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The crystals of calcium diiodate(V) hexahydrate, Ca- 
(103)~. 6H20, 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 . . . 0 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 I-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 yalts of oxyacids of hep- 
tavalent and pentavalent iodine, we have now deter- 
mined the structure of the crystals of calcium diiodate- 
(V) hexahydrate, Ca(IO& . 6Hz0. 

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(IO& .6H2O; F.W. 498.02 

Crystal class: orthorhombic pyramidal 
Unit cell: (from rotation and Weissenberg photo- 

graphs around [OlO] and [OOl], CuKa radiation, 
x= 1.5418 A) 
a=23.02(2), b= 14.82(l), c=6.39(1) A; 
V=2180.0 A3; 2=8; 
D,=3.03, D,=2.97 g.cm-3 (by picnometer method); 
p( CuKa) = 497.0 cm-‘; 

Space group: Fdd2 (C2,(19) - No. 43) from system- 
atic absences; the crystals are piezoelectric. 

Intensity Data. Three-dimensional intensity data 

(t) M. Biagini Cingi, F. Emiliani, and C. Guastini, A& CQW;., 23, 
1114 (1967). 

Manotti Lanfredi, MA. Pellinghelli, and A. Tiripicchio 

have been determined photometrically on integrated 
equi-inclination Weissenberg, photographs (multiple 
film technique) of layers hOP,hle, . . . , h3P and hk0, 
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 pR[010~=8.5 
(crystal section 0.28X0.40 mm); &~OO~I =5.0 (crystal 
section 0.19 X 0.25 mm). Interlayer scaling constants 
have been calculated by the method of Rollet and 
Sparks’. Atomic form factors from Cromer and 
Mann3 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 4, although 
their physical significance is doubious. The final con- 
ventional agreement index was R = 11.8%. The com- 
puter programs prepared by Nardelli and coworkers5-* 
have been employed. 

Table I. Fractional atomic coordinates (with e.s.d.‘sx 10’). 

X Y z 

1393(l) 4853( 1) 1833(4) 
2500(4) 2500(4) 2500(15) 

O(1) 0669( 12) 5281(18) 1848(49) 
O(2) 1785(11) 5826(7) 3 166(38) 
O(3) 1558(17) 5162(17) -0915(40) 
H,O(l) 2442(13) OSSS( 18) 1613(50) 
HD(2) 1537(21) 1974(12) 3443(113) 
HD(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-VI. 

(2) J.S. Rollett and R.A. Sparks. Acto Cryst., 13, 273 (1960). 
(3) D.T. Cramer and I.B. Mann. Acfa Cryst., ,424, 321 (1968). 
(4) M. Nardelli and G. Fava. Ric. Sci. 30, 898 (1960). 
(5) M. Nardelli. P. Domiano, A. Mu&, and G. Andreetti, Ric. Sci., 

34, (II-A) 711 (1964). 
(6) M. Nardelli. A. Musatti, P. Domiano, and G. Andreetti. Ric. Sci. 

35, (II-A) 469 (1965). 
(7) M. Nardelli. G. Andreetti, P. Domiono. and P. Musatti. Ric. Scf., 

35, (II-A) 477 (19651. 
(8) M. Nardelli. A. Musatti, P. Domiano, and G. Andreetti, Rlc. 

Sci, 35. (II-A) 807 (1965). 
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Table II. Anisotropic therma parameters (AZ) * 

BII Bu B, Bu BU B*s 

I 1.669 0.918 2.181 --O.*:t 1 0.077 0.049 
Ca 1.513 0.841 2.760 0.129 0.073 -0.001 
O(1) 2.624 0.389 4.177 0.483 -0.019 -0.067 
O(2) 3.001 1.528 4.083 -0.185 -0.512 -1.081 
O(3) 2.659 2.965 1.966 0.514 -0.325 0.035 
I-LO(l) 1.072 2.437 3.871 -0.683 0.191 -0.413 
HzO(2) 3.411 0.371 4.807 0.137 0.173 -0.240 
Hz013) 2.137 2.420 4.098 -0.953 0.168 1.342 

Shifts of the last cycle IABiil,,=0.091 ~ABii~,.,=0.293 *‘B,,=815r’U,, referred to the base a*, b*, c*. 

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

&c!!i, Tiripicchh 1 Calf :iurn Diiodade(V) Hexahydi 
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Table IV. Coordination around iodine. 

