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Reacting equimolar quantities of 5-allenyl-1,3-benzenedicarboxylic acid (Habd) with lead(i) acetate
trihnydrate in N,N-dimethylformamide (DMF) under solvothermal conditions results in formation of a
metallogel with a critical gelation percentage of 1% w/v. Elemental analysis performed on the gel provided
a molecular composition ratio of [Pb(abd)(H,O)], (1). Viewing the gel by scanning electron microscopy
(SEM) identified an entangled network of cross-linked nano-fibres. *tH-NMR aliquots of hydrated lead (i)
acetate added to a solution of Hsabd in deuterated DMF allows inferences to be made about solution-
state behaviour that occurs during the initial gel aggregation stage. Under non-solvothermal conditions,
combining Hpabd and hydrated lead(i) acetate resulted in formation of single crystals suitable for X-ray dif-
fraction, which were identified as a 3D coordination polymer with composition [Pb(abd)(DMF)] (2). Struc-
tural features observed within this 3D coordination polymer provide the basis for assigning the molecular
structure to the fibrils present within gel 1. This assertion is supported by comparable vibrational profiles
taken from a sample of dried gel 1 to that of crystalline 2, and the matching of early solution-state *H-NMR

Received 3rd August 2015,
Accepted 21st August 2015

DOI: 10.1039/c5ce01689d

Open Access Article. Published on 24 August 2015. Downloaded on 2/1/2026 8:50:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

[{ec

www.rsc.org/crystengcomm

Introduction

Supramolecular gels formed by low molecular weight gelators
are a class of material in which interest is rapidly expanding
to provide a diverse range of applications to commerce,
industry and medicine." This interest has grown from the
founding work developing organic gelators® to include meta-
llogelators, inorganic species capable of sustaining hydro-
and organo-gels."®* This development takes advantage of the
diverse coordination modes provided by metal nodes, which
allow new options for influencing the gelation process. Typi-
cally two strategies are employed to generate metallogels;
these target either coordination polymeric gelators, or discrete
metal complexes able to adopt fibrillar constructs with the
aid of metallophilic, van der Waals, and other non-covalent
interactions.'®* Examples of the former include copper and
silver pyridyl gelators,* coordination-driven metallocyclic plat-
inum species,’ lanthanide coordination polymers,® and dis-
crete zinc clusters.” Examples utilising non-covalent
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+ Electronic supplementary information (ESI) available: "H and "*C-NMR spectra
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spectroscopic trends to later solid-state observations.

interactions encompass Au---Au or Pt---Pt interactions,® and
typically such complexes tether several long alkyl chains to
aid facilitation of the gelation process.

Recently, metallogels have been applied as luminescent
media® or hosts for luminescent guests,’ as templates for
nanoparticle formation,” as means of controlling crystalline
polymorph growth,' for redox and chiral molecule respon-
siveness,"" and in catalysis,"> among a range of innovative
applications. Of particular relevance to this work is the recent
identification of a lead(u) metallogel ligated by a conjugated
pyridyl species that is capable of purifying wastewater by
selectively removing toxic metal ions and dyes."?

Formation of gels as opposed to solid or crystalline mate-
rials is governed by a largely unpredictable balance of non-
covalent interactions that include pH, pK, and solubility,"* as
well as choice of metal, anion and solvent.'® Perturbation of
this balance may lead to collapse of gel states to precipitate
or crystalline species,'® in some cases with unique outcomes
such as chiral resolution."” Studies of the conversion of coor-
dination polymers to polymeric gels have recently highlighted
structural links between the former and the latter.'® Simi-
larly, changes to the pore shape of covalent polymers have
been shown to be templated by the presence of different gel
morphologies.'® Interest in metallogels has also been shown
to link strongly to the area of MOFs, with amorphous MOF
aerogels and xerogels reported, and shown to exhibit high
degrees of micro- and macroporosity.”® Short-range MOF
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structures of tripodal pyridyl ligands have also recently been
identified as gelators for rigid fibrous metallogel networks,
analogous to the present work.>>

