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Two new compounds, [PhsPCH,Ph],[Zns(tp)sCly] (1) and Nis(tma)z(H20)s (2) (tp = terephthalate, tma = trimesate),
are metal—polycarboxylate coordination polymers prepared by similar hydrothermal synthesis techniques. X-ray
single-crystal structural analysis shows that both compounds crystallize in the 2D claylike lamellar architectures, in
which 1 possesses the interlayer [PhsPCH,Ph]* exchangeable cation and has been confirmed by PXRD patterns.
1 (C74Hs5Cl,015P2Zn3) belongs to monoclinic P2i/c, Z= 2 (a = 18.956(1) A, b = 10.2697(5) A, ¢ = 17.067(1) A,
B = 99.486(4)°). 2 (C1gH20xNis) is attributed to triclinic P1, Z = 1 (a = 6.6643(8) A, b = 9.622(1) A, ¢ =
10.089(1) A, o. = 112.675(2)°, B = 94.007(1)°, y = 106.411(2)°). Linear metal trinuclear clusters bridged by rigid
linear tp ligands for 1 and trigonal tma ligands for 2 give rise to a novel 2D 6-linked (3,6) topological anionic
network in 1 and an interesting 2D 3,6-linked molybdenite topological neutral network in 2, respectively. Both
compounds exhibit intense fluorescent emission bands at 410 nm (lex; = 355 nm) for 1 and 398 nm (Aex. = 300
nm) for 2 in the solid state at room temperature.

Introduction and zeolites are still interesting topics in the coordination

Supramolecular coordination polymeric solids have re- Polymeric chemistrybecause such architectures would be
ceived much attention over the past decades, owing to notunprecedented not only the|r r)anoscale channels or cavities
just their potential applications as functional materials but Put also offer novel functionality Many efforts have been
also their fascinating structural diversities of the architec- devoted to the preparation of porous coordination frameworks
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related to zeolite-like types. Many very interesting examples
of polymeric solids with 3D open-framework cavities have
been reported, as in diamond@idtimitive cubic @-Po net)?

honeycombliké2” and other framework&:728 However,

compared with the fascinating structural diversities of 3D
porous polymeric solids, the 2D coordination polymeric
frameworks are less abundant, of which the 2D claylike

nodes in some way to bind the rigid tectonic ligand
molecules. Recognizing the potential of this approach, we
have embarked on a program aimed at using metal multi-
nuclear clusters to prepare coordination polymeric solids with
2D high-linked topological networks and wish to get the 2D
claylike polymeric frameworks related to anionic smectite
or neutral kaolinite architectures. Our design strategy for the

frameworks, in particular, have been rare so far. On the otherassembly of anionic smectite-like frameworks is the choice

hand, because of the steric limitation in the coordination
geometry of metal centers, the fabrication of 2D polymeric
frameworks by use of rigid multifunctional ligands often
gives rise to the polymeric solids with lower linked networks,
such as simple 2D 4-linked square grid (22D 3-linked
brick wall 2210 herringboné! and honeycomb (6,3) net-
workst2 or a bilayer frameworka®13 There is still a
challenge, to date, to construct the 2D polymeric frameworks
containing the high-linked nodes by using rigid multifunc-

of various large bulky organic cations, such as organophos-
phonium or organoammonium, as interlayer counterions vs
the use of small rigid polycarboxylate ligand molecules to
construct the host anionic network with small grids for
preventing disfavored guest enclathration and interpenetration
phenomena. Here, we report two novel examples of 2D
claylike supramolecular architectures formed by d-block
transition metat-polycarboxylate coordination polymers,
[PhePCHPhL[Zns(tp)sCl2] (1) and Ni(tmak(H20)e (2) ([Phs-

tional ligand species, although several interesting cases ofPCHPh] = benzyltriphenylphosphonium, tp terephthalate,

2D polymeric frameworks with high-linked nodes up td%-
and 6-linked® networks have been prepared by using flexible
bridging ligands. One important structural characteristic in
this area that has caught our attention is the role of metal
multinuclear clusters in the coordination polymers. These
clusters may give the possibility for serving as the flexible
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topological anionic network id and 3,6-linked molybdenite
topological neutral network i, respectively.

Yang et al.

