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Several new one-dimensional coordination polymers were obtained by reactions of different simple cobalt salts
with 4,4-bipyridine. Co(SQ)(H20)3(4,4-bipy)-2H,O (1) was obtained by reacting Cog@ith 4,4-bipy in a
water/ethanol solvent system: hexagoffs, a = 11.435(2) A,c = 20.886(4) A,Z=6. CoCLDMSO),(4,4-

bipy) (2) was crystallized from the reaction of an aqueous solution of @afth a DMSO solution of 4,4bipy:
orthorhombic,Pbcn a = 11.470(2) Ab = 11.390(2) A,c = 14.753(1) A,Z = 4. Reaction of Co(CECOO)

with 4,4-bipy in water/acetonitrile under hydrothermal conditions yielded Ca@BO)(4,4-bipy) (3): triclinic,
P1,a=7.996(1) A,b=9.128(1) A,c = 10.676(1) A,a = 109.79(13, B = 99.90(1}, y = 100.98(13, Z = 2.

1 and2 have structures containing linear €bipy—Co chains. Inl, the chains are connected by a network of
hydrogen bonds. The structure ®tontains linear double Cebipy—Co chains bridged by C} OO~ groups.

The reaction chemistry observed in different solvent systems and under hydrothermal conditions is discussed.

Introduction connected by pyz, 4bipy, and phz have been reported?

nd there is one example of a structure containing dinuclear

u(ll) units bridged by 4,4bipy.1°

Most of the known examples of chain structures, however,
contain single metal centers. For example, Cu(l) and Ag(l) ions
normally adopt a pseudotetrahedral geometry and form zigzag
chains with 4,4-bipy, pyrazine, and pyrazine derivatitAss’
The compounds Mn(4,bipy)(N(SiMe;),)2 and Cu(2,2bipy)-
(4,4-bipy)(CIOy), both have nonlinear chains with the M(Il)
ions present in pseudotetrahedral geom&#yj. Compounds
with octahedrally coordinated metal centers generally have linear
chain structures, for example compounds containing CH@iy,

We and others have studied the syntheses and structures o
coordination polymers in which ligands such as pyrazine and
4,4-bipyridine are used to bridge metal centers to form one-,
two-, and three-dimensionally connected polymer networks.
Some examples are reviewed in recent papers by Lu'étAl.
general objective of these studies has been to develop method
for the synthesis of three-dimensionally connected open frame-
work solids with potential as sorbents or catalysts. The synthesis
and structural chemistry of one- or two-dimensional polymer
systems, however, also provides insight into the role of specific
solvents and counterion effects on the polymerization process.

In the present work, we describe the synthesis, structure, and

reactivity of three new one-dimensional polymers formed by
coordination of 4,4bipy to Co(ll) ions. The compounds were
obtained by using CoSQ CoCh, and Co(OAc) as starting

Cd(11),> Mn(l1), 16abFe(11),17 Ni(ll), 18 and Co(Il)117:1%b | inear
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materials and are unusual in that in all cases the anions are(10) Siangen, P. M.; van Koningsburgen, P. J.; Haasnoot, J. G.; Jansen, J.;

directly coordinated to the metal centers.

Structures containing one-dimensional polymer chains are

formed in a variety of ways by coordination of ligands such as
pyrazine (pyz), 4,4bipy, and their derivatives to metal centers
or to dimetal centers with metametal bonds. Examples of
dimetal systems include M@AC)4(4,4-bipy).2 Moy(OAC)(pyz) 2
Mo0,(0.CCFR)4(4,4-bipy),* Cry(OAC)s(pyz)? Rh(O2CCoHs)s-
(phz) (phz= phenazine¥,and Ry(O,CCHs)4(phz)BR.” Chain
structures formed by halide-bridged dinuclear Cu(l) dimers
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chain structures are also formed by Ag(l) with a coordination and diethyl ether to remove any excess starting material. The crystals
number of 2 with pyrazine and pyrazine derivativ&s20 were dried in air. Variation of the solvent composition resulted in
The linear chain structures that are formed by coordination different shapes and sizes of the single crystals. If acetone was used
: ' i instead of ethanol, the resulting crystals were smaller and a second
of pyrazine (pyz) and 4,4ipy to metal centers can be further 'NSt€ad C
elaborated to form 2D and/or 3D polymers through other unidentified phase appeared. IR for3396 m, 3094 w, 1608 s, 1514
connections. For example, metahetal interactions in Ag(4,4 w, 1486 m, 1413 s, 1174 m, 116 vs, 1105 m, 1098 w, 1010 w, 804 s,