Our interest in lead(u) coordination polymers as potential
responsive functional materials has stemmed from a study of
facile single crystal to single crystal (SCSC) transitions driven
by interconversion of secondary interactions and primary
bonds about the flexible coordination sphere of lead(m).>>
This, coupled with the propensity for weak hydrogen bonding
within lead(n) coordination polymers,*® suggests that judi-
cious functionalised ligand choice may yield materials
beyond the scope of typical lead-1,3-benzenedicarboxylate
(mbdc) coordination polymers.”* This work forms part of an
ongoing programme to develop switchable functional metal-
ligand systems of MOFs”® and coordination polymers.>*

Herein, we report the synthesis of a new example of a
lead(n) metallogel derived from solvothermal reaction of
lead(n) acetate trihydrate with a previously unreported
5-allenyl-1,3-benzenedicarboxylic acid (Hyabd) in N,N-
dimethylformamide (DMF). Analysis of the air-dried gel
yielded an elemental composition consistent with an empiri-
cal formula [Pb(abd)(H,0)], (1), supported by further analyses
including IR and 'H-NMR spectroscopy, and scanning
electron microscopy (SEM). Mixing H,abd and lead(u) acetate
trihydrate in DMF under ambient conditions yielded a crys-
talline 3D coordination polymer product after two days,
[Pb(abd)(DMF)] (2), that was analysed by single-crystal X-ray
diffraction methods. This solid-state analysis provides a pos-
tulated model for the fibrillar structure of the gel.

Results and discussion
Synthesis

Commercially available dimethyl 5-ethynylisophthalate was
converted to the allene species by a one-step addition of
p-formaldehyde mediated by copper(i) iodide,*® followed by
ester deprotection to the diacid form (H,abd) with sodium
hydroxide and an acidic workup (Scheme 1).

The overall yield for this two-step process was 31%. Both
new organic compounds (Me,abd, H,abd) were characterised
by IR, 'H- and "*C-NMR spectroscopy, and high resolution
ESI mass spectrometry.

OMe P OR
Zz
a) x.
O @_o N
0~ "OMe 0~ OR
R =Me (Me,abd)
(®) E;R =H (H,abd)

Scheme 1 Synthesis of Hyabd via Mejabd. a) Cul (0.5 equiv.), (CH,0),
(2.5 equiv.), iPr,NH (1.8 equiv.), dioxane, reflux; b) NaOH (10 equiv.),
THF, 4 h, RT, acidic workup.

8140 | CrysttngComm, 2015, 17, 8139-8145

View Article Online

CrysttngComm

The 'H-NMR spectrum (CDCl;) of Me,abd contains a
prominent singlet at J 3.96 ppm that corresponds to the
methyl ester groups, and a characteristic doublet and triplet
at 0 5.27 ppm and 6.24 ppm that are assigned to the allene
group. The remaining aryl resonances were observed at J 8.14
and 8.51 ppm. The diacid ligand H,abd showed a similar pat-
tern of resonances albeit with shifts mediated by solvent
effects and the absence of the methyl group signal (vide
infra). In both the protected and deprotected forms, the
allene functionality was observed using IR spectroscopy at
1935 em™". Deprotection effected a shift of the carbonyl band
from 1722 cm™ to 1685 cm ™.

