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anions and organic dye cations: crystal structures and initial spectral
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Salts of the pararosaniline dye cation and four polyoxometalate
cluster anions have been isolated under both ambient and
hydrothermal conditions; structural and initial spectroscopic
data are consistent with significant perturbation of ion electro-
nic states induced by charge-assisted N-H:**O hydrogen bonds.

Polyoxometalate anions' and triarylmethane dye cations® share
well-developed redox and photo-chemical properties but have
rarely been combined to form hybrid materials.®> The anions do
not absorb significantly in the visible spectrum and strategies to
induce visible photo-sensitisation have normally involved incor-
poration of noble metal complex cations.*

In particular, salts [Ru"(bpy)sl[a-S:M;306] (M = Mo, W)
exhibited significant quantum yields for visible photo-reduction of
the anion in solution.**” This new property was traced to the
presence of an absorption band at around 480 nm arising from ion
clusters {[Ru"(bpy:[* [S:M1506f*}>™ and/or {[Ru'(bpy)s"">-
[SZM18062]47} present in solution. The new transition was
assigned to either a Ru — M charge transfer transition or a
metal-oxo — bpy interligand transition.”

However, inexpensive triarylmethane dye cations® are appealing
as more efficient visible energy transfer agents for polyoxometalate
anions: (1) the cations absorb intensely in the visible region and
specific wavelengths can be tuned by ring substitution; (2)
improved solubility should follow from their single cationic charge
and from appropriate ring substitution; (3) charge-assisted
hydrogen bonds between the cations and the anion surface oxo
ligands will facilitate the formation of crystalline materials and ion
clusters in solution. We report that salts of the pararosaniline
cation [C(p-CsH4NH,)s]" with polyoxometalate anions can be
isolated under both ambient and hydrothermal conditions. The
anions include [u—SzM018052]4_, [B-M08026]4_, [oc—CoW12040]6_
and [oz-ZnW12040]67.

Cuboid black-purple crystals of [CioH gN3]4[0-S;M043065] (1)
were synthesized from pararosaniline hydrochloride and
[BugN]4[o-S;Mo1506,] at room temperature (ESI). The presence
of the [0-S;Mo150¢]*” anion was confirmed by X-ray crystal-
lography.i Its two halves are related by a two-fold axis (Fig. S1t)
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and its dimensions are similar to those observed in salts containing
hydrophobic cations.> In the central SO, tetrahedra, the S-O
distances and O-S-O angles are in the ranges 1.454(7)-1.492(6) A
and 107.7(3)-110.7(4)°. The two triarylcarbenium cations in the
asymmetric unit exhibit the characteristic three-bladed propeller
conformation.” The three-dimensional network structure features
an extensive array of charge-assisted N-H:--O hydrogen bonding
interactions between cation amino functions and the anion oxygen
atoms (minimum distance dn_p1...0, 2.92 A; ESIt). Each anion
accepts nineteen hydrogen bonds (Fig. 1, SI7).

The [S>Mo50¢]* anion displays a broad absorption band
centred at 2 ~ 350 nm (&, 3 x 10* M~' cm™ ") which tails into
the visible region.® There is no detectable luminescence. In
dry dimethylformamide (DMF), pararosaniline chloride exhibits
intense absorption bands centered at 550 (¢, 5.7 x 10*M 'em ™)
and 290 nm,>* with a prominent emission peak at ley, 610 nm
(fwhm ~ 50 nm) when excited in the visible-UV spectrum down
to at least 320 nm. This emission provides a sensitive means of
inspecting possible electron or energy transfer interactions between
the dye cation and [S;Mo,50¢]" .

The emission maximum attributed to the pararosaniline cation
[C1oH gN5]" in solutions of 1in DMF was shifted to 590 nm (from
610 nm) and its intensity was diminished by ~75% (Fig. S27).
Addition of [BuyN]4[S;Mo01304,] to a solution of [CioH;gN3]Cl
(2.0 x 10* M) in DMF caused the intensity to decrease progres-
sively (Fig. 2a) until, at a ratio of [C;oH;sN5]" : [SsM01506]* ™ =
4 : 1, the spectrum was similar to that of a bona fide solution of 1
at the equivalent absolute concentration (5.0 x 107> M).
However, no shift in emission intensity was apparent, presumably
due to the influence of the additional [BuyN]" and CI~ ions. The
overall results are consistent with static quenching of excited states
of [C1oHgN5]" induced by the presence of ion clusters such
as {[ClgH]8N3]+4[cx-S2M018062]47}, analogous to those such as
{[Ru(bpy)s"5[SsM15062]* "} proposed to be present in solutions
of [Ru"(bpy)s1[S:M506,]. ¢/ However, detailed investigations
are needed to determine if there is a contribution from dynamic
quenching.

An excitation spectrum records the absorption spectrum for
transitions responsible for emission. The excitation spectrum of
[C19HgN5]Cl in DMF exhibited absorbance maxima at 280, 323
and 384 nm for emission at 610 nm (Fig. 2b). The equivalent
excitation spectrum of 1 in DMF for emission at 590 nm also
showed significant absorbance in the range 250-500 nm (Fig. 2¢).
However, the absorbance profile showed high relative absorbance
below 400 nm, where [S2M18062]47 absorbs. These spectra are
again consistent with the anion [S;M;sOg]*” perturbing the
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Fig. 1 Three-dimensional network structure of 1 features an extensive array of charge-assisted N-H-:-O hydrogen bonding interactions.

emission properties of the [CioH gN5]" cation. Detailed photo-
physics investigations are underway (cf., ref. 4g,i)).

