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Fluorescent whitener (4,4'-bis(2-sulfonatostiryl)biphenyl) was incorporated with M/4,4'-bipy (M = Cd, Co; 4,4'-
bipy=4,4'-hipyridine) 2D frameworks, Mn/4,4'-bipyH fragment, and the [Zn,(Im),(ImH)4?>* (ImH = imidazole) chain
under hydrothermal conditions to obtain seven new coordination polymers: [Cd(4,4'-bipy)(L)(H20)] (1), [Co(4,4'-
bipy)a(L)]-2H20 (2), [Co(4,4'-bipy)2(H20)](4,4"-bipy)(L)-2H.0 (3), [Mn(4,4'-bipyH)2(L)2(H20)]-4H,0 (4), and [Zn,-
(Im)2(ImH)4J(L) (5). Their structures were determined by single-crystal X-ray diffraction. In 1, binuclear [Cd,] units
are bridged by 4,4'-bipys into a 2D cationic framework, which is further penetrated by L anions. 2 has an organic—
inorganic hybrid layer consisting of [Co(4,4'-bipy),] squarelike motifs and L anions. 3 features a pcu-like 3D cationic
framework with the inclusion of L anions. In 4, the [Mn(4,4'-hipyH),(H,0),]** cationic fragment is sandwiched by L
anions into a sandwichlike hybrid layer. 5 exhibits a 3D honeycomb-like structure with each nanotube encapsulating
two parallel L anionic chains. TGA and PXRD indicate solids 1, 4, and 5 are thermally stable up to 280, 200, and
250 °C under an air atmosphere, respectively. 1 has bright blue-green luminescence with a peak maximum band
at about 470 nm. 4 exhibits tunable emission between dark-red and weak-green under the excitation of 500 and
280 nm, respectively. 5 displays a bright blue-green emission with a peak band at 454 nm and a shoulder peak
at 473 nm. It is attractive that the luminescent properties of solids 1, 4, and 5 are almost retained after heat
treatment at 200, 200, and 250 °C for 2 h under an air atmosphere, respectively.

Introduction reason is that most luminescent coordination polymers exhibit
higher thermal stability and stronger intensity than those of
free organic ligand:2"44Another reason is that luminescent
colors can be tuned through judicious choices of organic
bridging ligands and metal nodes, like the bathochromic-
shift and the blue-shift.In this regard, an effective strategy
to obtain bright luminescent solids is the combination of the
fluorescent organic unit with MOFs via electrostatic interac-

The design and synthesis of coordination polymers based
on metal-organic frameworks (MOFs) is of great research
interest during the past decade, owing to their structural
diversities and intriguing properties, including gas adsorption,
enantioselective separation, catalysis, electrical conductivity,
nonlinear optics, and so dnin particular, the synthesis of
luminescent coordination polymers has flourished because
of their potential applications as light-emitting diodes,
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Coordination Polymers Containing Fluorescent Whitener

tion, covalent bonds, hydrogen bonds, antlr stacking Syntheses of [Cd(4,4bipy)(L)(H 20)2] (1). A mixture of Cd-
interactions. Following this strategy, fluorescent whiteners (CH;COO)-2H,0(0.0256 g, 0.0960 mmol), N&(0.0565 g, 0.1004
would be introduced as building blocks into MOFs because mmol), 4,4-bipyridine (0.0185 g, 0.1184 mmol), and;® (10.0
they can absorb UV radiation and emit bright-blue visible ML, 556 mmol) was heated at 14Q for 168 h. After the mixture
light. 4,4-Bis(2-sulfonatostiryl)biphenyl (denoted ds) was cooled slowly to ambient temperature, light-orange prism-
which i’s a stilbene-tvpe fluorescent whitener With’ an shaped crystals were obtained. The final pH of the solution was

. yp. 4.82. The crystals were filtered, washed with distilled water, and
luminescent quantum yield of 0.8, has been successfully

. . . L ; dried at ambient temperature. A suitable crystal was selected for
assembled with the zinc/4:8ipy cationic framework into g6 crystal X-ray diffraction studies. The pattern of experimental

a bright-green luminescent sofith. The zinc solid exhibits  powder XRD was in accord with those simulated from single-crystal
a~90 nm bathochromic-shift compared to thatNah,L and X-ray data, which indicated the homogeneous phase of the pro-
possesses a very broad excitation spectrum. To expand outuct. The yield was about 43% (0.0341 g) based on CgGTMD):
research, we have altered metal centers, ratios of reactants2H,O. Anal. Calcd for GgHz,N,0gS,Cd 1: C 55.58, H 3.93, N
and organic bridging ligands to obtain other coordination 3.41. Found: C 55.63, H 4.01, N 3.58. IR (KBr pellet, th
polymers with fascinating structures and luminescent proper- 3450m¢o-+), 3346mM¢o-+), 3049fc-), 3030Wc—c-+), 3005w
ties. In this article, we report the syntheses, crystal structures,(Vc=c-+); 1610m ¢c=c), 1568w, 1539m, 1495m, 1464m, 1417m,
and properties of five new coordination polymers containing égéiwéjsvigggb vilgslgv?/’ 811183vtséol60n718;n7’5 ;O%r;r’n 1704124;' 7%63?,‘\,""
fluorescent whitener, namely, [CA(GHIPY)L)(HO) (1), gqg,” 975, 631m, 611m, 594m, 569m, 536m, 457w. In addition,
[Co(4,4-bipy)a(L)] -2HO (2), [Co(4,4-bipy)z(H20):](4,4- ' ; ’ ’ ' ‘ ’ i ’

) o single crystals ofl also can be obtained with 4;8is(2-sul-
bipy)(L)-2H,0 (3), [Mn(4,4-bipyH)(L)2(H,0),]-4H:0 (4), fonatostiryl)biphenyl) or 4,4bipyridine increased to 0.2 mmol in

and [Zny(Im)2(ImH)4] (L) (5). the initial reaction mixture.

