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The crystal structures of three polymeric bidimensional piperaziniifh-dimethylpiperazinium, and\-
benzylpiperazinium hydrate haloplumbates(ll) and one polymeric monodimensigiiadlimethylpiperazinium

hydrate haloplumbate(ll) were determined by means of X-ray analysis. The @iPbEl] salt is monoclinic,

space groufP2;/c, with a = 5.778(2) A,b = 22.612(26) Ac = 9.061(4) A, = 95.37(6}, Z = 4; (mepipzHy)-

[PbBr] crystallizes in the monoclini®2; space group witla = 6.101(3) A,b = 18.822(12) Ac = 6.229(2) A,

B = 98.62(4), Z = 2; the crystals of (mgipzH,)2[Pbsl 1] -4H,O are monoclinic, space grolg2;/c, a= 19.054-

(@) A, b=12.239(3) A,c = 18.273(4) A, = 93.42(123, Z = 4; (benzpipzH)s[Pb,Brig]-2H,0 crystallizes in

the monoclinicP2;/c space group witla = 22.380(22) Ab = 9.304(15) A,c = 24.577(25) A8 = 94.28(113,

Z = 2. Different model type structures, such as one-dimensional linear chain, ribbonlike, and perovskite-like,
were observed, and factors governing these structural arrangements are pointed out. The compounds were also
investigated by means of thermal and electrical measurements, and correlations between electrical properties and
crystal structures were noted.

Introduction Attention has been focused on obtaining information on the

polymeric inorganic anions of the synthesized complexes, while

the organic counterions have been considered with respect to
their steric hindrance and to their hydrogen-bonding capability

responsible for the molecular network.

For an element as familiar and widely used as lead, remark-
ably little is known of its coordination chemistry. Perhaps
because of its size and high X-ray absorption, even less is known
of its structural chemistry. For lead(ll) the available structures
are sporadic and diverse, exhib_itin_g a w_ide varigty of coordina- Experimental Section
tion numbers and stereochemistries with or without the sug-
gestion of a “lone pair” in the coordination sphéneluch effort Synthesis. Piperazinium Tetrachloroplumbate(ll). The crystalline
has been devoted to the investigation of construction strategiescompound was prepared by dissolving a 1:1 molar mixture of piperazine
for studying different structural archetypes developed by ha- 2"d PGl in a concentrated hydrogen chloride solution (HCI (37%))
loplumbate(ll) systems in order to highlight all the factors and allowing the solution to stand for several hours at room temperature.

troli both st hemist d lati betw, Slow evaporation enabled the formation of white lamellar crystals,
controlling both  stereochemistry and correlations  DeWeen g ixape for X-ray single-crystal analysis. Elemental anal. Found for

symmetry and thermal and electrical properties. (pipzH)[PbCL] (compoundl): C, 11.00; H, 2.80; N, 6.40. Calcd for
To date, we have pointed out the structural differences and c,H,,PbCLN,: C, 10.99; H, 2.77; N, 6.41.

the thermal and electrical properties of haloplumbate(ll) systems  N,N-Dimethylpiperazinium Haloplumbates(ll). The compounds

obtained by using monoprotonated heterocyclic amines and (mepipzH)[PbBr,] and (mepipzH,).[Phsl1d-4H,O were precipitated

diprotonated linear aminés.The aim of this work is to provide by mixing concentrated hydrogen halide solutions (HBr (40%) and HlI

a deeper knowledge of the polymeric nature of the controlling (57%)) of theN,N'-dimethylpiperazine and PbXX = Br, ) ina 1:1

factor of haloplumbates(Il) and to explore the possible formation stoichiometric molar ratio. By slow evaporation of the solutions, white

of new solid inorganic/organic composites presenting unusual needle crystals for the bromide and yellow acicular crystals for the
properties iodide were synthesized. Elemental anal. Found fogipeH,)[PbBr)

. . (compound2): C, 11.19; H, 2.50; N, 4.35. Calcd forsB816PbBuN2:
In particular, we present the results of a study on the synthesisc 11 21: 4 2.51: N, 4.36.

and structural and electrical characterization of mono- and  glemental anal. Found for (ragipzHz)-[Pbsl1d]-4H:0 (compound
bidimensional haloplumbate(ll) systems having as counterions 3): ¢, 6.60; H, 1.85; N, 2.54. Calcd for;@Phl10NsOs: C, 6.57;

