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The crystal structure of (C12H2406K)2K[Co(OH)6Mo6Oie]12H20 has been detennnedby X-ray 豊黙。：辭胃： 

fallows; monoclinic, space group C2/m, « = 22.512(4) A, 6 = 18.304(4) A, ^=^41(1) A,尸片鴛：損费盘： 

conventional R value of 0.044 was obtained by least-squares refinement of 4173 independent observed U：이浅사찜? ; 

flections The fCofOHlgMogO^H polyanion shows the well-known Anderson-structure and has approximate 3m symmetry. 
:[Co(OH)6Mo6o!8]-3 polyanion is located between two crown ether complexed cations forming a sandwich structure O 

polassium ion interacts with the crown ether via electrostatic interactions. The other potassium ion only interacts wi 

water molecules and terminal oxygen atoms of the polyanion.

Introduction

Crystals of polyoxometalate 옹alts often contain much 

water of crystaUization. Therefore, the crystals occasionally 

are not stable during X-ray work because of release of the 

water molecules. The crown ether complexed ion as counter 

cation was used in order to obtain X-ray quality crystalline 

samples. The successful results were reported by au나!？s " 

The heteropolyanion of Anderson-structure, [X Me它 

()24「U2F(x： heteroatom) is similar to the 18-crown-6 com­
plexed cation in its size and shape, so that the stable packing 

in a crystal lattice can be anticipated in the arrangement of 

both polyanion and complexed cation. In this paper we report 

the structure of the (18-Crown-6.K)2K[Coin(OH)6Mo6O18]. 

12H2O which is Anderson-structnre heteropolyanion having 

lower oxidation state heteroatom.

Experimental
Crystals of (18-Crown-6.K)2K[Co(OH6Mo6O18].12H2O 

were prepared as fallows. A solution of 0.05 mol of Co(NO3)2- 

6H2O and 10 ml of 35% H2O2 in 40 m2 of water was added 

dropwise with stirring the slurry, cooled by a dry ice-ethanol 

bath(-5 °C), of 1.0 mol ofK2CO3 in 100 mZ of water. The mix- 

ture was stirred for one hour at -5 °C and filtered off rapi히y. 

The olive-green filtrate was added to the solution cooled at 

0 °C of 0.03 mole of (NH4)7[Mo7O24].4H2O in 500 ml of water. 

The mixture was stirred for three hours under 10 °C, a dark­

green material was precipitated gradually. The precipitate 

was solved in 350 m/ of water at room temperature and filte­

red off, an excess of KC1 was added to the filtrate, a sordid- 

green precipitate was deposited immediately; the precipitate 

changes from sordid-green to emerald-green by the repeti­

tion of this procedure. Recrystallization of the emerald­

green product from an aqueous solution gave the crystal of 

K3[Co(OH)6Mo6O18].7H2O. However, it is d迁fi이Ht to obtain 

the suitable crystals for the structure determination. The 

solution of 0.018 mol of 18-crown-6 added to the solution of 

0.006 mol of K3(Co(OH)6Mo6O18].7H2O. The mixed solution 

was allowed to stand for three weeks, the suitable crystal옹 of 

(C12H24O6.K)2K[Co(OH)6Mo6O18].12H2O for X-ray study 

were obtained.
A summary of crystal data, together with the details con­

cerning intensity measurements is given Table 1. Intensities 

of standard reflections no significant changes were 옹erved 

the period of data collection. The data were corrected for the 

Lorentz and polarization effects. Neither absorption nor ex­

tinction corrections were applied. Calculations carried out 

with UNIC& on the 8800/8870 computer at the Computer 

Center of the University of Tokyo. The final atomic and aniso-
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Tab,e 1 • Summary of Crystal Data, Intensity CoDection and Least- 

Squares Refinement Stactistics

formula （[顼如 야 旳2珥顷。%1如6。18]1紺20

fw 1886.73

space group monoclinic, C2/m

a, A 22.512 ⑷

b,k
18.304(4)

c, A 7.641(1)

B, deg. 90.52(2)

V, A3
3148.6(9)

z 2

#(Mo K ), cm시 17.05

density, gem-3 1.99(calc.) 2.01(meas.)

radiation Mo Ka(graphite monochrom, X=0.7107A)

crystal size, mm sphere, ^=0.36 mm

cell-constant determination 25 reflections (350 2 45 °)

reflection measured ±h max. 31, +为 max. 18, +1 max. 9

26 range, deg. 3-60°

scan type 3-2 8
scan speed, deg. min.-1 1.0

scan range, deg. 2^(l.l° + 0.2 °tan )

standard reflection 3/80 min.

