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Structure-Directing Effects of Counterionsin Uranyl Ion
Complexes with Long-Chain Aliphatic a,w-Dicar boxylates:

1D to Polycatenated 3D Species

Pierre Thuéry,* Youssef Atoinf and Jack Harrowfield*

NIMBE, CEA, CNRS, Université Paris-Saclay, CEA $§c91191 Gif-sur-Yvette, France
%SIS, Université de Strasbourg, 8 allée GaspardddpA7083 Strasbourg, France

ABSTRACT: Nine uranyl ion complexes were synthesized undelv¢-)hydrothermal conditions usirgw-
dicarboxylic acids HOOC-(Chi~—COOH (HCn, n = 6-9) and diverse counterions. Complexes
[PPH][UO2(C6)(NGs)] (1) and [PPEH[UO2(C8)(NGs)] (2) contain zigzag one-dimensional (1D) chains, ferth
polymerization being prevented by the terminalatérligands. [PPMe][UO2(C7)(HC7)] @) crystallizes as a 1D
polymer with a curved section, hydrogen bondinthefuncomplexed carboxylic groups giving rise torfation

of threefold interpenetrated two-dimensional (2Dpetworks. [PPH[H NMes[(UO2)A(C7)] (4) and
[PPRMe],[(UO,)o(C8)] (5) contain 1D chains, either ladderlike or contagnuooubly bridged dimers, while
[PPRMe]2[(UO2)2(C9)] 2H:0 (6) displays interdigitated, strongly corrugated hawenb 2D nets. Ladderlike 1D
polymers in [CuR,SMescyclam)][(UQO,)2(C7):(C.04)]4H,0 (7) are associated into columns by the hydrogen
bonded counterions, whereas the [Ni(cycl&gm)poieties are part of the 2D polymeric arrangemient
[(UO2)2(CT7:(HC7)Ni(cyclam)]2H,O (8) due to axial coordination of the nickel(ll) cemthydrogen bonding
mediated by water molecules generating a three+sineal (3D) net. [(UQ)2K2(C7)(H20)]0.5H0 (9) contains
convoluted uranyl dicarboxylate 2D subunits whigdnerate a 3D framework through 2B> 3D parallel
polycatenation similar to that previously foundH 4]2[(UO2)2(C7)]2H.0; further linking of these subunits is
provided by bonding of the potassium cations tdagylate and uranyl oxido groups. The solid statéssion
spectra of complexe4—6 and 9 display maxima positions typical of hexacoordidateranyl carboxylate
complexes, but uranyl luminescence is quenchét A solid-state photoluminescence quantum yield 6%

has been measured for complexvhile those for compounds6 and9 are in the range of 2.0-3.5%.



INTRODUCTION

The aliphatica,w-dicarboxylic acids HOOC—(Chh>—COOH (HCn) in their deprotonated
carboxylate form constitute a family of potentiatiytopic ligands of variable length and
flexibility, in which the relative orientation ohé two binding sites can be modulated over a
large range. Fully extended chains provide divergestal ion binding sites which, for large
values, can widely separate metal centres and fapolymer formation, while curved or
buckled conformations of the chains may provideermrless convergent ligands compatible
with closer locations of the metal centres and,siinbg closed oligomer formation. A
consequent problem is that of finding structureecting species enabling control of the ligand
conformation, although unpredictability is obviousl characteristic of such flexible systems.
In uranyl ion coordination chemistry, and in partar in the investigation of uranyl-organic
coordination polymers;® no such control is known in the case of the ftigb aliphatic
dicarboxylates, oxalaten & 2) and malonaten(= 3), as these ligands appear to favour simple
chelation involving both carboxylate groups, oftassociated with bridging and polymer
formation, and it is yet to be systematically destaated whether or not it is possible in the
case of the next two members of the series, suecina 4) and glutaraten(= 5), for which 15
and 20 examples, respectively, are reported inGhmbridge Structural Database (CSD,
Version 5.39%, although these are now ligands clearly favourintymer formation. Uranyl
complexes of dicarboxylates with longer chains:(5-10) have been investigated by Cahill's
group, with a particular emphasis on their assmriatvith molecules such as 4Mipyridine,
1,2-bis(4-pyridyl)ethane and trans-1,2-bis(4-pyfethylene, in a deliberate effort to use these
large molecules to influence the form of uranylagdboxylate coordination polymefs’ These
bipyridyl species assume the various roles of emlttg, counterions, and structure-directing
species, depending on their length compared toftihe dicarboxylates. Other diverse species,

either neutral such as cucurbituff2,2-bipyridine (bipy) or 1,10-phenanthroline (phéhpr



cationic such as NH,*?> H.NMez* '3 [M(L) {]™, with M = Mn, Fe, Co, Ni, Cu, Ag, L = bipy or
phenxx = 2 or 3 andh = 1 or 2!2%1[Co(en}]®*, with en = ethylenediaming,or PF* " have
also been found to act as structure-directing agientranyl ion complexes withr& (n = 6—
10, 12, 13 and 15), whether they be neutral cotalied species, coligands, counterions or
additional metal groups included in the polymernise example of control of the uranyl
complex geometry through choice of aliphatic cHammgth and counterion is provided by the
isolation of discrete, triple-stranded binuclearlidates [M(bipy}][(UO2)2(C9)] and
[M(phen)][(UO2)2(C12)%] (M = Mn, Co, Ni)1* or of polymeric [Mn(phen][(UO2)2(C13)]
species displaying Borromean-type entanglentefollowing our recent use of PPhand
PPRMe",8-20 [Ni(cyclam)P* and [NiR,SMescyclam)f* (cyclam = 1,4,8,11-tetra-
azacyclotetradecane an&,SMescyclam (meso isomer) = K),14(9-5,5,7,12,12,14-
hexamethylcyclant} and alkali metal ion complexes of crown etfas bulky counterions in
the synthesis of uranyl-containing coordinationypmérs with conformationally restricted 1,3-
adamantanediacetate and diverse members of theheyenedicarboxylate family, we have
attempted to use these or similar counterions abaitty conformationally labile and flexible
Cn? a,w-dicarboxylates, and the first results are reponi@. Nine complexes including €6
to CF~ and either PR, PPhMe", [Ni(cyclam)]?* [Cu(R,SMescyclam)f* or simple K ions

as counterions to anionic uranyl polymers, havalodtained and characterized by their crystal
structure and, in most cases, their emission gjpacénd luminescence quantum vyield in the
solid state. While most of them crystallize as aretwo-dimensional (1D or 2D) coordination
polymers, one is a polycatenated three-dimensi@i3l framework, while another provides an
example of hydrogen bonded interpenetration. Nekweotanglements in uranyl chemistry are
now well documenteé® and several examples have been reported recériyt is notable
that one of the first cases of polycatenation uranyl ion complex was found with €6as

ligand?® other cases having later been reported involvif @&d C13-1215



EXPERIMENTAL SECTION

Syntheses. Caution! Uranium is a radioactive and chemically toxic et and
uranium-containing samples must be handled wittabie care and protection.

