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Tripodal Osmium Polypyridyl Complexes for Self-

Assembly on Platinum Nano-particles*,‡ 

 

Abstract 

 

In this chapter we present the photophysical characterization of new osmium polypyridyl 

complexes and their interaction with metal nano-particles. The main complex, Os-trip, 

carries a tripodal base functionalized with thioacetate groups. These groups are ideal 

candidates for the attachment on metal surfaces. The novelty lies in the geometry of the 

molecule that can in principle “stand” on the metal surface with the osmium center 

perpendicular to the surface. This avoids random orientation of the chromophore relative 

to the metal substrate. We present the study of the assembly and photophysics of this 

complex on platinum nano-particles in different solvents. The excitation of the osmium 

leads to an electron transfer to the platinum particle. This particle in turn then releases 

the electron into the surrounding medium and it becomes stabilized by solvation. The 

trapping of the long lived solvated electron by methyl-viologen is hampered by charge 

transfer interactions between the scavenger and Os-trip. 

 

*We gratefully acknowledge drs. Fabio Edafe and Prof. Peter Belser of the University of Fribourg for the 

synthesis of the osmium complexes that made this study possible and Frans Tichelaar (TU Delft) for the 

recording of HR-TEM images. 

‡
A manuscript on the results presented here is in preparation. 
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6.1 Introduction. 

 

Self-assembled systems such as organometallic complexes on metal nano-particles are 

very interesting, especially with respect to their photo-catalytic and photo-luminescent 

properties. The position of the chromophore, the orientation as well as the distance to the 

metal surface become important factors when it comes to predict the photophysical 

behavior of such molecules interacting with metals. In some cases the chromophores see 

an immediate quenching of the excited state by electron/energy transfer to/from the metal 

particle
1
 and in other cases there is an increase in the luminescence due to surface 

enhancement because of interaction of the surface plasmon of the metal surface.
2
 This 

effect has been described not only for fluorophores but also for triplet state emitters.
3
 

Studies of mono- or bis functionalized chromophores with anchoring groups which can 

bind to the substrates to obtain self-assembled monolayers, indicate that no real control 

over such molecular landscapes is achieved
4
 and that relatively aleatory geometries are 

adopted by the molecules upon deposition/attachment.
5
 One of the problems related to 

the packing of the molecules on surfaces is the dimension of the system vs the anchoring 

unit. In an ideal case the standing molecule should have a size comparable with the part 

attached to the surface. Also the number of anchoring groups can play an important role 

to stabilize the structure and assume a desired geometry on the surface. Tripodal 

molecules, also named molecular caltrops, are ideal candidates for these studies because 

of their very well defined molecular structure: three of the prongs naturally form a tripod 

on the “ground” while the fourth prong projects upwards.
6
 The tripodal structure can be 

based on a centered sp
3
 carbon atom with its four valencies substituted to give the 

appropriate structure as described by Gossauer and co-workers.
7
 Gallopini and co-

workers based their approach in the substitution of adamantane as core for the tripod.
8
 

The possibility of using silicon as the central atom that gives the tetrahedral geometry has 

been explored by Tour and co-workers.
4,6

 In our case we chose this last type of tripod 

based on a silicon center. At least two out of the three legs that stand on the metal particle 

are then forced to attach through chemisorption of thioacetate groups
9
 and the fourth 

prong bears the photo- and electro-active osmium center. 
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6.2 Compounds studied in this chapter 

 

In scheme 6.1 the structures of the studied complexes are shown. The osmium complexes 

have a chromophoric center similar to Os(bpy)3

2+
. One of the bpy ligands is however 

substituted by a imidazo-phenantroline ligand to assume an axial geometry, similar to a 

terpyridine system but with the photophysical properties of a bipyridine species. In the 

case of Os-trip this new ligand is one of the axis of a tetrahedron and perpendicular to 

the other three that are terminated with thioacetate groups for the attachment to metal 

surfaces. This tetrahedral geometry is determined by the presence of the central silicon 

atom.  
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Scheme 6.1. Chemical structures of the complexes studied in this chapter. The Os-trip 