. . N N ;) 723 w, 619 m, 512 w cri.
ooy il ag Sy kg chas o 20 rverk G ) s sty i e
92225 . layer method. The bottom layer consisted a solution of 0.065 g (0.5
structures For example, the double chain structure of 1,0y of Cocyin 10 mL of dimethyl sulfoxide (DMSO). The middle
Cu(GsHeN2)Cl> can be regarded as a limited extension of @ |ayer was a mixture of 5 mL of DMSO and 5 mL of diethyl ether. The

single-chain polymet® Other ligands used to connect metal  top layer was a solution of 0.156 g (1.0 mmol) of 4pdpyridine in 10

pyz—metal chains include 42~ for Cu(ll), CN~ for Cd(ll), mL of diethyl ether. Purple square single crystal2ofere formed

and NG~ for Ag(l) ions26-29 around the middle layer in about 1 week. Product yields based on
CoCkL were typically 20-30%. The use of ethanol or methanol as the

Experimental Section solvent for 4,4bipy resulted in the same product but with smaller

All chemical btained from Aldrich and d ved crystal size. When water or DMF (dimethylformamide) was used as
chemicals were obtained from AIANCh and Were used as received. o oo\ ent for CoGl only purple precipitates were formed. IR far

Infrared data were collected on a Galaxy FTIR 5000 series spectrometer.
using the KBr pellet method. X-ray powder diffraction (XRD) 3418 s, 2043 m, 2009 m, 2956 w, 2912 w, 1604 vs, 1535 m, 1491 w,

measurements used a Scintag XDS 2000 automated powder diffractom—1418 vs, 1307 w, 1212 m, 1004 w, 997 vs, 949 vs, 8333 5, 828 m, 704

eter @—0 geometry, Cu I radiation, flat plate sample). The Lazy- w, 632 s, 513 W c.ml_ o . .
Pulverix prograrf? was used to simulate powder patterns from the  CO(OAC)(4,4-bipyridine) (3). This compound can be synthesized

single-crystal X-ray data. Thermogravimetric analysis data were PY using both solution and hydrothermal methods. Hydrothermal
collected on a DuPont 9900 TG analyzer in flowing nitrogen at a heating €actions were carried out by adding 0.249 g (1.0 mmol) of Ce{CH
rate of 10°C/min. X-ray powder diffraction data were obtained for COOk-4H0 and 0.468 g (3.0 mmol) of 4;bipyridine to a mixture
bulk polycrystalline samples of all of the compounds synthesized. of 4 mL of water and 4 mL of acetonitrile in a PTFE-lined Parr bomb.

Sample purity was confirmed by comparison of the measured data with 1h€ bomb was heated to 18C and held at that temperature for 3
the simulated diffraction patterns. days. The bomb was then allowed to cool to room temperature in the

Co(SOy)(H20)3(4,4-bipy)-2H,0 (1). A solution of 0.313 g (2.0 oven after the oven was turned off. The product, maroon rod crystals

mmol) of 4,4-bipyridine in ethanol was slowly diffused into an aqueous ©f 3, was filtered off and washed with water and diethyl ether and
solution of 0.155 g1 mmol) of CoS@xH,O. Pink needle-shaped  dried. Product yields based on Co(§Z00)-4H,O were typically
single crystals ol slowly formed around the solution interface. Using ~80%. Other solvents, for example water/acetone and water/methanol,
ether as the solvent for 4:Bipy gave the same result. Product yields 9ive crystalline3, but the purity and crystal quality declined. No
based on CoSQwere typically>60%. The purity of the product was crystalline proqluct was obtained in pure water. _Interestlngly, we
confirmed by powder X-ray diffraction. Eliminating water from the ~ ©OPserved that if pyrazine was present in the reaction as a competing
solvent system yielded a different compound. Layering an ethanol ligand for 4,4-bipy, the crystal quality o8 was greatly enhanced even
solution of 4,4-bipy with a DMSO (dimethy! sulfoxide) solution of ~ though the corresponding pyrazine compound was not formed.