diprotonated heterocyclic amines such as piperazil- H, 1.84; N, 2.55.
dimethylpiperazine, andl-benzylpiperazine. N-Benzylpiperazinium Bromoplumbate(ll). The compound was
separated by mixing an equal molar mixture of the diprotonated amine
t Universitadi Modena e Reggio Emilia. and PbBj in a concentrated hydrogen bromide solution (40%) and
* Universitadi Parma. allowing the solution to stand for some hours. The product crystallizes
(€] Engﬁgﬁrfégl}- Z/lo-; ;’1ag7iCk- J. M.; Whitaker, C. R.; White, A. Alst. inwhite acicular single crystals. Elemental anal. Found for (benzpjgit,-
(2) Bonamartini Corradi, A.; Bruni, S.; Cariati, F.; Ferrari A. M.; Saccani, E&%rZFﬁ%(?ngggg(f).HC,32§é1'9N HAS;iG, N, 4.70. Calcd for@tss
A.; Sandrolini, F.; Sgarabotto, fhorg. Chim. Actal997 254, 137. 10N62: by ££.4-4, Ty 9.20, T, &2
(3) Bonamartini Corradi, A.; Ferrari A. M.; Pellacani, G. C.; Saccani, Crystal Structure Determination. Intensity data for compounds
A.; Sandrolini, F.; Sgarabotto, fhorg. Chem.1999 38, 716. 1, 2, 3, and4 were collected by mounting crystals on the diffractometer

10.1021/ic000319k CCC: $20.00 © 2001 American Chemical Society
Published on Web 12/15/2000



Polymeric Haloplumbates(ll)

Table 1. Experimental Data for the Crystallographic Analysis of Compouhed

Inorganic Chemistry, Vol. 40, No. 2, 200219

1 2 3 4
chemical formula Q‘|12C|4N2Pb QHlsBMNng Q2H40| 10N404Pb Q3H5gBI'10N502PbZ
fw 437.2 643.0 2195.1 1784.3
space group P2,/c (No. 14) P2; (No. 4) P2,/c (No. 14) P2,/c (No. 14)
a, 5.778(2) 6.101(3) 19.054(4) 22.380(22)
b, A 22.612(26) 18.822(12) 12.239(3) 9.304(15)
c A 9.061(4) 6.229(2) 18.273(4) 24.577(25)
o, deg 90 90 90 90
B, deg 95.37(6) 98.62(4) 93.42(12) 94.28(11)
y, deg 90 90 90 90
vV, A3 1178.6(15) 707.3(9) 4253.8(17) 5103.9(18)
VA 4 2 4
Peale, g CNTS 2.46 3.02 3.43 2.32
Pobs § CNT 3 2.45 3.00 3.41 2.31
T,°C 20 20 20 20
u, cmt 151.7 231.9 191.2 144.5
A 0.710688 0.710688 0.710688 0.710688
R2 0.052 0.029 0.054 0.030
R.° 0.054 0.031 0.055 0.032
2R = JIAF|/3|Fo|. * Ry = [ZWAF?) 3 W(Fo?)7 2.

in a random orientation; the resulting crystal data with other details Q)

regarding data collection and refinements are noted in Table 1. The \ O—_)f 7)

structures were solved by the heavy-atom method, and refinements were T S

carried out by full-matrix least-squares and anisotropic thermal
parameters for non-hydrogen atoms; hydrogens were placed in the
calculated positions and introduced in the last refinement cycle. The

intensitiedy, determined by the Lehmann and Larsen procedure, were

corrected for Lorentz and polarization effects and put on an absolute

scale by least-squares; an absorption correction (Walker and Stuart @
method, min, max correction 0.94.10) was also applieth The atomic ~
scattering factors for the neutral atoms were taken fronintieenational O——‘S ?’B

Tables for X-Ray CrystallograplfyAll the calculations were carried ) )
out on the GOULD 4040 POWER NODE computer of the Centro di \/ //

Studio per la Strutturistica Diffrattometrica del CNR, Parma using -

SHELX76, SHELX86, PARST, ABSORB, and ORTEP prograimia.
Electrical Measurements. Fine powders, obtained by grinding
crystals of thel and2 compounds, were compacted under a pressure

of 50 N/mn? into the shape of disks 28 mm in diameter and up to 2
mm in thickness. Samples were then coated with gold by evaporation
under vacuum providing a three-terminal electrode configuration which
has been proved to be the most suitable for these materials. Prior to
any electrical measurements, samples were sintered in dry nitrogen for
8 h at 383 K. A three-terminal technique was used for both direct (dc)
and alternating current (ac) measurements owing to the rather low
electrical conductivity exhibited by these compounds at room temper-
ature. The voltmeterammeter method in dc and the Schering-bridge
method in ac measurements %210~ to 1 x 10° Hz) were used with
cells and instrumentation according to ASTM D257 and D150 The crystal structures of the four synthesized compounds
standards, respectively. All measurements were made in dry nitrogenshow distinctly different structural arrangements. Of particular
to avoid any possible contamination by gases or vapors on the surfacegpiarest is the observation that chemically similar ligands can
of the samples. X-ray diffraction analysis was lastly performed in order produce dramatic changes in the stereochemistry due to the
to determine possible structural changes occurring in the samples dunngd.ff in hvd “bondi biliti f th i
the electrical investigations. | erenceslln Yy roggn on .lng capal nites .O e cations as
well as to differences in packing energies. This study reveals a

On account of their extreme instability shown after compression, "’ . - > ]
electrical and dielectrical measurements onigzHy) [Pbsl g+ 4H,0 rlph variety of coordination structural_archet_ypes including two-
dimensional, layered structures, ribbon-like structures, and

and (benzpipzb)s[Pb.Briq)-2H,O were not carried out.
strictly monodimensional structures.

