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Abstract: CLICK-chemistry has become a universal route to
covalently link organic molecules functionalized with azides
and alkynes, respectively. Here, we report how CLICK-
chemistry can be used to attach oligoaromatic organic
moieties to Dawson-type polyoxometalates. In step one, the
lacunary Dawson anion [α2-P2W17O61]

6� is functionalized with
phosphonate anchors featuring peripheral azide groups. In
step two, this organic-inorganic hybrid undergoes micro-

wave-assisted CLICK coupling. We demonstrate the versatility
of this route to access a series of Dawson anions covalently
functionalized with oligoaromatic groups. The supramolecular
chemistry and aggregation of these systems in solution is
explored, and we report distinct changes in charge-transfer
behavior depending on the size of the oligoaromatic π-
system.

Introduction

Supramolecular organic-inorganic hybrid systems hold great
promise as the next-generation of functional materials.[1,2] In
molecular metal oxide (polyoxometalate, POM) chemistry,[3,4]

the last decade has seen immense progress in the covalent
organo-functionalization of POMs,[5–8] leading to their use in
areas ranging from supramolecular chemistry[9–11] and energy
conversion/storage[12–14] to electronic nanomaterials[15,16] and
covalent POM-bioconjugates.[17,18] POMs are ideal molecular
platforms for (bio-)organo-functionalization, as they introduce
redox-,[19] photo-,[20] catalytic[21] and magnetic activity.[22] To-
date, the covalent functionalization and post-functionalization
of POMs is still challenging and requires the combination of
specific POM structure types with suitable organic anchoring
groups.[5–8]

One promising approach to overcome this bottleneck is the
introduction of organic azide functions covalently attached to
the POM,[23–25] so that subsequent CLICK chemistry[26] (i. e.,
copper catalyzed alkyne-azide cycloaddition) enables versatile
post-functionalization. To access “CLICKable” POMs, different

cluster architectures have been covalently functionalized with
organic azides, including the Anderson anion[23,27] as well as the
Dawson anion.[28,29] In one recent example, Dietzek-Ivanšić, Rau
and Streb showed how ruthenium-based photosensitizers can
be covalently linked to Dawson anions via phosphonate
anchors.[30] The group reported that careful choice of synthetic
conditions was required, together with the use of protecting
group strategy to enable clean access to the resulting photo-
sensitizer-POM dyad. The resulting molecular system was
capable of storing electrons and releasing them to facilitate
hydrogen evolution on demand even in the dark. However, this
study also highlighted the challenges related to designing
complex organic-inorganic architectures with respect to syn-
thetic feasibility as well as stability.[5,6]

To address these challenges, we decided to explore whether
supramolecular aggregation between photosensitizer and POM
can be used as an alternative design approach, allowing more
flexibility in terms of component selection and modular design.
Thus, we were aiming at accessing POMs covalently functional-
ized with oligoaromatic systems of different size to explore their
supramolecular solution chemistry, as a foundation for
supramolecular charge-transfer and charge-aggregation sys-
tems. We propose that the resulting systems could act as
electron storage sites or electron relays, and in addition the
pyrene system is capable of supramolecular (π-π stacking)
interactions with complementary molecules such as photo-
sensitizers or electron donors in solution.

To-date, POMs featuring oligoaromatic groups have mainly
been developed as a means of anchoring the POM to nano-
structured carbon substrates such as single-walled carbon
nanotubes or graphene for electrochemical applications.[31,32] In
addition, covalent attachment of porphyrin-based aromatic
systems to POMs have been employed for photoinduced
energy and electron transfer between porphyrin and POM.[33]

Here, we report a new synthetic route to bifunctional
organic azides featuring a phosphonic acid as POM anchoring
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site. We demonstrate that this system can undergo subsequent
CLICK-chemistry to enables attachment of oligoaromatic side-
groups. Solution studies illustrate the supramolecular interac-
tions of the species with ruthenium complex photosensitizers
and highlight how the size of the oligoaromatics controls the
photophysical properties of the resulting systems. This work
therefore lays the foundation for utilizing organo-functionalized
POMs as reactive components in solution-based supramolecular
energy conversion and storage systems.[34–36]

Results and Discussion

First, we targeted the phosphonate tether P2 which combines a
CLICKable azide moiety with an established POM phosphonate
anchoring group. P2 was initially synthesized based on a
reported route (Figure 1, Route A, top).[25]

An alternative, mild synthetic route was developed via the
protected phosphonate ester P2a (Figure 1, Route B, bottom).
Route A proceeds by deprotection of the phosphonate ester
with hydrochloric acid to give the phosphonic acid P1, followed
by conversion of the amine into an azide via diazotation and
subsequent nucleophilic aromatic substitution. Route B initially
introduces the azide by substitution of the amine (P2a),
followed by conversion of the phosphonate ester into an

activated silyl species and subsequent hydrolysis (see Support-
ing Information for synthetic details).