CoSQ gave light purple square crystals of Co®04-bipy)..5* Due Crystals of 3 were obtained in several solvent systems by the
to decay in crystal quality, only preliminary results were obtained for interdiffusion method as used f& For example, water (for Co-
this phase (see below). (OACc),)/acetonitrile (for 4,4bipy), water/methanol, and water/acetone

1 can also be synthesized by hydrothermal reaction. A 0.155lg (  solvents all produced single-phase crystal@eProduct yields based
mmol) amount of CoS@and 0.312 g (2.0 mmol) of 4dbypyridine on Co(CHCOO)-4H,0 were typically>70%. IR for3: 3075 w, 3049
were added to a mixture of 7 mL of water and 3 mL of ethanol in a W, 3019 w, 2924 w, 1603 vs, 1562 vs, 1487 m, 1441 vs, 1339 w, 1217
PTFE-lined Parr bomb. The bomb was heated to 2(G@nd held for m, 1088 m, 1045 m, 1004 w, 935 w, 885 w, 818 s, 733 w, 671 m, 631
72 h. After being slowly cooled to ambient temperature, the bomb m cm L.
was opened, and the product was filtered off and washed with water  X-ray Crystallography. A suitable crystal ofl was mounted with
epoxy glue on the tip of a glass fiber and transferred to an Enraf Nonius
(18) Gable, R. W.; Hoskins, B. F.; Winter, Gorg. Chim. Actal985 96, CAD4 four-circle diffractometer. Data were collected with MaxK

151. radiation ¢ = 0.710 73 A). A single crystal o was attached to the
(19) (a) Fetzer, T.; Joos, R.; Lentz, A.; Debaerdemaeket, Anorg. Allg.

Chem.1994 620, 1750. (b) Jung, O. S.: Pierpont, C. & Am. Chem. tip of a glass flt_)er and quickly moounted ona Nicolet R3 dlff_ractometer

S0c.1994 116, 2229. under a cold nitrogen stream50 °C). A typical procedure involved
(20) Tsuda, T.; Ohba, S.; Takahashi, M.; Ito, Acta Crystallogr 1989 centering 25 reflections (20< 26 < 40°) to determine the unit cell.

C45, 887. For 1 and 2, the Laue symmetries were confirmed by checking the
(21) Yaghi, ©. M,; Li, H.J. Am. Chem. Sod.996 118 295. intensities of equivalent reflections, and data were collected using the

(22) Masciocchi, N.; Cairati, P.; Carlucci, L.; Mezza, G.; Ciani, G.; Sironi,  ;,—29 scan method. Data fdr and2 were corrected for Lorentz and

A. J. Chem. Soc., Dalton Tran£996 739. M L - .
(23) Fetzer, T.; Lentz, A DebaerdemagkerZTN aturforsch1989,44h, polarization effects. Empirical absorption corrections baseg spans

553, were applied. The structures bnd2 were solved by direct methods
(24) Ayers, F. D.; Pauling, P.; Robertson, G. IBorg. Chem.1964 3, and standard difference Fourier technique using SHELX%-86d

1303. SHELXL-93* programs. Space grofs was chosen fot over P6;
(25) Lindroos, S.; Lumme, FActa Crystallogr 1990 C46, 2039, on the basis of comparison of Flack parameters. EdPbcnwas

(26) P}é(i)tgg)?;vsal’l’i ?_";Ingé]”bgheg nggé"’gf' 4%;0 Kondo, M.; Katada, M.;niquely determined from systematic absences. Hydrogen atoms have

(27) Kawata, S.; Kitagawa, S.: Kondo, M. Furuchi, I.; Munakata, M been placed on calculated positions and were not refined. For clarity

Angew. Chem., Int. Ed. Engl994,33, 1759. they are omitted in the figures and the tables. A maroon rod crystal of
(28) Abrahams, B. F.; Hardie, M. J.; Hoskins, B. F.; Robson, R.; Sutherland, 3 having approximate dimensions 0.850.05x 0.4 mm was mounted
E. E.J. Chem. Soc., Chem. Commd§94 1049. in a random orientation on a Siemens SMART platform diffractometer

(29) Vranka, R. G.; Amma, E. Unorg. Chem.1966 5, 1020.
(30) Yvon, K.; Jeitschko, W.; Parthe, B. Appl. Christallogr.1977, 10,

73. (32) Sheldrick, G. M.SHELXS-86 User GuideUniversita Gottingen:
(31) CoSQ(4,4-bipy),: cell dimensionsa = 13.011(2) Ab = 22.912(6) Gottingen, Germany, 1986.
A, c=122.813(5) Ao =90, B = 9C°, y = 90°, V = 6801(3) &, (33) Sheldrick, G. MSHELXL-93 Program for crystal structure refinement

space groufC2ch. Universitda Gattingen: Gitingen, Germany, 1993.