Table 1. Some Crystal, Data Collection, and Structure Refinement
Parameters fol and?2

Experimental Section

General Remarks. The title compounds were prepared from
commercially purchased chemicals by typical hydrothermal reaction
techniques in a Parr Teflon-lined reaction vessel under autogenous
pressure heated in resistance furnaces. Infrared spectra were
recorded on Nicolet Nexus 470 spectrometer using KBr pellets;
elemental analyses were carried out with a Vario EL Il elemental
analyzer. Fluorescent data were collected on an Edinburgh FL-
FS920 TCSPC system, and TGA (thermal gravimetric analysis) was
performed with a heating rate of 1-min~! using a TA5200/
MDSC2910 system. Powder XRD investigations were carried out
on a Bruker AXS D8-Advanced diffractometer at 40 kV, 40 mA
with Cu Ko (1 = 1.5406 A) radiation with a scan speed 6fr@in—1
and a step size of 0.02n 260. The pore volume analysis was
accomplished with Platon softwate.

[Ph3sPCH,Ph];[Zn 5(tp)sCly] (1). Compoundl was first synthe-
sized by the static reaction of zinc acetate dihydratgp HPhs-
PCHPH]CI, and water in a molar ratio of 3:4:2:556 under
hydrothermal conditions at 20@ for 4 days followed by annealing
at a rate of ca. 3.8C-h~! to give about 40% yield of based on
Zn as colorless prismlike crystals, which were collected by
mechanical isolation and washed with water and absolute alcohol.
Subsequently, a higher yield-85% yield) of1 was received from
same approach but stoichometric ratio of 3:3:2:55GH6CI,01P,-

Znz (1466.14): Anal. Calcd (found): H, 3.85 (3.81); C, 60.62
(61.05); O, 13.09 (12.99); Cl, 4.84 (4.90). IR (KBr pellet, i
3058 (m), 2940 (w), 2888 (m), 1600 (vs), 1502 (m), 1437 (s), 1371
(vs), 1143 (w), 1113 (s), 1029 (w), 996 (w), 883 (w), 824 (m), 788
(m), 746 (vs), 698(s), 584 (w), 505 (s), 450 (w) (see Supporting
Information, Figure Sla).

Niz(tma)2(H20)s (2). Compound? was first obtained as green
block crystals in about 49% yield (based on Ni) from a similar
hydrothermal reaction with a nickel acetate tetrahydratetbliwater
molar ratio of 2.9:1:694 at 208C for 4 days that was then cooled
at a rate of 3.5C-h! to room temperature. The same reaction
using a stoichiometric ratio of 3:2:667 instead of the above 2.9:1:
694 can raise the yield up to 86%. In additional, the isomerie Ni
(tma)(H20)s (2a) (see Supporting Information, Tables-SP2) was
prepared in about 9% yield in a similarly hydrothermal reaction
with a nickel acetate tetrahydratethha/(GHs),NBr/water molar
ratio of 4:1:1:694. GgH»,0,0Ni3 (734.49): Anal. Calcd (found):

H, 3.02 (3.30); C, 29.44 (28.55); O, 43.57 (43.96). IR (KBr pellet,

cm1): 3566 (w, sh), 3442 (vs, br), 3170 (m, br), 2110 (m), 1614
(vs), 1551 (vs), 1520 (s), 1477 (m), 1437 (vs), 1371 (vs), 1207
(w), 1147 (m), 1109 (m), 1057 (vw), 947 (w), 926 (m), 881 (w),

847 (w), 816 (w), 800 (vw), 762 (s), 721 (vs), 571 (w), 548 (w),

534 (vw, sh), 459 (m) (Figure S1b).

Structure Determinations. Data collections forl and2 were,
respectively, performed on a Rigaku Mercury CCD diffractometer

compound 1 2
empirical formula G4H55C|2012P22n3 C13H22020Ni3
fw 1466.14 734.49
cryst syst monoclinic triclinic
space groupZ P2i/c (No. 14), 2 P1(No.2),1
alA 18.956(1) 6.6643(8)
b/A 10.2697(5) 9.622(1)
c/A 17.067(1) 10.089(1)
VIA3 3277.0(3) 560.8(1)
o/°® 112.675(2)
pl° 99.486(4) 94.007(1)
yl° 106.411(2)
ulmm~t 1.284 2.600
Pealedg-cm® 1.486 2.175
(Mo Ka)/A 0.71073 0.71073
TIK 293(2) 293(2)
collected refins 23924 2852
independent reflns 7467 1908
observed refins 6739(20(l)) 1410 >20(1))
Rint 0.0258 0.0347
R12 0.0367 (for obs.) 0.0538 (for obs.)
WR20 0.0854 (for obs.) 0.1364(for obs.)