No. of unique reflection 4173 |F이 23昭F이)

R 0.044

wR 0.045

w-1
以 （成이）

(&tr)max. 0.008

final p excursions (eA~3) 12(the maximum values are near Mo atom)

diffractometer Philips

田。⑴ 0

田0(2) 1218(3)

H2O(3) 4242(3)

H2O(4) 929(3)

981(4) 5000

0 5934(7)

781(4) 6283(9)

2030(4) 5810(6)

Table 3. Anisotripic Thermal Parameters (A2) of the exp[-2 2 

+ %2 籾，*2 + U3312C*2 + 2〃]2 膈/* + 2Ui3hla*c* + 

2U2^b*c*)] form (Values are xlO3)

Atom Un 如 厢 ％ S3

TabIe 2- Fractional Coordinates (and Estimated Standard Devia- 

tions)of the non-Hydrogen Atoms (Values are x 104)

Atom

Co 

Mo(l) 

Mo(2) 

Oc(l) 

Oc(2) 

Ob(l) 

Ob(2) 

Ot(l) 

Ot(2) 

Ot(3)fc 

K(l) 

0(1) 

0(2) 

0(3) 

C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

K(2)

0 

0 

1239(1) 

813(2) 

249(2) 

1277(2)

807(2) 

136(2) 

1374(2) 

1885(2) 

2905(1) 

2638(5) 

3128(4) 

3706(5) 

2638(4) 

2647(7) 

2854(6) 

3344(7) 

3880(7) 

4248(4)

0

Co

Mo(l) 

Mo(2) 

Oc(l) 

0c(2) 

Ob(l) 

0b(2) 

Ot(l) 

Ot⑵ 

Ot⑶ 

K⑴ 

0(1) 

0(2) 

0(3) 

C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

K(2) 

H20(l) 

H2O(2) 

H2O(3) 

H2O(4)

⑴

⑴

⑵

⑵

⑵

⑵

⑵

⑵

©
D
 

31
24
28
28
36
29
45
46
39(
38(

)(1)⑴
⑵
⑵
⑵
⑵
⑵
⑵

2)D
 

20
25
24
26
28
28
35
37
42(
35(

(1⑴
⑴
⑵
⑵
⑵
⑵
⑵

2,
2,
1)

0

1815(1) 

902(1) 

0

781(2) 

0

1537(2) 

2381(2) 

1468(2)

850(2) 

0

617(8) 

1436(5)

844(9) 

483(7) 

1463(8) 

1885(5) 

1874(4)

1410(8)

455(9) 

3037(2)

0 

0

930(1) 

-740(5) 

1519(4) 

2258(5) 

-642(4) 

1737(4) 

2674(4) 

-198(5) 

8958(2) 

5553(9) 

7742(16) 

10797(11) 

4291(11) 

5738(20) 

7686(18) 

9669(16) 

10950(15) 

11368(16) 

5000

205(10) 506(21) 83(5)

171(8) 140(7) 487(17)

230(10) 537(20) 164(7)

89(6) 284(16) 86(5)

252(18) 165(12) 272(17)
174(11) 64(6) 255(14)

249(16) 118(10) 165(10)

293(18) 202(13) 147(9)

56(5) 334(24) 194(11)

59⑵ 47(2) 30(2)

100(5) 89⑸ 35(3)
56⑷ 256(12) 34(3)

95(5) ⑹⑺ 122(5)

120(5) 117(5) 55(3)

0

0

-3⑴ 

0 

1(1) 

0

-2(1) 

-5(2) 

-4⑵ 

-3⑵

0

108(11) 

85(6)

-306(12) 

-34(7) 

124(12) 

31(7) 

16(10)

-202(14) 

-43(8)

0

0

0

16⑸ 

43(4)

u

(1a

⑵⑴
7(2M
2)
2I
2)D
6)