Coordination Polymers of Cobalt

Table 1. Crystallographic Data for CoSH,0)s(4,4-bipy)-2H,0
(1), CoCh((DMSO),(4,4-bipy) (2), and Co(OAc)4,4-bipy) (3)

Inorganic Chemistry, Vol. 37, No. 18, 1998639

Table 2. Selected Bond Distances (A) and Angles (deg)fe13

Co(H,0)3(4,4-bipy)SQ-2H:0 (1)

1 2 3 Co—0(6) 2.046(8) Ce-0(4) 2.252(7)
formula COSNOQClong COCleQNzOzC]AHzo COQN2C14H14 gg:gggg ggzgg?; gggg iiggg;;
ggace group ‘F‘,%j% 333627 P9133'20 Co—N(2) 2.165(8) s0(1) 1.468(8)
a, 11.435(2) 11.470(2) 7.996(1) Co-N(D) 2.172(8) S0@) 1.481(9)
b, A 11.435(2) 11.390(2) 9.128(1) O(8)-Co—0(5) 176.0(4) O(6) Co—0(4) 88.7(3)
c, A 20.886(4) 14.753(1) 10.676(1) 0O(6)—Co—0(7) 89.9(3) O(5)rCo—0(4) 87.2(3)
a, deg 90 90 109.79(1) O(5)-Co—0(7) 94.2(3) O(7)yCo—0(4) 178.5(3)
B, geg 920 gg 9‘8898%1() ) N(2)—Co—N(1) 176.9(3)

y, deg 1 100.98(1 )
v, A3 2365.1(7) 1927.4(5) 695.8(1) CoCh(4,4-bipy)(DMSO) (2)
z 6 4 2 Co—0(1) 2.129(2) Ce-Cl 2.4707(5)
T,°C 25 —50 —50 Co—N(1) 2.152(2) SO 1.527(2)
p(calcd), g cm?®  1.690 1.524 1.591 Co—N(2) 2.152(2) S-C(7) 1.775(3)
u, mm 1.268 1.392 1.25 S-C(8) 1.792(3)
a
e e oo, o 0-Co-0 17585(8)  O(1}Co—Cl  90.86(4)
' ' ' O—Co—N(2) 92.08(4) G-Co—Cl 89.31(4)
AR = Y ||Fo| — [Fcll/T|Fo|. PWRe = [SW(Fo? — F?)& Y W(Fo?)7 Y2 O—Co—N(1) 87.92(4) N(2)-Co—ClI 87.706(13)
N(2)—Co—N(1) 180.0 N(1)-Co—ClI 92.295(13)
equipped with a 1.K CCD area detectérThe samplg was placed in Co(OACk(4,4-bipy) (3)
a stream of dry nitrogen gas at50 °C, and the radiation used was Co-0(1) 2.022(1) Ce-0(2) 2.017(1)
Mo Ka monochromatized by a highly ordered graphite crystal. A Co—0(3) 2.175(1) Coe-O(4) 2.211(1)
hemisphere of data (1271 frames at 5 cm detector distance) was Co—N(1) 2.168(1) Ce-N(2) 2.166(1)
collected using a narrow-frame method with scan widths of Oi3@ O(1)-C(11) 1.251(2) O(2yC(11) 1.255(2)
and an exposure time of 20 s/frame. The first 50 frames were O(3)—C(13) 1.256(2) O(4yC(13) 1.252(2)
remeasured at the end of data collection to monitor instrument and  C(11)-C(12) 1.504(2) C(13)C(14) 1.494(3)
crystal stability, and the maximum correctionlowas <1%. The data 0(1)-Co-0(2) 120.4(1) O(1}Co—-0(3) 88.3(1)
were integrated using the Siemen_s SAINT prog?&m’th the intensities _ O(1)-Co—0O(4) 147.8(1) 0(2) Co—0(3) 151.1(1)
corrected for Lorentz factor, polarization, air absorption, and absorption 0(2)-Co—0(4) 91.7(1) O(3)-Co—0(4) 59.5(1)
due to variation in the path length through the detector faceplatg. A N(1)—Co—N(2) 177.2(1)

scan absorption correction was applied on the basis of the entire data
set using the SADABS prograffi. Redundant reflections were aver-
aged. The structure & was solved in the triclinic space growi

using Patterson methods and refined using SHELXTLDetailed
information can be found in Table 1.