(4) Lehmann M. S.; Larsen F. KActa Crystallogr., Sect. A974 30, Crystal Structure of (mezpipzHy)[PbBr,4. Compound 2.

(5) Walker, M.; Stuart, DActa Crystallogr. A1983 39, 158. The gltructut.’e Ofltlhe (FQBI?IZ::gz)[PbBTA,] Sha.lthcl(.)n.SISts of Irllfmlte

(6) International Tables for X-Ray Crystallographyynoch Press: ~ tWo-dimensional layers of PbBunits, which lie in thexzplane,
Birmingham, 1974; Vol. IV. with dimethylpiperazinium dications situated between the sheets

0 ghteldri_ck,t_G-%H!ELXZS. ?rggraén_dsslstecm fgr_dCryS;g; GStructure (Figures 1 and 2). Each Pb(ll) atom is surrounded by six

etermination university o ambpridge: ambpriage, . : : . .

(8) Sheldrick, GSHELX86, Program for the Solution of Crystal Structure _broml_de atoms_m _a sllghtly_dlstorted O_Ctah_edral arrangem_ent
University of Gdtingen: Gatingen, FRG, 1986. in which the bridging bromide atoms identify the equatorial

(9) Nardelli, M. Comput. Chem1983 7, 95. plane and the terminal ones are in the axial positions. Bond

(10) Ugozzoli, FABSORB, a program for Walker and Stuart's absorption  gjistances and angles, reported in Table 2, are in good agreement
correction University of Parma: Parma, 1983.

(11) Johnson, C. K. ORTEP. Technical Report ORNL-3794; Oak Ridge W?th those pr_EViQUSW found in other ha|0p|umbate(“) systems
National Laboratory: Oak Ridge, TN, 1965. with perovskite-like structure. PbBrorner-sharing octahedra

Figure 1. Perspective view of inorganic Iayers in the perovskite-like
structure of (mgpipzH)[PbBr] (2) with vibrational ellipsoids at the
50% probability level.

Physical MeasurementsThermogravimetric and differential scan-
ning calorimetric analysis were performed with a TA instrument DSC10
system equipped with a mechanical cooler and an automatic data
acquisition and computer system TA2000. Carbon, hydrogen, and
nitrogen were analyzed with a Carlo Erba model 1106 elemental
analyzer.

Results and Discussion
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Figure 2. Projection of the structure of (rggipzH)[PbBr4] (2) along

the z direction with vibrational ellipsoids at the 50% probability level. ~ Figure 3. Perspective view of inorganic layers in the perovkite-like

structure of (pipzB)[PbCL] (1) with vibrational ellipsoids at the 50%
Table 2. Bond Distances (A) and Angles (deg) with Esd’s in probability level.

Parentheses Involving the Inorganic Moieties of Compouhdad

2
1 2 KO/Q SR
X =Cl X = Br Q/ \ é)\o/@
Pb—X(1) 2.843(5) 2.980(6) z =
Pb-X(2) 2.791(6) 3.025(6) . ‘}377 N2
Pb—X(3) 2.891(4) 2.954(2) = é\(é o
Pb—X(4) 2.884(8) 2.837(2) z
Pb—X(3)' 2.894(4) 3.164(2) Ci(1) Ka)
Pb—X(4)’ 2.916(8) 3.431(2) C\ c(s) c®
X(1)—Pb-X(2) 89.3(2) 173.8(2) ey SEC @
X(1)—Pb-X(3) 88.4(1) 89.2(2) ( g/ \gm) N(T)
X(1)—Pb—X(4) 169.3(2) 86.4(2) 0 < S < 2
X(1)—Pb—X(3) 87.8(1) 89.3(2) pfbb \ / AN b
X(1)—Pb—X(4)i 86.9(2) 92.7(1) 5\{0 & u o
X(2)—Pb-X(3) 87.5(1) 89.9(2) Q/ \j
X(2)—Pb—X(4) 81.2(2) 87.6(2)
igg:ig:;gg” 2344(21()2) ggg(é)) Fidg_ure 4. Prc_)jlfct_ikc))n of thtla sltlr_uctu_(rje of (p;]ipz%Po/bCh] él)b:?lll_on? th?
X(3)—Pb—X(4) 96.0(2) 92.8(1) x direction with vibrational ellipsoids at the % probabillity level.
igg_gg:igg” 213;%?2()1) igcl)f((%)) d_er Waals interactions as \_NeII as _hydrogen bon_ds involv_ing
X(4)—Pb-X(3) 87.1(2) 95.6(1) nitrogen atoms of the organic moieties and the unique terminal
X(4)—Pb—X(4)i 103.0(2) 167.1(1) bromide atoms of the layers; N¢4)Br(3) (1 — x, Y2 +y, 1 —
X(3)—Pb—X(4)i 95.8(2) 71.5(1) 2) 3.28(1) A, N(1)+-Br(1) 3.34(2) A.
i 1+xy,2 1+xy,2 Crystal Structure of (pipzH 2)[PbCl]. Compound 1. The
i XY=y, +z xy,z—1 piperazinium compound presents a similar arrangement with

