrections have been
applied as for cylindrical specimens with uRo0=8.5
(crystal section 0.28>0.40 mm); pRiwy=5.0 (crystal
section 0.19X0.25 mm). Interlayer scaling constants
have been calculated by the method of Rollet and
Sparks’.  Atomic form factors from Cromer and
Mann® have been used.

The structure has been solved by Patterson and
Fourier methods and refined by differential syntheses.
Anisotropic temperature factors have been introduced
following the method of Nardelli and Fava* although
their physical significance is doubious. The final con-
ventional agreement index was R=11.8%. The com-
puter programs prepared by Nardelli and coworkers®®
have been employed.

Table 1. Fractional atomic coordinates (with e.s.d.’sx10%).
x y z

1 1393(1) 4853(1) 1833(4)

Ca 2500(4) 2500(4) 2500(15)
O(1) 0669(12) 5281(18) 1848(49)
Q) 1785(11) 5826(7) 3166(38)
0O3) 1558(17) 5162(17) —0915(40)
H,O(1) 2442(13) 0858(18) 1613(50)
H,0() 1537(21) 1974(12) 3443(113)
H,0(3) 2747(14) 1525(15) 5562(59)

All the calculations have been performed on the
computer Olivetti Elea 6001/S of Centro di Calcolo
Elettronico of the University of Parma.

The results of the structure determination are re-
ported in Tables I-VL.
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Table 1. Anisotropic thermal parameters (&7 *
B, By By B By By

1 1.669 0918 2.787 —0.011 0.077 0.049
Ca 1.513 0.841 2.760 0.129 0.073 —0.001
o) 2.624 0.389 4.177 0.483 —0.019 —0.067
0(2) 3.001 1.528 4.083 —0.185 —0.572 —1.081
0(3) 2.659 2.965 1.966 0514 —0.325 0.035
H.O(1) 1.072 2437 3.871 —0.683 0.191 —0.413
H:0(2) 3.411 0.371 4.807 0.137 0.173 —0.240
H,0(3) 2,137 2.420 4.098 —0.953 0.168 1.342

Shifts of the last cycle |AB:;|.=0.091

|ABy;|xe=0.293

* Bi;;=8nU,; referred to the base a*, b*, ¢*.

Table Wl. Observed and calculated structure factors.
= after F, indicates unobserved reflections.

L I S} ! LI S U 1 ! L "

tog, tog, og, tor, Voo, ler, bk ey Mg Rk 0R, MOE ok 1l0R, 0B b k1 lop top
: : : :;:: 436 3 3 7 90 9W 6 6 o WBe 185 9 5 7 S84 460 12 12 0 60l- B 16 & 2 536 524 20 12 ¢ 748 9y