Both routes give near quantitative yields of P2. However,
the new Route B allows preparation of P2 under milder
conditions (Route A: maximum temperature: 110 °C; Route B:
maximum temperature: room temperature) so that in future,
sensitive functional groups can be introduced via Route B. For
synthetic and analytical details see Supporting Information.

The organic azide was covalently anchored to the lacunary
α2-Dawson cluster (nBu4N)9K[α2-P2W17O61] (C1)[15] by reacting
both components (molar ratio 3.3 : 1; azide : cluster) in heated
(T=110 °C) N,N-dimethyl acetamide solution containing 0.4 M
HClaq for 24 h (Figure 2). After workup (details see Supporting
Information), the product, (nBu4N)6[α2-P2W17O61(POCH2C6H4N3)2]
(CP1) was obtained as a yellow solid in 80% yield based on
(nBu4N)9K[α2-P2W17O61] (C1). CP1 was fully characterized by 1H-
and 31P NMR spectroscopy (Figures S24 and S25, Supporting
Information), and ATR-FTIR spectroscopy (Figure 3 and Fig-
ure S26 in Supporting Information) to verify the presence of the
azide group.

Post-functionalization of CP1 was achieved by microwave-
assisted copper(I)-catalyzed alkyne-azide cycloaddition (CLICK-
chemistry). To this end, CP1 was reacted in a microwave setup
with the three model oligoaromatic alkynes, i. e., phenyl
acetylene, 1-ethinyl naphthalene and 1-ethinyl pyrene in cyclo-
hexanone in the presence of the air-stable copper(I) catalyst
Cu1 (details see Supporting Information).[37,38] After workup, this
resulted in the pure compounds CP2, CP3 and CP4, which were
characterized by 1H- and 31P NMR spectroscopy (Figures S30–
S35, Supporting Information), as well as ATR-FTIR (Figure S36,
Supporting Information).

The successful CLICK-reaction is indicated by characteristic
singlet signals in the 1H NMR spectra (between 9.24 and
9.45 ppm, see Figures S30, S32 and S34 in Supporting Informa-
tion), corresponding to the 1,4-disubstituted triazole. Conver-
sion of the azide is further corroborated by loss of the
characteristic azide absorption in the IR spectrum at 2111 cm� 1

with simultaneous emergence of a triazole absorption feature
at 1519 cm� 1 (Figure 3).[39] Retention of the cluster structure is
supported by analysis of the IR fingerprint region, where
characteristic W� O� W stretching vibrations between 730 and
820 cm� 1, W=O stretches at 955 and 906 cm� 1, and P� O
stretches at 1085 and 1056 cm� 1 are observed (see Figure S36,Figure 1. Synthesis of the bifunctional phosphonic acid-azide tether via the

literature-known Route A[25] and via the new, room temperature Route B.

Figure 2. Synthesis of the azide-functionalized α2-Dawson type POM (CP1) and the “clicked” hybrid polyoxometalates (CP2, CP3, CP4), nBu4N
+ counterions are

omitted for clarity.
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Supporting Information). The 31P NMR spectra show three
singlets, one corresponding to the phosphonate anchor (δ=

22.4 ppm), the other two corresponding to the internal
phosphate templates (δ= � 11.3 and δ= � 12.9 ppm, see Figur-
es S31, S33 and S35, Supporting Information,).

The electronic absorption spectra of CP2, CP3 and CP4
(Figure 3) show characteristic absorption bands in the near-UV
region, which are assigned to O!WVI) ligand-to-metal charge-
transfer (LMCT) bands of the POM. Additional spectral features
in the UV region are assigned to π!π* transitions of the
aromatic moieties; with increasing size of the aromatic systems,
these absorptions shift into the visible range.[40,41] The redox-
properties of the organo-functionalized α2-Dawson clusters
CP1, CP2, CP3 and CP4 were investigated by cyclic voltamme-
try. CP1 shows two reversible tungsten based (WVI/V) redox
waves at E1/2= � 0.72 and � 1.15 V vs. Fc/Fc+, as well as one
quasi-reversible WVI/V process at E1/2= � 1.79 V vs. Fc/Fc+. When
the potential window is extended to � 2.00 V and further to
� 2.50 V. A, a fourth barely observable tungsten-based process
(literature known)[29,42] appears, which is partially covered by an
irreversible azide-based process at E ca. � 2.50 V vs. Fc/Fc+.

