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In the title compound, [Tb(C;oHgN,O,)4(H,0)4][W(CN)s],
both metal atoms are eight-coordinated. The Tb"! ion displays
a dodecahedral geometry, while the W" ion exhibits a distorted
square-antiprismatic geometry. The Tb atoms are located on a
special position of site symmetry 4, whereas the W atoms are
located on a twofold rotation axis. The cations are linked by
O—H---O hydrogen bonds. The title compound is isotypic
with the corresponding and previously described Mo
compound [Qian & Yuan (2011). Acta Cryst. E67, m845].

Related literature

For general background to octacyanometallate-based
compounds, see: Sieklucka et al. (2011); Zhou et al. (2010). For
related structures, see: Qian & Yuan (2011). For the
preparation of the title compound, see: Bok et al. (1975).
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Experimental

Crystal data

[Tb(C1oHsN,0,)4(H,0),][W(CN);]
M, =1375.73

Tetragonal, P4/n
a=17.9222(7) A

¢ =17.8915 (6) A

V =2534.8 (2) A3

Data collection

Bruker SMART APEX CCD
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2004)
Tmin = 0.444, Tax = 0.522

Refinement

R[F* > 20(F%)] = 0.014
wR(F?) = 0.037

S =107

2498 reflections

Z=2

Mo Ko radiation

wn =373 mm~!
T=291K

0.26 x 0.23 x 0.20 mm

19073 measured reflections
2498 independent reflections
2299 reflections with I > 20(1)
Rine = 0.032

177 parameters

H-atom parameters constrained
APmax = 030 e A7

APmin = —0.64 ¢ A7

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
O1—HI1B-- 4031 0.87 2.6695 (18) 167
O1—H1A...03" 0.88 27415 (18) 165

Symmetry codes: (i) y, —x+3,z — L; (i) x — L,y +4, —z+ 1.

Data collection: SMART (Bruker, 2004); cell refinement: SAINT
(Bruker, 2004); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
DIAMOND (Brandenburg, 2006); software used to prepare material
for publication: SHELXTL (Sheldrick, 2008).
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nology, and the Project of the Priority Academic Program
Development of Jiangsu Higher Education Institutions.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BX2386).
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Tetraaquatetrakis(4,4'-bipyridine dioxide-xO)terbium(lll)
octacyanidotungstate(V)

Yu-Sheng Shi, Mao-Qian Ran, Ying-Ying Chen and Ai-Hua Yuan

S1. Comment

In the past few years, a considerable effort on crystal engineering has been devoted to the design and construction of
octacyanometallates [M(CN)g]** (M = Mo, W)-based magnets (Sieklucka et al., 2011). The combination of [M(CN)s]* as
a carrier of unpaired spin with transition- or lanthanide-metal cations has produced various dimensional molecular
structures, and further displayed intriguing magnetic properties (Zhou et al., 2010). Recently, we have used [W(CN)s]* as
the building block to react with Tb*" and 4,4'-bipyridine dioxide (4,4'-dpdo), obtaining a new ionic compound, [Tb(4,4'-
dpdo)4(H,0)4][W(CN)s], which is isomorphous to [Tb(4,4’-dpdo).(H,0)4][Mo(CN)s] reported previously by our group
(Qian & Yuan, 2011).

In the structure, each Tb atom is located on a special position of site symmetry 4, whereas each Mo atom is located on a
twofold rotation axis. The W' exhibits a distorted square antiprism, while the Tb™ center displays an eight-coordinated
decahedron geometry with 2.386 A of the mean Tb—O bond length. The average W—C and C—N distances are 2.174
and 1.158 A, respectively, while the W—CN bond angles are nearly linear with a maximum deviation from linearity of
4.0°. The neighboring cations are linked through O—H---O hydrogen bonds, Table 1.

S2. Experimental

Single crystals of the title compound were prepared at room temperature in the dark by slow diffusion of a H,O solution
(3 ml) containing Tb(NOs3);.6H,O (0.05 mmol) and 4,4'-dpdo (0.05 mmol) into a CH;CN solution (15 ml) of [HN(#n-
C4Ho)3]5[W(CN)s].4H,0O (0.05 mmol) (Bok et al., 1975). After two weeks, yellow block crystals were obtained.

S3. Refinement

All non-hydrogen atoms were refined with anisotropic thermal parameters. The H atoms of 4,4’-bpdo ligands were
calculated at idealized positions with C—H = 0.93 A and included in the refinement in a riding mode with U(H) set to 1.2
Uey(C). The H atoms bound to oxygen atom from coordinated water molecule were located from difference maps and
refined as riding with O—H = 0.85 A and U(H) set to 1.2U.,(O).
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Figure 1

ORTEP diagram of the title compound. Hydrogen atoms have been omitted for clarity and thermal ellipsoids are
presented at the 30% probability level. Symmetry codes: (i) -x + 3/2, -y + 3/2, z; (i1) -y + 3/2, x, z; (iii) y, -x + 3/2, z; (iv) ¥
12, x+1,z+ 1, (v)-y+ L,x+1/2,z+ 1; (vi) x + 1/2, -y + 3/2, z.