1y0 3 7 1 119 uN 6 & 2 2718 2842 9 7 1 1633 1274 12 12 2 269 2523 ie 6 & 1326 1312 20 12 21 182 201)
0 1 2 e sw 3 73 1868 2427 6 & & 2005 2267 2 7T 3 i, 1624 12 12 4 60l 614 16 & 6 525 463 20 14 O 188- 2183
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0 4 © Slay a8 3 7 7 1002 8N ¢ 8 0 WM 2741 w7 7 359= g9B 12 14 2 796 740 l6 8 2 219) 2026 21 1 3 1%& 1733
O A A 4WM7 4732 3 8 1 2470 2723 6 B 2 1833 965 8 9 1 2BA? 2597 12 i 4 1291 1406 16 B & I 333 21 1 3 9e0 942
O 4 8 %% 1000 - 3 v ) 1162 1137 6 6 4 1981 2269 9 9 3 2393 2¥& 12 1§ O I7i- 143 Q6 B & 182 928 21 3 1 176) 1824
0O & 2 23 A} Y 9 3 162) 144 6 8 4 935 Bk 9 9 5 123 1330 12 1s 2 1950 219 16 1o o 2751 2421 21 3 3 1633 1as0
° & 2181 2181 39 7 8% 777 6 10 0 3538 057 9 1l ) 2341 22% 13 1 . 1279 1091 16 10 2 606 735 21 3 S 86) 900
0 8 0 4073 4638 3 11 1 429 2510 6 10 2 3220 3242 9 1L 3 122 1727 13 1 3 1326 1738 s 1o 4 1892 1778 2 > 1 151 1a%o
O 8 4 263 3084 3 11 3 1309 1509 6 10 4 925 715 9 11 5 1627 1ek6 13 1 3 377 481 16 12 o 1097 888 21 5 3 1734 1809
0 10 2 WM 211y 3 11 5 1202 1036 6 10 & 1851 1374 9 13 L 095 2824 13 1 7 612 583 16 12 2 2535 2496 21 S 5 984 71
¢ 10 6 2184 1537 3 13 1 1509 156l & 12 0 3685 27 < 13 3 2193 2218 13 3 1 le8s 1507 16 12 4 230 245 2 ? 1 2046 1756
0 12 o0 B ¥ 3 13 3 626 62l 6 12 2 412 407 9 13 5 1485 1380 13 3 3 1332 1598 16 14 0 2948 2719 21 7 3 1704 1744
O 17 & %8 1213 ) 13 3 96) 887 6 12 4 2181 2153 9 15 1 2158 2002 13 3 5 448 4lo ie 14 2 218 200 20 7 5 123 8l4
O 14 2 w06 438 3 15 1 1651 1607 6 12 6 395 397 9 135 ) les? 180B 13 3 7 ik SB4 16 16 O 18B= 131 21 9 1 1568 131
O 16 0 50~ 205 3 15 ) 907 818 & 14 o 1728 1305 9 17 L 2058 2225 13 5 1 1257 1570 47 1 1 1957 2066 21 9 3 1114 1208
0 16 4 28y 332 3 13 5 117- 615 6 14 2 2818 2888 10 O 2 4487 4948 L3 5 3 le21 1882 17 1 3 1220 1567 21 11 1 1462 1370
0 18 7 737 803 3 17 1 6% 76 6 1 4 572 472 10 0 6 1079 1652 13 5 5 855 788 17 1 5 1186 1289 21 11 3 1o&) 1103
111 497 m74 3 17 3 672 800 6 16 0 08 2662 10 2 O 4758 49 13 5 7 790 703 17 3 1 1886 2026 "21 13 1 182= %92
11 ) 048 3645 4 0 O 6976 603 6 ¥ 2 329 404 10 2 2 S13 448 13 7 1 2616 2420 17 3 3 873 1029 22 O 2 1869 2264
L1 3 e84 1469 4 0 4 986 4265 6 16 4 1532 1915 10 2 4 W90 3657 13 7 3 1722 1677 17 3 5 1291 1291 22 2 O 2818 2962
11 7 1182 995 4 0 8 996 136) 6 18 0 295 207 1o 2 & 242- 39 13 7 5 414 ;2 17 5 1 2175 2028 22 2 2 3 133
1 3 1 030 505 4 2 [+] 590- 192 6 18 2 1792 1% 10 4 0 1780 1567 v 9 1 2069 1631 17 5 3 1403 1384 22 2 4 1433 lese
1 3 3 384 Wae “ 2 2 5284 5943 7 1 1 3584 3827 10 o 2 1W0 M2 13 9 3 2011 1935 17 5 5 872 892 22 & [ 612 438
L3 5 13 165t 4 2 4 460 385 7 1 3 385 &0l 10 & 4 578 918 13 9 5 1368 1189 17 7 1 2011 1881 22 4 2 1951 2243