Synthesis of [Co(4,4bipy),(L)]-2H,0 (2). A mixture of Co-
(CH3sCOO)+4H,0 (0.0600 g, 0.241 mmol), 4:bipyridine (0.0773

Materials and Methods. All of the chemicals were obtained g, 0.495 mmol), NgL (0.1481 g, 0.2633 mmol), and water (10.0
from commercial sources without further purificatidh-5 were mL, 556 mmol) was heated at 14CQ for 96 h. After the mixture
synthesized in 25 mL Teflon-lined stainless steel vessels underwas allowed to cool slowly to ambient temperature, orange prism-
autogenous pressure. The reactants were stirred homogeneouslghaped crystals were obtained. The final pH of the solution was
before heating. Elemental analyses were carried out with a Vario 4.66. The crystals were filtered, washed with distilled water, and
EL Il element analyzer. Infrared spectra were obtained on a Nicolet dried at ambient temperature. The pattern of powder XRD was in
Magna 750 FTIR spectrometer. The diffuse reflectance spectrumaccord with that simulated from single-crystal X-ray data, which
of 2 was recorded on a PerkinElmer Lambda 35 -ths indicated the homogeneous phase of the product. The yield was
spectrometer. Photoluminescence analyses for sitids 4, and about 37% (0.0818 g) based on Co({tHDO)-4H,0. Anal. Calcd
5 were performed with an Edinburgh FLS920 and LifeSpec-ps for CsgH4oN40sS,C02: C 62.40, H 4.36, N 6.06. Found: C 61.64,
fluorescence spectrometers. Thermogravimetric analysis (TGA) wasH 4.52, N 6.01. IR (KBr pellet, cm): 3535m ¢o-), 3057Wgc—p),
performed on a NETZSCH STA449C under nitrogen gas flow at a 3026wW@c—c—n), 1605s, 1587m, 1537m, 1495m, 1464m, 1417m,

Experimental Section

heating rate of 15C-min~! from room temperature to 80%C. 1225s, 1173s, 1132s, 1082s, 1022s, 970m, 831m, 810m, 798m,
Powder X-ray diffraction (XRD) patterns were acquired on a 750m, 721m, 636m, 611s, 577m, 538m.
DMAX-2500 diffractometer using Cu & radiation in the ambient Synthesis of [Co(4,4bipy)2(H20),](4,4-bipy)(L) -2H,0 (3). A

environment. Magnetic measurements 2orere carried out with mixture of Co(CHCOO)-4H,0 (0.0249 g, 0.100 mmol), 44

a Quantum Design PPMS model 6000 magnetometer at 5 KOe in bipyridine (0.0773 g, 0.471 mmol), Ma(0.0581 g, 0.103 mmol),

the temperature range of-308 K. and water (10.0 mL, 556 mmol) was heated at $€0for 120 h.

After the mixture was allowed to cool slowly to ambient temper-

() (@ Dai, J. C.; Wu, X. T.; Fu, Z. Y.; Hu, S. M.; Du, W. X.; Cui, C. P.;  ature, orange prism-shaped crystals were obtained. The final pH
}’EI)U’TZ)',MJ.;ZP;?S,' ,u: 'l'_' gﬁr‘ Jsx?gﬁgnn"?%ﬂu@?oé %ﬁéﬁ’] of the solution was 5.55. The crystals were filtered, washed with
Commun200Q 2043-2044. (c) Tong, M. L.; Chen, X. M.; Ye, B. distilled water, and dried at ambient temperature. The pattern of
H.; Ji, L. N. Angew. Chem., Int. EA.999 38, 2237-2240. (d) Song, powder XRD was in accord with that simulated from single-crystal

iéléli—zfggé '; H.; Mao, J. G.; Dunbar, K. Rhem. Mater2004 16, X-ray data, which indicated the homogeneous phase of the product.

(4) (a) zhang, J.; Lin, W.; Chen, Z. F.; Xiong, R. G.; Abrahams, B. F.; The yield was about 22% (0.0246 g) based on Co@BO)-4H;0.
Fun, H. K.J. Chem. Soc., Dalton Tran2001, 1806-1808. (b) Wu, Anal. Calcd for GgHs,NgO105,Co 3: C 62.42, H 4.70, N 7.53.