Isolation of either the metallogel 1, or crystalline form 2,
from equimolar amounts of H,abd and lead(u) acetate
trihydrate was dependent upon the temperature of the reac-
tion mixture. In the absence of heating, gelation does not
occur and, upon standing, crystalline material was isolated
after two weeks. Heating the reaction mixture at 100 °C for
72 h favoured formation of a thermodynamic metallogel
product. Optimisation of the process identified the critical
gelation concentration as 1% w/v of H,abd and hydrated
lead(n) acetate as gauged by the tube-inversion test. This gel
forming concentration compares favourably to low-molecular-
weight organogelators (LMOGs) which are known to form
gels a very low concentrations (<2% w/v).>” Upon shaking,
the formed gel became a slow flowing liquid in which the gel
structure was partly fragmented. This material failed all
future inversion tests. Such behaviour is indicative of the ini-
tial gel possessing a rigid internal structure.”*

Solid-state analysis of the dried gel by powder X-ray dif-
fraction (PXRD) methods found the material possessed amor-
phous character, precluding this known means of matching
crystalline and gel structural characteristics.”®

Scanning electron microscopy of 1

The nanoscale morphology of a freeze-dried sample of meta-
llogel 1 was visualised using SEM, which revealed an
extended network of fibrous structures that aggregate into
large entangled worm-like morphologies (Fig. 1). Well-
defined fibres were observed at the periphery of the image,
and are analogous to fibrils present in similar gel materials.*’
The average diameter of these fibres was found to be 40 nm,
while the densely entangled worm-like structures were found
to be larger in size, varying in diameter from 40-160 nm. A
higher magnification view of the worm-like structure may be
found in the ESIf (Fig. S5).

"H-NMR spectroscopic titrations of Pb(OAc),-3H,0 to H,abd

To gain insights into the initial solution-state behaviour of
H,abd and hydrated lead(n) acetate during gel formation, the
aggregation process was monitored using 'H-NMR spectro-
scopy in DMF-d,. A neat spectrum of Hyabd [29.2 m,,] was
first collected, which showed the expected allene doublet and
triplet at 6 5.43 and 6.63 ppm respectively, as well as
aromatic signals at ¢ 8.21 and 8.49 ppm. Seven aliquots of

This journal is © The Royal Society of Chemistry 2015
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Fig. 1 SEM image of a 1% w/v metallogel of 1 showing the two most
prominent morphological features: rod-like fibres are present at the
periphery around a large agglomeration of worm-like morphologies in
the centre.

0.125 molar equivalents of Pb(OAc),:3H,0 were successively
added and the spectra compared (Fig. 2). The results show a
net upfield shift for all non-acidic hydrogen atoms of H,abd,
with the most pronounced effect seen for the ArH, aromatic
hydrogens and the CH allene hydrogen (Fig. 2, top). These
shifts can be rationalised in terms of increased nucleophilic-
ity in the local ligand environment once carboxylate forma-
tion mediated by chelation to lead(u) occurs, as well as from
structural insights obtained from the crystalline form 2 (vide
infra). The ligands chelating the lead(n) aggregates are labile
based on the observed gradual migration of peaks, as
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Fig. 2 Titration isotherm and !H-NMR spectroscopic titration stack
plot for the interaction between H,abd and Pb(OAc),-3H,0O in DMF-d;.
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opposed to the appearance of new peaks upon lead(n) acetate
addition. The lack of new peaks consistent with coordinated
DMF also suggests that any solvent interactions within the
gel are labile in nature. The incremental increase in lead(r)
acetate effected a broadening and loss of splitting patterns
associated with abd. This can be attributed to self-assembly
of fibrillar nanoscale structures that tumble slower in solu-
tion than the NMR timescale upon reaching a critical size.
This leads to enhanced spin-spin interactions and faster
relaxation of transverse magnetisation, giving a short T,.*°
The final titre yielded an equimolar mixture in which the sig-
nal broadening was too great for meaningful 'H-NMR
spectroscopic interpretation. While these spectroscopic obser-
vations are consistent with the anticipated early events of
self-assembly during the gelation process, only by heating at
100 °C could the mixture be ‘set’ into the gel form, in which
reliable spectroscopic data could not be obtained.