Based on the literature, this azide-process can be assigned to
the formation of an azide radical anion and the subsequent
decay into the respective nitrene radical anion combined with
the eventual reaction of the generated nitrene with the solvent
(DMF).[43] Formation of these degradation products, i. e., R-
C6H4NH

� or R-C6H4(N
� )C(O)N(CH3)2 is accompanied by the

appearance of new irreversible redox events in the oxidative
region (E=0.37 V vs. Fc/Fc+).[44] In contrast to the non-CLICK-
functionalized CP1, the species CP2, CP3 and CP4 show four
reversible tungsten-based redox events (Figure 3, I–IV), which is
in line with related species reported previously.[29,42] A fifth
cluster-based reduction (V), is expected from literature, but was
not unambiguously observed due to overlap with ligand-based
redox processes.[29,42] For CP2, one irreversible process at Ered=

� 3.19 V vs. Fc/Fc+ is observed, assigned to reduction of the
phenyl substituent to a phenyl radical anion. In contrast, CP3
shows a reversible one-electron reduction of the naphthyl
moieties at E1/2= � 2.78 V vs. Fc/Fc+, which is in good agree-
ment with the literature.[45] CP4 shows two reduction processes,
assigned to the reduction of pyrenyl to a pyrenyl radical anion
(quasi-reversible, E1/2= � 2.40 V vs. Fc/Fc+) and reduction of the

Figure 3. Top left: ATR-FTIR spectra of CP1 before and CP2, CP3 and CP4 after the CLICK-reaction; top right: UV-Vis spectra of CP2, CP3 and CP4 in acetonitrile;
bottom left: cyclic voltammetry of CP1; bottom right: cyclic voltammetry of CP2, CP3, CP4. Conditions: [POM]=1.0 mM; solvent: de-aerated, water-free DMF
containing 0.1 M (nBu4N)PF6 as supporting electrolyte.
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pyrenyl radical anion to the two-electron-reduced pyrenyl di-
anion (irreversible, Ered= � 2.85 V vs. Fc/Fc+), both processes are
in good agreement with the literature.[45,46] The systematic
anodic shift of the reduction potentials assigned to the
aromatic systems of CP2, CP3 and CP4 reflects the decreasing
LUMO energies due to extension of the aromatic structure from
benzene to naphthalene to pyrene. Interestingly, re-oxidation
of the pyrene radical anion was found to split up into two
separate processes. One explanation could be the interactions
between a reduced and a non-reduced pyrene to form dimeric
aggregates.

Emission quenching studies

The presence of aromatic moieties offers an opportunity to
employ supramolecular π-stacking interactions for the assembly
of supramolecular aggregates. To test this concept, we probed
the light-induced interactions between the POMs CP2, CP3 and
CP4, and two ruthenium polypyridyl model photosensitizers as
molecular probes using emission spectroscopy. [Ru-
(tbbpy)2(tpphz)](PF6)2 (ruthenium(II)-bis(4,4’-di-tert-butyl-2,2’-bi-
pyridyl)-(μ-tetrapyrido [3,2-a:2’,3’-c:3”,2”-h:2’”,3’”-j] phenazine)-
bis-hexafluorophosphate) (PS1) was selected as a cationic
photosensitizer with a large polyheteroaromatic ligand suitable
for electrostatic and π-stacking interactions. [Ru(tbbpy)3](PF6)2
(tris(4,4’-di-tert-butyl-2,2’-bipyridine)ruthenium(II)-bis-hexafluor-
ophosphate) (PS2) was used as a reference photosensitizer
which does not feature an extended π-aromatic system,
interactions are therefore mainly limited to electrostatics (Fig-
ure 4).[47,48]

To assess the emission quenching, PS1 and PS2 were
titrated with 0–1 equivalents of CP2, CP3 or CP4 in aerated
acetonitrile. For PS1, efficient emission quenching is observed
for all three clusters, and full quenching is observed at molar
ratios of ca. 4 : 1 (PS:CP), suggesting that each cluster is capable
of interacting with multiple photosensitizer units simultane-
ously (Figure 5, top). In contrast, for PS2, emission quenching
was significantly lower (Figure S37, Supporting Information)
and at equimolar concentrations (PS:CP=1 :1), residual emis-

Figure 4. Ruthenium chromophores PS1 (left) and PS2 (right).