1
 
1
 

-

0(7)⑸

(14)
(10)
(10)
(10)⑺

⑵
 

90
-28
20
39
-9
66
36
-3

4I
1A (3

<3
(4
'3

l

o

l

l

1

1

-

2

“23

0

0

-2(1) 

0

-2(1) 

0 

4(1) 

-12(2)

-9(2)

2(2) 

0

—9(8) 

199(10) 

-178(10)

95(8) 

131(13)

32(8) 

-81(9) 

-93(9)

40(12)

0

0

0 

-24(5)

7(3)

tropic 버erm진 parameters are given in Table 2 and 3.* The 

structure was solved by conventional heavy-atom method; 

Co and Mo atoms were located from three-dimensional Pat- 

terson maps, remaining atoms (without H atom) from sue- 

cessive difference Fourier maps; structure refined by block­

diagonal le저음t squares based on F with anisotropic thermal 

parameters for all atoms the non사】ydrogen atoms: atomic 

scattering factors from International Table for X-ray Crystal­

lography includingand fu for Co and Mo. '

Result and Discussion
Anderson-structure heteropolyanions, [頌叫賦以尸廟-까 

(X:heteroatom) showed two interesting b사laviors in the cry- 

stal system. One is protonation of the polyanion, and the 

other is its geometrical isomerization.6-7 The hexamolybdo- 

polyanions having heteroatom with higher oxidation states 

such as [TeVIMo6O24]^ 응 and [IvnMo6O24]-5 9 do not contain

*The 血泌 Fo-Fc tables (total 28 pp) are available as supplementary 

materials from U. Lee.
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Figure 1. The structure of the [Co(OH)6M o6018]-3 polyanion. (Ex­

cept for H toms).

Table 4. Interatomic Distances and Angles in th은 [CMOH*

Mo6O18?3 ______________ ____________
Distances (A) Distances (A)

Co -Mo(l) 3.311(1) M<X2)-Oc(l) 2.292(2)

-Mo⑵ 3.322(1) - Oc ⑵ 2.287(3)

-Oc ⑴ 1.920⑶ -Ob ⑴ 1.939(2)

-Oc(2) 1.922⑵ -Ob ⑵ 1.929⑶

MofD-Mod)1,3.301(1)

Mo(2) 3.322⑴

Oc(2) 2.287⑵ 

아)2(2) 1.952(3)

Ot(l) 1.709(3)

Angles (°)

Mo(l)-Co-Mo⑵ 60.10 ⑴

Mo(l)-Co-Mo(l)* 59.80⑴

Oc ⑴-Co-Oc ⑴， 96.1(2)

Oc ⑴-Co-Oc ⑵ 84.5(2)

-Ot(2) L713⑶ 

-Ot⑶ 1.701(3)

symmetry code: /: x, -y, z.

Table 5. The Comparison of Interatomic Distances in [Co(OH)6-

Mo6O18]-3 and [CrtOHJgMogOig]-3 Polyanion (X： Heteroatom)

Anion [CcXOHlgMogOis]-3 [Cr(OH)6Mo6018]-3_

Avenge. Range (A) 

distance (A)

Avmge. Range (a) 

distance (A)

X -Mo 3.317(1) 3.311-3.322 3.32 ⑵ 3.303-3.349

Mo-Mo 3.310(10) 3.301-3.322 3.33 ⑵ 3.309-3.351

X -Oc 1.921(3) 1.920-1.922 1.975(8) 1.968-1.972

Mo-Oc 2.289(3) 2.287-2.292 2.29 ⑶ 2.243-2.347

Mo-Ob 1.940(9) 1.929-1.952 1.94(2) 1.907-1.985

Mo-Ot 1.708⑸ 1.701-1.713 L709⑼ L695-1.720

non-acidic hydrogen atom. But, the one with lower oxidation 

state carries six non-acidic protons attached to oxygen 

atoms in the central XO6 octahedron such as [CrIU(OH)6Mo6-

Figure 호. Interactions between polyanions by water molecules and 

K + (2) The Ot(3) atoms interact with K + (l).