respect to the above-described dimethylpiperazinium one. The

show four Pb-Br shorter distances ranging from 2.837(2) to
3.025(6) A and two longer Pb(#Br(2) (1 + X, y, 2) (3.164(2) organic dications (Figures 3 and 4). The (P)Cbrner-sharing
A) and Pb(1)Br(4) (x, y, z — 1) (3.431(2) A) ones. Conse- octahedra are joined by symmetrically and linearly bridging
quently, the halogen bridges are asymmetric but almost perfectlychlorine atoms, as also confirmed by-FPBI(3)—Pb and Pk
linear as confirmed by the Pb@Br(4)—Pb(1) (167.0) and Cl(4)—Pb angles of 174
Pb(1)-Br(2)—Pb(1) (171.8) angles. The structure contains corrugated inorganic layers piled along
The minimum Pk-Pb &k — 1, y, 2) intralayer distance, they axis. A remarkable dissimilarity is noted between the
corresponding to tha lattice constant, and the PEPb (—x, y present compound and the dimethylpiperazinium one, deriving
— Y, —2) interlayer distances are 6.10 and 9.58 A, respectively. both from the different Ph-Pb intralayer distances (PEPb (x
The latter value is considerably smaller than the ones previously— 1,v, 2) 5.78 A, Pb--Pb (, ¥/ — y, z— %,) 5.80 A, Pb--Pb
found in (2meptH)[PbXs) (X = CI, Br) of 12.15and 12.7 A (x— 1,y — Y, z+ Y/,) 8.48 A, Pb--Pb (1+ x, Yo —y, 2+
respectively for chloride and bromide compourRdshis varia- 1,) 7.88 A) and from the interlayer distances {PBb (—x, —y,
tion marks the role of the diverse diamine spacers used which,—2) 9.36 A), slightly shorter than those observed in the £me
due to their different size, create a modulation between the pipzH,)[PbBr] complex (Table 2). In fact, the absence of £H
inorganic layers. groups guarantees a dense structural arrangement where the
It is worth noting that Pb atoms belonging to adjacent layers organic cations reside within the troughs of this corrugated
are not perfectly overlapped but shifted by about.1This structure, in which they are held by hydrogen bonds involving
remarkable displacement can be explained by considering thetwo different chlorine atoms belonging to a common layer (N(1)
steric hindrance of the GHyyroups, directed toward the empty  «-CI(1) (1 + x, ¥ — y, z— ) 3.15(2) A, N(4):-CI(2) (1 + x,
interlayer space, which are responsible for the repulsive effect Y, — y, z+ /,) 3.22(2) A). The formation of a perovskite-like
on adjacent ammonium dications. Packing is determined by vanstructure has been previously obtained for other polymeric

crystal structure consists of layers of [PEEI~ anions and
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§> ? Table 3. Bond Distances (A) and Angles (deg) with Esd’s in
?\\? ow(2) f N(TT) Parentheses Involving the Inorganic Moiety of Compo@ad

U}O g e %m% Pb(1)-1(2) 3.184(3) Pb(2)1(6) 3.180(3)

AN i ime A, s

SVAVASCVAVA S ¢ B BN (-

> (6 © . ! .

“4M,) e _ Pb(1)-1(9) 2.978(3) Pb(3}-1(4) 3.303(3)

3 e L s:f\ Pb(2)-1(1) 3.226(3) Pb(3)1(5) 3.246(3)

L P~ 4 Pb(2)y-1(2) 3.245(3) Pb(3)1(7) 3.065(3)