UO2(NOs)2: 6HO (depleted uranium, R. P. Normapur, 99%) was @aget from
Prolabo, and the carboxylic acids were from AldrighSMescyclam (meso isomer of
7(R),14(9-5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacgtlatiecane) was prepared as
described in the literaturé and [Ni(cyclam)(NQ)2] as described in previous wotkElemental
analyses were performed by MEDAC Ltd. at Chobhat], Bor all syntheses of uranyl ion
complexes, the mixtures in demineralized water/oigaolvent were placed in 10 mL tightly
closed glass vessels and heated at 140 °C undsyesuaius pressure.

[Cu(R,S-Mescyclam)(NOs),] diastereoisomers. A solution of Cu(N@)2-3H.0 (0.48 g,
2.0 mmol) in methanol (5 mL) was added to a stiseldition ofR,SMescyclam (0.58 g, 2.03
mmol) in methanol (5 mL), the initially partly géilaous precipitate rapidly transforming into
a partly soluble, violet, crystalline solid. Prataion was improved by the addition of
diethylether (30 mL) to give 0.57 g of violet cas of NR,S,R,B[CuR,S
Mescyclam)(NQ)2] (61% yield) but the filtrate retained quite a pdxue-violet colour and the
additional 30 mL of diethylether used to wash thestals on the filter did not seem to cause
further deposition, nor did addition of dichloromabe (50 mL). Evaporation of this
filtrate/wash to dryness gave a blue residue whiskolved readily in water to provide large
blue crystals of NR,R,R,R;S,S,S;8u(R,SMescyclam)(NQ)2] (0.27 g, 35% yield) on
evaporation at room temperature. The identificatbibthe diastereocisomers was based on that
of the analogous perchlorattsand confirmed for the MR,S,R,p isomer by the present

structural work.



[PPh4]J[UO4(C6)(NOs)] (1). H2C6 (15 mg, 0.10 mmol), UENOs)2-6H:0 (35 mg, 0.07
mmol), and PP4Br (42 mg, 0.10 mmol) were dissolved in water (@L5). Crystals of complex
1 were obtained within one week (36 mg, 63% vyieldsdoa on U). Anal. Calcd for
CaoH28NOoPU: C, 44.18; H, 3.46; N, 1.72. Found: C, 43.95316; N, 1.79%.

[PPh4]J[UO4(C8)(NOs)] (2). H2C8 (18 mg, 0.10 mmol), UENOs)2-6H:0 (35 mg, 0.07
mmol), and PP4Br (42 mg, 0.10 mmol) were dissolved in water (@.5). Only a few crystals
of complex2 were obtained within two weeks, and the yield dowt be determined.

[PPh3Me][UO,(C7)(HC7)] (3). H2C7 (16 mg, 0.10 mmol), USNOs)2- 6H0 (35 mg, 0.07
mmol), and PPiMeBr (36 mg, 0.10 mmol) were dissolved in watei7 (L) and DMF (0.2
mL). Crystals of comple8 were obtained within two months (13 mg, 30% yiedéded on the
acid). Anal. Calcd for €H39010PU: C, 45.84; H, 4.55; N. Found: C, 45.55; H, 4.25%

[PPh4][H2NMe;][(UO2)2(C7)s] (4). H2C7 (16 mg, 0.10 mmol), USNOs)2- 6H0 (35 mg,
0.07 mmol), and PRBr (42 mg, 0.10 mmol) were dissolved in water (@5 and DMF (0.2
mL). Crystals of complex¥ were obtained within one week (23 mg, 49% yielddabon the
acid). Anal. Calcd for &ZHssNO1sPUp: C, 40.32; H, 4.18; N, 1.00. Found: C, 40.25; H,14
N, 1.04%.

[PPhsMe],[(UO2)>(C8)s] (5). H2C8 (18 mg, 0.10 mmol), USNOs)2- 6H0 (35 mg, 0.07
mmol), and PPiMeBr (36 mg, 0.10 mmol) were dissolved in wateB(tL) and DMF (0.2
mL). Crystals of comple® were obtained within two months (32 mg, 60% yieéded on the
acid). Anal. Calcd for €H72016P.U2: C, 46.22; H, 4.50. Found: C, 46.11; H, 4.42%.

[PPhsMe],[(UO2)>(C9)s] (2H,0 (6). H2C9 (19 mg, 0.10 mmol), USNOs)2- 6H0 (35 mg,
0.07 mmol), and PRMeBr (36 mg, 0.10 mmol) were dissolved in wate6 (L) and DMF
(0.2 mL). Crystals of comple& were obtained within one month (24 mg, 43% yiedddd on

the acid). Anal. Calcd for égHg2018P-U>: C, 46.22; H, 4.89. Found: C, 46.31; H, 4.65%.



[Cu(R,S-Mescyclam)][(UO2)2(C7)2(C204)] 4H,0 (7). HC7 (16 mg, 0.10 mmol),
UO2(NQOs)2:6HO0 (35 mg, 0.07 mmol), and R(S,R,B[Cu(R,SMescyclam)(NQ)2] (24 mg,
0.05 mmol) were dissolved in water (0.8 mL) andi@asrile (0.2 mL). Crystals of complek
were obtained within one week (16 mg, 34% yield ebaon U). Anal. Calcd for
Ca2HesCuNsO20U2: C, 28.17; H, 4.73; N, 4.11. Found: C, 28.03; H,74 N, 4.10%.

[(UO3)2(C7)2(HC7)2Ni(cyclam)] ZH:0 (8). HoC7 (16 mg, 0.10 mmol), UENO3)2- 6H:0
(35 mg, 0.07 mmol), and [Ni(cyclam)(NJ2] (20 mg, 0.05 mmol) were dissolved in water (0.4
mL). Only a few crystals of comple&were obtained within two weeks, and the yield doul
not be determined.

[(UO2)2K2(C7)3(H20)] 0.5H20 (9). H2C7 (16 mg, 0.10 mmol), UNOz)2- 6HO (35 mg,
0.07 mmol), and KN@(10 mg, 0.10 mmol) were dissolved in water (0.6)rahd acetonitrile
(0.2 mL). Crystals of complexwere obtained overnight (10 mg, 27% yield basetheracid).

Anal. Calcd for GiH33K2017.9U2: C, 22.53; H, 2.97. Found: C, 23.17; H, 2.84%.