ﬁaELN?_%n'a N %heRmHC_fJLTg“JJngQ‘tU}Fg&Zl?ﬁzé (), Found: C61.77, H4.93 N 7.16. IR (KBr pellet, ci 3400s(o-+),
Q. Chem. Commur2003 2580-2581. (d) Fun, H. K.; Raj. S. S. S..  3067Wlrc—+), 3050Wc-—+), 3020Whc—c-+), 2395m, 1606s, 1566w,

Xiong, R. G.; Zuo, J. L.; Yu, Z; You, X. ZJ. Chem. Soc., Dalton ~ 1536m, 1496m, 1467m, 1414m, 1323w, 1242s, 1217s, 1170s,
Trans.1999 1915-1916. (e) Shi, J. M.; Xu, W.; Liu, Q. Y.; Liu, F. 1133m, 1071s, 1012s, 984w, 969w, 867w, 813s, 799m, 755m,

I;56I1u7a5n79 Z.L.;Lei, H.; Yu, W. T.; Fang, @hem. Commur2002 721m, 630m, 617s, 567m, 537m, 512m.
(5) (a) Jistel, T.; Nikol, H.; Ronda, CAngew. Chem., Int. EA.998 37, Synthesis of [Mn(4,4-bipyH) »(L) 2(H20),]-4H,0 (4). A mixture
iOSLEﬁlO&S (béo%%ulrgg 3Ei;1 g_riSTrlni g) geme& Z-T&/é: H'chJ{J' of Mn(CH;COO)+4H,0 (0.0271 g, 0.110 mmol), 4:bipyridine
m. em. S0 . (C) Czarnik, A. CC. em.
Res.1994 27, 302-308. (d) Royzen, M.; Durandin, A.; Young, v.  (0:0342 g, 0.220 mmol), Nk (0.0583 g, 0.103 mmol), and water
G., Jr.; Geacintov, N. E.; Canary, J. \l.Am. Chem. So€006 128 (10.0 mL, 556 mmol) was heated at 12C for 96 h. After the

?(385?—38?45.J(e)EMansbour. MR] A, Conrrllick, W. B.; Lachicotte, R. J.;  mixture was allowed to cool slowly to ambient temperature, orange
ysling, H. J.; Eisenberg, R. Am. Chem. Sod998 120, 1329~ iem. ; ; i

1330. (f) Ma, . G.- Che. C. M. Chao. H. Y.: Zhou, X. M. Chan, prism-shaped crystals were optalned. The final .pH qf t.he solution
W. H.: Shen. J. CAdy. Mater. 1999 11, 852-857. was 5.61. The crystals were filtered, washed with distilled water,

(6) Stoll, J. M. A.; Giger, WAnal. Chem1997, 69, 2594-2599. and dried at ambient temperature. The pattern of powder XRD was
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Table 1. Crystallographic Data and Structural Refinementsifeb

Fu et al.

1 2 3 4 5
formula GgH32N208S,Cd CygH40N40S,Co GsgH52N6010S5.Co CreH70N4018&Mn CaeH12N1206SZ1
color orange orange orange orange orange
fw 821.18 923.89 1116.11 1510.54 1053.78
space group P2;/n P1 P2;/n Pbcn Pbcn
cryst size (mrd) 0.50x 0.25x 0.25 0.20x 0.20x 0.20 0.30x 0.20x 0.10 0.35x 0.22x 0.20 0.55x 0.30x 0.10
a(A) 11.253(3) 10.144 11.8313(7) 31.9128(16) 26.1518(11)
b (A) 19.832(4) 10.6094(3) 15.7956(8) 10.5868(4) 17.4539(9)
c(A) 15.927(3) 11.3345(5) 15.0349(9) 20.0074(9) 10.3435(5)

o (deg) 90 84.816(15) 90 90 90

5 (deg) 102.812(2) 75.745(12) 104.773(3) 90 90

v (deg) 90 67.251(9) 90 90 90

V(A3 3465.9(13) 1090.28(6) 2716.9(3) 6759.6(5) 4721.3(4)

A 4 1 2

peaiea(g CNF) 1574 1.407 1.364 1.484 1.483

u (mm1) 0.808 0.549 0.458 0.398 1.167

observed refins 7344 3999 5356 7320 4944

params 476 358 453 487 307

GOF onF?2 1.160 1.071 1.108 1.185 1.115

R1,wR2 (I >204(1))2 0.0401/0.0835 0.0481/0.1122 0.0479/0.1101 0.0532/0.1197 0.0434/0.1087
R1, wR2 (all data) 0.0450/0.0864 0.0625/0.1221 0.0580/0.1154 0.0569/0.1216 0.0479/0.1119
Pmax Pmin € X A-3 1.067,—0.445 0.376;-0.454 0.365;-0.423 0.477-0.482 0.437,-0.376

ARL= 3 (IIFol = IFell)/X IFol, WRZ = { 3w [(F% — F)I/Zw [(F%)7}0°

accord with that of simulated from single-crystal X-ray data, which fixed with O—H = 0.96 and H--H = 1.52 A. In2, hydrogen atoms

indicated the homogeneous phase of the product. The yield wasthat bonded to carbon were from the difference Fourier map and
about 29% (0.0224 g) based onNaAnal. Calcd for GeH7oN4O165+
Mn 4: C 60.43, H 4.67, N 3.71. Found: C 60.33, H 4.80, N 3.55. was made to locate those of the free water molecule. All of the

IR (KBr pellet, cnm?): 3431s¢o-n), 3230WN-n), 3068Wc—p),

727m, 700m, 615s, 575m, 538m.