complex is functionalized for the attachment to metal surfaces with three legs terminated 

with thioacetate groups. For control compounds Os-ph and Os-bpy were used. In the 

case of Os-ph also a binding to cyclodextrins can be expected. 
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One of the complexes used as control compound in our experiments is Os-ph. This 

compound presents the same phenantroline derived ligand as the tripod, but in this case it 

is not attached to the silicon base. The photophysical properties of the metal complexes 

were expected not to be altered to a large extend by the presence of the silicon atom vide 

infra. As second control compound the simpler Os-bpy was employed. This compound is 

well known from the literature and its photophysical properties have been studied 

extensively.
10

 

 

6.3 Experimental 

 

The osmium complexes 

 

The osmium complexes described in this chapter where synthesized  in the group of Prof. 

Peter Belser as part of the PhD dissertation of Dr. Fabio Edafe. The synthesis of the 

tripodal building blocks is described in chapter 2. 

The measurements were carried out in mixtures of water and co-solvents. Acetonitrile 

proved to be a better solvent than methanol for high concentrations of these complexes. 

The stock solutions were thus prepared in acetonitrile and then diluted in 

water:acetonitrile mixtures. 

In the time resolved SPC measurements scattering of the sample solutions was observed 

when low proportions of acetonitrile were employed in the solvent mixture. This 

scattering was assigned to some aggregation at the higher concentrations employed 

(compared to quantum yield or UV-Vis measurements) so that the amount of acetonitrile 

used as co-solvent was increased up to 50%. With these new solvent conditions no scatter 

was observed. 

 

Synthesis of the citrate stabilized platinum nano-particles  

 

One of our goals in this chapter is the study of the interaction of functionalized metal 

nano-particles with the osmium tripodal complex Os-trip. The metal chosen for these 

experiments was platinum because of its interesting catalytic properties. The platinum 
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source is a platinum salt (K2PtCl4) in an aged aqueous solution. Aging of the solutions 

has proven to favor the reduction process because of the exchange of the Cl
-
 ligands for 

H2O ligands. Platinum (II) partially coordinated to water is more easily transformed to 

platinum (0)
11

.  

As reducing and capping agent sodium citrate was chosen. The obtained colloids are in 

an aqueous phase and show a narrow size distribution.
12

  

The reduction process took place by mixing the two reaction components (aged platinum 

salt and citrate) and heating the obtained aqueous solution to a gentle reflux while 

stirring. The solution’s color changed from orange to dark brown as soon as reflux was 

reached but the beginning of colloid formation can be observed already around 70ºC. The 

reaction was allowed to take place for 3h to assure the complete reduction of platinum 

ions present in the solution. Longer refluxing periods did not show an influence on the 

stability of the colloids, no precipitation of platinum black could be observed. The 

concentrations employed in one typical experiment were 2*10
-3 

for platinum and 1.6*10
-3 

for citrate.  

After the reaction, the nano-particles were centrifuged in order to obtain a separation 

from the aqueous medium. To induce precipitation and favor the separation different 

organic solvents were added (MeCN, EtOH, MeOH, propanol or THF). Centrifugation up 

to 15000 rpm did not induce the desired precipitation indicating a very small particle size 

and high stability. Addition of MeCN gave partial precipitation of the particles but only 

in ratios of MeCN:particle solution 7:1 in volume. At this concentration of acetonitrile 

sodium citrate showed no apparent solubility making a purification process with this 

solvent mixture useless. The purification of the colloid to eliminate excess stabilizing 

molecule present was thus not further pursued. However, remains of citrate should be 

“transparent” to spectroscopy and should not influence possible measurements. 

For detailed information on the synthesis of the platinum nano-particles with citrate as 

the stabilizing and reducing agent see section 2B.2.3 of the experimental chapter (chapter 

2). 
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Formation of the tripod-nano-particle assemblies 

 

To 20 ml of a solution of the osmium tripodal complex in acetonitrile (concentration 

between 10
-4

 and 10
-3 

M) another 5 ml of aqueous solution of nano-particles stabilized 

with citrate was added (approximated concentration 1 mg/ml). The mixture was ultra-

sonicated for 1 h and then allowed to stir for 24 h during which a brown precipitate 

formed.
13

 The precipitate was collected by centrifugation. The precipitate was washed 

until no osmium tripod could be observed in UV- Vis spectrum of the washings (2x5ml). 