Crystallography. The data were collected on a Nonius Kappa-CCD detactor
diffractometef® using graphite-monochromated Ma Kadiation § = 0.71073 A). The crystals
were introduced into glass capillaries with a pcote coating of Paratone-N oil (Hampton
Research). The unit cell parameters were deterniioetdten frames, then refined on all data.
The data (combinations @¢fF andw-scans with a minimum redundancy of 4 for 90% @ th
reflections) were processed with HKL20B0Absorption effects were corrected empirically
with the program SCALEPACR® The structures were solved by intrinsic phasinghwi
SHELXT 3! expanded by subsequent difference Fourier syrsttasi refined by full-matrix
least-squares orF? with SHELXL-20143%2 All non-hydrogen atoms were refined with
anisotropic displacement parameters. The hydrofggmsabound to oxygen and nitrogen atoms

were retrieved from difference Fourier maps whesspie (see details below), and the carbon-



bound hydrogen atoms were introduced at calculptesitions. All hydrogen atoms were
treated as riding atoms with an isotropic displagenhparameter equal to 1.2 times that of the
parent atom (1.5 for G4l with optimized geometry). Crystal data and suitetrefinement
parameters are given in Table 1. The molecularspidre drawn with ORTEP33,and the
polyhedral representations with VESPAThe topological analyses were conducted with
TOPOS?®® Special details, when present, are as follows.

Complex 4. The aliphatic chains are partly disordered over pssitions which were
refined with occupancy parameters constrained o tsuunity and restraints for bond lengths
and angles.

Complex 6. Extensive disorder affects two aliphatic chainse @ them, disordered
over two positions related by symmetry, was refireed a complete molecule with 0.5
occupancy, and two atoms of the other were refioeer two positions with occupancy
parameters constrained to sum to unity. Many riegtraon bond lengths and displacement
parameters had to be applied, and a damping facerused in the refinement due to the
instability of atoms O3 to O6, located very neaitimages by symmetry due to disorder. The
solvent water molecule is disordered over two passtand its hydrogen atoms were not found.
Twinning was detected with TwinRotMat (PLATON and was taken into account during the
refinement.

Complex 7. The highest residual electron density peaks am@géocnear uranium atoms,
probably as a result of imperfect absorption cdioes.

Complex 8. Two atoms of one aliphatic chain are disordered éwe positions which
were refined with occupancy parameters constratoedum to unity. Restraints on bond
lengths, angles and/or displacement parameters apgieed for atoms in the disordered part,
and also in the cyclam molecule which is probalffigcied by unresolved disorder. The highest

residual electron density peaks are located neaditordered chain.



Complex 9. The solvent water molecule was given half-occupanayder to retain an

acceptable displacement parameter, and its hydratgens were not found. The value of the

refined Flack parameter was —0.006(11).

Table 1. Crystal Data and Structure Refinement Details

1 2 3 4 5
chemical formula CsoH2sNOsPU Ca2H32NOsPU Cs3Hzg010PU Ca7HssNO16P Uz Co2H72016P2U2
M (g mof?) 815.53 843.58 864.64 1399.97 1611.19
cryst syst monoclinic monoclinic monoclinic orthorhbic monoclinic
space group P2i/c P2:/n P2i/c Pcca P2i/c
a(A) 15.0644(4) 9.2845(3) 14.1580(5) 29.4157(8) 938(2)

b (A) 14.7060(4) 27.5528(13) 15.2308(5) 11.6583(3) 4.6791(4)
c(A) 14.2217(4) 13.0534(7) 14.9688(3) 14.3357(2) .9882(7)
a (deg) 90 90 90 90 90
[ (deg) 104.4913(17) 110.848(3) 90.051(2) 90 100.437(2)
¥ (deg) 90 90 90 90 90
V (A3 3050.40(15) 3120.6(3) 3227.84(17) 4916.2(2) 308@.4)
z 4 4 4 4 2
T (K) 100(2) 100(2) 100(2) 100(2) 100(2)
reflns collcd 96650 69451 84565 65010 140334
indep reflns 5758 5884 6119 4656 5706
obsd reflns[> 24(1)] 5250 4741 5584 4122 5208
Rint 0.029 0.056 0.030 0.020 0.029
params refined 379 397 407 343 371
R 0.024 0.029 0.021 0.027 0.021
wWR 0.062 0.063 0.052 0.068 0.052
S 1.043 0.973 1.033 1.072 1.051
Aprin (e A9) -1.42 -1.14 -0.95 -1.19 -1.08
Dpmax (€ A3) 0.53 1.67 1.02 0.97 1.65

6 7 8 9
chemical formula CesHg2018P2U2 C32Hs4CuUNsO20U2 CagH70N4NiO22U2 C21H3agK2017.8U2
M (g mof?) 1689.30 1364.47 1469.75 1119.73
cryst syst monoclinic triclinic triclinic orthorhooic
space group C2lc P1 P1 P212:21
a(A) 16.3553(10) 11.6530(7) 10.3680(5) 9.5448(4)
b (A) 22.4056(16) 14.6666(8) 11.0593(6) 17.5103(8)
c A 18.3831(16) 19.1956(8) 12.4935(4) 19.6040(10)
a (deg) 90 88.220(3) 64.222(3) 90
S (deg) 100.475(5) 83.038(3) 84.722(3) 90
y(deg) 90 85.811(2) 72.292(2) 90
V (R3) 6624.2(9) 3247.0(3) 1227.51(10) 3276.5(3)
z 4 3 1 4
T (K) 100(2) 100(2) 150(2) 100(2)
refins collcd 139310 173420 66617 73671
indep reflns 6271 12308 4660 6214
obsd refins[> 20(1)] 4638 10379 4419 5633
Rint 0.063 0.053 0.047 0.027
params refined 465 808 323 389
Ru 0.058 0.042 0.029 0.031
WR 0.128 0.096 0.074 0.085
S 1.152 1.112 1.212 1.025
Dpmin (€ A3) -1.75 -3.06 -2.31 -1.58
Apmax (e A3) 1.16 5.39 2.47 1.05

L uminescence M easur ements. Emission spectra were recorded on solid samplag us

a Horiba-Jobin-Yvon IBH FL-322 Fluorolog 3 spectreter equipped with a 450 W xenon arc



lamp, double-grating excitation and emission monaetator (2.1 nm mmt of dispersion;
1200 grooves mm) and a TBX-04 single photon-counting detector. foedered compounds
were put into a quartz tube and pressed to the afale tube, and the measurements were
performed using the right angle mode. An excitati@velength of 420 nm, a commonly used
point although only part of a broad manifold, waedi in all cases and the emission was
monitored between 450 and 650 nm. The quantum yretdsurements were performed by
using an absolute photoluminescence quantum yigéttsometer Hamamatsu Quantaurus

C11347 and exciting the sample between 300 anahA00

RESULTS AND DISCUSSION

Synthesis. Crystals of complexes-9 were grown under purely hydrotherma) 2 and
8) or solvo-hydrothermal conditions, with the orgacosolvent beinyyl,N-dimethylformamide
(3-6) or acetonitrile T and9), at a temperature of 140 °C. Systematic atteimpie been made
for all possible diacid/counterion/solvent combioas, and the results reported herein
correspond to the experiments which succeeded/inggsingle crystals of suitable quality for
structure determination. The crystals obtained wleposited directly from the pressurised and
heated reaction mixtures and not as a result ddespent cooling. The uranium/ligand ratio
was 7:10 in all cases, so as to favour the formaifaan anionic species, and the expected ratio
of 2:3 is retained in complexds6 and9, while it becomes 1:1 ifh, 2 and7, and 1:2 ir83 and
8 (with one ligand monoprotonated). Apart from thmumtercations introduced during the
synthesis, other charged moieties are presenniie ases: nitrate ions are retained and2,
H2NMe," cations are present 4 and oxalate ligands inh Dimethylammonium cations result
from DMF hydrolysis, as very frequently observedsaivo-hydrothermal synthes&sin situ
oxalate formation under hydrothermal conditionsiliso very frequent and some in-depth
studies of the mechanisms involved in particulaesahave been report&fC In the present

experiments, it was found to be present only inptteeluct obtained from the solution to which



N(R,S,R,B[Cu(R,SMescyclam)(NQ).] had been added and thus it may have arisen from

oxidative decomposition of the macrocycle.