I-O(l) 1.78(3) A 
I-O(2) 1.90(2) 
I-O(3) 1.85(3) 

O( 1)-I-O(2) 99.1(1.1) O 
0(1)-I-O(3) 96.2( 1.5) 
0(2)-I-O(3) 98.0( 1.2) 

I-HzO( 1”) 2.89(3) 8, 
I-HzO(2’) 2.86(7) 

0(1)-I-0(2”‘) 76.8( 1 .O) o 
0( l)-I-HzO(2’) 75.0( 1.4) 
0(3)-I-0(2”‘) 93.5(1.1) 
O(2”‘)-I-HzO(2’) 84.0(0.9) 
O(2)-I-HzO(2’) 84.4( 1 .O) 
HzO( 1”)-1-O(2) 81.8(0.9) 

Asymmetric units: 

0(1)-O(2) 2.82(4) A 
O( 1 )-O(3) 2.71(5) 
0(2)-O(3) 2.84(4) 

0(2)-0(1)-O(3) 61.7(1.0)” 
O( 1)-0(2)-O(3) 57.2(1.1) 
O( 1)-0(3)-O(2) 61.1(1.0) 

I-0(2”‘) 2.85(2) A 

H,O( 1 “)-I-O(3) 81.6(1.3)” 
HIO( 1 “)-I-0(2”‘) 101.9(0.7) 
H,O( 1”)-I-HzO(2’) 107.1(1.1) 
HtO( 1”)-I-0( 1) 177.4(1.2) 
0(2)-I-0(2”‘) 168.3(0.9) 
O(3)-I-HzO(2’) 1:1.2(1.5) 

‘h-x ‘h+Y ‘/q+z V X --M+y -1/z+z 

I, 4i-X ‘h-y Z vi X --vz+y !h+z 
,,I ‘/k-x -u+y -1/i+z vii ‘/4-x -‘h+y x$+2 

iv ‘h--X 3/4-Y -*/i+z 
. . . 

Vlll ‘/q+X 34 -Y 3/4+z 

Table V. Coordination around calcium. 

Ca-MO( 1) 
Ca-MO( 1”) 
Ca-H10(2) 
Ca-H20(2”) 
Ca-H20(3) 
Ca-H20(3”) 
Ca-Otl”‘) 

2.50(3) A 
2.50(3) 
2.43i5 j 
2.43(5) 
2.50(3) 
2.50(3) 
2.57131 

O( 1 “‘)-H,O( 1”) 
H,O( 1”)-H,0(3”) 
HzO(3”)-H,0(2) 
H,0(2)-O( 1”‘) 
O(l”‘)-O(1”) 
O( 1”‘)-HlO( 1) 
HtO( l)-H20(2) 

2.99(4) A 
2.80(5) 
3.08(5) 
2.96(7) 
3.19(4) 
3.49(4) 
2.91(5) 

Ca-Oiiivj 2.57i3j H,Oi2)-H,0(3) 3.17(6) 
Hz0(3)-HzO(3”) 3.1 l(3) 

0( 1”‘)-Ca-Hz0(2) 
Hz0(2)-Ca-H20(3”) 
&0(3”)-Ca-H*O( 1”) 
H,O( 1 “)-Ca-O( 1”‘) 
O(1”‘)-Ca-O(1’“) 
0( 1”‘)-Ca-HzO( 1) 
H20(1)-Ca-H10(2) 
Hz0(2)-Ca-Hz0(3) 
Hz0(3)-Ca-Hz0(3”) 
H,O(2)-O( 1”‘)-H,O(l”) 
O( 1”‘)-HzO( 1”)-Hz0(3”) 
H,O( 1”)-H,0(3”)-H,0(2) 

72.5(1.7)” 
77.5( 1.5) 
68.1(1.0) 
72.4(0.9) 
76.8(0.9) 
87.0( 1.0) 
72.2( 1 .O) 
80.1(1.6) 
76.9( 1 .O) 
88.4( 1.3) 
93.3(1.2) 
89.6(1.7) 

H,0(3”)-Hz0(2)-O( 1”‘) 
H,O( 1 “)-0( 1 “‘)-O( li’) 
O( li’)-O( 1”‘)-H,O( 1) 
HtO( l)-O( 1 “‘)-H,0(2) 
O( 1 “‘)-H,O( 1 “)-O( 1”) 
0( 1 “)-H,O( 1 “)-H,0(2”) 
HzO(2”)-H,O( 1”)-Ht0(3”) 
H,O( 1”)-HzO(3”)-H,O(2”) 
H,O(2”)-H,O(3”)-H,O(3) 
H,0(3)-HzO(3”)-H,O(2) 
H,0(3”)-H,0(2)-H,O(3) 
H,Oi3)-H,($2)-H,@ i) 
H,O( l)-H,0(2)-O( 1”‘) 

88.5( 1.3) a 
68.7(0.9) 
53.0(0.8) 
52.8( 1 .O) 
58.3(0.8) 
54.1(1.3) 
67.4( 1.6) 
57.9( 1.4) 
58.8(0.9) 
61.6(1.1) 
59.6( 1.2) 
54.7( 1.2) 
73.1(1.7) 

Asymmetric units: see Table IV. 

Table VI. Hydrogen bonds. 

H,O( 1 )-O(2’) 2.67(4) %, 
HzO(l)-O(3”) 2.78(4) 
H,0(2)-O(3”‘) 2.64(7) 

H10(2)-O(3”) 2.72(3) A 
H,0(3)-O( lvili) ;.f$ 
Hz0(3)-O(2”‘) . 