Oik 10 and [Cuii(OH)6Mo6O18]-4 n. The polyanion, [Co 

(OH)6Mo6O18]-3 containing lower oxidation state, Co111 hete­

roatom also has ab이it % (3w) symmetry. The configura­

tion of the polyanion is shown in Figure 1. The [Co(OH)6Mo6- 

O18]"3 polyanion consists of a ring of six distorted MoO6 octa­

hedron surrounding one Co atom. Six Mo atoms around Co 

atom form a neary planar hexagon of approximately 3.32 A. 

Oxygen atoms in the anion may be divided into three group오， 

Oc, Ob and Ot, where Ot is the terminal 0 atom bound to a 

Mo atom, Ob is the bridging atom between two Mo atoms, 

and Oc is the central atom which coordinate to the Co and 

Mo atoms. Table 4 lists bond lengths and angles in the anion. 

The Mo-0 distances fall into three ranges which depend pn 

the group of coordinated oxygen atom. The Mo-Oc distance영 

are between 2.287 A and 2.292 A. The Mo-Ob distances 

range from 1.929 A to 1.952 A. The Mo-Ot length lie be­

tween 1.701 A and 1.731 A. A similar tendency ha영 been 

found in other hexamolybdoheteropoly anions.8-9 The aver­

age bond distances compare with the isostructure polyanion, 

[Cr(OH)6Mo6O18]-310 in the Table 5. The bond distances of 

Mo-Oc, Mo-Ob and Mo-Ot are very close. But, Co-Mo, 

Mo-Co and Co-Oc distance욘 are shorter than those of [Cr 

(OH) Mo6O18r3 polyanion. These differences can be explain­

ed by the ionic radii^of heteroatoms. The effect* ionic radii 

of the Co111 is 0.687 A (low spin, 6 coordinated value) and Cr1 

is 0.755 A (6 coordinated value).12 The X-Oc (X:heteroatom) 

bond distance very affect for the Mo-Mo and X-Mo distan-



18 Bull. Korean Chem. Soc.t Vol. llf No. 1, 1990
Osamu Nagano et aL

Table 6. K+-0 Distances and Probable Hydrogen Bond Distances 

«3.0 A)

Distance (A) Distance (A)

K(l) -0(1) 2.895⑻ K(2) -Ot(l) 2.787(3)
-O(l)( 2.895(8) -ot(ir 2.787(3)
-0⑵ 2.834(8) -H2O(3)^ 2.929(7)
-0(2)， 2.834(8) -H2O(3)m 2.929(7)

-0⑶ 2.751(11) -HQ⑷ 2.850(6)
-0(3)， 2.751(11) -HQ(4)如 2.850(6)
-Ot(3)« 2.851(3)

-Ot⑶沆 2.851 ⑶

H2O(1)-Oc(2) 2.748(3) HQ⑶-HQ⑶讪 2.857(15)

-Oc(2)Iy 2.748(3) -K(2)v 2.929(7)

-H2O(4) 2.901(7) HR ⑷-Ob(2)« 2.873(5)

-H2O(4) 2.901(7) -0昭） 2.803⑸
H2O(2)-Ob(l) 2.813 ⑹ -田0⑴ 2.901(7)

-Oc⑴ 2.708(6) -K(2) 2.850(6)

Symmetry code: i: x, -y, z. ii： x, y, 1+z. Hi： x, -y, 1 +z. iv: -x, yf 1-z. 
e: 1/2-x, 1/2-j, 1-z. vi\ -1/2+x, 1/2-y 赤

Figure 3. Disorder described in terms of two sites rotated ca. 30 ° 

with respect to each other around the approximate three fold axis of 

rotation.

ces，The same case is 산】own in the [Pt'^wq•기]书 13 and 

[MnIVW6O24]'814 Polyanions.

Elemental analysis suggest that six hydrogen atoms as 

non acidic protons must be included in the present complex. 

Although the positions of these hydrogen atoms could not be 

detected on the difference Fourier maps, the most likely sites 

of the hydrogen atoms are on the six Oc atoms in the anion.