The solid was then dried under high vacuum overnight. The obtained sample was 

powdered and re-suspended in dioxane or ethylene glycol treating the mixtures first in an 

ultrasound bath and then stirring for 24 h under inert gas atmosphere. 

 

6.4 Results and Discussion 

 

6.4.1 Photophysical characterization of the Osmium complexes 

 

UV-Vis absorption spectroscopy 

 

The UV-Vis spectra of the complexes Os-trip and Os-ph are compared to each other and 

to the parent/reference compound Os-bpy and are shown in figure 6.1. The most 

characteristic feature for osmium complexes is the very broad absorption band of the spin 

forbidden ground state - 
3
MLCT in the red part of the spectrum centered at 630 nm. This 

band appears due to the strong heavy atom effect induced by the osmium. Both 

compounds Os-ph and Os-trip have similar absorption bands in the UV and visible 

regions, the former assigned to ���* transitions within the ligands and the latter to the 

1
MLCT transition.  



 Tripodal Osmium Complexes on Platinum Nano-particles 

 177 

80x10
3

60

40

20

0

� 
/ 

M
-1

c
m

-1

800700600500400300
wavelength / nm

 Osbpy
 Osph
 Ostrip

 

Figure 6.1. UV-Vis absorption spectra of the compounds Os-trip, Os-ph and Os-bpy used 

in this study. The solvents were water:acetonitrile mixtures 10:1. 

 

The Os-trip compound shows a lower absorption coefficient (hypochromic effect) and a 

shift in the position of the 
1
MLCT band. The presence of the silicon atom breaks any 

possible electronic coupling (conjugation) between the osmium chromophore and the 

tripod base and the size and geometry of the molecule should prevent a steric distortion 

when the base is introduced. The observed red-shift (bathochromic shift) of the 
1
MLCT 

transition has to be a consequence of the presence of the silicon atom. A bathochromic 

shift in the UV-Vis spectrum indicates the donation of electronic density from the less 

electronegative silicon to the neighboring carbon atoms.
14

 This indicates that the 

introduction of the silicon can have photophysical consequences, with respect to e.g. 

luminescence maxima as well as electrochemical consequences. 

In particular we believe that for such complexes the lowest excited state involves the 

unsubstituted bipyridine ligands rather than the phenanthroline. The electron donating 

character of the silicon atom is therefore reflected in a higher electron density on the 

osmium ion which favors the MLCT d��bpy with a red shift of the spectra (vide infra). 

Due to the low solubility of the complexes in pure water the systems have been dissolved 

in acetonitrile or mixtures where acetonitrile constitutes at least 10% of the solvent 

mixture. 

The data from the UV-Vis absorption spectra are presented in table 6.1. 
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Table 6.1. UV-Vis absorption and emissive properties of the studied complexes. The 

stock solution were prepared in acetonitrile and then diluted in water:acetonitrile 

mixtures 10:1. 

Compound 

�  (� ,nm)/  

M
-1

 cm
-1

 

Emission 

�max 

Luminescence 

quantum yield 

(air) 

Luminescence 

quantum yield 

(Ar) 

Os-trip 

290 (77000) 

495 (12500) 

630 (4100) 

770 0.004 0.006 

Os-ph 

290 (89000) 

490 (17500) 

630 (6500) 

740 0.003 0.004 

Os-bpy 

244 (26000) 

290 (86500) 

 480 (12600) 

 600 (3400) 

740 0.0035
15

 0.005
15 

The quantum yields were measured following the procedure of the optically dilute method 

with excitation at 480 nm. The quantum yields are in the region of the well known 

corresponding reference compound Os-bpy, the quantum yield values for this compound 

are known from the literature. 