3R1= 3 (I|Fol — IFd|)/Z|Fol. PWR2={ TW[(Fo? — FAZ/ 3W[(F?)?} 2,
w = 1/[0%(Fe?) + (aP)?2 + bP], whereP = (F,2 + 2F:2)/3].

squares techniques using SHELXL-&7AIl non-hydrogen atoms
were treated anisotropically. The positions of hydrogen atoms were
generated geometrically. Final refinements converged at=R1
0.0367 forl and 0.0538 for2. Some crystallographic data are
summarized in Table 1, and the selected bond lengths and bond
angles of the two compounds are listed in Table 2. More details
on crystallographic information, as well as refinement data and
anisotropic displacement parameters, are in the Supporting Informa-
tion.

Results and Discussion

Synthesis and Characterization Two claylike supramo-
lecular coordination polymers are formulated as;fRDH,-
Phb[Zns(tp)sCly] (1) and Ni(tmak(H20)s (2); either are
obtained in similar hydrothermal synthesis conditions, based
upon the elemental analysis data. The synthetic reproduc-
ibility for both compounds is very nice. The yield for either
1 or 2 can be raised up t685% or 86% when the repeated
synthesis is done with stoichiometric ratio of the reactants.
Change in both the reaction temperature (269 and the
stoichiometric ratio forl will yield a new 4-linked square
grid (4,4) lamellar framework [RFPCHPh][Zn(tp)Cl}—
another 2D claylike anionic species with the same interlayer
[PhePCHPh]" cation?! Attempts failed to prepare an anionic
framework polymeric architecture analogous to compound
2 but having interlayer (gHs)4N* cations. Both compounds
are very stable in air at ambient temperature, 2iglalmost

and a Siemens Smart CCD area-detector diffractometer equippednsoluble in common solvents such as water, alcohol,

with graphite-monochromated Mda. radiation ¢ = 0.71073 A)

at 293 K. Empirical absorption corrections were applied for all of
the data sets that were made with the Multiscan progfdon 1
and the SADABS prograth for 2. The structure was solved by
direct methods using SHELXS-%7and refined by full-matrix least-

(16) Spek, A. LPLATON, A Multipurpose Crystallographic Todtrecht
University: Utrecht, The Netherlands, 2003.

(17) RigakuCrystalClear Version 1.3; Rigaku Corporation: Tokyo, 2000.

(18) Blessing, R. HActa. Crystallogr.1995 A51, 33.
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acetonitrile, chloroform, acetone, and toluene. TGA suggests
that the decomposition of compouddccurs at about 250
°C, finishing at ca. 450C with a decline stage up to 900
°C, and the final thermal decomposition product at 9G0

(19) Sheldrick, G. M.SHELXS-97Program for X-ray Crystal Structure
Solution University of Gdtingen: Gitingen, Germany, 1997.

(20) Sheldrick, G. M.SHELXL-97, Program for X-ray Crystal Structure
RefinementUniversity of Gdtingen: Gidtingen, Germany, 1997.