Crystallographic analyses

To gain insights into the coordinative behaviour of abd fol-
lowing reaction with hydrated lead(u) acetate, Pb(OAc),-3H,0
and H,abd were combined under ambient conditions. Slow
diffusion of dilute anhydrous DMF solutions of H,abd and
lead(u) acetate trihydrate yielded colourless needle-like crys-
tals suitable for X-ray structure determination after two days
(see Experimental section). The crystals were found to have a
molecular composition of [Pb(abd)(DMF)] (2).

The asymmetric unit of 2 contains a single Pb(u) atom
coordinated by a carboxylate group of a bridging abd ligand
and a single molecule of DMF. The metal centre is eight-
coordinate based on a limiting value for a Pb-O bond of 3.30
A" The coordination sphere is comprised of four carboxyl-
ates, each of which bridges between two metal centres in a
u-(x>0:'0") fashion, and two DMF molecules that bridge
between two metal centres (Fig. 3). This culminates in a 1D
chain of Pb(u) atoms propagating along the crystallographic ¢

Fig. 3 Coordination environment about the Pb(i) atom in 2. Thermal
ellipsoids are shown with 50% probability. Symmetry operators: () = 1/
24y, x-1/2,z-1/2, () =1-y, x, -z (=12 +x,1/2-y,1/2 - z.

CrystEngComm, 2015, 17, 8139-8145 | 8141
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(Bottom) Bridging abd ligands link the cluster chains into a complete
3D network.

(Top) Bridging carboxylates link Pb(i) atoms into a chain motif.

axis (Fig. 4, top). The abd ligands link these chain motifs
together to provide a (4,4) network comprised of squares and
diamonds when viewed down the c axis (Fig. 4, bottom). The
square channels are occupied by the allene groups of the adb
ligands while the diamond channels are filled by coordinated
DMF molecules that propagate in a contiguous fashion.

A crystallographic comparison of this work to other known
lead(n) mbdec coordination polymers serves to display the
diversity of secondary building units (SBUs) and structural
motifs that are known. The complex with the parent ligand,
H,bdc, forms a 3D coordination polymer comprising linked
tetranuclear [Pb,(u,-0)] SBUs under mildly basic solvothermal
conditions.>** As observed in the present work, n-n stacking
interactions are widespread, causing ligands to bridge
between SBUs in pairs. Changing to hydrothermal conditions
in synthesis of this parent complex yielded a zeolite-type
topology that exhibits uni-dimensional pores running along
the @, b and c¢ axes.>*” This framework possesses an interest-
ing purely inorganic skeleton, which plausibly may result
from the scarcity of coordinating solvent molecules other
than water (i.e. DMF), which promotes the formation of the
observed Pb-O-Pb linkage. The inclusion of additional
ligand-ligand attractive interactions, such as I---I interac-
tions, appears to influence the motif,** with formation of a
tetranuclear I, unit within a 5-iodo-1,3-benzenedicarboxylato
coordination polymer imparting an ordered rod-shaped SBU,
superseding any n-n interactions.
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Molecular structure of fibrillar gel 1

Elemental analysis on an air dried sample of 1 yielded a carbon
and hydrogen content of 30.91% and 1.89% respectively, which
is consistent with an empirical formula of [Pb(abd)(H,0)], and
provides the starting point for a proposed structure.

As with a number of previous reports, the crystalline char-
acteristics determined from a polymorphic form provide the
basis for our molecular assignment.***' As no nitrogen con-
tent was found to be present, displacement of the coordi-
nated DMF molecules in 2 for water molecules would yield a
framework with a ratio of [Pb(abd)(H,O)], which matches (C:
30.71, H: 1.93) the experimentally determined elemental per-
centages. Solid-state evidence for the location of coordinated
DMF within linear channels of 2 suggests a facile means
whereby water may easily penetrate and displace the DMF
molecules from within such a structure. A comparison
between the infrared spectra for 1 and 2 identifies a preva-
lence of matching vibrational modes (Table 2). While weak,
the asymmetric stretching vibration for the allene group in
the dried gel was observed at 1941 cm™". One possible expla-
nation for a decrease in intensity of this vibration is an
electron withdrawing effect influencing the allene group
upon gel formation. Similar observations of very weak or
absent vibrations have been noted for the nitrile functional-
ity.>> The terminal C=CH, allene wagging mode was also
inferred in gel 1 as a shoulder present at 799 cm™". No band
was observed at 1635 cm ', the expected location for the
C—0 vibration for coordinated DMF,*>* which is consistent
with the observed lack of nitrogen by elemental analysis.