 

Steady state luminescence (RT) 

 

All compounds present the characteristic broad emission of a 
3
MLCT emissive state in 

the red part of the spectrum. The two reference compounds Os-bpy and Os-ph have the 

maximum of their emission at 740 nm while the tripodal complex Os-trip shows a shift 

in the luminescence maximum of ca. 30 nm, thus centered at 770 nm. This shift has to be 

assigned again to the electron donating properties of the silicon atom present in the 

molecule as has been discussed before for the bathochromic shift observed in the 
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electronic absorption spectra. Quantum yields are almost the same for all the complexes 

and reported in table 6.1. 
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Figure 6.2. Steady state luminescence spectra of the complex used in this study. 

Excitation was at 480 nm in water:acetonitrile mixtures 10:1. 

 

Low temperature measurements (77 K) 

 

In order to get a deeper insight into the excited states of these molecules we carried out 

low temperature steady state luminescence measurements at 77 K. These measurements 

were performed in butyronitrile as matrix. 
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Figure 6.3. Low temperature emission spectra of complexes Osph, Osbpy and Ostrip in 

rigid butyronitrile matrix at 77K. Excitation at 500 nm. 

 

Again all three osmium complexes exhibit similar emissive properties with 
3
MLCT 

character. From figure 6.3 it is clear that the emission becomes more structured at low 

temperatures showing the vibronic structure of the emissive state of the molecule. All 
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emissions show a blue shift, relative to RT. The blue shifts observed are mainly due to 

the nature of the emissive state. Dealing with CT states, at room temperature we observe 

a stabilization due to the rearrangement of the solvent molecules around the complex. In 

a rigid matrix at low temperature the stabilization of the solvent cannot be exerted and 

therefore a destabilization of the MLCT state is observed.
16

 Again the luminescence for 

Os-ph and Os-bpy is centered at shorter wavelengths (710 nm) while the Os-trip 

presents the maximum of emission centered at 730 nm.
17

  

 

Time resolved luminescence 

 

At room temperature all three complexes decay mono-exponential and have similar 

lifetimes in the range of 39-60 ns in de-aerated conditions measured using single photon 

counting, SPC. The lifetimes of the substituted complexes Os-ph and Os-trip (39 and 45 

ns respectively) are somewhat shorter when compared to the parent compound Os-bpy 

(60 ns at room temperature)
18

 indicating some influence on the excited state of the 

conjugated ligand.  
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Figure 6.4. Time resolved luminescence measurements for compounds Os-ph (left) and 

Os-trip (right) with laser light excitation at 324 nm. The optical density was ca A(324) = 

1.5 for all samples and the emission monitored at the maximum of emission. 
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Nanosecond transient absorption 

 

Figure 6.5 shows the nanosecond transient absorption spectrum of the tripod compound, 

Os-bpy and the compound Os-ph after excitation at 500 nm. The compound with the 

phenanthroline like ligand presents a longer lived transient signal than the reference 

compound confirming that the tripod base is influencing to some extent the excited state 

of the molecule.  
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Figure 6.5. Nanosecond transient absorption spectrum of Os-bpy (upper spectrum and 

trace) and Os-ph (middle spectrum and trace) and Os-trip (lower spectrum) in 

acetonitrile:water mixture 8:1 solution after 500 nm laser excitation. The increment per 

frame is 15 ns. A kinetic trace is also shown (right) showing the repopulation of the 

bleached ground state within the given time-window.  
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This is in agreement with the time resolved luminescence measurements. The shape of 

the transient signal also shows some differences for the two complexes when compared 

to the parent compound. 

More detailed information about the electronic nature of the lowest excited state can be 

obtained from a more elaborate interpretation of the time-resolved transient absorption 

spectroscopy. Upon excitation of the osmium tris-bipyridine complexes, the lowest 

excited state can be described as MLCT. A negative charge is formally localized on the 

ligand with the lowest reduction potential and the metal center is formally oxidized.  