Crystal Structures. The two complexes [PHRUJO2(C6)(NG;)] (1) and
[PPh][UO2(C8)(NGs)] (2), although not isomorphous, are very similar. ¢thbof them, the
unique uranyl ion is chelated by two carboxylateups from two @ ligands and one nitrate
group, the uranium atom being thus in a hexagapgtémidal environment (Figures 1 and 2).
The U-0O bond lengths are unexceptional [U-O(oxid@$1(2)-1.772(3) A, U-O(carboxylate)
2.424(2)-2.455(2) A, U-O(nitrate) 2.505(2)-2.54583)including both compounds]. Zigzag
chains with the nitrate groups pointing on alteensitles are formed in both cases, directed
along [0 1 0] inL and [3 O 1] ir2, with distances between adjacent uranium atori® @¢060(3)
A'in 1 and 13.7353(5) A ir2. The well-ordered aliphatic chains Inadopt agauche-trans-
gauche(gtg) conformation giving the ligand an S shape, whig two nearly parallel GO0
groups being separated by a central C—C bond nparpendicular to them, and thus being in
two planes offset from one another, while the dguaeéll-ordered chains of the nearly fully
extendedgttt conformation ir2 are kinked so that, here also, the two nearlyligharboxylate
groups are offset with respect to one another. drtienic chains are organized into sheets,
parallel to (1 0 0) il and to (0 1 0) ir2, between which the countercations are locatedil&im
1D polymers have previously been found in [Ag(bif))O2(C7)(NOs)]2,'? while linear
chains with all nitrates on the same side are pteiseanother form of the same compléx.
Examination of short contacts with PLATGMNndicates the possible presenceliof one
parallel-displacedtstacking interaction [centraifBentroid distance 4.20 A, slippage 1.37 A],
and two CHI interactions involving either an aliphatic or amoraatic proton [HIGentroid
distances 2.73 and 2.91 A, CHBentroid angles 142 and 161°]. Calculation of thestideld

surface&! with CrystalExploref for both the cation and the asymmetric unit ofurenyl

10



Figure 1. (a) View of compound.. Displacement ellipsoids are drawn at the 50% alodlby level. Symmetry
codes: i=1xy+1/2,32—zj=1-xYy-1/2, 3/]2 =z (b) View of the packing with uranium coordination

polyhedra colored yellow. Hydrogen atoms are omiitteboth views.
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Figure 2. (a) View of compoun@. Displacement ellipsoids are drawn at the 50% alodlby level. Symmetry
codes: i =+ 3/2, 1/12~y,z+ 1/2;j=x-3/2, 1/12 -y, z— 1/2. (b) View of the packing with uranium coaraliion

polyhedra colored yellow. Hydrogen atoms are omiitteboth views.

12



polymer provides evidence for both some [@E{aromatic) (“CHIZ") and more abundant
CHID hydrogen bondirf§** interactions beyond dispersion. Reciprocal [@{aromatic)
interactions between cations with &P separation of 6.9044(13) A may be considered to
define a cation pair involved in a “phenyl embratealthough other CHT(aromatic)
interactions also link cations into an undulatitigio with FIP 7.7567(6) A. A given cation
undergoes several interactions with the anionigmpel corresponding to GHD hydrogen
bonds involving aromatic protons on all four of {hieenyl groups and carboxylate or nitrate
(terminal) oxygen atoms [@D 3.202(4)-3.260(4) A, CHHD 138-161°]. The carboxylate
atom O3 in particular is an acceptor of two suchdsofrom two aromatic rings in the same
counterion. These interactions serve to create albacter to the lattice and accompany the
fact that the shortestll separation of 7.2691(2) A is not one between hustatres in the
polymer chain but between centres in adjacent shdime intermolecular weak interactions are
not very different in compound, with one possible parallel-displacesstacking interaction
[centroidBentroid distance 4.17 A, slippage 1.29 A], one &idbatic)Ilit interaction
[HIBentroid 2.65 A, C—HBentroid 131°], and CHD hydrogen bonds involving aliphatic or
aromatic protons and the carboxylate, nitrate (tesijy and two uranyl oxido oxygen atoms
[CIID 3.235(5)-3.410(5) A, C-HD 118-159°]. Here, however, only three of the folenyl
groups of the cation are involved in T8 interactions, although they are still sufficieat
create a 3D array of the lattice assisted by ayllenbrace (involving reciprocalll} contacts
at 2.80 A) giving cation pairs 6.551(2) A aparteTiitaigorodski packing index (KPI) values
calculated with PLATORP are 0.67 forl and 0.69 for2, showing the absence of solvent-
accessible free spaces and reflecting the extensitvge of the catidil@nion interactions.
Although they were both synthesized frorsCH with DMF as organic cosolvent, the

two following complexes differ in their stoichiommgtand in the nature of the counterions
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Figure3. (a) View of compoun@. Displacement ellipsoids are drawn at the 50% @ipdity level. Carbon-bound
hydrogen atoms are omitted. Symmetry codes,i3#2 -y, z— 1/2; j =x, 3/2 -y, z+ 1/2. (b) Packing with chains
viewed side-on and hydrogen atoms omitted. (c)(@pdwo views of the 1D polymer, down theandc axes,
respectively. (e) View of one three-fold interpeattd hydrogen bonded layer with the 1D coordimgpiolymers
viewed end-on and hydrogen bonds shown as dotted {top), and simplified view in the same oridgotatvith
the three networks in red, blue and green and lggirdoonds shown as pale blue rods (bottom). (fpied

view of the hydrogen bonded entanglement dowratheis.
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present, and are shown to be [BN?&][UO2(C7)(HC7)] @) and [PPH[H2NMe2][(UO2)2(C7)]