Synthesis of [Zn(Im)2(ImH) (L) (5) (ImH = imidazole). A
mixture of Zn(CHCOO),:2H,0 (0.1010 g, 0.4602 mmol), Na-

(0.1396 g, 0.2482 mmol), imidazole (ImH) (0.2001 g, 2.939 mmol),

and HO (10.0 mL, 556 mmol) was heated at 120 for 144 h.

and dried at ambient temperature. A suitable crystal was selected
for single-crystal X-ray diffraction studies. The pattern of experi-
mental powder XRD was in accord with those of simulated from
single-crystal X-ray data, which indicated the homogeneous phase

(CH3COO)+2H,0. Anal. Calcd for GeH42N12065,Zn, 7: C 52.56,

cm’l): 3136m@N7H), 31175(’N7H): 3061@(;44), 3030WQ/C=C7H),

672m, 659s, 617s, 597m, 572m, 562m, 536m.

Single-crystal X-ray Diffraction. X-ray data were collected on
a Rigaku Mercury CCD/AFC diffractometer using graphite-
monochromated Mo ¥ radiation ¢(Mo Ka) = 0.71073 A) at 293-
(2) K (for 1, 3, 4, 5) and 130(2) K (for2). Data were reduced with
CrystalClearversion 1.3. These structures were solved by direct
methods and refined by full-matrix least-squares techniquds?on
using SHELXTL-97 All non-hydrogen atoms were treated aniso-

were with the fixed isotropic thermal parameter, and no attempt

hydrogen atoms ir8 were from the difference Fourier map and
3028W@c—c-n), 1635w, 1605m, 1558w, 1522w, 1493m, 1464m, were with the fixed isotropic thermal parameter.4nhydrogen
1416m, 1338w, 1286w, 1201vs, 1167vs, 1157s, 1136s, 1084s,atoms that bonded to carbon atoms were generated geometrically.
1043m, 1016s, 982w, 962m, 951w, 858w, 810s, 764m, 748m, Whereas the hydrogen atom that bonded to nitrogen atoms'ef 4,4
bipy group, as well as hydrogen atoms of the coordinated water
molecules, it was from the difference Fourier map with the fixed
isotropic thermal parameter. No attempt was made to locate
hydrogen atoms of free water molecules. All of the hydrogen atoms
in 5 were generated geometrically. Crystallographic data and
After the mixture was cooled slowly to ambient temperature, orange structural refinements far—5 are summarized in Table 1. CCDC-
prism-shaped crystals were obtained. The final pH of the solution 297562 (forl), 634825-634827 (for2-4, respectively), and 834830
was 7.80. The crystals were filtered, washed with distilled water, (for 5).

Results and Discussion

Structure Descriptions. Single-crystal X-ray diffraction
of the product. The yield was about 56% (0.1354 g) based on Zn- of 1 reveals thgt binuclear [Q}_jsecqndary building _uni_ts
(SBUs) are bridged by 4.bipys into a 2D cationic

H 4.03, N 16.0. Found: C 52.26, H 3.93, N 15.87. IR (KBr pellet, framework, which is further penetrated hyanions into an
organic-inorganic hybrid layer (Figure 1). The Cd(lIl) atom
2865m, 1627w, 1590w, 1543m, 1497m, 1467m, 1331m, 1271m, locates in a [CdMO,] distorted-octahedral coordination
1230s, 1221s, 1202s, 1166vs, 1132s, 1091s, 1081s, 1072s, 1014gyeometry, which is defined by two nitrogen atoms from two
966m, 953m, 922w, 881w, 827m, 805m, 776m, 756m, 752m, 698m, 4’4'-b|pys (N]_ and N2), two oxygen donors from two

anions (O1 and O3a), and two aqua molecules (O7 and O8).

The neighboring two [CdbD,] octahedrons contact each

other through twg{ —O—S—0O-—} bridges into a binuclear
[Cd;] SBU, which is similar to those in the dinuclear cluster
[Cd(1,4,8,11-tetraazacyclotetradecane) (1,5-naphthahlenedis-
ulfonate)] and the 1D coordination polymCd,(isoincot-
inamide)(H.0)s(4,4-phenyletherdisulfonatg)2H,0} . The
tropically. In1, hydrogen atoms that bonded to carbon atoms were cross-linkage of [Cg SBUs by 4,4-bipys leads to a 2D
generated geometrically. Whereas hydrogen atoms of coordinatedframework built from bricklike motifs with sizes of about
water molecules irl were from the difference Fourier map and 1.6 x 1.1 nn¥ (calculated from the distance between Cd(ll)