Results and Discussion

Structures. Selected bond distances and angleslfe8 are ) ] o ] L
given in Table 2. All three structures contain linear chains g'glf;‘_'lé \i'ew of the infinite finear chain of Co(k0)s(4,4-bipy)-
formed by 4,4bipyridine ligands connecting Co atoms. 3n Qr2H0 (1),
CH3COO™ groups bridge Co atoms in parallel €bipy—Co
chains to form double chains, as shown in Figure 3. All Co
atoms are octahedrally coordinated and are divalent.

Part of the structure of is shown in Figure 1. Irl, each
Co atom is coordinated to two 48ipyridine ligands, one of
the oxygen atoms in a $® anion, and three water molecules
from the solvent. The other two water molecules occupy space
in the structure between the chains. All of the water molecules @ C8

and the SG~ anions are interconnected through hydrogen Figyre 2. View of the infinite linear chain of Co(DMSG, 4-bipy)-
bonds. In each unit cell, the €dipy—Co chains lie in thab Cl, (2).

plane along thea, b, and (110) axes. There are six infinite ¢ yyo water molecules are trans to each other and are tightly
chains stacked perpendicular to thaxis in the unit cell related bonded to Co with CeO distances of 2.046(8) and 2.084(8)
by the G-screw axes. The chains are spaced at 3.48 A intervaIsA_ The water molecule coordinated trans to the,50s less
along thec axis. The phenyl rings in the 4;Bipyridine ligands strongly bonded to Co with a GeO distance of 2.143(7) A.

are nearly coplanar (the interplanar angle iS¥.@nd there are 14 c3-N bond distances are 2.165(8) and 2.172 (8) A similar
no bipyridine interactions between chains. The length of the y, ye gistances found Band3. The presence of a coordinated
bond between the Co(ll) ion and the oxygen of the sulfate group g jate group is somewhat unexpected. In the related compound,
is 2.252(7) A and is the longest among the-@d distances. Co(pz)(H0)sSOx2H,0,1%an additional water molecule rather
than the SGF~ anion completes the local coordination around
the Co ion.

In the structure o2, the Co center is coordinated to two 4,4
bipyridine ligands, the two Cl anions, and two DMSO molecules
(Figure 2). The Ct anions are located trans to each other as
are the DMSO molecules. The unit cell contains four infinite
chains that lie along the axis. The Ce-Cl bond length is

(34) SMART version 4.05; Siemens Analytical X-ray Systems, Inc.:
Madison, WI, 1995.

(35) SAINT, version 4.05; Siemens Analytical X-ray Systems, Inc.: Madi-
son, WI, 1995.

(36) SADABS: Siemens area detector absorption correction program
Siemens Analytical X-ray Systems, Inc.: Madison, WI, 1995.

(37) Sheldrick, G. MSHELXTL, Version 5.03, Siemens Analytical X-ray
Systems, Inc.: Madison, WI, 1995.
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bipy), and Zn(4,4bipy)(SiFs) are similar®® In the latter, the
Zn(bipy), layers are joined by bridging SiF anions. Although
Co—SO; and Zn-Siks bipy systems behave similarly in
nonaqueous conditions, in agueous systems their reaction
products with 4,4bipy are different. S¢¥~ is coordinated to

Co under both conditions, while S# is not coordinated to

Zn when water is use¥. As mentioned above, S& is also

not coordinated to Co in the product of the reaction of CpSO
with pyrazine under aqueous conditidfs.