o) N@a) e S Pb(2)-1(5) 3.273(3) Pb(3)1(10) 3.330(3)
Figure 5. Perspective view of (mpipzH,)2[Pbal1d-4H.0 (3) showing 1(2)—Pb(1)-1(3) 91.8(1)  1(6)-Pb(2)-1(8) 86.2(1)
the chain arrangement of the structure with vibrational ellipsoids at (2)—Pb(1)-1(4)  173.2(1)  1(6)-Pb(2)-1(10) 90.7(1)
roin nam emeras i
bidimensional haloplumbates(ll), but till now this structural :%:EE@;:% S%EB :8);538);:&? gi:%g;
motif has been observed only in few ca$e8This arrangement 1(3)—Pb(1)-1(6) 173.2(1)  1(1>Pb(3)-I(7) 93.4(1)
is responsible for the novel situation whereby the nonbridging 1(3)—Pb(1)-1(8) 110.8(1)  I(1)-Pb(3)-1(10) 88.9(1)
chlorine atoms, engaged in the hydrogen bonding, on each lead !(3)—Pb(1)}-1(9) 85.6(1)  1(3)—Pb(3)-1(4) 92.5(1)
have a cis rather than the usual trans relationship. In a sense, :Eﬁg:ﬁgg))::ggg 1?);;((3 'Ig)):ﬁgg))::g% gg-ég;
the structure can be viewed as a layered lattice in which both 1(4)—Pb(1)-1(9) 84'9(1) I(3)-Pb(3)-1(10) 88'6(1)
the anions and cations are part of each layer, the layers then |(8)—pb(1)-1(8) 75:8(1) 1(4)—-Pb(3)-1(5) 175:5(1)
being held together by van dgr Waals interactions. 1(6)—Pb(1)-1(9) 87.6(1)  1(4)—Pb(3)-1(7) 85.7(1)
Crystal Structure of (mezpipzH2)z[Pbslid-4H,0. Com- :E%:Egg))::% ﬁgiﬁ; :gg);ﬁ&g)_—ll(%o) gg-g((i))
pound 3._ T_he bulk structural archetype of this compound is I(1)—Pb(2)-1(5) 84_'2(1) I(5)-Pb(3)-1(10) 86'.0(1)
closely similar to what has been ops_erved in (2mejeHb, sls) I(1)—Pb(2)-1(6) 96.5(1)  I(7)-Pb(3)-1(10) 175.6(1)
and (mepnk);[CdsClyq).314 The striking feature of the (me I(1)—Pb(2)-1(8) 97.2(1)  Pb(2}1(1)—Pb(3) 76.9(1)
pipzHy)o[Phsl10]-4H,0 structure is the 1-D polymeric endless  1(1)—Pb(2)-1(10) 88.9(1)  Pb(1)}1(2)—Pb(2) 81.4(1)
chains, running along thg axis, of [Phlig* ], trimeric units 1(2)—Pb(2)-1(5) 91.1(1)  Pb(L)y-I(3)'~Pb(3) 83.9(1)

which are connected by shared edges (Figure 5, Table 3). :(g):gg(g)_:(g) gi-é(? Eg(g)_ll(é)l—_PPbbég) gg-i(i)
Furthermore, the struct.ure reygaled gncqordinated Wgter mol- &23—%%2%%1%) 89‘_5&)) Pb((lzlgeg—Pbgzg 81:28
ecules and dimethylpiperazinium dications anchoring two |(5)—pp(2)-1(6) 175.8(1)  Pb(1)1(8)—Pb(2) 76.2(1)
adjacent chains through hydrogen-bonding interactions. In each 1(5)—Pb(2)-1(8) 97.9(1)  Pb(2)1(10)—Pb(3) 74.1(1)
trimeric unit, three crystallographically independent Pb atoms 1(5)—Pb(2)-1(10)  85.2(1)

are present. Pb(2) is surrounded by six bridging halide atoms, aj—y 14y, 2

which enable the metal ion to be connected to Pb(1) and Pb(3).

The octahedra are joined by two triangular faces (I(1), (5), I(10) methylpropanediamine compounds. The structure is tridimen-
and 1(2), 1(6), 1(8)), while adjacent trimers share edges (I(3) sjonally built up of a network of hydrogen-bonding interac-
and I(4)). In this case, the observed linear structural developmentijons: ‘N(14)--O(1) (x, 3> — v, ¥» + 2) 2.86(3) A, N(24)--

is determined especially by the presence of water moleculeso(g) (1—x 1—y, —2 2.71(3) A, O(2)I(3) (x, 1L+, 2)
involving terminal and bridging iodine atoms (1¢9)0(4) 3.45- 3.69(2) A, O(1)+1(4) (x, 1+, 2) 3.61(2) A, O(1)--0O(4) (—x,

(1) A, O@Yy-1(9) (—x, Yo +y, Y — 2) 3.42(2) A, O(3)-+1(7) Yy +y, Yo — 2) 2.86(2) A, OBY+I(3) (x, 23 — y, z — )
(1= %y =2 — 2 3.42(2) A O@)-1(9) (x 1+¥,2  346(3) A, I(4)~N(21) 3.54(3) A, N(11)-0(2) 2.78(1) A.
3.72(2) A, O(3)1(8) (1 — x, y + o, "2 — 2 3.77(3) A) in Metal-metal contacts between independent intratrimer atoms
hydrogen bonds, which are competitive with respect to those Pb(1)--Pb(2) 4.19 A and Pb(2)Ph(3) 4.03 A are shorter than
implying, in the similar (2mepth)[Pby sls] and (mepnh)2[Cds- those connecting the trimers Pb{tPb(3) &, 1+ v, 2) 4.38(5)
Clig] compounds, the nitrogen amine atoms. The I(8) involve- & ", aqdition, in the octahedra, the Pbdistances between
ment in a hydrogen bond might justify the remarkable PB(1) erminal iodine atoms Pb(#)(9) and Pb(3)-1(7) are 2.978(3)