(7) Sheldrick, G. MSHELXT 97, Program for Crystal Structure Refine-

ment University of Gdtingen: Giatingen, Germany, 1997.
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Figure 1. (a) Ball-stick representation of the binuclear pCdnit in 1. The green thin line indicates hydrogen bonds. Selected bond lengths (A) and angles
(°): Cd1-01 2.3497(18), Cd+03a 2.3805(19), Cd107 2.279(2), Cd+08 2.320(2), Cd:N1 2.291(2), CdEN2 2.297(2); O+Cd1-03a 102.94(7),
01-Cd1-07 84.61(7), 0+Cd1-08 161.39(8), 0+ Cd1-N1 87.90(7), O+ Cd1-N2 92.63(7), O3aCd1-07 88.04(8), O3aCd1-08 79.94(7), O3a
Cd1-N1 80.31(8), 03aCd1-N2 161.94(8), O7Cd1-08 77.07(8), O7Cd1-N1 164.40(9), O7Cd1-N2 102.66(9), 08 Cd1-N1 110.67(8), 08
Cd1-N2 88.24(8), Nt-Cd1-N2 91.32(8). Symmetry codes: a:2x,2—Y,1—zb: Yo—x Y2+ y, Y% —z c: Y2+ X, 3, —y, Y2 + z (b) Polyhedral
view of the bricklike motif in1. Green octahedron, [C@Ry]; yellow tetrahedron, [SCE). (c) View of 2D hybrid layer inl. Green octahedron, [Cd4];

thin line, L; thick line, 4,4-bipy.

atoms), which is larger than the square motif in [Zn(4,4
bipy)(H20)4][Zn(4,4' -bipy)1 s(L)(H20)z]*(L)-6H.0#" As a
result, twolL anions can slantways penetrate the bricklike
motif. However, only ond. anion is allowed to penetrate
the square motif in the above-mentioned zinc polyfer.
Besides electrostatic interaction, edchanion interacts to
the 2D framework with two covalent bonds (Cd®1 and
Cd1—03) and one hydrogen bond (8207 = 2.713(3) A)
via the coordinated SQerminal group. It is interesting that

theL anion also contacts the framework through offset face-

to-facesr—a stacking interactions between 4pipy and the
biphenyl of theL anion with a ~3.40 A distance of
separation and a 3.67 A centreidentroid distance (Figure
S1 in the Supporting Informatiod)The uncoordinated SO
terminal group plays an important role in packing neighbor-

ing layers into a 3D structure through three hydrogen
bonds: O%-07 = 2.771(3), O%-08 = 2.837(3), and
06---08 = 2.657(3) A.

In 2, the Co(ll) atom is coordinated to four nitrogen atoms
from four equivalent 4,4bipys (N1, N1a, N2, and N2a) and
two oxygen donors (O4 and O4a) from two equivalént
anions, resulting in a slightly distorted [Ce®%] octahedron
geometry (Figure 2). Each Co(ll) atom is linked by four'4,4
bipys to form a 4 cationic framework consisting of a
squarelike unit with sizes about 14 1.1 nn? (calculated
from the distance of neighboring cobalt atoms), which is
similar to that in the above-mentioned zinc polyrfeL.
anion attaches to the framework with two covalent bonds

(9) Janiak, CJ. Chem. Soc., Dalton Tran200Q 3885-3896.
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b)

Figure 2. (a) Ball-stick representations show the coordination environment of Co(ll) atoPn 8elected bond lengths (A) and anglék (Col—04
2.095(2), CotN1 2.208(2), CotN2 2.137(2); O4Col-N1 90.37(7), 04 Col—N2 92.27(7), Nt-Co1-N2 94.46(7). Symmetry code: a=x, —y, —z

(b) Perspective view shows the 1D channel directed. lanions dowrb axis in 2. (¢) Pack views show hybrid layer, and (d) the 3D structurg.iRose
octahedron, [CobDy]; yellow tetrahedron, [SCE); green line, 4,4bipy; white line,L.

(Co1—-04) through both terminal S{yroups. As a result,  which is the main force to pack the hybrid layers into a 3D
eachL anion interpenetrates slanting into each squarelike structure. On the other hand, the squarelike units are directed
unit to form an organieinorganic hybrid layer. On one hand, by L anions into a 1D channel along theaxis.

between neighboring layets anions are interlaced into a As shown in Figure 3, the Co(ll) atom iB is in a
gearlike mode to strengthen the van der Waals interaction,[CoN4O;] octahedron geometry, which is defined by four

9634 Inorganic Chemistry, Vol. 46, No. 23, 2007
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Figure 3. (a) Ball-stick representations show the coordination environment of cobalt and suBuBéatected bond lengths (A) and angl&s (Col-01W
2.0379(15), CotN1 2.2001(15), CotN2 2.2103(15); O1W Col1-N1 88.18(7), O1W-Col—-N2 89.40(6), N+-Col-N2 88.44(6). Symmetry codes: a:
X, =Y, =z b Yo+ xY—y. Yo+ zc: Yy—x =+ y, =Y, — z (b) Polyhedral views show the! ramework in3. Rose octahedron, [Ca®,]. (c)
3D pcu-like framework, (d) the parallelepiped-like unit, and (e) the 3D framework encapsulaéingns in3. Green line, 4,4bipy; blue line, water-4,4
bipy-water; yellow line,L anion; rose ball, cobalt.
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(a) Ball-stick representations show the coordination environment of manganese and sdifiBdkected bond lengths (A) and anglék (