(4). One of the ligands iBretains one of its carboxylic protons, while dimgammonium ions
generated in situ are presendifisee Experimental Section). The unique uranybaoait 3 is
chelated by three carboxylate groups from twd Gihd one HC7ligands (Figure 3), the
uranium atom being thus in a hexagonal bipyranedalronment [U-O(oxido) 1.7731(19) and
1.7749(19) A, U-O(carboxylate) 2.4397(18)-2.4992(#8. The bridging dicarboxylate
ligands, which assume here also an S shape, d&6fan 1, due to theigttg conformation,
generate a 1D polymeric chain with a square wavwélgrdirected along the axis, and the
mono-deprotonated ligands, withtgg conformation giving a twisted carboxylic acid gpou
are terminal, like the nitrate ions thand 2. The carboxylic acid groups are involved in
reciprocal hydrogen bonding with their image bydrsion [O10IDY 2.649(4) A, 010-
HIMDY 171°; symmetry code: k = 1%--y, 1 —Z], so that chains are connected to one another
along theb axis to form layers parallel to (1 0 0). Withinchaof these layers, three strongly
corrugated hydrogen bonded networks with hexagoelid are interpenetrated in the parallel
2D + 2D + 2D—> 2D mode. The dicarboxylate ligands are locatethersides of the layers,
while the carboxylic groups are in the middle andreect chains located alternately on either
side of the layer. Sufficient voids are presentha lattice to accommodate the RHB*
counterions, which are too distant from one anofberany form of “embrace” to occur
[minimum FIIP distance 8.9568(8) AJ; one CH(aliphatii® interaction [HIBentroid 2.93 A,
C—HIgentroid 135°] is present, as well as severalllHhydrogen bonds involving methyl or
aromatic protons of the counterion and carboxyigtxygen atoms [QD 3.166(3)—-3.384(3)
A, C—HID 136-171°]. With a KPI of 0.71, the lattice contano solvent-accessible free space,
once again possibly reflecting the multiplicity ioteractions occurring between the lattice

components.
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The unique uranyl ion in complekis chelated by three carboxylate groups from three
C7* ligands [U-O(oxido) 1.766(3) and 1.770(3) A, U-&rfmxylate) 2.455(3)-2.487(3) A].
The aliphatic chains of the two pimelate ligande partly disordered (see Experimental
Section), and one of them has twofold rotation swtmyy although their conformation is
masked by disorder, one appears to be a partipe@atk divergent ligand disordered ogégt
and ttgt conformers, while the other, symmetric one is edrin an approximatelgggg
conformation (Figure 4). In contrast to complege8, all the ligands here are bridging, and a

ladder-like 1D polymer running along theaxis direction is formed, analogous to those found

Figure4. (a) View of compound. Displacement ellipsoids are drawn at the 50% gipdity level. Carbon-bound
hydrogen atoms are omitted and the hydrogen bosldawn as a dashed line. Symmetry codex,iy= 1,z j =
312 -x, v,z k=x,y+ 1,z (b) View of the 1D ladder-like chain. (c) Packingth chains viewed side-on. (d)

Packing with chains viewed end-on. Only one positibthe disordered atoms is shown in all views.
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in [Fe(bipy)][(UO2)2(C7)]-3H0O (where the two inequivalent dicarboxylate ligahdsetttt
and tgtg conformations) and [Cu(bip}[(UO2)2(C9)].2® However, the curved shape of the
central ligands i gives the polymer a gutter shape, in which pathefPPh" counterion is
located. The chains are stacked so as to formdggallel to (1 0 0), with a reverse orientation
of the gutter cavity in adjacent layers. Within thgers, channels directed along thexis
contain the PP counterions, while the MIMe," cations, with twofold rotation symmetry, are
located between the layers, which they connecint another through hydrogen bonding to
carboxylate groups [NID6 2.762(3) A, N1-HID6 144°]. A short contact between aromatic
groups within the columns may indicate a possib#tacking interaction [centraidentroid
4.079(2) A, dihedral angle 26.0(2)°]; one CH(alitit)llix interaction [HIBentroid 2.89 A, C—
HBentroid 152°] and four CHD hydrogen bonds [TD 3.159(5)-3.344(6) A, C-HD 136—
139°] may be present as well. Partial occupancies @disorder render CrystalExplorer
inapplicable to this structure. The two cationsadigenter into competition fad-donor sites,
though the “classical” NHD interactions presumably are stronger than “nassital”
CHIID,**4* which may explain why the PPhcations are found in “embrace” chaingIP
7.16785(9) A] running parallel to theeaxis.

Uranyl tris-chelation by carboxylate groups is al$ound in the complex
[PPRMe]2[(UO2)2(C8):] (5), shown in Figure 5. The uranium atom environmént
unexceptional [U-O(oxido) 1.767(2) and 1.771(2) BA-O(carboxylate) 2.4547(18)—
2.5080(19) A], and one of the &digands is centrosymmetric and in its fully exteddttt
conformation, while the other is the cunggdtt conformer. A 1D polymer is formed here also,
but one in which doubly-bridged uranyl dimers aparected to one another by the extended,
divergent ligands. A similar connectivity was p@wly found in a complex with C6
including diprotonated 1,2-bis(4-pyridyl)ethahend in a complex with C#0 including

cucurbit[6]uril molecules? The chains b run along either [2 1 0] or [20], alternate sheets
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Figure 5. (a) View of compound. Displacement ellipsoids are drawn at the 50% aiodity level. Symmetry
codes:i=1x,1-y,1-zj=x-1,2-y, 1-z (b) View of the 1D coordination polymer. (c) Vievf the

packing. Hydrogen atoms are omitted in all views.

of chains of either orientation parallel to (0 ®#)ng separated by double layers of counterions.

No evidence of interactions indicative of cationbeate is apparent [minimumII® distance
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8.2080(15) A], but one CH(aliphatifi interaction [HIBentroid 2.72 A, C—HBentroid 172°]
and three CHID hydrogen bonds [@D 3.320(4)-3.430(4) A, C-HD 142-165°] characterize
the interactions of the cations with the polymectecation having contacts to five separate
uranyl coordination spheres. The KPI of 0.70 isidgative of a compact packing with no
solvent-accessible free space.

Only one complex with the G9azelate ligand has been obtained in the preserit wo
[PPRMe]o[(UO2)2(C9)]2H.O (6). Here also, the unique uranyl ion is chelatedthee
carboxylate groups [U-O(oxido) 1.773(4) and 1.7758 U-O(carboxylate) 2.444(11)—
2.481(14) A] (Figure 6). Two carboxylate ligands@awofold rotation symmetry and the other
is disordered around a twofold rotation axis (sgpdfimental Section); the ligand containing
O7 and O8 is in its fully extendetittt conformation, that containing the disordered at@s
to O6, although of irregular conformation, is digent, but the third, including O9 and O10,
which, like the second, has sogeichdinks, is bent at both ends so that the two ngzathallel
carboxylate groups are pointing in the same dinacti hese different conformations result in
quite different separations between uranyl cerjit®88647(12), 11.7801(9) and 8.7447(8) A].
In contrast to complexek-5, a two-dimensional (2D) assembly parallel to (0)is formed
here, which has the point (Schlafli) symbolP{@nd the honeycomb hcb topology. This
geometry has previously been found with €1C€12-, and C13" > with in all cases very
distorted hexagonal cells, far from planar, as d¢cag expected for such long and flexible

ligands. The present case is no exception, theddyang deeply corrugated, particularly when
viewed down the [1 [ axis, and they are associated into pairs, witfhsinterdigitation visible

along the same axis (Figure 6c¢). These pairs aea stacked with, here also, slight
interdigitation apparent when the packing is viewledn thea axis (Figure 6d) or the axis.