I(8) distance of 3.675(3) A that is longer than those found in and 3.065(3) A, respectively, while those involving bridging
the prese.nt'compound and longer than the ones observed in the, jine ones vary from 3.071(3) A to 3.355(3) A excluding the
closely similar (2meptb)[Pby sls] haloplumbate’ However, a  4)5ye_reported Pb(1)(8). The equatorial angles vary in the
Pb—I distance of 3.882 A has been found in the elsewhere 84.2-97.% interval for Pb(2) and in the ranges 84:98.C° and
reported [CHSC{E=NH2)NH;]sPbls compound, which shows g5 6 91 @ for Ph(1) and Pb(3), respectively, indicating slightly
alternating short and long P# bond lengths down the P& distorted octahedral arrangements. Intermolecular-Pb dis-

chains® It is worth considering that the presence of UNCOOr- {41 ces are 10.35 A, while intramolecular ones, corresponding
dinated water molecules and the use of an organic cation havingig thep axis. are 12.24 A.

a higher steric hindrance give rise to a greater structural density

with respect to the above cited methylpentanediamine and Crystal Structure of (benzpipzHz)s[Pb;Brq -2H:0. Com-

pound 4. While strictly monodimensional and two-dimensional
— _ — - : layer compounds have been often synthesized and the correla-
(12) 1\/'@;;25;' '2367?'1"\1’\7/3?9' S.; Feild, A; Chess, C. A; Guloy, A.Mcience  inns petween their structures and properties satisfactorily
(13) Mitzi, D. B. Prog. Inorg. Chem1999 48, 1. rationalized, those of ribbonlike structures are less well under-
(14) Bonamartini Corradi, A.; Bruckner, S.; Cramarossa, M. R.; Manfredini, stood, probably due to the fact that till now very few compounds
E-r?]e'\’rf”ag‘t’:r'l'gégegagbn'v M.; Saccani, A.; Sandrolini, F.; Giusti, J. - hresenting this structural motif have been isol&&iThe salt
(15) Mousdis, G. A.; Gionis, V.; Papavassiliou, G. C.; Raptopoulou, c. ©Of the N-benzyl derivative contains discrete organic dications,
P.; Terzis, A.J. Mater. Chem199§ 8, 2259. uncoordinated water molecules and inorganic ribbons (Figures
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Table 4. Bond Distances (A) and Angles (deg) with Esd’s in

f Parentheses Involving the Inorganic Moiety of Compodad

O_CS]E___ 3,,7»-\2—3 O_C{:’_ i ;{é—o Pb(1)-Br(11) 2.863 Pb(2)Br(21) 3.133
T o)

3\
el Br2s) Pb(1)-Br(12) 3.238 Pb(2)Br(22) 2.940
Oty /)BW) QB2 o Pb(1)-Br(12) 3.147 Pb(2)-Br(23) 3.034
O—3{__Brze) \7) \f Pb(1)-Br(13) 2.961 Pb(2)Br(24) 3.053
/ Pbup\/g;bgo&(% /"\Q\ S Pb(1)-Br(14) 2.879 Pb(2)Br(25) 3.013

@]

B / Pb(1)-Br(26) 3.202 Pb(2)Br(26) 3.055
Of \ Br(zg)p Br(23)

O
ke Br(11)-Pb(1)-Br(12) 85.8(1) Br(21}Pb(2-Br(22) 176.1(2)
ol /\O o——\-——o——-\‘ o Br(11)-Pb(1)-Br(12) 84.5(1) Br(21-Pb(2)-Br(23) 81.8(1)
& 0 / \3 Br(11)-Pb(1)-Br(13) 89.6(1) Br(21}Pb(2-Br(24) 92.2(1)

o Q

\ \7) O \/J o Br(11)-Pb(1)»-Br(14) 86.5(1) Br(21)}Pb(2)-Br(25) 93.3(1)
07\0\ 5 o—__, \7) Br(11)-Pb(1)-Br(26) 174.8(1) Br(21)Pb(2)-Br(26) 100.4(1)
» X) A} /E O—N 0 Br(12)-Pb(1)-Br(12) 94.5(1) Br(22)-Pb(2)-Br(23) 94.4(1)
h G /}) Br(12-Pb(1)>-Br(13) 84.4(1) Br(22yPb(2)-Br(24) 87.2(1)
O Br(12-Pb(1)»-Br(14) 172.1(1) Br(22yPb(2)-Br(25) 90.5(1)
Figure 6. Perspective view of (benzpipz)d[Ph:Brig-2H,0 (4) Br(12)-Pb(1)-Br(26) ~ 99.3(1) Br(22)Pb(2)-Br(26) 80.1(1)
showing the ribbon arrangement of the structure with vibrational Br(13)-Pb(1)-Br(12y 174.0(1) Br(23)-Pb(2)-Br(24) 91.8(1)
ellipsoids at the 50% probability level. Br(13)-Pb(1)-Br(14) 93.8(1) Br(23)Pb(2)-Br(25) 175.1(1)