Mn1-01 2.170(2), Mn+02 2.1572(16), MntN1 2.3023(19); O+Mn1-02 90.97(7), O+Mn1—N1 90.40(7), O2Mn1—N1 86.22(7). Symmetry
codes: a:=x,2—y,1—zb: —x,1+y, > —z c: —x, 1 —y, —z Polyhedral and ball-stick views show (b) the cationic layer, (c) the anionic layer, and
(d) the sandwichlike structure h Rose octahedron, [Mni®.]; yellow tetrahedron, [SCg).

nitrogen atoms (N1, N1a, N2, and N2a) from four equivalent
4,4-bipys and two aqua ligands (O1W and O1Wa). Like
that in 2, the cross-linkage of Co(ll) atoms by 44dipys
leads to a 4cationic framework constructed from squarelike
motifs. The 4 framework is further bridged by the free 4,4

atoms). As expected, the anion does not take part in
coordination because of excessive'4jipy in the reaction
mixture. Neighborind. anions are linked by two free water
molecules into an anionic chain via hydrogen bonds
(O2W-+-03b = 2.724(3), 02W--03c = 2.710(3) A). The

bipy through hydrogen bonds with the coordinated aqua anionic chain is encapsulated into the squarelike channel

molecules (O1W-N3 = 2.674(3) A), to form a pcu-like
3D cationic framework. The 3D framework is built up from
parallelepiped-like unit with sizes of about 1x11.1 x 1.5
nm?® (calculated from the distance to neighboring cobalt

9636 Inorganic Chemistry, Vol. 46, No. 23, 2007

of the 3D framework via electrostatic interaction, as well
as by hydrogen bonds between the coordinated aqua
ligands and the free water molecules (GRM@2W = 2.606-

3) A).
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The asymmetric unit o consists of one Mn(ll) atom,
onelL anion, one monoprotonated 4fipy (denoted as 4’4
bipyH), one coordinated aqua ligand, and two free water
molecules (Figure 4). Mn(Il) combines with two 4ldipyHs
(N1 and N1a), twoL anions (02 and OZ2a), and two
coordinated aqua ligands (O1 and Ola) into a [Mri{4,4
bipyH),(L)2(H20),] fragment. On one hand, the [Mn(4-4
bipyH),(H,0),]*" cationic fragment is sandwiched Hy
anions into sandwichlike hybrid layer through one covalent
bond (Mn1-02) and three hydrogen bonds: ©D3 =
2.944(3), 01:-05 = 2.846(3), and N2:06 = 2.766(3) A.
Neighboring [Mn(4,4-bipyH),(H,0),]*" cationic fragments
interact with each other through slide face-to-facex
stacking interactions between bipyridines with a separated
distance of about 3.5 A and a centrosoid-to-centrosoid &
distance of about 4.2 A, resulting in an infinite zigzag '
cationic chairf. On the other hand, on thiec plane, the
aggregation ot anions is a like scalelike layer. b)

In 5, the Zn(ll) atom is in a [Zni] slightly distorted
tetrahedral coordination geometry, which is surrounded by
two imidazoles (N3 and N5) and two deprotonated imida-
zoles (N1 and N2) (Figure 5). The tetrahedrons are bridged
by the deprotonated imidazoles into a twisted [Zn(Im)-
(ImH)2]* cationic chain. The [Zn(Im)(ImH)* chains are
further combined byL anions through hydrogen bonds
(O1:-N4 = 2.840(3), 02::N6 = 2.803(3) A), and by van
der Waals interactions into a honeycomb-like structure,
possessing 1D channels with a cross-distance of about 1.6
nm. Each channel encapsulates two parallahionic chains.

Magnetic Property. The temperature dependence of the

xmT product, magnetic susceptibilityy{), and inverse
magnetic susceptibility (%) for 2 at 5 KOe from 2 to 308
K are shown in Figure 6. Upon cooling, th&T product
decreases gradually from 3.05 emu K mioat 308 K to c)
1.71 emu K mot! at 2 K. By using the equatiopes =
(8ymT) ¥2, at 308 K the effective magnetic moment per cobalt
atom (e = 4.95ug) is obviously higher than the reported
spin-only value of 3.8%g. However, the value lies in the
range of 4.4-5.2 ug due to the orbital contribution at room
temperaturé® Between 20 and 308 K, the magnetic suscep-
tibility consists well with the Curie Weiss law jn~t = 5.0-
(1) + 0.3098(6) T] € = 0.9999), withC = 3.23 emu K
mol~t and® = —16.1 K. The negativé value together with
the continuous decrease T upon cooling indicate the
presence of antiferromagnetic interactions.