Figure 5. Stern-Volmer plot of [Ru(tbbpy)2tpphz](PF6)2 (PS1, top) and [Ru-
(tbbpy)3](PF6)2 (PS2, bottom) with CP2, CP3 and CP4 as quenching
molecules in acetonitrile.

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202203469

Chem. Eur. J. 2023, 29, e202203469 (4 of 9) © 2022 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Wiley VCH Montag, 06.03.2023

2315 / 287834 [S. 141/146] 1

 15213765, 2023, 15, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202203469 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [07/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



sion of ~30% of the initial value was still observed (Figure 5,
bottom). Furthermore, for PS2, the quenching behavior was
largely independent of the exact cluster type, CP2, CP3 or CP4.
This indicates that the solution interactions between photo-
sensitizer and cluster are not affected by the organic aromatic
groups but are dominated by electrostatics. PS2 shows non-
linear quenching behavior, indicating both dynamic and static
contributions – the latter most likely indicative of the formation
of ion pairs through electrostatic interactions.[48,49] In contrast,
PS1 shows a similar but more pronounced effect at low
equivalents of CP, followed by an almost linear increase at PS:
CP ratios <4 :1. The slope in this region increases with the size
of the aromatic ring systems in CP2, CP3 and CP4. In sum, this
study demonstrates that controlling the size of the aromatic
systems of the functionalized POM anions can be effectively
used to control supramolecular solution interactions and thus
energy or charge-transfer between PS and POM.

NMR titrations

To further confirm the presence of π-interactions between the
oligoaromatic ligands of CP2, CP3 or CP4, and PS1, NMR
titrations were performed using only the ligands P3, P4 and P5
(Figure 8, see Synthesis and Characterization in Supporting
Information) to prevent ion-pair formation of the highly anionic
clusters with the cationic PS1; thus, it is possible to study the π-
stacking interaction without interference by electrostatic aggre-
gation (at high concentrations, the anionic POM and cationic Ru
complex form insoluble precipitates). In all NMR studies, the
PS1 concentration was kept constant, while the concentrations
of P3, P4 or P5 were increased. Interactions were analyzed by
measuring the relative chemical shift (Δδ=δ-δ0) of the protons
Hc and Hc’ of the tpphz ligand, see Figure 8. While virtually no
shifts are observed (Δδ ca. 0.05 ppm at 20 equivalents) for the
titration of PS1 with P3 and P4 (phenyl, naphthyl derivates), the
titration with P5 (pyrenyl derivative) leads to a significant shift
of up to Δδ=0.64 ppm at 20 equivalents for the proton Hc and
Δδ=0.53 ppm at 20 equivalents for proton Hc

’. Fitting of the
binding isotherms was performed using the bindfit
program[50,51] based on the NMR 1 :1 model (see Supporting
Information for Fit and Residuals). The P5 derivative fit gave a
value of Ka=65.08�0.28 M� 1, which is in good agreement with
a previously published system ([(tbbpy)2Ru(tpphz)PdCl2](PF6)2+

pyrene)[48] where Ka=155�44 M� 1 was reported. Due to the
small NMR shifts for P3 and P4 the determination of the
association constants is not meaningful and was not performed,
leading to the result, that no significant stacking interaction is
observed for either P3 or P4. NMR titration data for P3, P4 and
P5 are consistent with the emission data obtained from systems
CP2, CP3 and CP4. Pyrene functionalization shows strong
supramolecular binding to the tpphz ligand which leads to the
best emission quenching performance, supporting the hypoth-
esis of efficient π stacking between PS1 and CP4. In contrast,
CP1, CP2 and CP3 feature smaller aromatic systems, leading to
interactions with PS1 which are dominated by electrostatics. In
consequence, the emission quenching is less pronounced

compared to CP4 and no binding constants could be
determined when using the ligands P3 and P4.

Photochemical reduction

To verify that the observed emission quenching is a result of
electron transfer from the photo-excited redox chromophore to
the cluster, we performed UV-Vis absorption spectroscopic
studies. In particular, we were interested in studying whether
charge-accumulation by reduction of the POM is possible under
irradiation in the presence of a sacrificial electron donor, i. e.,
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU). Initial studies showed
that DBU does not quench the emission of PS1 (see Figure S38,
Supporting Information), and therefore does not interfere in
possible photochemical reactions of photosensitizer and POM
(i. e., the photochemical process will proceed via an oxidative
quenching pathway). Also, note that DBU does not reduce the
POM clusters employed under irradiation (see Figure S45,
Supporting Information).