Tetraaquatetrakis(4,4'-bipyridine dioxide-xO)terbium(lll) octacyanidotungstate(V)

Crystal data

[Tb(C1oHsN20,)4(H20)4][W(CN)s]
M, =1375.73

Tetragonal, P4/n

Hall symbol: -P 4a
a=17.9222(7) A

c=17.8915(6) A

V=2534.8 (2) A3

zZ=2

F(000) = 1350

Data collection

Bruker SMART APEX CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2004)

Tnin = 0.444, T0x = 0.522

D, =1.802 Mg m™®

Mo Ko radiation, A =

0.71073 A

Cell parameters from 9955 reflections

0=2.3-27.5°
4 =373 mm!
T=291K

Block, yellow

0.26 x 0.23 x 0.20 mm

19073 measured reflections
2498 independent reflections
2299 reflections with /> 20([)

Rin=0.032

Omax = 26.0°, Opin = 1.6°

h=-22-22
k=-22—-22
[=-9—-9
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Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F*)]=0.014

WR(F?) = 0.037

§=1.07

2498 reflections

177 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w=1/[c*(F,?) + (0.0164P)* + 1.703P]
where P = (F,2 + 2F2)/3

(A/G)max = 0.001

Aprmax =0.30 € A3

Apmin=—0.64 ¢ A7

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > o(F?) is used
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F?
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X % z Uio™/Ueq

wi 0.7500 0.7500 0.24882 (2) 0.01913 (5)
Tbl 0.2500 0.7500 0.5000 0.01051 (5)
o1 0.29389 (7) 0.81662 (7) 0.25409 (15) 0.0171 (3)
HI1B 0.3287 0.8015 0.1848 0.021*
H1A 0.2637 0.8394 0.1839 0.021*

N1 0.68065 (11) 0.89541 (11) 0.0386 (3) 0.0393 (5)
Cl 0.70418 (11) 0.84317 (11) 0.1061 (3) 0.0284 (5)
02 0.35045 (7) 0.67744 (8) 039890 (16) 0.0239 (3)
N2 0.59625 (11) 0.79552 (11) 0.4621 (3) 0.0374 (5)
2 0.65117 (11) 0.78032 (11) 0.3929 (3) 0.0278 (4)
03 0.72018 (7) 0.38740 (8) 1.00441 (16) 0.0212 (3)
N3 0.39907 (9) 0.63844 (9) 0.49170 (19) 0.0194 (3)
c7 0.46983 (11) 0.66305 (11) 0.5066 (3) 0.0248 (4)
H7 0.4843 0.7066 0.4515 0.030*

C6 0.52093 (11) 0.62425 (11) 0.6029 (3) 0.0234 (4)
H6 0.5695 0.6420 0.6125 0.028*

Cs 0.50060 (10) 0.55836 (10) 0.6866 (2) 0.0171 (4)
C4 0.42720 (10) 0.53429 (11) 0.6643 (2) 0.0200 (4)
H4 04114 0.4903 0.7157 0.024*

C3 037781 (11) 0.57476 (11) 0.5672 (2) 0.0226 (4)
H3 0.3291 0.5578 0.5538 0.027*

c8 0.55622 (10) 0.51442 (10) 0.7837 (2) 0.0158 (4)
C12 0.62818 (10) 0.54238 (10) 0.8120 (2) 0.0194 (4)
H12 0.6399 0.5906 0.7774 0.023*
Cl1 0.68155 (10) 0.49949 (10) 0.8903 (2) 0.0202 (4)
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H11 0.7290 0.5189 0.9089 0.024*
N4 0.66553 (8) 0.42914 (8) 0.94064 (19) 0.0163 (3)
C10 0.59602 (10) 0.40097 (10) 0.9223 (2) 0.0178 (4)
H10 0.5854 0.3532 0.9613 0.021%*
C9 0.54087 (10) 0.44284 (10) 0.8461 (2) 0.0171 (4)
H9 0.4930 0.4234 0.8360 0.021%*
Atomic displacement parameters (42)