The arguments about 난le position of hydrogen atoms had 

been discussed in the crystal structure study of Na3[Cr(OH6- 

8H20.10 Figure 2 shows the interaction of inter poly­

anion by hydrogen bonds and ion-dipole interaction. The

K*-0 distances and probable hydrogen bond distances are 

given in Table 6. Each of six Oc atoms interacts with two 

water molecules. The OcH—OH2 distances (average 2.75 A) 

are 아sorter 나lan those of usual hydrogen bonds for water 

molecules. This fact suggests the presence of strong OcH— 

H2O—HOc interactions betwe은！！ neighboring anions. The

Figure 4. The Crystal structure of (C12H24O6J<)2K[Co(OH)6Mo6- 

O18].12H2O projected on the (001) plane.

anion아 are linked one after another by strong hydrogen bond 

(OcH—H20--HOc, OcH•一H20—Ob and Ob—H20—Ot) 

and ion-dipole interaction (Ot~K—Ot). Potassium ion form­

ing crown &her complexed cation, K+(l), is disordered in 

two sites on 나le twofold axis of rotation; the two sites are 

crystallographically equivalent and surround by six oxygen 

atoms in 안le crown ether and two Ot atoms in the same poly- 

anion- K+(2) is coordinated by four water molecules and two 

Ot atoms in the different anions.

The 18-crown-6 molecule has approximate % but bond 

distances bond angles, and thermal parameters in the (18- 

Crown-6.K)2K[Co(OH)6Mo6018].12H20 molecule indicate a 

disordered structure. Several bond distances and angles in 

the 18-membered ring are unreasonable, and the thermal 

parameters of the crown molecule in the present complex are 

much larger 안lan those in (IS-Crown-e.KJgM^.SHgO1, 
(18-Crown-6.K)2Mo6O19.H2O2 and (18-Crown-6.K)4[CW12- 

O40].2H2O. In the course of refinement we found that the 

electron densities for the atoms in question extend continu- 

ously in 나le range ca. 30° if the rotational disorder of the 

molecule was assumed. Because there are no nodes in such 

이ectron densities, no attempts to analytically divide into 

sites have been made in this disordered structure. These fin­

dings suggest a disorder structure of the 18-Crown-6 mole- 

cules. These peaks are clearly resolved and 난)e disorder may 

be described in terms of two sites (containing Molecules of 

the same symmetry) rotated ca. 30 ° with respect to each 

other around the approximate 난iree fold axis of rotation (see 

Figure 3). A옹 a result, the coordinations of 18-Crown-6 

ether atoms (O1-C6) were obtained by refinemint of the cen­

ter of two site rotated ca. 30 °.

The crystal packing of the anions and cations is shown in 

Figure 4. The hexamolybdocobaltate (III) anion is located 

on the (OO1) plane and sandwhi산】ed in between two (18-
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Crown-6.K)+ complexed cations. This sandwhich structure 

are aligned along the a axis. The anions connect with one 

after another through eight water molecules to a [001] direc­

tion (see Figure 2). All oxygen atoms in the anion coor­

dinated to a water molecule or potassium ion. The stable 

packing arrangement is found in the crystal lattice.

References

1. O. Nagano, Acta Crystallogr., B35, 465 (1979).

2. O. Nagano and Y. Sasaki, Acta Crystallogr., B45, 2387 

(1979).

3. K. Matsumoto, Y. Ozawa, Y. Sasaki, T. Kudo, and H. 

Okamoto, Inorganica Chimica Acta, 159, 185 (1989).

4. T. Sakurai, UNICS. The Universal Crystallographic Com­

puting System, Tokyo, The Crystallographic Society of

Japan (1967).

5. International Tables for X-ray Crystallography. Vol. IV. 

Birmingham, Kynoch Press (1974).

6. U. Lee and Y. Sasaki, Chem. Lett., 1984 (1297).

7. U. Lee, Bull Korean Chem. Soc., 9, 256 (1988).

8. H. T. Evance Jr., Acta Crystallogr., B80, 2095 (1974).

9. H. Kondo, A. Kobayashi, and Y. Sasaki, Acta Crystal- 

logr.r B36, 661 (1980).

10. A. Perloff, Inorg. Chem., 9, 2228 (1970).

11. F. Ito, T. Ozeki, H. Ichida, H. Miyamae and Y. Sasaki, 

Acta Crystallogr., C45, 946 (1989).