1 3 7 1279 11 o 2 6 1445 1826 7 1 5 1456 1728 10 & 6 1037 1287 13 1 1 2458 2035 17 7 3 802 833 22 3 & 248= 117
1 s 1 2872 13427 3 2 8 b= 84 7 1 71255 1246 10 L] 0 1290 078 13 1 3 1827 1793 17 7 5 1020 947 22 6 0 042 2874
103 3 2494 2934 4 4 D 6716 6814 7 3 1 333 3729 10 6 2 1892 1830 13 11 3 1138 1032 17 9 1 2098 18% 22 6 1 &I
) 5 S 1031 1043 4 4 2 1026 1214 7 3 3 2594 300 10 6 4 2005 2271 13 13 1 1509 1355 17 9 3 1255 1076 22 6 & 1A 1546
1 3 7 %01 812 4 o 4 3485 3938 7 3 5 1190 1489 10 6 L] 813 758 13 13 3 1433 1482 17 9 5 1ol 930 22 8 19 990 763
1 7 1 2389 972 4 4 6 377 “68 ? 3 7 1439 1329 io 8 0 314) 2708 13 15 1 1892 1790 17 11 1 1314 1158 22 [} 2 1692 1568
17 3 2058 235 4 4 8 52136 7 S 1 3125 2962 10 8 2 2901 2779 13 1S 3 1433 153 17 11 3 1326 1286 22 8 & A7)
1 7 5 1190 1451 4 6 ©0 1114 855 2 5 3 2925 IOL 10 8 4 155 1lell 13 17 1 14l= 1281 17 13 1 193 1750 22 10 © 1651 1521
1 7 7 117) 1000 4 6 2 4522 5266 7 5 3 1468 1411 10 8 6 955 784 14 O 2 3190 1649 17 13 3 955 1158 22 10 2 873 438
1 * 1 15% 2114 4 ] 4& 1061 1117 7 5 7 1208 1057 10 10 0 2294 2062 14 o 6 1474 2092 17 18 1 937 1107 22 12 0 ™ 666
1 9 3 209) 2420 & 6 6 1686 1610 7 7 1 2806 2647 10 10 2 2411 2208 14 2 O 3076 5324 18 O 2 W86 4358 22 12 2 Wk &0
1 9 5 949 957 4 B O 2959 2908 7 7 ) 2260 2368 10 10 4 l6s) 1590 14 2 2 495 18 0 & 1079 1488 23 1 1 713 724
1 9 7 7235 58 4 8 2 1757 192 7 7 5 1380 1229 10 10 6 1220 955 14 21 A 2733 3379 18 2 O 366 3¥6 23 1 3 624 363
1 11 1 1863 2252 4 B & 2583 2920 7 7 7 1061 1027 18 12 O 2494 2203 14 2 & 283 195 18 2 2 618 418 23 1 3 37 M0
1 11 3 109 1768 4 B8 6 737 157 7 9 1 2329 2072 10 12 2 1898 1685 14 4 © 1031 713 18 2 4 2122 2821 23 3 1 825 717
1 4L 5 1338 1243 4 10 0 2393 I1¥ 7 9 3 2512 2445 10 12 & 1769 1707 14 4 2 3290 28 18 2 & 212 15 23 3 3 819 903
1 1) 1 2405 2585 4 10 2 2535 2528 7 9 5 o 966 10 14 o 612= 178 14 “ - 554 415 18 4 0 1085 943 23 3 5 117« 281
1 1) 3 1637 1760 4 10 4 843 862 7 9 7 253 831 10 14 2 1910 1888 14 & 6 1633 1995 18 4 2 2948 3469 23 5 1 531 A79
T 1) 5 1320 1043 4 10 6 1291 958 7 11 11391 045 10 14 4 618 (3] 14 6 0 5879 5660 18 3 4 le 143 23 5 3 672 675
1 13 1 1526 1518 & 12 0 861 63 7 11 3 193 1974 10 16 O 2636 2137 14 6 1 49% 236 18 4 6 1179 1306 23 7 1 1491 1¥%6
1 13 3 1674 1765 4 12 2 1722 1709 7 11 s 990 813 10 16 2 624 524 14 & / 2181 2363 18 6 0 2519 2012 23 7 3 1202 1282
1 13 5 1126 1258 & 12 4 1332 1257 7 13 1 1710 1524 10 18 O 159= 946 14 6 6 312 303 18 6 2 566 452 23 9 1 1138 1113
1 17 1 2073 2080 & 12 6 843 689 7 13 3 1179 1212 11 1 1 3608 4044 14 B O BB9 M2 18 6 4 1869 2065 23 9 3 925 1065
117 3 1226 139) 4 14 0 1568 1421 7 13 5 448 499 11 1 3 2535 2979 14 8 2 2488 2341 18 & 6 123 114 23 11 1 1550 1762