In a transient spectrum this can be visualized by the appearance of the strong bleaching 

between 400 and 550 nm corresponding to the 
1
MLCT absorption band in the UV-Vis 

spectrum. In this case also the transient signal corresponding to the 
3
MLCT absorption 

can be seen at 630 nm, a characteristic feature for this type of osmium compounds 

because of the strong spin-orbit coupling due to the presence of the heavy osmium atom. 

The formally reduced ligand, for example the bipyridine radical anion or bpy
.- 

of the Os-

bpy complex, has positive absorption bands that appear below 400 nm and above 700 

nm. The absorption of this radical is rather low in intensity when compared to analogous 

ruthenium complexes. This difference can be explained by the presence of the 
3
MLCT 

bleach in the same region. 

In general the negative charge of the MLCT state will localize on the ligand with the 

lowest reduction potential because it can more easily take up the electron. If in fact the 

excited state of the tripod molecules studied here is on the more substituted ligand it is 

expected to result in different spectra for these complexes when compared to the parent 

complex Os-bpy. 

The differences could be due to the fact that in the Os-bpy the metal ion is coordinated to 

3 identical ligands while for the other complexes we are in the presence of slightly 

different chelating units. Therefore we expect for the reference complex only one 

possible MLCT dOs��bpy transition while for the heteroleptic complexes 2 possible 

MLCT transitions are possible at slightly different energies: dOs��bpy or dOs��phen. In 

particular, as we already discussed, the transition to the bpy in the tripod complex should 

occur at lower energy due to the more electron rich character of the osmium coordinated 

to the more donating substituted phenanthroline. 
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Femto second transient absorption 

 

In order to have more insight into the localization of the excited state in these molecules 

we decided to measure sub-picosecond transient absorption spectra. In this faster time-

scale the information gathered supports what we observed in the nanosecond transient. 

The spectra can be seen in figure 6.6. It is clear that the differences are not significant 

enough to indicate that parent compound and derived complexes have the excited MLCT 

state localized in a different ligand. 

In our case the similarities indicate that the excited state of these molecules comes from 

the formal transfer of one electron from the osmium center to one of the bipyridines. 
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Figure 6.6. Sub-picosecond transient absorption spectra of the complexes Os-bpy (upper 

spectrum), Os-ph (lower left) and Os-trip (lower right) after FWHM 130 fs laser pulse 

excitation at 480 nm. The laser pulse can also be seen in the spectra. The solvent used 

was water:acetonitrile 1:1. 
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The next step towards the formation of assemblies on surfaces is the investigation of the 

tripod system on platinum nanoparticles. After the synthesis of these nanoparticles (see 

experimental section) we have characterized the obtained nano-structures by IR and HR-

TEM. 

 

6.4.2 Characterization of the platinum MNPs 

 

Infrared spectroscopy 

 

The infrared spectrum of the particles stabilized with citrate is shown in figure 6.7. This 

figure also shows an IR spectrum of the sodium citrate stabilizer for comparison. The 

measurements were done as KBr pellets.  
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Figure 6.7. Infrared spectrum of the stabilized nanoparticles and sodium citrate in KBr 

pellet. The upper spectrum shows the citrate alone. Characteristic bands for the molecule 

can be identified. The lower spectrum shows a broadening of the bands corresponding to 

the carboxylate function and the division of the original band into two.  

 

The most important bands identified and used in the discussion are shown in table 6.2. 

This table shows the bands observed for the sodium citrate and the corresponding 
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equivalent observed in the metal nanoparticles. The assignment of the bands was done 

according to general infrared spectroscopy tables.
14

 

 

Table 6.2. IR bands of the citrate in KBr pellet and the nanoparticles stabilized with 

citrate in KBr pellets. 