Br(13)-Pb(1)-Br(26) 89.9(1) Br(23)-Pb(2)-Br(26) 87.1(1)
Br(14)-Pb(1)-Br(12) 86.4(1) Br(24)y-Pb(2)-Br(25) 88.1(1)
Br(14)-Pb(1)-Br(26) 88.4(1) Br(24)Pb(2)-Br(26) 167.1(1)
Br(26)-Pb(1)-Br(12) 96.1(1) Br(25)%-Pb(2)-Br(26) 94.0(1)
Pb(1)-Br(26)-Pb(2)  169.1(1)

Ai=1—-xY+y Y-z

to the crystal packing. As previously observed for other
haloplumbates, the presence of uncoordinated water molecules
forming hydrogen-bond interactions with terminal bromine
atoms [N(14):-Br(11) (x, y, 2) 3.33(1) A, N(14):*Br(23) (1—
Xy — Yo, Yy — 2) 3.32(2) A, N(11)--Br(13) (1 — x, ¥ + v,
Y, — 2) 3.32(1) A, N(31)-Br(22) (x, y, 2) 3.26(2) A, N(34)
=Br(12) (x, y, 2 3.66(2) A, N(34)-0(2) (x, y, 2) 2.91(3) A,
N(@21)+-0(1) (1 — x, Y2 +y, ¥> — 2) 2.80(2) A, N(24):-Br-
(25) (1—x, Yo +y, ¥ — 2 3.25(2) A, N(24)--Br(21) (1— x,
y — Y,, Y, — 7) 3.33(2) A] influences the formation of this
unusual structural motif, suggesting that the haloplumbate(ll)
ribbons are not self-consistent and require strong stabilizing
crystal packing interactions. Lastly, Pb{tPb(1) (1— x, y —

; I ; . Yo,z — Y3), Pb(1)y-Pb(2)(1— X%,y — Y2, Y2 + 2), and Pb(1)
Figure 7. Projection of the structure of (benzpi P:Brig)+2H,0
(4? along thejy direction with vibratio(nal eFI)IiF;))Zs)tcg)iidg2 atm]the ‘500 *Pb(2) contacts are 6.352(4), 8.904(4), and 6.229(3) A,
probability level. respectively.

Thermal Results. All the synthesized compounds, investi-

6 and 7, Table 4). The inorganic ribbons are composed of gated by thermogravimetric (TG) and differential scanning
alternate dinuclear [BBric®] units in which two crystallo-  calorimetric (DSC) techniques, exhibit no structural phase
graphically independent lead atoms are present. In each dimetransition from room temperature up to their melting point
the Pb(1) atom is connected by bridging bromine atoms to two (500-560 K) in agreement with the thermal behavior of other
Pb(1) belonging to adjacent dimers. Furthermore, a different haloplumbates presenting similar structural archet§feas
bromide atom joins each Pb(2) of the same unit. This gives previously observed for (2mepifiPbysls], the anhydrous
rise to a polymeric ribbon formed by two zigzag chains running complexes under study show, at temperatures several degrees
along they axis linked by common edges shared by adjacent pelow their respective melting point, a slight and gradual weight
octahedra. Coordination around Pb(1) is completed by three|ggg (<1%) possibly associated with the emission of the
bridging and three terminal atoms, while around Pb(2) five correspondent halide acids adsorbed on the crystals.

terminal bromine atoms, laterally breaking the layers, are Measurements carried out on (sp@zHs)s[Pbsl1g)-4H;0 and
present. It is possible to assume that the formation of a dimeric (benzpipzH)PbuBrig-2H,0 compoundszreve;?a Wéight loss
unit, instead of the trimeric one reported elsewhere, is due to -
the higher steric hindrance of the t?enzylpiperazinium cation of 3.3% for the former and 2.0% for the latter, corresponding
" to the loss of four and two water molecules, respectively, in

As shown in Table 4, the tB. rdlstanpes, ranging from 2.86- the temperature range 8220 °C. From DSC measurements
(3) to 3.05(3) A for the terminal bromine atoms and from 3.05- - .
the loss of the water moieties corresponds, in the same