As in complex5, no parallel-displacetdstacking interaction between cations is evidemt bu
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Figure 6. (a) View of compound. Displacement ellipsoids are drawn at the 40% glodity level. Only one
position of the disordered atoms is representethrfSstry codes: i=1x% Yy, 3/2-z =2 -Xx,y,1/2 -z k=2 —
XY, 3/2 —z. (b) View of the honeycomb 2D network. (c) Intgjithtion in the bilayers. (d) Packing with layers
viewed edge-on. Both positions of the disorderdghatic chains are shown and counterions are asnitte¢he

last three views. Solvent molecules and hydrogematare omitted in all views.

here there are close centrosymmetric cation pRIF®[6.619(3) A] involving facing triphenyl
units associated with reciprocal TR (aromatic) contacts a2.8 A, and there are two possible
CH(aliphatic)ITi interactions [HIBentroid 2.78 and 2.96 A, C-HRentroid 147 and 166°] and
several CHID hydrogen bonds [@D 3.076(15)-3.507(8) A, C-HD 123-159°] which result
in 3D linking of the lattice components.

Two compounds including 3d-block transition metal complexes with macrocyclic

nitrogen donors were obtained, both with the pitedigand. The asymmetric unit in [QRS
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Mescyclam)][(UQ)2(C7):(C204)][2H0 (7) contains three uranyl ions, all chelated by tWwéTC
and one oxalate ligands (the latter formed in ssee Experimental Section) [U-O(oxido)
1.765(5)-1.781(5) A, U-O(carboxylate) 2.458(5)-8() A], and two [CuR,S
Mescyclam)f* cations, one of them centrosymmetric, shown tlusave the NR,S,R,B
configuration assumed for the reactant complexui€id). The three independent®Cligands
adopt irregular conformationsgyfg and twicetggg), and all are clearly divergent. A 1D ladder-
like polymeric chain parallel to [21 is formed, which derives from that found in coempB8

by replacement of the central, curved?Cldy a smaller and planar oxalate ligand, with the
consequence that the whole assembly is also planar. The copper(ll) cations are bound t
the four nitrogen atoms of the macrocycle [Cu-N02(6)-2.039(6) A], and, forming no
contact with oxygen atoms of the polymer shortantfB.5 A, they are considered as isolated
counterions except for their hydrogen bonding extéons (see ahead). When viewed down the
chain axis, the packing displays layers contairaligrnate cations and anions, these layers
being offset in bump-to-hollow fashion with respéctone another. The presence of the
macrocyclic secondary amines and the lattice watelecules results in the formation of
numerous hydrogen bonds with, among others, catatexgroups as acceptors. The [R1&
Mescyclam)F+ moieties are hydrogen bonded to quartets of &attiater molecules only [ND
2.880(8)-2.972(7) A, N-HD 151-176°], these quartets being hydrogen bondgd within
themselves but also providing further hydrogen limgndonnection to the anionic polymer, all
OHID and NHID hydrogen bonds being located within the layehe T7 ligands on both
edges of the ribbon-like chains are involved in[@Mhydrogen bonds with uranyl oxido and
carboxylato oxygen atoms pertaining to adjacergnsythus uniting them into a 3D network.

The packing has a KPI of 0.71, indicating that rwafree space is present.

21



010

us!

Figure7. (a) View of compound. Displacement ellipsoids are drawn at the 50% alodlby level. Carbon-bound
hydrogen atoms are omitted and the hydrogen bomdsheown as dashed lines. Symmetry codes:x, 2 —y, 1
-zj=2-%2-y,zk=1-x,1-y,1-z (b) View of the 1D ladder-like chain. (c) Packwgh chains viewed
end-on; solvent molecules and carbon-bound hydratgens are omitted, and hydrogen bonds are shodwoit s

lines.
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The second compound including a 3d-block cation mmex is
[(UO2)2(C7R(HCT7RNi(cyclam)]2H20 (8), which involves a less bulky macrocycle and aahet
ion, Ni"', with significantly different coordinative propis to Cll. The unique uranyl cation
is chelated by one carboxylate group and boundhr@etmore oxygen atoms from bridging
carboxylate groups in three different ligands [Uexdo) 1.767(4) and 1.770(3) A, U-
O(carboxylate) 2.435(4) and 2.500(4) A for the akiay group, and 2.315(4)-2.371(3) A for
the bridging groups]. The nickel(ll) cation, locdten an inversion centre, is bound to the four

nitrogen atoms of cyclam [Ni—N 2.054(4) and 2.0664% and, in contrast to copper(ll) i

it is also axially bound to two carboxylate oxygeoms, at 2.144(3) A (Figure 8). The

Figure8. (a) View of compoun@®. Displacement ellipsoids are drawn at the 30% gipdity level. Carbon-bound
hydrogen atoms are omitted and the hydrogen bamdsh@wn as dashed lines. Symmetry codes: i X,2—y,
1-zj=x-1y,zk=x+1y,7z1=2-x 1-y, 2 -z (b) View of the 2D network with uranium coordirat
polyhedra colored yellow and those of nickel(llggn. (c) Packing with layers viewed edge-on. Only position
of the disordered atoms is represented in all thimes. (d) Simplified view of the 2D network (y&ll, uranium

nodes; green, nickel(ll) links; blue, ligand nodes)me orientation as in (b).
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dicarboxylate ligand is bridging bidentate at betids, while the singly deprotonated one,
which is partly disordered, is chelating througk ttarboxylate group, the carboxylic group
being uncoordinated as in compl8x Both ligands have irregular conformations, thiyfu
deprotonated one being tht conformer which is essentially a divergent conoedisorder

in the HCT ligands appears to involve thkgtg andtgtt conformers. Planar ribbon-like chains
running along the axis are formed, which contain doubly bridged yraiimers and pendent
carboxylic acid groups on both edges. These riblaoedurther connected to one another by
the Ni(cyclam}* moieties so as to form a 2D assembly paralleDta (1), the ribbons being
tilted with respect to the layer plane. The netwsrkinodal (dicarboxylate ligand and uranyl
cations), the nickel(ll) cations being simple linksd it has the point symbol34°.8}{4 2.6}
and the \¥Os topological type. Due to the tilting of the riblsowithin the layers, the carboxylic
groups are directed toward the interlayer spacegkier, those pertaining to different layers do
not face exactly each other so as to form doubtirdgen bonds as i8, but each of them is
bound instead to a lattice water molecule whiaks#df linked to one carboxylate oxygen atom

and to a carboxylic group of the adjacent layegFe 9), thus forming a water-mediated 3D
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Figure9. Hydrogen bonding network involving HCIigands and water molecules in compo8n@€arbon-bound
hydrogen atoms are omitted and the hydrogen bordshewn as dashed lines. Symmetry codex 4.y, z

m=1-xX,,2-zNnN=-X-Y,2-2Z
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network. The carboxylic groups and water molectibesy a ring corresponding to the graph
set descriptdP*’ Rs*(12), while largeiRs*(24) rings are built by two water molecules and two
HC7 ligands. The amine atom N2 is hydrogen bondedhéobridging carboxylate atom O3
[N2[ID3 2.917(6) A, N2—-HID3 152°], a feature previously found in other casbate
complexes including this counteriéhand the other amine group is bound to the lattiater
molecule.