Band / cm
-1 

in KBr pellet Sodium citrate Pt nanoparticles 

2500-3750 

CH bands, OH bands for 

hydrogen bonds 

Yes Yes, broadening 

1610-1550 

carboxylate 

Yes Broadening and double 

1450 

quaternary carbon 

Yes Broadening and shift 

1300 

C-O 

Yes Broadening and shift 

Below 1000 - broadening 

 

 

The infrared spectrum shows how the band corresponding to the carboxylate group (1550 

cm
-1

) of the citrate doubles into two bands (1610 and 1550 cm
-1

) when it stabilizes the 

platinum nano-crystals. A change, such as broadening or a shift of the original band, was 

expected for a tripodal attachment of the citrate molecule to the metal surface as 

described for models on gold
19

. A shift of the original carboxylate band is interpreted as 

an attachment to the metal surface that constrains the vibrational modes of the stabilizing 

molecule. To our knowledge no IR spectrum has been published for platinum nano-

particles stabilized with citrate so no comparison is possible. The appearance of two 

bands can mean that only one or two of the three carboxylates participate in the 

stabilization of the colloid by attachment to the nano-crystal surface, the other (or others) 

remaining free. The second interpretation could be the presence of some free citrate that 

has not participated in the reduction or stabilization process during synthesis, appearing 

thus at 1550 cm
-1

 in the colloid IR spectrum. Although this free citrate has shown to be 
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difficult to remove during purification, it does not interfere in principle with subsequent 

spectroscopic measurement. Finally it has to be noted that the actual mechanism of 

reduction and stabilization of particles by citrate has not yet been studied in depth, the 

observed bands could thus also be intrinsic to the molecules involved in the reduction and 

capping process.
20

 

Another strong band is a vibration associated to quaternary carbons. This vibration 

corresponds to the central carbon of the citrate molecule and appears at 1450 cm
-1

. For 

the carbon-oxygen bond the vibrational band is seen at 1300 cm
-1

. All of these bands can 

also be found again with the expected slight changes on the nano-particles. In general the 

bands show a broadening due to the presence of the metal surface or slight shifts in the 

order of a few wavenumbers.
21

 

 

High Resolution -TEM 

 

To further characterize the size and crystallinity of the platinum particles TEM was used. 

HR-TEM images are shown in figure 6.8 and 6.9.  

 

 

Figure 6.8. HR-TEM images of the platinum colloid on a carbon covered copper grid at 

low magnification. The particles appear in the form of clusters (in the center) in which 

the individual particles can be distinguished. Observed circles are due to the carbon-foil. 

0.5 μm 
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The image at low magnification in figure 6.8 show that the particles have a tendency to 

form clusters, these clusters are in general broken-up by treatment in an ultrasonic bath. 

In figure 6.9 the images for the samples at high resolution can be seen. Most of the 

observed particle sizes ranged from 1.2 to 3 nm in diameter. In some samples few 

particles of up to 5-10 nm were observed. The small average size of the particles is in 

agreement with the high concentration of stabilizing agent employed in the synthetic 

procedure. A higher concentration of capping agent stops the growth of the nano-crystal 

at small sizes preventing more Pt
0
 atoms from reaching the nano-particle core. For 

spectroscopic purposes small particles are of greater interest because they prevent the 

scattering of laser light in our experiments. 

 

  

 

Figure 6.9. HR-TEM of the nano-particles stabilized with citrate after pretreatment with 

ultrasound.  
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6.5 Interaction of the tripod with the platinum nano-particles 

 

Characterization of the Os-trip MNP assembly with UV-Vis absorption spectroscopy 

 

The Os-trip complex was anchored in acetonitrile solution by mixing with citrate 

stabilized nanoparticle solution and stirred.  

The UV-Vis absorption spectrum of the particle-tripod nano-composite is shown in figure 

6.10. The spectra of the metal nano-particles alone and of the tripod alone are also shown. 

It is clear that the obtained spectrum for the composite is an overlap of the spectra of the 

individual components. This effect in the overlap of the spectra is comparable to other 

examples present in the literature.
22

 

The background of the composite results in a higher absorption all over the spectrum 

most probably due to formation of aggregates not visible by naked eye. 
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Figure 6.10. Absorption spectra of the composite formed by the tripod on the surface of 

the metal particles in dioxane (solid line), the nano-particle solution in water (dotted 

line) and the osmium tripod complex in acetonitrile (dashed line). 

 

Steady state luminescence 

 

The luminescence of the Os-trip complex was measured in acetonitrile solution. 