Thermal Stabilities. Thermal behaviors of, 2, 4, and5
were investigated using thermogravimetric analysis (TGA)
and powder XRD. As shown in Figure 7, the TGA curve of
1 exhibits two mild weight-loss steps from 8T up to Figure 5. (a) Ball-stick representations show the coordination environment
204°C, with the observed weight loss of 4.37% correspond- of zinc and sulfur irb. Selected bond lengths (A) and angl&s Zn1-N1

; ; 1.973(2), Zn1-N2 1.995(2), Zn+-N3 1.9904(19), Zn+N5 2.036(2); Nt
ing to the release of two coordinated aqua molecules PeT 1 N2 111.71(9), NE Zn1-N3 115.53(8), N Zn1-N5 109.74(8), N2-

formula (Calcd 4.39%). Then, little weight loss appears Up zn1-N3 106.66(8), N2-Zn1—N5 104.65(9), N3-Zn1—N5 107.93(9).
to 400 °C. Furthermore, polycrystallind was previously Symmetry codes: ax, 1 -y, =" +z b x, 1 -y, 2tz c —xy

annealed at 200, 250, and 280 under an air atmosphere  _ z d: Y, — x, %, —y, =1, + z (b) Ball-stick view shows the 1D channel
’ ' encapsulatind. anions. (c) Perspective view shows the 3D honeycomb-

03

02

for 2 h. Except for a new peak appearing withéadt about like porous structure.

(10) (a) Sanz, F.; Parada, C.; Rojo, J. M.; Ruiz-ValeroCBem. Mater. ° . P
2001 13, 1334-1340. (b) Carlin, R. IMagneto-chemistrySpringer- 6.85° for releasing the coordlrjated aqua molecgle.s, PXRD
Verlag: New York, 1986. patterns are all agreement with those of the pristine solid,
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Figure 6. Thermal dependence of thaT (solid squares) product fa.
The inset shows magnetic susceptibilifym( solid squares) and inverse
magnetic susceptibility (%h, open squares) plotted as a function of
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Figure 7. TGA curves forl, 2, 4, and5.
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Figure 8. PXRD patterns ofl. simulated from single-crystal X-ray data
(a), experimental data (b), and polycrystallinelofas annealed at 20@
(c), 250°C (d), and 280°C (e) for 2 h under an air atmosphere. PXRD
pattern of polycrystallind was previously annealed at 200 for 2 h under

an air atmosphere and then immersed in distilled water for about 2 days

®.

indicating the retention of the framework (Figure 8). It is
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Figure 9. PXRD patterns oR simulated from X-ray single-crystal data
(a), experimental data (b), and polycrystallidevas previously annealed
at 200°C (c) and 250°C for 2 h under an air atmosphere.
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Figure 10. PXRD patterns oft simulated from X-ray single-crystal data
(a), experimental data (b), and polycrystallhevas preciously annealed
at 200°C for 2 h under an air atmosphere (c).

powder is immersed in distilled water for about 2 days, which
suggests that the coordinated waters can be reversibly
removed and recovered. The TGA diagran2dlisplays a
small weight-loss step in the range of-5200 °C, with the
observed weight loss of 3.5% matching the calculated value
(3.9%), attributed to the loss of two free water molecules
per formula. Following that, there is little weight loss up to
360°C. The TGA curve o4 reveals that an initial weight-
loss step starts from room temperature and completes at
200 °C. The observed weight loss of 5.7% is smaller than
the theoretical value (7.1%) for the loss of four free water
molecules and the two coordinated water molecules per
formula. The deviation may be due to the easy loss of free
water under ambient temperature. Little weight appears up
to 300°C. The TGA diagram ob illustrates there is little
weight loss below 26C°C. In addition, PXRD patterns
suggest that the frameworks 8f 4, and5 are stable after
they anneal at 300, 200, and 28Q for 2 h under an air
atmosphere, respectively (Figure 9-11).

Luminescent Properties Solid-state luminescent proper-

interesting that the new peak will disappear if the dehydrated ties of solidsl—2, 4, and5 were investigated under ambient

9638 Inorganic Chemistry, Vol. 46, No. 23, 2007
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Figure 11. PXRD patterns ob simulated from X-ray single-crystal data
(a), experimental data (b), and polycrystallidavas preciously annealed
at 200°C (c) and 25C°C for 2 h under an air atmosphere.
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Figure 12. Normalized solid-state fluorescence emission spectigsilid
line) and the dehydratetl (dot line), which was previously annealed at
200 °C under an air atmosphere for 2 h.
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Figure 13. Normalized solid-state fluorescence emission spectrd of
excited at 280 nm (green line) and 500 nm (dark red), as well as dehydrated
4 excited at 500 nm (red line), which was preciously annealed at’200
under an air atmosphere for 2 h.

of 1 exhibits 18 and 10 nm bathochromic shifts compared
to those ofNaL (Amax = 452 nm, excited at 410 nm) and
4,4-bipy (Amax = 460 nm, excited at 345 nm) (Figure S4 of
the Supporting Informatiorf~423dPreliminary experimental
results reveal that its fluorescence intensity is about 19%
that of Na,L . The lifetime fordexem= 397 480 nm is 13.6-

(4) ns, which is only about one-third of that of the above-
mentioned zinc polymer (39 ns fdgyem= 426 542 nm¥
Dehydratedl, which was previously annealed at 20C
under an air atmosphere for 2 h, shows a similar emission
to that of pristinel. This result is in agreement with the
retention of the framework for the dehydrated phase.
However, the fluorescence intensity (16% thaNafL ) and
lifetime (11.3(2) ns follexem= 370 480 nm) of dehydrated

1 are slight weaker and shorter than those of prisiini
addition, if polycrystallinel was annealed at 250 and
280°C under an air atmosphere for 2 h, a bright blue-green
emission can also be seen with the naked eye under a UV
lamp, with an excitation of 254 or 365 nm. The above results

very broad absorption band between 250 and 600 nm, whichimply that1is an attractive candidate for potential application
may quench the luminescence through self-absorption. As abecause luminescent materials transfer ultraviolet radiation

result, no luminescent emission fBican be detected under
our experiment condition8.also displays no emission under
a UV lamp with an excitation of 254 or 365 nm. In contrast,
1, 4, and5 possess intriguing fluorescent emissichsould

to blue-green light.