Ull (]22 (_]33 U12 U13 U23
Wi 0.01293 (6) 0.01293 (6) 0.03153 (10) 0.000 0.000 0.000
Tbl 0.01091 (6) 0.01091 (6) 0.00970 (8) 0.000 0.000 0.000
Ol 0.0165 (6) 0.0216 (7) 0.0134 (6) 0.0015 (5) 0.0022 (5) 0.0030 (5)
N1 0.0269 (10) 0.0294 (10) 0.0617 (14) —0.0036 (8) —0.0126 (9) 0.0106 (10)
Cl 0.0180 (10) 0.0236 (10) 0.0435 (12) —0.0035 (8) —0.0054 (9) 0.0016 (10)
02 0.0219 (7) 0.0334 (8) 0.0165 (6) 0.0156 (6) —0.0023 (5) 0.0007 (6)
N2 0.0276 (10) 0.0317 (10) 0.0528 (12) —0.0001 (8) 0.0092 (9) —0.0084 (9)
C2 0.0233 (10) 0.0178 (9) 0.0422 (12) —0.0016 (8) 0.0001 (9) —0.0039 (9)
03 0.0184 (7) 0.0235 (7) 0.0217 (7) 0.0064 (5) —0.0021 (5) 0.0064 (5)
N3 0.0183 (8) 0.0235 (8) 0.0163 (8) 0.0101 (7) —0.0004 (6) —0.0014 (6)
C7 0.0223 (10) 0.0201 (10) 0.0322 (11) 0.0039 (8) 0.0008 (8) 0.0060 (8)
C6 0.0164 (9) 0.0200 (9) 0.0337 (11) 0.0009 (7) —0.0031 (8) 0.0037 (8)
CS 0.0190 (9) 0.0165 (9) 0.0159 (8) 0.0048 (7) 0.0009 (7) —0.0032 (7)
C4 0.0186 (9) 0.0199 (9) 0.0216 (9) 0.0009 (7) —0.0002 (8) 0.0014 (8)
C3 0.0171 (9) 0.0268 (10) 0.0238 (10) 0.0021 (8) —0.0004 (8) —0.0016 (8)
C8 0.0170 (9) 0.0166 (9) 0.0137 (8) 0.0032 (7) 0.0022 (7) —0.0039 (7)
C12 0.0218 (9) 0.0144 (9) 0.0220 (9) —0.0014 (7) —0.0017 (8) 0.0015 (7)
Cl11 0.0182 (9) 0.0201 (9) 0.0222 (9) —0.0031 (7) —0.0024 (8) 0.0019 (8)
N4 0.0167 (7) 0.0188 (8) 0.0133 (7) 0.0048 (6) —0.0001 (6) 0.0008 (6)
C10 0.0202 (9) 0.0163 (9) 0.0169 (9) 0.0004 (7) 0.0037 (7) 0.0008 (7)
C9 0.0164 (9) 0.0180 (9) 0.0170 (9) 0.0005 (7) 0.0027 (7) —0.0013 (7)
Geometric parameters (A, ©)
W1—C2! 2.174 (2) N3—C3 1.343 (3)
W1—C2f 2.174 (2) N3—C7 1.348 (3)
W1—C2i 2.174 (2) C7—Co6 1.378 (3)
W1—C2 2.174 (2) C7—H7 0.9300
W1—Cl! 2.175 (2) C6—C5 1.401 (3)
WI1—Clt 2.175 (2) C6—H6 0.9300
W1—Cl1 2.175 (2) C5—C4 1.396 (3)
WI1—Cli 2.175 (2) C5—C8 1.484 (3)
Tb1—O2¥ 2.3598 (13) C4—C3 1.377 (3)
Tb1—O02Y 2.3598 (13) C4—H4 0.9300
Tb1—02 2.3598 (13) C3—H3 0.9300
Tb1—O2" 2.3598 (13) Cc8—C9 1.401 (3)
Tb1—O1" 2.4104 (12) C8—C12 1.402 (3)
Tb1—O1¥ 2.4104 (12) Cl12—Cl11 1.374 (3)
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Tb1—O1
Tb1—O1Y
Ol1—HIB
Ol—HIA
N1—Cl1
02—N3
N2—C2
03—N4

C2—W1—C2i
C2—wW1—C2i
C2i—WI1—C2ii
C2—W1—C2
C2i—W1—C2
C2i—WI—C2
C2—W1—Cli
C2i—WI1—Cli
C2i—WI—CI!
C2—WI1—Cl
C2—W1—Cli
C2i—WI—Clt
C2i—WIl—Cl1i
C2—WI—Cli
Cl—W1—Cli
C2—W1—Cl1
C2i—W1—C1
C2i—W1—Cl1
C2—WI1—C1
Cl—W1—Cl1
Cli—W1—Cl
C2—W1—Clit
C2i—WI—Clii
Cziii_Wl_C 1 iii
C2—WI1—Cli
Cl—W1—Clit
Cli—wl1—Cli
Cl—Wl1—Clit
02"—Tb1—02"
02"—Tb1—02
02"—Tb1—02
02—Tb1—O02"
02'—Tb1—02"
02—Tbl—02v
02—Tb1—O1"
02'—Tbl—O1"
02—Tbl—O1v
02"—Tb1—O1"
02"—Tb1—O1¥