1 19 1 123 123 4 14 2 1439 123 15 1 531 S7e 11 L 5 20846 2168 1a B & 790 710 18 ] 0 683= 106 24 o 0 1320 137
2 o 7 1)) 18 4 14 4 919 B98 7 15 3 849 BLD i1 1 7 1031 1004 16 B 6 1875 1440 18 1] 2 2753 252 24 o 4 772 986
b [ [ 2 295 4 16 [+ 531- 107 7 17 1 913 813 11 3 1 w075 4557 14 1o 0 2948 2438 18 8 “ i« 198 24 2 0 737 MM
2 2 0 0= 57 4 46 2 1285 1313 7 17 3 40 453 11 3 3 1615 2012 16 10 2 5% 530 18 10 O 1963 1825 2% 2 2 1592 1717
2 2 2 132 1869 & 16 4 371 4S8 O 0 5596 5905 11 3 5 1636 1990 14 10 4 1609 1490 18 10 2 W& 319 24 2 4 @8 427
2 2 & 768 1265 4 18 O 1120 897 B O 4 2688 3098 11 3 7 1085 1013 14 12 0 1809 328 18 10 & 1285 1300 24 4 0O 1¥1 1070
2 2 6 x0 333 4 18 2 159= 214 a 2 o 1138 675 1 5 1 19356 1899 4 312 2 1ogn2 503 18 12 o bk2= 122 24 & 2 a5 936
2 2 8 4S5 411 S 1 1 252) 2260 8 2 2 748 3496 Ll S 3 2252 2332 16 12 4 554 Sel 18 12 2 1674 1548 26 4 & 972 1210
2 L3 0 2081 1725 5 1 3 119 795 8 2 4 148 1045 11 5 5 1916 1923 14 14 o 1356 987 8 12 3 1l1e 242 24 6 0 1532 1301
2 L3 2 1196 1521 5 1 5 1138 1238 8 2 6 143 1883 11 5 7 1214 1026 14 14 2 701 737 18 14 o 318= 283 24 6 2 1562 15W0
2 & & J01 1273 3 1 7 689 560 8 & 0 4W9 4621 11 7 1 2948 25446 16 14 4 Il= 534 18 14 2 77 85 24 6 3 790 884
2 4 6 189 289 5 3 L 1568 1702 B & 2 1055 1570 11 7 3 1940 1786 14 18 O 1196 992 19 1 1 1792 1823 2% 8 O 895 690
2 4 8 76 3% S 3 3 1249 1722 B & 4 1946 2255 11 7 5 1804 1626 14 16 27 14l= 208 19 1 3 695 842 24 B 2 1184 1148
2 13 0 1014 683 5 3 5 1374 1583 ] 4 L] 578 689 1t 7 7 248= 854 15 1 1 3160 3565 19 1 5 960 1064 2 10 0 1910 1674
2 6 2 2753 NMS2 S 3 7 1S 296 8 6 0 2017 144l 11 9 1 26M8 2348 15 1 3 2296 2655 19 3 1 1530 1790 24 1o 2 873 927
2 [ 4 595 572 5 5 1 2199 2145 8 6 2 2104 1901 11 9 3 1615 1269 15 1 5 1150 133 19 3 3 895 1110 25 1 1 1910 1995
3 L] 6 1120 1051 b 5 3 1376 1522 8 L & 1184 119) 11 9 5 1728 1446 15 1 7 972 as6 19 3 S 1261 1265 25 1 3 1338 1388
2 8 0 3732 368 5 5 5 1568 1436 B8 6 6 lel5 1526 11 11 1 1273 1097 15 3 1 2441 2429 19 5 1 2282 2143 25 3 1 2005 1937
2 8 2 718 947 3 S 7 B3 82 & B 0 3885 3574 11 1L 3 931 793 15 3 3 2535 2869 19 5 ) 1108 1125 25 3 3 1108 1168
2 L} & 1184 1667 3 ? 1 4293 4435 8 8 2 2535 2284 11 11 5 1255 1094 15 3 5 1097 1¥0 19 5 S 1214 1144 25 5 1 1780 1610
2 8 6 5= 326 S 7 3 1898 193 B 8 4 1680 1664 11 13 1 1285 1038 15 3 7 100= 784 19 7 1 163 1497 25 5 3 912 982
2 10 O 660 93 5 7 S 1368 1357 8 8 & 1232 1053 11 13 3 955 841 15 5 1 263 233 19 7 3 1279 1291 25 7 1 1474 1338
2 10 2 2989 3I®3} S 7 7 76 647 B lo o 2389 2W0 11 13 S 907 797 15 5 3 1951 2143 19 7 S 1208 1176 25 7 3 819 925
1 10 4 845 918 5 9 1 3307 W6 8 10 2 1869 1719 11 15 1 & 311 15 5 5 1376 1244 19 9 1 2028 1733 25 9 1 1214 126}