Exploratory synthesis employing both ambient and hydro-
thermal conditions suggests that an extended range of salts of dye
cations and polyoxometalate anions are accessible from a variety
of sources. For example, while reaction of the labile hexametalate
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Fig. 2 (a) Emission spectrum of [C;oH gN3]"Cl™ in dry DMF (2.0 x
107 M) upon addition of [BugN]4[0-S;Mo;5O0s,] (excitation wavelength
385 nm). Excitation spectra of (b) [CioHgN3]"Cl™ in DMF (6.0 x
10~* M) for emission at 610 nm, and (c) [C1oH;gN3]4[0-S-Mo0;50¢] (1) in
DMF (2.5 x 107° M) for emission at 590 nm.

[MogOo]*~ anion with [CjoH;sN3]*Cl™ at room temperature pro-
vided [CioH gN3[M0gO)o], reflux of the CH;CN-H,O reaction
solution led to [CjoHgN34[Mo0gO6]:8.SDMF (2) after recrystal-
lisation. This salt features the [B-MogOsg]'™ anion (Cy, point
symmetry) comprising eight edge-sharing octahedra (Fig. S37).” As
for salt 1, both A and A enantiomers of the [C;oH;sN3]" cation are
present resulting in an achiral crystal which is stabilised by multiple
charge-assisted N-H---O hydrogen bonds (Table S17).%

Under hydrothermal conditions in the presence of
[CioHgN5]"Cl™, the Tourné sandwich anions [WM;(H,0),-
(MW9034)2]127 (M = Co or Zn) were transformed to [C;oH;gN3]e-
[MW 5040] H,O (M = Co (3); Zn (4)) (ESI¥).1 These salts feature
the Keggin anions [MW,04]°",% presumably the most thermo-
dynamically stable clusters under the conditions. It should be
noted that each of the two anions exhibits disorder around a site of
—3 symmetry which corresponds to the position of the metal ion at
the centre of the Keggin anion. A consequence of this disorder is
that the divalent metal appears to be 8-coordinate (Fig. 3). Similar

Fig. 3 Molecular structure of [(Cj9H;sN3)e][0-CoW1,040]-H,O (3). (a)
Asymmetric unit. Polyhedral structure of the Keggin ion [CoW,040]°”
with disorder in the tetrahedral CoO,4 unit shown, (b) as a ball and stick
representation (blue: Co; red: O; grey: W) and (c) as a pseudo-cubic
polyhedron. (d) Packing diagram when viewed along c-axis.
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disorder of Keggin ions has been observed previously.” ESI-MS
in the negative ion mode provides supporting characterisation:
experimental m/z 969.5; theory for [H3C0W12040]3_: 969.4
(2908.12/3).

This work demonstrates that crystalline salts of the dye cation
pararosaniline [C;oHgN5]" with a variety of polyoxometalate
anions are readily formed under a range of synthetic conditions.
Salt 1 shows interesting optical energy interactions between the
cations and anions. The approach is readily extendable to
interaction of the full range of triarylmethane dye cations with
the numerous photoactive polyoxometalate anions and will
provide an interesting set of photoactive hybrid materials.
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Notes and references

i Crystal data: C76H72M018N1206252 (1), M= 3093650, monoclinic, C2/c,
a =39.565(3), b = 19.4321(14), ¢ = 23.6601(17) A, f = 121.9190(10)°, V =
15440.3(19) A®, Z = 4, Dc = 1.693 g cm >, u(Mo-Ko)) = 1.509 mm ™',
GOF = 1.039. 39164 reflections measured, 13159 unique (R, = 0.0323)
which were used in all calculations. The final wR(F?) was 0.2139 (all data).
CCDC 619194. ClOl,5H13l.5M08N20A5034,5 (2), M= 295829, triclinic, PI,
a = 16.0479(16), b = 16.3393(16), ¢ = 26.093(3) A, o = 84.935(2), ff =
89.4702), y = 63.896(2)°, V = 6116.6(10) A%, Z = 2, Dc = 1.606 g cm >,
#(Mo-Ko) = 0.875 mm™!, GOF = 1.037. 31929 reflections measured,
21116 unique (R, = 0.0361) which were used in all calculations. The final
WR(FQ) was 0.1931 (all data) CCDC 619195. C|14H1|0CON13041W12 (3),
M = 4653.33, trigonal, R3, a = b = 29.4200(8), ¢ = 12.6652(6) A,
V' =9493.5(6) A3, Z =3, Dc = 2.442 g cm >, j(Mo-Kor) = 11.069 mm ™",
GOF = 1.515. 16784 reflections measured, 3712 unique (R, = 0.0220)
which were used in all calculations. The final wR(F?) was 0.1048 (all data).
CCDC 648023. C|14 H110N18041W122n (4), M = 465977, trigonal,
R3, a = b =29.4039(16), ¢ = 12.6458(13) A, V = 9468.6(12) A%, Z = 3,

Dc = 2452 g em >, u(Mo-Ke) = 11.157 mm™!, GOF = 1.527. 16719
reflections measured, 3706 unique (R;,, = 0.0244) which were used in all
calculations. The final wR(F?) was 0.1771 (all data). CCDC 648024. For
crystallographic data in CIF or other electronic format see DOI: 10.1039/
b715288d
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