2 is only obtained in the presence of DMSO using solution
reaction conditions. Attempts to syntheszéydrothermally
were unsuccessful, and the expected'-Bigy analogue of
Co(pyz)Cl, was not obtained. Both hydrothermal and solution
conditions can be used to synthes&e

. ) - . . ) Thermogravimetric Analysis. 1 and2 were heated to 600
(F:|glg§ (33.).V|ew of the infinite double chain of Co(4;dipy)(CHs °C. and3 was heated to 406C in N,. For 1, TGA shows a
weight loss of 22.26% from 80 to 15 corresponding to the

2.4707(5) A. The distance between the Co atom and the oxygen'oss of five water molecules (calc 22.43%). A second weight
of the DMSO molecule is 2.120(2) A, close to the value found loss of 38.75% from 250 to 41%C corresponds to removal of

for the Co-N bond length (2.152 A) suggesting that the bonding ©N€ 4.4-bipyridine (calc 38.88%). The final residue was
contributions from the solvent and the 4ipyridine ligands ~ @morphous by powder XRD. The thermal decomposition
are similar. In this structure the two phenyi rings of the'4,4 Pehavior of2 is much like that observed fdr. The compound

bipyridine are not coplanar. The dihedral angle is 34.3 loses coordinated solvent molecules below 110. The
. observed weight loss (35.38%) corresponds to the loss of two
The structure of3 contains no solvent molecules. Acetate

roups coordinate to the Co atoms in two different ways (Figure molectles of DMSO (calc 35.28%). From 350 to 48Dthe

g) gne anion type uses two oxygen atoms io chelgf[e to% Cocompound lost an additional 35.76% weight corresponding to
. e o

ion forming a four-membered CeO—C—O ring. The other one molecule of 4,4bipyridine (calc 35.29%).

ion t f brid ing t i betw The thermal decomposition behavior ®fs quite different.
anion type forms a bridge using two oxygen atoms DEWEEN 1,0 ,sq of the coordinated bipyridine ligands and the decom-
the Co centers in two parallel linear chains. The structur® of

) ) . ; X osition of Co(OAc) occurs simultaneously. No weight loss
contains double rather than the single linear chains fourid in P ( ) y 9

and2. The Co-0 bond lengths for the bridging oxygen atoms was observed below 181C. A single-step weight loss was

observed between 210 and 320 corresponding to 77.50%
are shorter (2.022(1) and 2.017(1) A yrthan the Ce-O bond for Co(OAc)k(4,4-bipy). The weight loss corresponds to one

Igngths involving the chelqting oxygen atoms. The bond 4,4-bipyridine molecule and two acetate groups assuming that
distances between the chelating oxygen atoms and the Co centef o residue is CoO (calc 77.51%)

are 2.175(1) and 2.211(1) A f& The distances between the
cobalt atoms bridged by the GEOO™ groups are 4.02(1) A.

Although the Ce-N(bipy) bond lengths foll—3 are similar,
the temperatures at which bipyridine molecules are evolved from

There ‘lare fnodCZﬁ(élo b(r)]n_ds. To our kn(_)\;]\/,le(jge,_ij,_ the tli_rr?t the structures are quite different due to differences in the local
example of a double chain structures with'4#pyridine. The = coordination environment and the possibility of different

only other example in the pyrazine/bipy family of complexes 4.11osition pathwavs and intermediates
is Cu(GHeN2)Cl,, a double chain structure formed by single P P y ’
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Reaction Chemistry. In a previous paper,we described
the influence of solvents on the structures of 2D and 3D meta
coordination polymers formed with pyrazine and' 4ipyridine.
The influence of the solvent chemistry and the reactions
conditions is again seen in the 1D compounds. Compo(nds
and 3 can be prepared using both solution and hydrotherma
conditions. Compound® was formed only under solution Supporting Information Available: Three X-ray crystallographic
conditions. files, in CIF format, for the compounds Co(9(H,0)s(4,4-bipy)-2H,0

In water, CoSQreacts with 4,4bipy to form1. In solution (1), CoCLDMSO)(4,4-bipy) (2), and Co(CHCOO)(4,4-bipy) (3)
reactions, the selection of the second solvent only affects thedre available on the Internet only. Access information is given on any
crystal quality. In nonaqueous conditions, a different compound, current masthead page.

CoSQ(4,4-bipy),, is formed. Although a detailed structure 1C971614G
could not be obtained due to poor crystal stability, preliminary

results clearly showed that the structure contains an infinite 2D (38) gzbzri‘g‘;‘”ia”' S.; Zaworotko, MAhgew. Chem., Int. Ed. Endl995

square net of composition Co(bip¥) interconnected by S (39) Gable, R. W.; Hoskins, B. F.; Robson, R. Chem. Soc., Chem.
groups through CeO bonds. The structures of Cog®,4- Commun.199Q 1677.