The last compound in the present series, HQ(C7)(H20)]0.5H0 (9), contains a
counterion quite different from those in complege8, since it is a single alkali metal cation.
Although uranyl ion complexes with i€ dicarboxylate ligands incorporating alkali or
alkaline-earth metal cations have been reported fo# (succinate}® andn = 5 (glutarate}>-

52 for example (with formation of hydrogen bondeckipenetrated frameworks in one cdge
no example has been reported with largealues. The asymmetric unit®which crystallizes
in the Sohncke group2:2:21, contains two uranyl cations, both chelated bgdhrarboxylate
groups [U-O(oxido) 1.763(8)-1.774(9) A, U-O(carblatg) 2.443(7)-2.508(7) A], and two
potassium cations in different environments (Figl®g Atom K1 is bound to six carboxylate
oxygen atoms from six different ligands [K—O 2.69)3{.738(8) A], its environment being of
irregular geometry, and atom K2 is bound to sixoaylate oxygen atoms [K-O 2.677(9)—
3.095(8) A] and one water molecule [2.690(10) AR I§ also possibly bound to the uranyl
oxido atom O3, with a distance of 3.462(9) A whigtonger than the usual valuesc6—2.8
A:?? however, this interaction appears to be signifidamm examination of the Hirshfeld
surface of the potassium cation. The three inedgmalicarboxylate ligands present adttigf,
tggt andgttg conformations, linking uranyl ion centres withllll separations of 10.8006(7),
10.8374(6) and 9.5448(4) A, respectively. All thligands are identically coordinated through
their two carboxylate groups, being chelating tawaranium and bridging toward two

potassium cations, the common coordination modegaibiuspiz-k10:k%0,0"k*0". Each UQ
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Figure 10. (a) View of compound. Displacement ellipsoids are drawn at the 40% ghbdlty level. Symmetry
codes: i=3/2% ~,z-1/2;j=x—-1y,z k=x-1/2,1/12y,1 -7z 1=1-x,y+1/2,32zm=1-xy-1/2,
32-zn=2-xy-1/2,32z0=x+1/2,32y,1-zp=xy+1,zq=3/12x% 1-y,z— 1/2; r =x— 1/2,
312-y,1-7s=3/12 X, ~,z+ 1/2;t=x+ 1y, Zzu=x+1/2,112y,1-zv=xy—1,Zzw=3/2 X% 1-y,2
+1/2;x=2-x,y+1/2,3/2 = (b) and (c) Two views of the 3D framework wittaoium coordination polyhedra
colored yellow and potassium atoms shown as blherss. Solvent molecules and hydrogen atoms artteaimi

in all views.
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planar array is thus connected to three potassatiars, thus making a tetranuclear, trigonal
building unit. The UGK3 unit is nearly planar in the case of Ul (root megunare (rms)
deviation 0.13 A), but, in the case of U2, the psiam cation K2 involved in oxido bonding is
displaced by 2.076(8) A from the plane definedhmyather 9 atoms (rms 0.30 A). Overall, the
coordination polymer formed is 3D, but it is woakamining the assembly formed by uranyl
ions and dicarboxylate ligands alone. The latterusinodal 2D network parallel to (0 1 0) and
with the point symbol {810}, similar to that found in [NE2[(UO2)2(C7)]2H20, which
crystallizes in the same space grou®,aand with quite similar unit cell parametéfsThese
networks are very convoluted, being built of ceinttains running parallel to one another and
surrounded on either side by two sets of chaineingnin the transverse direction (Figure 11).
In both compounds, each network is entangled wghtwo neighbours along the axis,
resulting in 2D—> 3D parallel polycatenation. Uranyl and®ligands are thus sufficient for
framework formation, and Kcations are further linkers between the individkialsubunits, a
role analogous to that of the ammonium cationsienformer compound, which are hydrogen
bonded to carboxylate oxygen atoms; this may bevede as a consequence of the
“pseudometal” behaviour of Nf with properties akin to those of R as previously noted in
the case of other uranyl carboxylate compleXes.is notable that the thick layers, with
significant extension in the third dimension, foun® give rise to polycatenation, while the
flatter hydrogen bonded layers B result in interpenetration only (with no increase

dimensionality). With a KPI of 0.75, the framewdrés no significant free space.
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Figure1l. (a) and (b) Nodal representation of the uranykldaD subunit in compourtti(yellow, uranium; blue,

centroid of dicarboxylate ligand). (c) Four of thelycatenated 2D arrays viewed edge-on.

Luminescence properties. Emission spectra under excitation at 420 nm, aeval
suitable for the uranyl chromophotewere recorded for complex&s7 and9 in the solid state
(Figure 12) (A spectrum could not be obtained fmmplex8 due to the contamination of the
small quantity of crystals with some amorphous mealde Except for complex’ for which
complete quenching of uranyl luminescence is olegkras is frequent when d-block transition
metal cations are present, probably due to therlgitoviding a nonradiative relaxation
pathway>® all the other spectra display the usual serigseaks associated with the vibronic

progression corresponding to tBa — S andSio -~ Sov (v = 0—4) electronic transitior?s.
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Apart from some variations in the intensity of {eaks and the background, the spectra are
very similar, with the positions of the maxima spiaig narrow ranges of wavelengths. The
four main peaks are at 481-483, 501-504, 522-5#5542-549 nm, these positions being

typical of uranyl carboxylate complexes with sixuatprial donorg?
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Figure 12. Emission spectra of compountis7 and9 in the solid state at room temperature, undertation at a

wavelength of 420 nm. All spectra are normalizecegx for that of compleX.