Dissolving a portion of gel 1 in DMSO-ds spiked with DCI
revealed resonances attributable to the allene group by "H-
NMR spectroscopy (Fig. S6, ESIT), suggesting that the gela-
tion process does not require degradation of the allene group
at elevated temperatures.

The upfield shifting of all the non-acidic ligand hydrogen
atoms in the 'H-NMR titration experiment, in particular for
the allene CH and aromatic ArH, resonances (Fig. 2), likely

results from nucleophilic interactions from localised
Table 1 Crystallographic data for 2

Structure 2

Formula C14H3NOsPb
FW 482.44

Space group Pa2,c

a[A] 19.0391(2)

b [A] 19.0391(2)

c [A] 8.0073(2)
al°] 90

AN 90

7 [°] 90

Vol [A*] 2902.55(9)

z 8

Dcalc [g cmis] 2.208

# [mm™] 11.645
F(000) 1808

No. of indep. Reflns (Rjn)
Ry, WR, (I > 20)

3182 (0.0283)
0.0283, 0.0409

This journal is © The Royal Society of Chemistry 2015


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5ce01689d

Open Access Article. Published on 24 August 2015. Downloaded on 2/1/2026 8:50:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

CrystEngComm

Table 2 IR vibrational bands present in 1 and 2

Vibrational wavelength (cm™) Assignment

1 2

1941 1942 C=C=C (asym.)*
— 1635 CO (coord. DMF)*
1602 1596 COO™ (asym.)*
1515 1524

1405 1423

1345 1356 COO™ (sym.)*

— 1301

— 1235

1108 1098

— 982

914 918

856 861

799(sh) 802 C=C=CH, (wag)**
772 777

718 725

sh: shoulder

carboxylate groups that surround abd during self-assembly.
Such interactions can be inferred in the solid-state structure
of 2. In addition to the expected upfield shift in the aromatic
hydrogens of abd upon carboxylate formation, each of the
ArH, hydrogens is well-aligned to the carboxylate group of an
adjacent abd ligand (Fig. 5), including interactions within the
range of van der Waals interaction (<2.72 A). Similarly, in
the solid-state the allene CH hydrogen is aligned to bifurcate
two adjacent carboxylate groups. In both instances a self-
assembly process that resembles the solid-state structure of 2
would be expected to enhance shielding of these hydrogens.
By contrast, the terminal allene CH, groups protrude into a
hydrophobic channel (Fig. 4) that limits nucleophilic interac-
tions to weaker inter-allene C-H-- ‘7 interactions, and the aro-
matic ArH hydrogen is poorly aligned to be influenced by any
inter-ligand nucleophilic carboxylate groups, implying that
additional nucleophilic interactions upon self-assembly are
unlikely. The nucleophilic interactions determined for each
protic region in solid-state 2 are remarkably consistent with
the magnitude of the observed Ad changes that occur during
the solution-state self-assembly visualised by the 'H-NMR
spectroscopic study.

Fig. 5 Example of the local environment of abd in 2 showing the
primary additional nucleophilic interactions, represented here as red
dashed lines. Thermal ellipsoids are shown with 50% probability.