(21) Yang, G.-D.; Dai, J.-C. Unpublished research.
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Table 2. Selected Bond Lengths (A) and Angles (deg) foand 2 Complete decomposition & was finished at ca. 468.5C
1a (Figure S2b). This is consistent with the structureaind
Zn(1)—Cl 2.2802(7) Zn(2yO(1b 2.133(2 ili
zﬂﬁﬁ- Oa) 2 4((2)) 2?1((50255 2'0528 suggests that the framework @f have thermal stability
Zn(1)-0(6) 1.975(2)  Zn(2yO(5) 2.052(2) similarly to compound.. The IR spectra of both compounds
Zn(1)-0(2 1.980(2)  zn(2H-O@3 2.083(2 Lot
2251}3)_5(}1) 198 48 222230((33) 2_083§2)) show that the characteristic bands of the carboxylate groups
Zn(2)-0(1) 2.133(2)  zn(2}0(3a) 2.083(2) in the usual region at 13741437 cn1? for the symmertric
O(4a)y-zn(1)-0(6)  117.70(8 O(4a)Zn(1)-Cl 104.76(6 At i
0543228—0223 109_02283 oEG}wan(]E)lq 102_82263 vibration and 16141551 cnt* for the asymmertric vibra-
8@0}22(?230&2) gg.gggg 8%?&22(2;% 1) %%27((67)) tion. The bands at 3058, 1502, 1437 ¢as well as bands
niz)— . crLn(2)— . :
O(Bby-Zn(2)-0(3c)  91.94(7)  OBazn(2)-O(ib)  8523(7) at 1113, 996, 2888, 2940 crhfqr 1 confirm the presence
88{)—52(2()230(%)) gg.ggg)) 8%)%2?2(5)—0%1) giggg of [PhePCH,Ph]" cation. The splitting ofscooyat 1437 and
niz)— a . n(Z)— .
0(5)~Zn(2)~0(3a) 91.94(7) 0(3¢)Zn(2)-0(1) 85.23(7) 1371 cm?t andVas(coo)at 1614 and 1551 cm for 2 reflects
0(3c)-Zn(2)-O(3a) ~ 180.0 O(32)Zn(2)-0(1) 94.77(7) that the carboxylate groups of tma ligand have a variety of
O(5b)}-zn(2)-O(1b) ~ 94.23(7)  O(1byzn(2)-O(1)  180.000(1) o .
0(5)-Zn(2)-0(1b) 85.77(7) coordination fashions. Moreover, the absence of the expected
o bands at 16981730 cnt?! attributed to the protonated
Ni(1)—0O(1 2.043(5 Ni(2f-0(5 2.119(4 | indi i
N:Eﬁ—oggg 2.0618 Nigng((z)) 2'029% carboxylate groups for either |n_d|cate .the full de_protonat_|on
Ni(1)—0(10) 2.062(4)  Ni(2}-0(2b) 2.029(4) of Hotp and Htma on the reactions with metal ions, while
Ni(1)—0(8 2.079(6)  Ni(2-O(10b 2.064(4 -
N=E1;—OE 4;) 2_080((5)) Nli((zgoglo)) 2.06 4((4; the broad bands at 3566 and 3442 érfor 2 suggests that
Ni(1)—0(7) 2.086(5) Ni(Z}O(Sg) 2.119(4) the presence of coordinated water molecules. These are
Ni(1e)-O(4 2.080(5)  Ni(2}-O(5 2.119(4 ; ;
Ol((l)e—)Ni(l()ZO(Q) 87.7(2)( ) o'(&&N‘i(z)’_o(5d) 88_3(2)( ) consistent with the structures of both compounds.
O(1)-Ni(1)—0(10 95.3(2 O(5cyNi(2)—O(5d)  180.0(2 ; i } i
oEgifNE&%fo&o% 175.3((5 o(( 23\1 i (Ié))—oéb)) 180_08 Structure. X-ray ;lngle crystal_ analysis reveals_ that the
O(1)-Ni(1)—O(8) 91.5(2) O(2)Ni(2)—0O(10b) 89.3(2) crystal structure ofl is a 2D claylike lamellar architecture.
O(9)-Ni(1)—0(8 90.9(2 O(2byNi(2)-O(10b) ~ 90.8(2 in Ei i
o&%ﬂ'u(i()l)f&é) 92.68 ng%i('z()lo(l(o) ) 9018((2)) As shown in Figure 1, there are three zinc centers (Zn1,
O(1)-Ni(1)—0O(4a) 96.6(2) O(2bYNi(2)—0(10) 89.3(2) Znlb, and Zn2) in the building unit df, in which both Zn1
O(9)-Ni(1)—O(4 88.0(2 O(10BYNi(2)-O(10)  180.0(3 I ;
Oglg)H'\l(i()l)ic()(Z‘;) 88.18 OEZ—)EI)i(ZI)(f)O(Sé) ) 87‘3((2)) and Zn2 centers are crystallographic independently while
O(8)-Ni(1)-O(4a)  171.8(2) O(2bYNi(2)—O(5¢) 92.7(2) Znlb is an equivalent atom related to Znl center from the
oo %3 SN ors!  arad monoclinic P2y/c symmetric operation. The 4-coordinated
8%)%,\:_%&)1)6%7) g%égg 825{;\1&2&;055(%) gg;gg Zn1l center lies in a little distorted tetrahedral coordination
—Ni(1)— . i(2)— . et
O(ayNi()-O(7)  89.9(2)  O(IObYNI(2)-O(5e)  91.7(2) sphere [tetralhledraldang:f Wlt?}'“ 99-42€ﬂ)19a88(83], ?ond—
A B PPN 3 i ing to au-Cl ligand and to three oxygen donors (02, O6,
1y iei’,'zy(el); i %’,; %é?'_zx +1/12”_(3)+ éf_ﬁ'ﬁlfé') X'Z fyi‘i}zl )Z(I and O4a) of three bridging bjdentate carboxylate groups that
1/2; (f) —x+ 1,y — 1/2,—z+ 3/2.PKey: (@)x— 1,y — 1,7 (b) —x, —, are from three separated tp ligands. Generally, the tetrahedral
% ©@—x-y-z-L@xyz+tLEx+ly+Lz{xyz- coordinated geometry associated with a rigid linear ligands