Solid-state photoluminescence quantum yields (PD)@¥se been measured in the
cases for which a sufficient quantity of pure coexptould be isolated. The values found are
11.5@), 3.0Q),2.58), 3.06), 2.0 ), and 3.5%9), with a standard deviation of ca. +2.5%.
All complexes thus feature a relatively low PLQYcept for complexX, which is 4 to 5 times
more emissive (for comparison, the PLQY of uranyidate hexahydrate measured under the
same conditions is 24%). The last five valuesctonplexes3—6 and9, are smaller than those

previously measured in similar conditions for otlweanyl carboxylate complexes, 6% for
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[NH4][PPh][(UO2)s(c-chdch(H20)6]- 3H.O  (c-chdcH = cis-1,2-cyclohexanedicarboxylic
acid) I° [NH4]2[PPh]2[(UO2)4(ADA)¢], and [NHy]2[PPhrMe]2[(UO2)4(ADA) 6] (H2ADA = 1,3-
adamantanediacetic ac#f)9% for [H-NMe;][PPhsMe][(UO2)2(ADA)3]- H20,2° and 13% for
[PPh]2[(UO2)2(t-1,4-chdc)]- 4H.0 (t-1,4-chdcH = trans-1,4-cyclohexanedicarboxylic aciép.
The relatively low PLQYs in all these cases ar@assed with the fact that the complexes all
appear pale yellow in colour under normal sunligithereas the recently reported, related
complexes [NMg2[(UO2)4(C204)4(C4)P and [UQ(HL)(H20)]*° (HsL = benzene-1,3,5-
tricarboxylic acid) with room temperature quantui@gs of 49 and 58%, respectively, appear
green in the same light due to the greater interditheir emission. This is also true of the
complex RB[UO(dipic),] (dipic = dipicolinatef? for which we have determined an elevated
guantum yield of 42%. An enhanced quantum yield passibly be the result of energy transfer
between close Iluminophore wunits and indeed the mum UM distances in
[NMe4]2[(UO2)4(C204)4(C4)] (5.511 A) and [UQHL)(H20)] (5.232 A) are considerably
shorter than those in any of the presently stusisties (and shorter than that in uranyl nitrate
hexahydrate of 6.09 A). However, the minimuriill) separation in RPUO(dipic)z] (7.517

A) is similar to that [7.4522(7) A] in the weaklynitting complex6, while that in complex
[7.2691(2) A] is intermediate between the small@g902(3) A in4] and the largest [8.9626(3)
A'in 3] in the present series. Another parameter thailghe taken into account is the distance
between the luminescent uranyl center and therelestithdrawing phosphonium ions, which
are potential photoluminescence quenchers, in aaepl and3-6. In this regard, complek
which has the highest PLQY of the series, alscahainimum UIP separation of 6.8382(8) A
which is longer than any of those in compleges [6.0169(7)-6.6330(4) A], although the
difference is rather small. However, it is no doahtoversimplification to consider general

correlations between quantum yields and such sipgaiameters.
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CONCLUSIONS
Adding to our previous work on anionic uranyl ioongplexes witho,w-dicarboxylates using
countercations of varying bulkiness and offerinffedent possibilities of interactions with these
anions (apart from dominating Coulombic forces),hage reported here the synthesis, crystal
structure and, in most cases, luminescence prepedf nine new complexes. In these
compounds, crystallized under solvo-hydrothermald@ions, the @~ ligands are of medium
length, withn = 6-9, and three families of counterions are regmeed: PPf/PPhMe",
macrocylic ligand complexes of 3d-block metal casioand, in one case, a catiori, Kabile
with respect to its coordination sphere and flexihlits coordination geometry. Amongst other
factors, there is systematic variation here indbeessibility toward lone pair donors of the
centre on which the positive charge is formallyaled, P in the phosphonium cations being
inaccessible, Niand CU in their tetra-azamacrocycle complexes being dapaaccepting
up to two extra donors in a specific stereochemisind K being completely accessible.
Overall, one-dimensional coordination polymers #re most frequent assemblies
formed, being found in five complexes with RFRRPhMe" (1-5) and in the complex including
[Cu(R,SMescyclam)f* (7). The prevalence of chains in this series is intr@st to the higher
level of aggregation (and sometimes uranyl oligonagion) found in neutral uranyl complexes
with Cn?"ligands having similam values’®! The separating effect of bulky counterions, which
promotes formation of discrete, polynuclear spetiesther case¥;'®?°may be at play here,
although it must be noted that some of these ah®zs involve ligands with significant degrees
of conformational restriction. Notwithstanding tb@mmon low dimensionality in the present
instances, there is some structural variety, witipke zigzag chains including terminal nitrate
coligands inl and2, curved ribbons with lateral uncomplexed carbaxgcid groups giving
threefold parallel 2D interpenetrated hydrogen leahaketworks ir8, ladderlike chains id and

7, and a chain displaying an alternation of simpid double links irb. A heavily corrugated
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honeycomb 2D assembly is found in compbexvith CF~ ligands and PRMe* counterions.
An increase in dimensionality also occurs whendbenterions become part of the polymer
itself, which occurs in the 2D assembly with’Cligands and [Ni(cyclam§] axially bound to
two carboxylate groups (compl&xand in the 3D framework obtained from?Gihd potassium
cations 9). The latter has the particularity of containimgnyl carboxylate subunits displaying
2D — 3D parallel polycatenation.

Except when one carboxylic acid group retainsritggn and is uncoordinated, the’C
ligands in the present series are all bis-chelatmgrd uranyl, with additional bridging of two
potassium cations in compléx except in comple), in which the bridging bidentate-
k!O:k?0' mode is observed (with two uranyl or one uranyll @me nickel(ll) cations as
coordinated species). Thus, the variations in dwergetry of the assemblies formed can be seen
as reflecting both the specific nature of the ncamyl cation and the flexibility of the aliphatic
chains which can adopt a large range of conformatiwith variable curvature. Given the
expectation that rotational barriers to conformaericonversion in polymethylene chains
should be smafi probably smaller than CHID interaction energiésand certainly smaller
than coordinate bond energies, priority as streetlirecting influences should be given to the
various interactions of the non-uranyl cations whle UQ entities formed by carboxylate
binding. The sometimes marked differences in theratctions of similar species, such as seen
between PPfi and PP§Me" or [CuR,SMescyclam)F* and [Ni(cyclam)}* in the present work,
let alone differences in the pattern of interaddioof a particular cation in different
complexeg?182lis, however, an indication that the predictabitifycation influences is low.
Nevertheless, it is notable that [Ni(cyclaii)ounterions, with their ability to bind to two aki
donors, appear here also as suitable linkers batwseentially planar uranyl-containing

subunits?!
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In addition to the desirability of a structure aaining potential reaction cavities, an
important property in regard to any possible agpion of uranyl ion coordination polymers is
their solid state PLQY. While phosphonium countBores appear to have an advantage over
transition metal species in that they do not l@atbimplete luminescence quenching, the PLQY
values obtained in the several systems we havestiga¢ed are all relatively low and the
structural factors which need to be optimized tawbhigher values remain somewhat obscure.
Replacement of the phenyl groups on phosphoruslangie saturated substituents, however, is

a strategy which the present results indicate neawdxthy of pursuit.
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Structure-Directing Effects of Counterionsin Uranyl lon
Complexeswith Long-Chain Aliphatic a,w-Dicar boxylates:

1D to Polycatenated 3D Species
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Nine uranyl ion complexes with aliphatic dicarbaatg ligands were synthesized with diverse
counterions, the latter inducing different polyncesirrangements, either one-, two- or three-

dimensional. Two compounds contain entangled rfgtdrogen bonded, two-dimensional

interpenetrated in one case, and two-dimensiongtatenated in the other.
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