As shown in Figure 134 features tunable luminescence
between dark red and weak green. On one hdndas a
dark-red luminescence with an emission maximum at 606

emit a bright blue-green luminescence with a peak maximum nm, a fwhm of 146 nm, and a lifetime of 1.78(7) ns

band at 470 nmigx = 370 nm), which is obviously different
from the blue luminescence for the reported coordination
polymers (Figure 12jc-¢34ab The full width at half-
maximum (fwhm) is 92 nm. Under the excitation of 278 nm,

(monitored at 590 nm) under an excitation of 500 nm, which
is also obvious different from blue luminescence for the
reported coordination polymers (Figure £2)e34abThe
emission may be attributed to ligand-to-metal charge transfer

1 displays a slightly brighter blue-green emission than those due to a MA* ion, which is an important luminescent

of 1 excited at 370 or 410 nm. This is in agreeance with the
broad excitation spectrum with a maximum peak at 278 nm
(Figure S2 and S3 in the Supporting Information). The
emission probably originates from the interligand-z*
transition betweerlL and 4,4-bipy, as well as from the
ligand-centeredz—x* transition of L and 4,4-bipy.2c¢d4
Similar to those reported in previous work, the peak band

activator in many red phosphot®24:32.1jt is attractive that
the peak band exhibits 154 and 146 nm bathochromic shifts
compared to those dfia;L and 4,4-bipy, respectively. On
the other hand4 also shows a weak green emission under

(11) (a) Garta-Hipdito, M.; Alvarez-Fregoso, O.; Mantez, E.; Falcony,
C.; Aguilar-Frutis, M. A.Optic. Mater.2002 20, 113-118. (b) Wang,
J.; Wang, S. B.; Su, Ql. Mater. Chem2004 14, 2569-2574.
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The lifetimes of pristiné and those previously annealed at

e 250°C 200 and 250C are only 0.82(2) nslfxem= 320,456 nm),
e 200°C 1.1(1) Gexem= 370,458 nm), and 0.92(5) néef em= 365,-
s pristine 450 nm), respectively, which are obviously shorter than those

====Na,L of 1. A bright emission, a broad excitation spectrum, a high
thermal stability, a short lifetime, and a low solubility make
5 an attractive candidate to protect UV radiation, as well as

to transfer UV together with purple light into blue-green light.

Conclusion

In summary, hydrothermal syntheses, crystal structures,
and properties (including magnetism, thermal stability, and
luminescence) of five new coordination polymers containing
fluorescent whitener have been described. Bbthnd 2

Intensity (arbitrary units)

| T T T
400 450 500 550 600 possess a novel organimorganic hybrid layer composed
Wavelength (nm) of binuclear [Cd] SBUs (for1) or a mono-cobalt node (for
Figure 14. Normalized solid-state fluorescence emission spectrg, of 2), _4,4—b|py, and anl—_ amon-.?’ fea_tures a pgu-llke 3D
NaoL, and polycrystalline” was previously annealed at 200 and 2D cationic framework with the inclusion of anions. The
under an air atmosphere for 2 h. structure of4 can be viewed because the [Mn(4pdpyH),-

(H,0),]** cationic fragment is sandwiched hyanions into

a sandwichlike hybrid layers exhibits a 3D honeycomb-
like structure, with each nanotube encapsulating two parallel
L anionic chains. The thermal stabilities of frameworks and
fluorescent properties fat, 4, and5 make them attractive
luminescent materials. Preliminary results show that the blue
emission of 4,4bis(2-sulfonatostiryl)biphenyl can be quenched
or altered into bright blue-green, green, and dark-red
luminescence by combining them with metal-organic frame-
works. Furthermore, luminescent lifetimes can also be
adjusted from 0.82 to 39 ns. Future investigation will focus

an excitation wavelength at 280 nm. The profile is very broad
(fwhm of 166 nm) with a peak band at 530 nm. The weak-
green emission oft probably originates from the ligand-
centeredr—s* transition ofL .2¢%44Dehydratedt, which was
previously annealed at 2@ under an air atmosphere for
2 h, displays dark-red luminescence similar to that of pristine
4. This result also is in accordance with the retention of the
framework for the dehydrated phase. The lifetime of
dehydratedt is 2.57(8) NS 4exem= 500, 600 nm), which is
0.79 ns longer than that of pristind. Corresponding
excitation spectra of the pristine and the dehydrated phaseyy, jnroducing fluorescent whitener into lanthanideganic

of 4 show peak bands at 513 and 503 nm, respectively, which o eorks to assemble a series of new rare-earth materials
indicates tha#t may be used as an attractive material to alter |, i, intriguing luminescent properties.

green light to dark red. )
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