To study the system, mixtures of the respective POM (CP2,
CP3 or CP4, 1 equiv.) and the respective photosensitizer (PS1 or
PS2, 2.00 equiv.) were irradiated at λ=470 nm (LED light
source) in acetonitrile in the presence of an excess of DBU
(74444 equiv. based on the POM cluster) as electron donor.
Corresponding time-lapse absorption spectra for the four
systems are shown in Figure 6 and reveal two main processes,
i. e., a bathochromic shift of the MLCT absorption of the
chromophore, and a broad increase in the area above 470 nm.

A possible mechanism is shown in Figure 7, assuming
similar time constants for the photo reductive conditions as
they were determined for the pure PS1. In step one, the
ruthenium photosensitiser PS1 is excited and a 3MLCT state is
generated, which can undergo a fast intra-ligand charge trans-
fer (ILCT) to the phenanthroline unit within 1.2 ps and
subsequently an intra ligand charge transfer to the phenazine
unit with 240 ps, generating a delocalized radical-anion as a
charge separated state (PS*).[52] This can explain the bath-
ochromic shift in the MLCT region as well as a new band
appearing between 500 and 600 nm, corresponding to the
formed reduced tpphz species. A decrease in intensity and the
formation of an isosbestic point (Figure 6D) over time suggests
that an additional species is formed during irradiation of PS1 in
the presence of DBU. However, we were note able to isolate or
identify this species, therefore the determination of extinction
coefficients for these species were not possible.

This decrease in intensity as well as the band shift of the
3MLCT during ligand (tpphz) reduction was also observed in
photoreductions containing CP1, CP2 and CP3 but not CP4,
suggesting that for CP4, this process is not possible.

Step two involves a charge transfer from the photosensitizer
to the POM, resulting in a characteristic, POM-based (WVI/V)
intervalence charge-transfer (IVCT) transition, centred around
840 nm (IVCT1) and 650 nm (IVCT2). An exergonic electron
transfer from PS1 to cluster is proposed by simple comparison
of the electrochemical potentials. A reductive potential of
� 1.39 V[53] vs. Fc/Fc+ is featured by the phenazine unit. The two
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relevant reduction potentials of CP1 to CP4 are observed at
� 0.72 and � 1.15 V vs. Fc/Fc+. In both cases the reduced
phenazine unit features a low enough potential to transfer
electrons to the cluster. As the third cluster reduction event
shows a more negative potential (� 1.79 V vs. Fc/Fc+) compared
to the phenazine unit, an exergonic electron transfer step,
resulting in a third reduction of the POM is not possible.

In step three, the photosensitizer is regenerated by
reduction with the sacrificial electron donor DBU. This process
is repeated, so that eventually, the two-electron reduced cluster
systems are obtained. At low concentrations of reduced
clusters, the charge transfer rate between the tpphz-radical
anion and the cluster is higher than generation of reduced
tpphz. At a certain point, the concentration of reduced cluster

Figure 6. Time lapse UV-Vis spectra during photo electron transfer of clusters. A) CP2, B) CP3 and C) CP4 with DBU and [Ru(tbbpy)2tpphz)](PF6)2 (PS1), D)
[Ru(tbbpy)2(tpphz)](PF6)2 with DBU and E) CP1 with DBU and PS1 as Reference (experimental details included in Section “Photochemical Reduction”,
Supporting Information).
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increases and the charge transfer rate decreases, leading to a
charge accumulation at the PS, as thermodynamically, no
further electron transfer to the POM is possible. CP2 and CP3
both show two-electron reduction within 60 minutes as shown
in Figure 6A and B (indicated by the characteristic signal at
650 nm, IVCT transition of the two-electron reduced species).