2 W0 6 2164 1646 5 9 3 1951 2166 8 10 4 1445 1345 115 3 262= 307 1s ? 1 2630 2181 19 9 3 1338 1214 26 o 2 1827 2148
2 12 O 2648 29% 5 9 5 1745 1700 8 10 6 1550 1144 11 17 1 713 788 15 7 3 1880 1851 19 9 5 135 1g02 26 2 O 1887 1491
2 12 2 1079 1188 5 9 7 t1%0 974 8 12 0 2658 2190 12 ] o 265 &0 15 7 5 1243 1043 19 1t 1 1521 1348 26 2 2 471 429
2 12 & 2306 24 5 11 1 3726 3612 8 12 22512 252 12 ] & 861 1370 15 9 1 1680 12%9 19 1 3 1049 1091 26 o [ 601 5.
2 12 6 212= 111 S 11 3 20% 2086 B 12 4 135 1275 12 2 0 1132 1023 15 9§ 3 2152 2038 19 13 1 1692 1745 26 4 I 1643 1764
2 14 O 689- 137 S 11 5 1804 1386 8 12 g 123 1054 12 7 2 M3 2713 15 9 5 1291 1187 19 13 3 106= 1331 26 6 O SOl 652
2 14 2 0% 3163 5 13 1 2017 183 8 14 0 2931 2203 12 2 4 &0~ 179 15 11 1 2087 175 20 O O 1i2i6 1368 26 6 2 584 616
2 14 & 412 416 3 13 3 1960 2119 8 14 2 766 771 12 2 6 666 760 15 11 3 1526 1423 20 O & 325 903 26 8 O 1079 947
2 16 O 2889 2668 5 13 S 1804 1680 B 14 4 A5l IS13 17 & O 1385 1262 15 {t 5 808 665 20 2 O 790 515 16 6 1 123 IO
2 16 2 612 82 S 15 1 2488 2485 8 16 o0 %01 875 12 4 7 1073 1320 15 13 1 1202 1019 20 2 2 955 675 27 1 1 371 437
2 16 4 2005 272 S 1% ) 1804 1969 B 16 2 2005 2096 12 4 4 1031 1523 15 13 3 943 979 20 2 4 MWI 427 27 1 3 37 Al
2 18 O 825 627 3 17 1 1833 1791 8 16 4 0= 42 12 4 6 6% 707 15 15 1 132 1236 20 2 & 0= M9 27 3 1 323 233
2 18 2 2008 264k 3 17 3 1208 1408 8 18 o 1757 1768 12 6 O 1645 1218 15 15 3 106= 836 20 4 O 1674 1551 27 3 3 lhle 443
3 1 1 4906 4997 6 O 2 1479 149 9 1 1 285 2760 12 6 2 2771 2743 16 0 © 889 1226 20 & 2 966 1049 27 35 1 766 175
3 1 3 2%6 2931 6 O 6 996 1337 9 1 3 713 704 12 6 4 1344 1409 16 0 & 602 B4B 20 4 4 456 4A2 27 7 1 212= 573
3 1 5 1509 1966 & 2 O 3106 4479 % 1 5 383 248 12 6 6 B3 68 16 2 0 115 953 20 6 O 2335 208 28 0 O 2317 2222
3 1 7 143 1202 & 2 2 1304 134 9 1 7 253 219 12 8 O 12 1277 16 2 2 83 470 0 6 2 7137 213 28 2 0 177 [
3 3 1 4912 4972 6 2 4 1409 1912 9 3 1 1676 1573 12 B 2 2452 2328 16 2 4 483 617 20 6 4 1291 1274 28 2 ! 1309 1328
3 3 3 1637 2039 6 2 6 43 47 9 3 3 460 589 12 B 4 949 1077 18 2 6 737 796 20 8 0 1627 867 28 4 O 1987 1827
s 3 5 1857 2191 & 2 8 70~ &8l 9 3 5 642 795 12 8 6 1427 1098 16 & O 1087 loiz 20 & 2 2211 2045 28 4 2 llle 278
3 3 7 11B4 1135 6 & O 4128 3576 9 3 7 542 49 12 10 O 2494 2210 16 4 2 1079 1378 20 8 4 436 486 28 6 O 65 768
3 5 1 2919 3MS 6 & 2 1380 1788 9 5 1 401 36 12 10 2 1786 1460 16 & 4 618 603 20 10 O 3048 2572 29 1 1 1320 130
3 03 3 2753 N7 6 4 4 683 979 9 S 3 154 1732 12 lo 4 1928 18l4 16 4 6 672 681 20 10 2 45 377 29 3 1 133 1140
3 3 3 151 2100 6 4 6 93 1289 9 5 3 571 762 12 10 & 460 2% 16 6 0 2306 1939 20 10 4 1538 1700
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Table IV. Coordination around iodine.