(3) to 3.20(3) A for the bridging bromine ones, closely agree temperature range, to an endothermic event and is confirmed
with those observed in (priPby d&Br7]-H;0.2 The structure by tﬁe experime?]tél heat of transformatiohH = 188.4 kJ/
is tied together through a series of hydrogen-bond interactions mol for the dimethylpiperazinium compound andd — 95.2

involving the organic dications, intercalated between the chains, k3/mol for the b Ioi . P d two t
the inorganic ribbons, and the water molecules which contribute mot for the benzylpiperazinium 0“?) our and two times,
respectively, greater than the theoretical value found for the

(16) Bonamartini Corradi, A.; Cramarossa, M. R.; Pellacani, G. C.; dehydration heat of one water molecule in hydrated crystals
Battaglia, L. P.; Giusti, JGazzetta Chim. 1tal1994 124, 481. (AH = 54-59 kJ/mol)1718
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Figure 9. Loss factorg, as a function of frequency for the (apipzHy)-

Figure 8. Electrical conductivityg, as a function of reciprocal absolute  [PbBrs] (2) compound.

temperature, at 1 (solid symbols) and 60 (open symbols) minutes after\yit perovskite-like compounds reported elsewhere, conductivity
voltage application for (meipzi)[PbBI] (2). tends to decrease as the distance between the layers deéreases.
It is also noticeable that haloplumbate(ll) compounds presents
generally higher values of conductivity compared to the
analogous halocadmates(ll).

Electrical Results. The electrical behavior of all the hydrated
3 and 4 compounds has not been explored, since the loss of
water moieties with increasing temperature causes unknown
structural changes. Figure 8 shows the electrical conductivity Conclusions
o of (meypipzH,)[PbBIr] calculated at 1 and 60 min after the . . .
application of the step voltage, in dry nitrogen, as a function of . Th|s_ survey reveals a ”C.h variety of str_uctura_l model systems
reciprocal absolute temperature in the temperature range 283 mcludlng strictly monodlmensmnal_, ribbonlike “and two-
500 K. The (pipzH)[PbCL] compound plot has not been dimensional, layered strug:tures, WhICh result from a diverse
reported since it shows a behavior comparable to the dimeth-ange of hydrogen-bond interactions. As observed for other

ylpiperazinium one. Measurements were performed from the hal_oplumbate(ll)_ compl_ex_es, of parti_cular interest is the obse_r-
highest allowed temperature to room temperature: transient vation that chemically similar counterions can produce dramatic

phenomena, as a function of time, are almost absent, and atchanges in the structurésDespite the fact that the organic

higher temperatures a degradation event takes place. Conductiv—ck‘;"_‘t'oc?_S could be remote or n?t f:f’?: thg_l_coor;jlrr]]alyzjon_center,
ity values range from those typical of insulating materials, at (NS diversity occurs as a result of the ability of halide ions to

low temperatures, to those of semiconductors at the highest onesprldge lead atoms and, when present, of the capability of the

The use of different types of electrodes (Au, C) gave no water moieties to form hydrogen bonds. The whole electrical
meaningful variations on the values of conductivity and slope Pehavior of the synthesized haloplumbate(il) compounds indi-

in the logo versus 10007 plot. Dielectric measurements in the cates an ionic type of conduction, generally higher than _the
frequency range 701C° Hz at different temperatures showed qorrespondent halgcadmatgs(ll), due to a mechanism O.f migra-
no remarkable relaxation effects. The relative dielectric constant 10" of th_e_ protons involved in hydrogen borr’ds'[he electrical

(not shown for the sake of brevity) increases with temperature conductivity seems to be also related to the distance between

and regularly decreases with frequency at all the inves'[igatedthe dmorganlc amcr)]ns_ where ahclo_ser p?ckmg of_the struct_ur%
temperatures, reaching at the higher frequencies a value of abouran s to oppose the ionic mechanism of conduction as notice
or the investigated compounds in comparison with other

10 at all temperatures. However, the loss factor for the - . .
considered compound at constant temperature increases witfidimensional haloplumbatés.
decreasing frequency (Figure 9). Supporting Information Available: Listings of anisotropic thermal

On account of the exhibited electrical behavior, it therefore parameters for (pipzB[PbCl] (1) (Table S1), (mgipzH,)[PbBr] (2)
seems reasonable to ascribe, as for other previously investigatedTable S2), (mgipzH,),[Phsl1 4H,0 (3) (Table S3), (benzpipzht[Phy-
bidimensional haloplumbates(ll) and halocadmates(ll), the Bri]-2H:O (4) (Table S4), fractional atomic coordinates and equivalent
source of the dc conductivity to proton migration via the isotropic thermal pargmeters for_ all the cited compounds (Tabte 85'
hydrogen bonds involving halogen atoms of adjacent polymeric S8) and data collection and refinement parameters (Table S9). This
layers and nitrogen atoms of the organic catibHs®2%As noted material is available free of charge via the Internet at http://pubs.acs.org.

by comparing the electrical conductivity of (apépzH;)[PbBr] IC000319K
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