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 103- joined to one another by in- 
termolecular I . . . 0 interactions. The chains are 
held together by bridging Ca’+ ions and by hydrogen 
bonds of water molecules. 

The coordination polyhedron around calcium (Fi- 
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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 Ca2+ 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), CaBrz . 4(CHX0)2NH9 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-0 = 
2.37-2.57 A and Ca-Nz2.49 A *i Ca-0=2.37-2.50 

(9) I.P. Roux and I.C.A. Boeyens. Acta Crysf.. 826, 526 (1970). 
(IO) M. Grnnger and I. Prom. Acta Cryst., 825, 1943 (1969). 
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Table VII. Environment of iodine atom in iodate(V) crystals. 

Compound 
Coordination 

number I-O(l) I-O(2) I-O(3) I...0 I...0 I . ..o I . ..o I . ..O I . ..OHz I . ..OHx I . ..CI 

Ca(IOA .6H?O 
Sr( 10,)~ . Hz0 (16, 

K~H(IOACl”” 

Ce(IOtP 

Zr(IO,,P’ 

HI,OP 

LiIO,“” 

a-HIOP 

6 

7 

6 
6 

6 
6 
6 
6 

8 

8 

6 

! 

6 

6 

1.78(3) 1.90(2) 

1.786(81 1.806(g) 

1.89(3) 1.83(2) 
1.94(3) 1.81(3) 

1.81 1.83 
1.82 1.82 
1.83 1.82 
1.77 1.82 

1.78(9) 

1.81(2) 

1.80 
1.78 
1.90 

1.81(l) 

1.82 

1.84(9) 

1.84(2) 

1.78 
1.79 
1.79 

1.81(l) 

1.90 

1.85(3) 

1.825(6) 

1.94(l) 
1.96(2) 

1.84 
1.83 
1.86 
1.82 

1.83(9) 

1.85(2) 

1.97 
1.95 
1.81 

1.81(l) 

1.78 

2.85(2) 

2.853(11) 2.846(11) 3.168(6) 3.219(S) 

2.61(l) 2.95(2) 
2.47(4) 2.59(2) 

2.93 2.99 3.00 
2.56 2.18 2.99 
2.51 2.13 
2.55 2.66 

2.68(9) 2.90(9) 3.07(9) 3.25(9) 

2.55(2) 2.83(2) 2.94(2) 2.94(2) 

2.58 2.62 2.71 
2.38 2.56 2.83 
2.54 2.59 3.11 3.17 

2.89(l) 2.89(l) 2.89(l) 

2.50 2.77 2.88 

2.86(7) 2.89(3) 

3.07(l) 
3.03(l) 

3.10 
3.08 

3.28(9) 

3.1 l(2) 

and Ca-N =2.59 “, in some cases one or two of the 
bonds are much longer (-2.9 A) than the others 13-15 

Figure 1. Clinographic projection of the structure. 

The iodate anion is pyramidal with bonds between 
iodine and oxygen l-0( 1) = 1.78, I-O(2) = 1.90, 
I-O(3)= 1.85 A. 

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

A 

(11) G. Strahs and R.E. Dickerson, Acto Cryst., 824. 571 (1968). 
(12) A. Braibanti, A.M. Manotti Lanfredi. M.A. Pellinghelli, and 
Tiripicchio, Ada Crysf. (in the press). 

(13) D.R. Peacor and C.T. Prewitt, Am. Mineralogisf, 48, 588 (1963). 
(14) G. Ferraris, Acfa Cryst., 825, 1544 (1969). 
(15) N.C. Webb, Acfa Crysf., 21, 942 (1966). 

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, I...O= 
2.85 A and two corners by water molecules, I . . . OH2 
(1)==2.89 and I.. . 0H2(2) = 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. 

Figure 3. Environment of iodine atom. Distances between 
iodine and H,0(2’), H,O(l”), O(2”‘) correspond to dotted 
lines of Fig. 1. 

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

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

(18) I.A. Ibers, Acfa Crysf., 9. 225 (1956). 
(19) D.T. Cramer and A.C. Larson, Acfa Crysf., 9. 1015 (1956). 
(20) AC. Larson and D.T. Cramer ,Acfa Crysf., 14, 128 (1961). 
(21) Y.D. Feikema and A. Vos, Acfo Crysf., 20. 769 (1966). 
(22) I.L. de Boer. F. van Bolhms, R. Olthof-Hazekamp, and A. Vos, 

Acfa Cryst., 21. 841 (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: HzO( 1) . . . O(2)= 
2.67 and HzO(l) . . . 0(3)=2.78 A, HzO(2) . . . 0 - 
(3)=2.64 and Hz0(2). . .0(3)=2.72 A, Hz0(3). . . 
0(1)=2.80 and HlO(3). . .0(2)=2.96 A. Some of 

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