This journal is © The Royal Society of Chemistry 2015
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While care must be taken when comparing solution- and
solid-state observations, as well as gel and crystalline mate-
rials, these results indicate that the framework characteristics
observed in 2 persist within gel 1, albeit in an amorphous
form. There are known examples in which MOF-type struc-
tures are incorporated into gel materials,>*' and spectro-
scopic analyses similarly support similarities in the local
environments on the molecular level between 1 and 2,
allowing a similar approach to be used to deduce the molecu-
lar structure for 1 proposed here. These results provide the
first solid-state evidence relating to the structure of a lead(n)
metallogel, and a new example of a 3D coordination poly-
meric gel species for which only a few examples are known.

Experimental
General remarks

Starting materials and solvents were purchased from com-
mercial sources and used as received. NMR spectra were
recorded on a Bruker Advance 300 MHz Ultrashield NMR
spectrometer. Infrared spectra recorded on a
PerkinElmer Spectrum 100 spectrometer equipped with an
ATR sampling accessory. Abbreviations for IR bands are s =
strong, m = medium, w = weak, br = broad. Elemental analy-
ses (CHN) were performed on a CE-440-Elemental Analyzer
(Exeter Analytical).

were

Synthesis

Me,abd. The methyl benzoate allene Me,abd was prepared
according to a literature procedure®® from dimethyl
5-ethynylisophthalate (0.60 g, 2.76 mmol), diisopropylamine
(0.78 mL, 5.51 mmol), p-formaldehyde (0.17 g, 5.51 mmol)
and copper iodide (0.175 g, 0.92 mmol). Yield 0.24 g, 37%.
Mp: 97.5-98.5 °C. "H-NMR (CDCl;, 298 K, 300 MHz): 3.96 (s,
6H, CH;), 5.27 (d, 2H, HC—=C=CH,, J = 6 Hz), 6.25 (t, 1H,
HC=C=CH,, J = 6 Hz), 8.14 (s, 2H, ArH), 8.51 (s, 1H, ArH).
BBC-NMR (CDCl;, 298 K, 75 MHz): 52.4 (CH;), 80.0
(HC=C=CH,), 92.9 (HC=C=CH,), 128.9 (ArC), 131.0 (ArC),
131.7 (ArC), 135.3 (ArC), 166.2 (C=0), 210.1 (HC=C=CH),).
HRMS (ESI): caled. for C;3H;30, [M + H]: 233.0814, found:
233.0832. IR (ATR): 3009 (W), 2954 (w), 1935 (m), 1722 (s),
1599 (w), 1432 (s), 1347 (w), 1322 (m), 1301 (m), 1252 (m),
1237 (s), 1203 (s), 1126 (m), 1082 (m), 996 (s), 853 (m), 863
(m), 751 (s), 724 (m), 689 (m), 664 (m) cm .

H,abd. Deprotection to the diacid allene form H,abd was
performed as follows. Me,abd (0.50 g, 2.15 mmol) was
dissolved in THF (40 mL) and added to a solution of NaOH
(0.95 g, 23.7 mmol) in water (25 mL) and stirred at room tem-
perature overnight. The organic component was removed
under reduced pressure and the aqueous component stirred
for a further 4 hours. After this time the solution was cooled
to 0 °C and acidified to pH 2 with concentrated aqueous HCI.
A white precipitate was isolated by filtration, washed with
water (2 x 20 mL) and air dried. Yield 0.40 g, 84%. Mp: 249
°C (dec). 'H-NMR (DMSO-dg, 298 K, 300 MHz): 5.41 (d, 2H,
HC=C=CH,, ] = 6 Hz), 6.59 (t, 1H, HC—C—CH,, ] = 6 Hz),

CrystengComm, 2015, 17, 8139-8145 | 8143


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c5ce01689d

Open Access Article. Published on 24 August 2015. Downloaded on 2/1/2026 8:50:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

8.07 (s, 2H, ArH), 8.29 (s, 1H, ArH). "*C-NMR (CD;0D, 298 K,
75 MHz): 79.8 (HC=C=CH,), 93.6 (HC—=C=—CH,), 130.3
(ArC), 132.7 (ArC), 133.1 (ArC), 136.9 (ArC), 168.8 (C=O0),
211.4 (HC=C=CH,). HRMS (ESI): calcd. for C;,HoNaO, [M +
Na]': 227.0320, found: 227.0426. IR (ATR): 2829 (br m), 2553
(br m), 1936 (m), 1684 (s), 1598 (s), 1420 (s), 1272 (s), 1250
(s), 1210 (m), 1113 (m), 912 (s), 856 (s), 757 (s), 685 (m), 661
(m) em™.