I-O(1) 1.78(3) A 0O(1)-0(2) 2.82(4) A
1-0(2) 1.90(2) O()-0(3) 2.71(5)
1-0(3) 1.85(3) 0(2)-0(3) 2.84(4)
O(1)-1-0(2) 99.1(1.1)° 0O(2)-0(1)-0(3) 61.7(1.0)°
O(1)-1-0(3) 96.2(1.5) O(1)-0(2)-0(3) 57.2(1.1)
0(2)-1-0(3) 98.0(1.2) O(1)-0(3)-0(2) 61.1(1.0)
1I-H.O(1") 2.89(3) A I-O(2") 2.85(2) A
1-H.0(2") 2.86(7)
O(1)-1-0(2") 76.8(1.0) ° H,0(1)-1-0(3) 81.6(1.3)°
O(1)-I-H,0(2") 75.0(1.4) H,O(1)-1-0(2"*) 101.9(0.7)
O(3)-1-0(2") 93.5(1.1) H,O(1)-1-H,0(2?) 107.1(1.1)
0(2")-1-H;0(2") 84.0(0.9) H,0(1")-1-0(1) 177.4(1.2)
0(2)-1-H,0(2") 84.4(1.0) 0(2)-1-0(2) 168.3(0.9)
H.O(1)-1-O(2) 81.8(0.9) 0(3)-I-H,0(2) 171.2(1.5)
Asymmetric units:
Vo—x Ya+y Ya+z v x =Wty —Va+tz
" Vo~ Vo—y z vi x —la+y Yotz
Vo—x —Va+y ~Va+z vii Vo  —ls+y Y4+z
iv Vp—x 34—y —l4+z viii YVa+x Yy Y +z
Table V. Coordination around calcium.
Ca-H,O(1) 2.50(3) A O(1)-H,O(1") 299(4) A
Ca-H,O(1") 2.50(3) H,O(1")-H;O(3") 2.80(5)
Ca-H,0(2) 2.43(5) H.O(3)-H;0(2) 3.08(5)
Ca-H,0(2) 2.43(5) H.0(2)-O( 1) 2.96(7)
Ca-H.O(3) 2.50(3) O(1°)-0(1") 3.19(4)
Ca-H,O(3") 2.50(3) O(1)-H:0(1) 3.49(4)
Ca-O(1"") 2.57(3) H.0(1)-H,O(2) 2.91(5)
Ca-O(1"") 2.57(3) H,0(2)-H,O(3) 3.17(6)
H,0(3)-H.0(3") 3.11(3)
O(1)-Ca-H,0(2) 72.5(1.7)° H;0(3)-H,0(2)-0(1") 88.5(1.3)°
H,;0(2)-Ca-H,0(3") 77.5(1.5) HzQ( 1)-0(1)-0(1") 68.7(0.9)
H,0(3")-Ca-H,O(1") 68.1(1.0) O(1)-0O(1*)-H,O(1) 53.0(0.8)
H,0(1")-Ca-O(1°*) 72.4(0.9) H.O(1)-O(1 "’)-HZO(_Z) 52.8(1.0)
O(17)-Ca-0(1'Y) 76.8(0.9) O(1 f“)-HzO( 1°)-0(1'Y) 58.3(0.8)
O(1°)-Ca-H,O(1) 87.0(1.0) O(1")-H,O(1°)-H,O(2) 54.1(1.3)
H,O(1)-Ca-H,0(2) 72.2(1.0) H,0(2")-H,O(1"")-H,O(3") 67.4(1.6)
H,0(2)-Ca-H,0(3) 80.1(1.6) H,0(1°)-H,0(3°)-H;0(2") 57.9(1.4)
H,0(3)-Ca-H,O(3") 76.9(1.0) H,0(2'')-H,0(3°")-H,0(3) 58.8(0.9)
FI,O(2)-O(1°)-H;O(1*) 88.4(1.3) H,0(3)-H,O(3")-H,0(2) 61.6(1.1)
O(1)-H,0(1")-H.0(3"") 93.3(1.2) H,;0(3')-H,0(2)-H,0(3) 59.6(1.2)
H,O0(1)-H.0(3)-H,O(2) 89.6(1.7) H.0(3)-H,0(2)-H,O(1) 54.7(1.2)
H.O(1)-H,0(2)-O(1*") 73.1(1.7)