will result in diamondoid motif. However, the present
is ZnO (found 16.2%, calcd 16.7%; Figure S2a, Supporting tetrahedrally coordinated Zn1 center is linked to three rigid
Information). The TGA trace foR shows two weight-loss linear tp ligands and a terminaj-Cl ligand, thus generating
stages, the first starts at 12C up to 208°C, giving a weight an approximatelCs-symmetric tripodlike subunit where the
loss of about 19.5%, corresponding to the loss of eight aquau:-Cl ligand lies on the~3-fold axis. Note that these three
ligands (calcd, 19.6%), following by a stage until 428G tp ligands are also bridged to the Zn2 center, so as to prevent

Figure 1. View of 1 depicting the coordination environment around the Zn1 and Zn2 centers, the hydrogen atoms are omitted for clarityy tal/2,
z—12;(b)—x+1,-y+1,-z+1,(c)—x+1,y+1/2,-z+3/2;(d)—x+1,-y+2 —z+ 1
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Figure 3. 2D smectite-like lamellar architecture in~8.48 A interlayer
spacings are occupied by interlayer JPEHPh]" cations.

carboxylate groups. In additional, a large bulky guest{Ph

PCHPh]" cation is in an isolated form and not linked to

the building unit. In such a way, the trinucle@n;0:,Cl}

clusters as the 6-linked nodes are interconnected through tp
tectons to yield a 2D anionic framework with regular trigonal
grids, an average 10.12 A (9.960.27 A) of grid lines

(cluster--cluster separations) and ar60° [58.964(1) and

62.072(1)] of grid angles (cluster-cluster--cluster angles),

the topology belonged to novel 2D (3,6) (Sdhlaymbol

36.48.5%) network (Figure 2b) and is, to our knowledge, still

very rare so far in coordination polymer chemisti§e Only

a few examples of polymeric solids related to such a 2D

(3,6) network topology were reported, of which three

containing flexible linear ligand&¢ and one formed by

flexible 7—x stacking interaction®¢ Obviously in these
limited examples®®¢ the flexility seems to be the key for
fabrication of such a 2D 6-linked (3,6) network because these
flexible ligands orz—m stacking are available for adopting

a up-and-down linkage fashion bridging two six-coordinated

metal ions stretch out to generate such a topology. However,

it is important to note that compourigcompletely different
Figure 2. (a) View showing a 6-linked node wit; symmetry down the from those reported cases, is directly fabricated by the
a axis in1 assembled bfs-symmetric Zr-tp tripods; the lighter colored  g55empbly of rigid linear tp tectons with metal centers. The
tripod is related to the darker via the crystallogragfisymmetric operation. flexility in the present case was provided by linear trinuclear
(b) 2D (3,6) topology network ir.

{Zns0:1.Cl;} clusters rather than tp molecules. The linear
this tripod from extending to yield a well-known 3-linked trinuclear{ZnzO:1,Cl;} clusters here play an important role
(6,3) network. The Zn2 center lies in an octahedral coordi- to serve as the flexible node available for fitting the trans
nated environment, completed by six oxygen donors (O1, trans bridge connection of rigid tp ligands, also clearly for
O1b, O3a, 03c, 05, and O5b) of six different bridging preventing disfavor interpenetrating netwé#k. These 2D
bidentate carboxylate groups of six separated tp ligands, of(3,6) network sheets il are stacked in a “face-to-face”
which three tp ligands (Figure 2a, darker colored) belong to fashion along the view of the axis, an almost perfect
above Zn1 tripod, and the rest of the three tp molecules eclipsed array. Thus, the whole crystal structurel g an
(Figure 2a, lighter colored) are actually another tripod related interesting smectite-like lamellar architecture witti1.65
to Zn1b center followed by the crystallograp&esymmetric A of layered dimension (sheet thickness) vs8.48 A
operation. As a result, these three zinc center are thereforanterlayer spacings, which are occupied by interlayer gaests
bridged to construct a linear trinucle@Zn;01,Cl,} cluster [PrPCHPhT" counter cations (Figure 3). The effective
through six different bis-bidentate tp ligands, the distance cavities inl, after the removal of the interlayer cations, will
of center Zn2 to two other zinc atoms separation [Zn2  have a quite large volume of 2140.3, Avhich reaches 65.3%
Zn1(znib)] is 3.5461(2) A and the angle of (ZrEZn2--- of the unit cell volume (3277.0 3.