2.4104 (12)
2.4104 (12)
0.8724
0.8755
1.157 3)
1.336 (2)
1.158 (3)
1.3312 (19)

74.13 (6)
116.94 (12)
74.13 (6)
74.13 (6)
116.94 (12)
74.13 (6)
76.77 (8)
14332 (7)
140.38 (7)
74.90 (8)
74.90 (8)
76.77 (8)
143.32 (7)
140.38 (7)
74.45 (6)
14332 (7)
140.38 (7)
74.90 (8)
76.77 (8)
74.45 (6)
117.63 (12)
140.38 (7)
74.90 (8)
76.77 (8)
14332 (7)
117.63 (12)
74.45 (6)
74.45 (6)
140.48 (6)
96.56 (2)
96.56 (2)
96.56 (2)
96.56 (2)
140.48 (6)
73.41 (4)
146.09 (4)
72.77 (5)
75.63 (5)
75.63 (5)

Cl12—HI12
Cl11—N4
Cl1—H11
N4—C10
C10—C9
C10—H10
C9—H9

02—Tb1—O01"Y
02"—Tb1—O1¥
02—Tb1—O1¥
02"—Tb1—O01"
O1"—Tb1—O1Y
O1™—Tb1—O1"
0O1—Tb1—O1Y
Tbl—O1—HI1B
Tbl—O1—HI1A
HIB—O1—HI1A
N1—C1—W1
N3—02—Tbl
N2—C2—W1
02—N3—C3
02—N3—C7
C3—N3—C7
N3—C7—C6
N3—C7—H7
C6—C7—H7
C7—C6—C5
C7—C6—H6
C5—C6—H6
C4—C5—C6
C4—C5—C8
C6o—C5—C8
C3—C4—C5
C3—C4—H4
C5—C4—H4
N3—C3—C4
N3—C3—H3
C4—C3—H3
C9—C8—C12
C9—C8—C5
C12—C8—C5
C11—C12—C8
Cl11—CI12—H12
C8—CI12—H12
N4—C11—C12
N4—CI11—H11

0.9300
1353 (2)
0.9300
1352 (2)
1.379 (3)
0.9300
0.9300

72.77 (5)
75.63 (5)
146.09 (4)
73.41 (4)
130.40 (4)
72.76 (6)
130.40 (4)
125.7
122.6
101.0
175.9 (2)
126.92 (10)
1763 (2)
120.20 (16)
119.38 (16)
120.42 (16)
120.54 (18)
119.7

119.7
120.81 (18)
119.6

119.6
116.52 (17)
122.29 (17)
121.07 (17)
120.87 (18)
119.6

119.6
120.81 (18)
119.6

119.6
116.87 (17)
122.38 (17)
120.72 (17)
120.82 (17)
119.6

119.6
120.38 (17)
119.8
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02'—Tbl—O1Y 72.77 (5) C12—C11—H11 119.8
02—Tbl—O1Y 73.41 (4) 03—N4—C10 120.56 (15)
02"—Tb1—O1¥ 146.09 (4) 03—N4—Cl11 118.59 (15)
O1“"—Tb1—O1V 130.40 (4) C10—N4—C11 120.83 (16)
02"—Tb1—O01 146.09 (4) N4—C10—C9 120.25 (17)
02"—Tb1—O01 73.41 (4) N4—C10—H10 119.9
02—Tb1—O1 75.63 (5) C9—C10—H10 119.9
02—Tb1—O01 72.77 (5) C10—C9—C8 120.71 (17)
O1"—Tb1—O01 72.76 (6) C10—C9—H9 119.6
O1*~—Tb1—O01 130.40 (4) C8—C9—H9 119.6

Symmetry codes: (i) —y+3/2, x, z; (ii) —x+3/2, —y+3/2, z; (iii) y, —x+3/2, z; (iv) y—1/2, =x+1, —z+1; (v) —p+1, x+1/2, —z+1; (vi) —x+1/2, =y+3/2, z.

Hydrogen-bond geometry (4, °)

D—H-A D—H H-A DA D—HA
O1—H1B-03" 0.87 1.81 2.6695 (18) 167
Ol1—H14-03i 0.88 1.89 27415 (18) 165

Symmetry codes: (vii) y, —x+3/2, z—1; (viii) x—1/2, y+1/2, —z+1.
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