Metallogel [Pb(abd)(H,0)], (1). A solution of H,abd (63
mg, 0.31 mmol) in DMF (0.500 mL) was added to a solution
of Pb(OAc),-3H,0 (126 mg, 0.33 mmol) in DMF (1.500 mL)
and the mixture sealed in a capped vial. The solution was
placed in an oven and heated at 100 °C for 72 hours. After
this time gelation was observed to have occurred. Critical gela-
tion percentage: 1%. IR (ATR, air dried sample): 3337 (brw),
1941 (w), 1602 (m), 1515 (s), 1405 (m), 1345 (s), 1108 (w), 914
(w), 856 (W), 772 (m), 718 (s), 663 (m) cm™'. Elemental analy-
sis: caled. for [Pb(abd)(H,0)],: C 30.91, H 1.89; found C 30.71,
H 1.93.

[Pb(abd)(DMF)] (2). A solution of H,abd (25 mg, 0.12 mmol)
in DMF (1 mL) was layered over a solution of Pb(OAc),-3H,0
(46 mg, 0.12 mmol) in anhydrous DMF (1 mL) with care taken
to minimise mixing of the two portions. After two days
colourless needle crystals suitable for X-ray diffraction studies
had appeared. Yield: ~1 mg. IR (ATR): 2931 (w), 1942 (m), 1635
(s), 1596 (m), 1524 (s), 1423 (m), 1356 (s), 1301 (s), 1235 (s),
1135 (w), 1097 (s), 982 (m), 919 (m), 861 (m), 802 (m), 777 (s),
725 (s), 694 (W), 659 (s) cm ™. The low yield of crystalline mate-
rial precluded elemental analysis for 2.

X-ray crystallography

X-ray diffraction data for framework 2 was collected on an
Agilent Gemini A-Ultra diffractometer®” at the University of
Bath using Mo-Ko radiation, the crystal being cooled to 150
K by an Agilent Cryojet.*® Empirical absorption correction
was applied using the multiscan program in SCALE3
ABSPACK. Crystal data and details of the structure refine-
ment and data collection are shown in Table 1. Structural
solution and refinement was carried out using SHELXL-97%°
utilising the graphical interface X-Seed.*’

Conclusions

The solvothermal reaction of a new diacid allene, H,abd, with
hydrated lead(n) acetate has yielded a metallogel with a criti-
cal gelation point of 1% w/v in DMF, with a worm-like mor-
phology composed of nanoscale fibres. Combining H,abd
and hydrated lead(n) acetate in DMF in the absence of
solvothermal conditions yielded crystalline needles after two
days that were determined crystallographically to be com-
posed of [Pb(abd)(DMF)] (2). This 3D coordination polymer
forms the basis for structural assignment of gel 1. The initial
aggregation behaviour of H,abd with hydrated lead acetate
was evaluated in the solution-state by a '"H-NMR titration
experiment, which identified the growth of nanoscale struc-
tures and local trends in hydrogen shielding that can be
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related to solid-state 2. A molecular structure for the lead(u)
gel has been developed consistent with these observations,
which matches the elemental composition of [Pb(abd)(H,0)],
determined for 1 and reflects the local architecture in crystal-
line structure 2, in which displacement of coordinated DMF
for water molecules occurs. Infrared spectroscopic analysis
comparing a dried sample of gel 1 with crystalline form 2
identified broad similarities between the vibration band
profiles.
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