Asymmetric units: see Table IV.

Table VI. Hydrogen bonds.

H.O(1)-0(27) 2.67(4) A
H,O(1)-0(3")  2.78(4)
H.0(2)-0(3*")  2.64(7)

H.0(2)-0(3") 2.72(3) A
H,O(3)-O(1**)  2.80(5)
H:0(3)-0(2")  2.96(4)

Asymmetric units: see Table IV.

Description of the Structure and Discussion

The clinographic projection of the structure is
shown in Figure 1. The structure consists of chains
of pyramidal anions 10;~ joined to one another by in-
termolecular I...O interactions. The chains are
held together by bridging Ca?* ions and by hydrogen
bonds of water molecules.

The coordination polyhedron around calcium (Fi-

Inorganica Chimica Acta | 5:4 | December, 1971

gure 2) can be described as a square antiprism whose
corners are occupied by six water molecules and two
oxygen atoms belonging to different anions. The
bonds around Ca?* are in the range Ca—0=2.43-2.57
A, the longest ones being those with the oxygen atoms
of the anions. The angles in the polyhedron are fairly
close to those of the regular antiprism. This type of
coordination has been found also in calcium bromide
tetra(diacetamide), CaBr; . 4(CH;CO),NH® with di-
stances Ca—0=2.37-2.46 A. Coordination numbers
from six to nine are rather common for calcium. Co-
ordination number 8 gives rise to different kinds of
polyhedra with distances Ca—0=2.41-2.54 ', Ca—O=
2.37-257 A and Ca-N=2.49 A" Ca—0=2.37-2.50

(9) 1.P. Roux and J.C.A. Boeyens, Acta Cryst.,, B26, 526 (1970).
(10) M. Granger and |. Protas, Acta Cryst., B25, 1943 (1969).
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Table VII. Environment of iodine atom in iodate(V) crystals,
Coordination
Compound number [-O() -0 -0 1...0 I1...0 1...0 1...0 1...0 1...0OH;1...0H; I1...C1
Ca(10s):* 6H,0 6 1.78(3) 1.90(2) 1.85(3) 2.85(2) 2.86(7)  2.89(3)
Sr(10s): - HO"® 1.786(8) 1.806(9) 1.825(6) 2.853(11) 2.846(11) 3.168(6) 3.219(8)
K.H(10:):.CI"” 6 1.89(3) 1.83(2) 1.94(1) 2.61(1) 2.95(2) 3.07(1)
6 1.94(3) 1.81(3) 1.96(2) 2.47(4) 2.59(2) 3.03(1)
Ce(I0:) * HO™ 6 1.81 1.83 1.84 293 299 3.00
6 1.82 1.82 1.83 2.56 2.78 299
6 1.83 1.82 1.86 2.51 2.73 3.10
6 1.77 1.82 1.82 2.55 2.66 3.00
Ce(I0:)"™ 8 1.78(9) 1.84(9) 1.83(9) 2.68(9) 2.90(9) 3.07(9) 3.25(9) 3.28(9)
Zr(10:)™ 8 1.81(2) 1.84(2) 1.85(2) 2.55(2) 2.83(2) 2.94(2) 2.94(2) 3.11(2)
HL,O," 6 1.80 1.78 1.97 2,58 262 2.71
6 1.78 1.79 1.95 2.38 2.56 2.83
7 1.90 1.79 1.81 2.54 239 3.11 3.17
LilO,® 6 1.81(1) 1.81(1) 1.81(1)  2.89(1) 2.89(1) 2.89(1)
a-HIO,* 6 1.82 1.90 1,78 2,50 2.77 2.88