12. R. D. Shannon, Acta Crystallogr., A32, 751 (1976).

13. U. Lee, H. Ichida, A. Kobayashi and Y. Sasaki, Acta 

Crystallogr., C40, 5 (1984).

14. V. S. Sergienko, V. N. M어chanov, M. A. Porai-Koshits 

and E. A. Torchenkova, Koord. Khim., 5, 936 (1979).

Crystal Structure of Bithionol, C12H6C14O2S

Hyun Song, Euisung Kim and Hyun-So Shin*
Department of Chemical Engineering, Dongguk University Seoul 100-715. Received August, 1989

The crystal structure of Bithionol, C12H6Q4O2S, has been determined from X-ray intensity data measured by Enraf-Nonius 

CAD-4 diffractometer using graphite-monochromatized Mo-Kfl radiation. The crystal data as follows; triclinic space group 

Pl, a = 8.879(2), 6 = 10.782(1), c = 8.511(l)A, 0=115.43(1),^ = 115.22(1), 7=74.44°(1). “ = 9.51 cn「，F(000) = 356, Z = 2. 

Final R value is 0.036 for independent 2669 observed reflections. Each six-membered benzene rings are coplanar within ex­

perimental errors and the dihedral angle between these planes is 81.28 °(1). The S-(l) and S-C(7) distances are 1.787(2) and 

1.791(3)A, respectively.

Introduction

Bithionol and their different substituted derivatives are 

well known drugs and are particulary effective in human fas- 

cioliasis. Other flukicides of overall analogous structure con­

tain -CONH and -CSNH bridges as well as bulky and dif­

ferent electron-withdrawing substituents. The geometrical 

configuration of the sulfur groups, X-S-Y and X-SO2-Y, 

have been studied in several molecules. In the X-SO2-Y, 

bond distribution about sulfur atom is found to depart signifi­

cantly from that of a regular tetrahedron, with some depen­

dence on substituent atoms X and Y. The sulfon group is of 

particular interest when linked to two aromatic rings, in view 

of the molecular orbital investigation of diphenyl sulfon by 

Koch & Moffitt1. These authors predicted overlap of 3d or­

bitals of sulfur atom with adjacent carbon atom 2p orbitals, 

resulting in an angle of 90° between the normals to the 

aromatic rings and common C-S-C plane.

Experimental

The title compound was provided by Dongkwang Chemi­

cals Co.. Qjlorless rectangular crystals were grown from 

acetone solution. Weissenberg photographies showed them 

to be triclinic, space group Pl, the crystal density was 

measured by iloatation method in 2,3-dibromopro- 

pene/iso-propyl alcohol. A crystal of 0.4 x 0.4 x 0.41 mm was 

used for reflecton data collection with an Enraf-Nonius 

CAD-4 diffractometer using graphite -monochromated 

Mo-Ka radiation. Unit cell parameters were determined 

from 25 reflections having 20 < 20 V 26°. Intensities were 

measured for 2754 reflections with sin^A<0.70A, indices in 

the range -10</z<10, -14<^<12, O<1<11 using w/20 scans 

with a scan width厶3 = (0.7+ 0.35 tan^)° and scan rate 

8.24 °/minute. Three monitor reflections ((3,6,2), (1,7,3), 

(4,4,0)) showed deviations less than 2% from their average 

intensities. No absorption corrections were applied. 2754 

measured reflections of which 2669 with |F이〉2에Fo) were 

used in structure determination and refinement. The crystal 

structure was solved by direct methods (SHELXS-862) and 

refined by full-matrix least squares (SHELX-763) with 

anisotropic temperature factor for non-hydrogen atoms and 

isotropic for hydrogen atoms. Atomic scattering factors for 

non-hydrogen atoms were taken from Cromer & Waber4, 

and those for hydrogen atoms from Stewart, Davidson & 

Simpson5. Refinment minimized ”「巡2；归厶2,厶니只)|一旧:| 

and w = 1/[(t2(Fo) + 0.001 Fo2]. All hydrogen atoms were 

located in a difference Fourier map. Final positional 

parameters with e.s.d.s are Table 1. In the final cycle of 

refinement the largest parameter shift was 0.01. The 

agreement indices were R= 0.036 and R归= 0.037. Maximum 

residual electron density in final difference Fourier syn-