Zn1b) is 180. On the other hand, each tp ligand is linked = The structure o also presents a 2D claylike lamellar
to four different zinc centers through two bridging bidentate architecture. The local coordination environment around the
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[PthCHzPh]z[Zﬂ:g(tp)gC'z] and N|3(tma)2(H20)8

Figure 5. (a) View of the 2D 3,6-linked network i”. (b) Schematic

Figure 4. Coordination environment around the Nil and Ni2 centers in diagram showing 2D 3,6-linked molybdenite topological network based upon

2; the hydrogen atoms are omitted for clarity: &) 1,y — 1,z (b) —x,
Y. =z @ %~y —z=1(@xyz+LEx+1ly+1z{xy,
z— 1.

nickel centers ir2 is given in Figure 4. It also contains a
linear trinuclear metal cluster that is constructed by two
crystallographically independent six-coordinated nickel cen-
ters (Nil, Ni2), one tma, and four agua molecules@7,
u-08, u-09, andu,-010). In this structure, each tma ligand
has two different coordination fashiontwo unidentate
carboxylate groups and one bridging bidentate carboxylate
group—in which the bidentate group bridges to two nickel

centers (e.g., Nil and Ni2) while two unidentate groups, o berndtite-typ& network (Figure 5b) and is, to our
respectively, bond to two other different nickel centers (e.g., knowledge, still limited in coordination polymer chemistry
Nile, Ni2f). On the other hand, the Nil center lies in a to date?* Neither interpenetrating nor encapsulated guest
distorted octahedral coordination sphere and is coordinatedmolecules are found. The neighboring sheets are stacked in
by threeur-aqua molecules (07, O8, and O9) and:eaqua 3 tongue-and-groove model (Figure 6), resulting in the smart
ligand (010), as well as two oxygen donors, respectively, packing of whole crystal structure @fthat gives substantial
belonging to a bridging bidentate carboxylate group (O1) stuffy grid channels and small interlayer spacing.

and a unidentate carboxylate group (O4a) from two separated Properties. Similar to natural smectite clays, compound
tma ligands, the angles of-Ni1—0O are in the range 82.0- 1 possesses interlayer [fFCHPh]" counter cations. An
(3)—175.3(2). The other six-coordinated nickel center (Ni2) interesting question arises. Does the compolifidive the
also lies in a distorted octahedral coordination geometry, ability to exchange cations from an aqueous solution? To
being coordinated by twa>-aqua molecules (010, O10b) study the ionic exchange property, the polycrystalline sample
as the apexes and four oxygen donors (02, O2b, O5c, O5d)of 1 was immersed in a saturated MH solution and stirred

in the equator, in which two oxygen atoms (02, O2b) come at 30°C for 70 min under ultrasonic conditions (59 kHz).
from two different bidentate carboxylate groups of two The mixture was then separated by filtration and was air-
separate tma ligands, while the other two oxygen donorsdried for PXRD data collection. The experimental results
(O5c, 05d) belong to two different unidentate carboxylate are presented in Figure 7. As shown in Figure 7, exchanged
groups of two different tma molecules. These two nickel solid of 1 has a completely different PXRD pattern (Figure
centers (Nil1, Ni2), as well as Nilb, an equivalent atom 7, green) far away the original crystals (Figure 7, blue) almost
related to the Nil center, are bridged to construct a linear consistent with the calculated pattern for removal guess-[Ph
trinuclear{ NisOy¢} cluster by sharing two octahedral corners PCHPhI* (Figure 7, pink), showing that all of the [FPCH-
(010, O10b) having an Nii-Ni2 separation of 3.61 A. Thus, ~ Ph]" cations are displaced by the NHcations. In addition,
each tma molecule as a 3-linked node bridges three trinuclear€xchanged by other inorganic cation species are also found
{NisO.¢ clusters, whereas each trinucl¢tizO.¢ cluster ~ (Figure S3, Supporting Information). These confirm the
served as a 6-linked node connects to six separate tma@ssumption that the interlayer [f#CHPh]" cation in1 is
ligands. In this way, the trinucleaNizO:g} clusters are exchangeable. In particular, the cation-exchange activity for
interconnected through tma tectons to give rise to a remark-1 iS important that means this solid material will be an
able 2D 3,6-linked network (Figure 5a), another interesting attractive candidate for use as catalysts, templates in the
claylike lamellar neutral framework with 10.08 A of layered : : :
dimension. On topological view, this 2D 3,6-linked claylike (23) lepélgg}y F. A S.; Balchin, A. A;White, M.). Mater. Sci 1977