and Ca~N=2.59 2 in some cases one or two of the
bonds are much longer (~2.9 A) than the others *%
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Figure 1. Clinographic projection of the structure.

The iodate anion is pyramidal with bonds between
[-0(2)=1.90,

iodine and

oxygen

I-0(3)=1.85 A.

These can be compared with values found in
other iodates (Table VII).
each iodine atom of the anion (Figure 3) is approxi-

[-O(1)=1.78,

The environment of

(11) G. Strahs and R.E. Dickerson, Acta Cryst., B24, 571 (1968).

(12) A. Braibanti, A.M. Manotti Lanfredi, M.A. Pellinghelli,

A. Tiripicchio, Acta Cryst. (in the press).
(13) D.R. Peacor and C.T. Prewitt, Am. Mineralogist, 48, 588 (1963).

and

mately octahedral; three corners of the octahedron
are occupied by the oxygen atoms of the anion, one
corner by one oxygen atom of a different anion, 1...0=
2.85 A and two corners by water molecules, I...OH,
(1)=2.89 and 1...0Hx2)=2.86 A. The intermole-
cular distances between iodine and oxygen atoms do
not present here any particular short values (2.5 A)
as those found in other iodates.

Figure 2. Coordination polyhedron around calcium ion.
02"
Figure 3. Environment of iodine atom. Distances between

iodine and H,O(2), H,O(1""), O(2) correspond to dotted
lines of Fig. 1.

(16) A.M. Manotti Lanfredi, M.A. Pellinghelli, A. Tiripicchio, and
M. Tiripicchio Camellini, Acta Cryst. (in the press).

(17) A. Braibanti, A. Tiripicchio, and A.M. Manotti Lanfredi, Chem.
Comm., 1128 (1967).

(18) J.A. Ibers, Acta Crysi., 9, 225 (1956).

(19) D.T. Cromer and A.C. Larson, Acta Cryst., 9, 1015 (1956).

(20) A.C. Larson and D.T. Cromer ,Acta Cryst., 14, 128 (1961).

(21) Y.D. Feikema and A. Vos, Acta Cryst., 20, 769 (1966).

(22) 1.L. de Boer, F. von Bolhms, R. Olthof-Hazekamp, and A. Vos,
Acta Cryst., 21, 841 (1966).

(14) G. Ferraris, Acta Cryst., B25, 1544 (1969).
(15) N.C. Webb, Acta Cryst., 21, 942 (1966).

(23) B.S. Garrett, ONRL-1745 Oak Ridge National Laboratory, Ten-
nessee (1954).
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Each water molecule forms two hydrogen bonds
with oxygen atoms of the anion: H,O(1)...O(2)=
2.67 and H.O(1)...0(3)=2.78 A, H,0(2)...0-
(3)=2.64 and H,O(2)...0(3)=2.72 &, H,0(3)...
O(1)=2.80 and H:0(3)...0(2)==2.96 A. Some of

them are particularly strong: they determine the pack-
ing of the chains in the crystal structure.

Acknowledgment. We thank the Consiglio Nazio-
nale delle Ricerche, Rome, for financial help.

Inorganica Chimica Acta | 5:4 | December, 1971