After 60 minutes, no further increase of the intervalence charge
transfer band is detected and only the formation of the reduced
phenazine species is observed (compare Figure 6A, B and D).
CP1 shows a significantly faster electron transfer to the cluster,
indicated by the IVCT process at 650 nm (Figure 6E). Also, we
note the rapid reductive breakdown the tpphz ligand (shown
by the bathochromic shift in the MLCT region as well as the
appearance of a band between 500 nm and 600 nm). In
addition, the fast decrease of the band at 650 nm, could be
indicative of a possible breakdown of the whole CP1 cluster.
Comparison of the final reaction states of the CP1 reduction
and the reduction of PS1 show notable similarities, which
indicates that the spectral features are dominated by the signals
of the reduced photosensitizer rather than the reduced POM
cluster. Interestingly, cluster CP4 shows a more complex
behavior upon irradiation in presence of PS1 and DBU.
Specifically, formation of the two-electron reduced cluster
species at 650 nm (two-electron reduced IVCT) appears to
continue beyond 60 minutes, as characterized by the continu-
ous increase in IVCT absorption intensity. At the same time,
accumulation of the reduced phenazine species is virtually not
observed. Figure S43(A–D) shows the time dependent differ-
ence spectra, showing more clearly the difference between the
three clusters as well as PS1. Control experiments regarding
photo-reactions of individual components can be found in the
Supporting Information (Figures S44 and S45).

Figure 7. Proposed photoreduction mechanism for organo-phosphonate functionalized Dawson cluster [CP2 (black), CP3 (red), CP4 (blue)] by PS2 as
photosensitizer and DBU as sacrificial electron donor. left: cluster reduction and PS regeneration; right: PS regeneration and cluster reduction (PS1* represents
the charge separated state RuIII tpphz� ).

Figure 8. NMR-titration of PS1 with oligoaromatic ligands P3, P4 and P5 for
protons Hc and Hc

’.
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Also, a dependence of the efficiency of electron transfer
between the cluster CP1, CP2, CP3 and CP4 with complex PS1
could be observed. This is generally in agreement with results
from the emission spectroscopy experiments, showing that, the
more extended the size of the aromatic π-system, the more
efficient is the quenching of the excited ruthenium complex
and thus, the better the electron transfer. This supports the
hypothesis of π-stacking effects between the polyheteroaro-
matic ligand in PS1 and the pyrene functionalized cluster CP4.
However, fast photoreduction is also observed for CP1 to CP3
where no significant p stacking is observed in the NMR titration
experiments, and where emission quenching is rather low
compared to CP4. This suggests that electrostatic aggregation
by itself can be used to trigger photoreduction; however, we
note that in these systems (CP1–CP3), we observe fast photo-
degradation of the aromatic system and loss of chemical
stability, while CP4 is more stable. It can therefore be proposed
that efficient π-stacking of PS1 and CP4 improves both the
stability of the reduced cluster system as well as the stability of
the polyheteroaromatic ligand in PS1.

In contrast to PS1, experiments involving chromophore PS2
show bleaching of the MLCT excitation and concomitant
formation of a new absorption at 570 nm (Supporting Informa-
tion, Figure S49), which likely corresponds to a new ruthenium
complex rather than cluster reduction (see Supporting Informa-
tion for more information), as characterized by the respective
shape and intensity of the absorption band. [Ru(bpy)3]

2+ or
[Ru(tbbpy)3]

2+ (PS2) are known to undergo rapid photodegra-
dation upon population of a metal-centered 3MC state,[54] which
leads to loss of a bipyridine ligand and follow-up reactions. The
degradation of PS2 is also supported by the fact that no
photoreduction of the POM clusters was observed, which can
be correlated to the fact that PS2 does not feature an extended
aromatic system for supramolecular interactions with the POM.
Further analyses including hetero-sample-correlation spectro-
scopy see Supporting Information (2D Hetero-Sample-Correla-
tion Spectra).

Conclusion

In summary, we demonstrate how supramolecular assembly
and light-driven electron transfer can be controlled by covalent
functionalization of POMs with oligoaromatic moieties. A facile
synthesis based on CLICK chemistry was used to access Dawson
POMs with oligoaromatic substituents. Systematic study of the
effects of size of the aromatic system on the photophysical and
electronic properties of the resulting dyads lays the foundation
for tuning and optimization of reactivity in this compound class.
The study also shows how supramolecular π-stacking inter-
actions lead to a shift in electron transfer dynamics, leading to
more efficient charge accumulation. Future studies will be
focused on the synthetic development of these systems. Their
integration into functional light-harvesting and energy con-
version/storage systems can be envisaged based on the
fundamental synthetic concepts and mechanistic understand-
ing presented in this study.

Experimental Section
Full analytical, spectroscopic and crystallographic details are given
in the Supporting Information.

Deposition Number(s) 2215278 contain(s) the supplementary
crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.
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