structure can be attributed to a prototypical molybdeffite- (24) (a) Batten, S. R.; Jensen, P.; Kepert, C. J.; Kurmoo, M.; Moubaraki,
B.; Murray, K. S.; Price, D. JJ. Chem. Soc. Dalton Tran4999
2987. (b) Manson, J. L.; Arif, A. M.; Miller, J. SJ. Mater Chem
(22) Bell, R. E.; Herfert, R. EJ. Am. Chem. S0d.957, 79, 3351. 1999 9, 979.

Figure 6. View of 2D kaolinite-like lamellar architecture i& showing
smart tongue-and-groove stacking of the neighboring sheets.
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trinuclear clusters that metal centers with similar coordinated
environments. Similar cases have been also observed in the
polymers{[Cd(pydc)(bpp)i0.5 H:O} » and{ [M(pydc)(H:0)-
(bpe)g-0.5H:0}, (M = Co, Mn; pydc= 3,4-pyridinedi-
carboxylate; bpp= 1,3-bis(4-pyridyl)propane; bpe 1,2-
bis(4-pyridyl) ethane¥. In additional, due to difference of
d-electronic transitions between two different metal centers,
easier for the #INi2" ion than for the & Zn?* ion, a weak
emission peak at 485 nm f@r assigned to MLCT, has been
also observed.

Conclusion

In summary, two supramolecular coordination polymers,
exhibiting novel claylike architectures, have been synthesized
and characterized. This work demonstrates that 2D networks
with high-linked nodes are not just limited to coordination
polymers of the flexible ligand species. The rigid linear and
even trigonal tectonic multifunctional ligands also can be
used to construct 2D 6-linked polymeric networks of d-block
transition metals. The linear metal trinuclear clusters clearly
play an important role in generation either compounar
2, for them not only to serve as a common 6-linked node

Figure 7. X-ray diffraction patterns ofl for polycrystalline sample but also to provide partial flexility for dissolving the rigorous

e o e IEer) e simiater (60, 2520 demandss of connection ofrgid i or tigon ligands and

cation, as-synthesized polycrystalline sample (blue), and calculated from therefore reinforce the framework stabilit®sThe ionic

single-crystal data (red). exchange activity, fluorescence character, thermal stability,

and insolubility in common polar and nonpolar solvents of

synthesis, a host matrix of composites, or ion storage becausgnhese kinds of compounds may be useful in application as

the positively charged molecules can be easy and convenienpotential catalysts, ion storage, or photoactive materials.

introduced or intercalated into its interlayer galleries. , )
Figure S4 (Supporting Information) gives the emission Acknowledgment. The authqrs are grateful_forf|nanC|_<'_;1I

spectra ofl and2 in the solid state at ambient temperature. supp_ort from the Natural Science Foundation of Fujian

The intense fluorescent emissions occurred in the same rangé& rovince of China (No. 2003F006)

for two different metal centers at 410 nihef. = 355 nm) Supporting Information Available: X-ray crystallographic files

for 1 and 398 nm 4. = 300 nm) for2 are observed, which  in CIF format, additional crystallographic information fbr2, and

can be assigned to the ligand-to-metal charge transfer2a IR spectra, TGA traces, and emission spectra for iathd2,

(LMCT) bands. Also,1 exhibits a quenching of the fluo- and powder patterns that illustrate the ionic exchange activity of

rescence withr = 1.34 ns (Figure S5). These fluorescent 1, and quoresce_nt guenching plot of This material is available

behaviors associated with the similar thermal stabilities for €€ Of charge via the Internet at http://pubs.acs.org.

1 and?2 can be imputed to both compounds having closely 1C700882N
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