Addition of the platinum particles induced an immediate reduction of the luminescent 

signal. The luminescence was compared to an iso-absorptive solution in the exact same 
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concentration of the complex without particles as comparative standard. The 

luminescence of the Os-trip was followed over a period of 2.5 hours with a total decrease 

of the original luminescence of 52% at the end of the experiment (figure 6.11). In a 

control experiment a solution of Os-bpy with the same absorbance at excitation as in the 

previous experiment was prepared and platinum MNP were added in the exact same 

amount as before. This complex cannot attach to the metal particles while having the 

same photophysical properties as the tripod. The reduction in the Os-bpy luminescence 

observed, was only 19%, a reduction due to the presence of the solid particles interfering 

with excitation and emission radiation. The difference in these percentages is due to a 

quenching of the osmium excited state by the metal surface it is attached to, most 

probable due to a photoinduced electron transfer. 
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Figure 6.11. Steady state luminescence quenching of the Ostrip complex by attachment to 

platinum MNP. The luminescence was monitored over a period of 2.5 hours. [Ostrip] = 

5x10
-5

M; excitation at 495 nm, A(495) = 0.56 au. Argon saturated (degassed) conditions. 

The spectra are uncorrected for the detector response in the infrared. 

 

IR spectroscopy 

 

The assembly of the components in the nano-composite was further characterized with IR 

spectroscopy. The Os-trip complex was anchored in acetonitrile solution by mixing with 

citrate stabilized nanoparticle solution and stirred overnight. After purification the 
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osmium coated particles were isolated as a brown solid and analyzed. Our tripodal 

complex, Os-trip, presents as attaching anchors thioacetate groups. In the case of thiol 

functionalized compounds the attachment can be easily followed by the disappearance of 

the –SH bond stretching (see also Chapter 5). In the present case we expected to observe 

a shift of the thioacetate band. The infrared spectra of tripod and nano-composite can be 

seen in figure 6.12. 
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Figure 6.12. Infrared spectra of the tripodal osmium complex Os-trip, the platinum 

nanoparticles stabilized with citrate and the nano-composite in which the complex is 

attached to the surface of the nano-particles and the citrate has been displaced. 

 

The carbonyl bond of the thioacetate group has a characteristic absorption between 1675 

and 1720 cm
-1

. In the case of the osmium tripod the band corresponding to this bond 

appears at 1690 cm
-1 

with medium intensity. In the assembled nano-composite system 

this band is not visible since the structure of the vibrational band changes from two 

adjacent peaks to only one broad vibration (arrow in figure 6.12). This could also indicate 

that during the attachment of the thioacetate to the rigid metal surface a hydrolyzed 

species is formed resulting in a platinum-sulfur bond. Another striking difference is the 

band at 850 cm
-1

 for Os-trip. This band can be assigned to vibrations of the hydrogens in 

para-substituted benzene rings
14

. After attachment to the particles this band becomes 

weak showing that in the assembled system distortions are introduced into the tripod 
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structure. A similar very strong band is also observed in the IR spectrum of 

diphenylacetylene.
23

 

 

Time resolved spectroscopy on the composite – nanosecond transient absorption 

 

Performing time resolved measurements on colloidal particles is difficult. The particles 

can introduce a high amount of scattering in the measurements. Less laser excitation 

arrives at the molecules on which we like to monitor the photophysical processes. 

Another factor influencing the quality of the signal recorded will be the presence of the 

particles interfering with the probe pulses. In order to obtain good quality spectra the 

number of accumulations per frame had to be increased significantly (in general 50 

accumulations are enough for good quality spectra, in this case 150 accumulations was 

the minimum required). 

To understand the results from the assembly we have also performed the nanosecond 

transient absorption spectra of the platinum nanoparticles and free Os-trip complex. 

These spectra are all shown in figure 6.13. As can be seen the particles show no feature in 

their transient spectrum. The osmium complex on the other hand exhibits a typical 

spectrum for the polypyridine complexes (figure 6.5). The assembly of Os-trip on the 

platinum shows a very different behavior. All the features of the osmium complex are not 

present and a broad band over the whole spectral region grows within ca 43 ns. This band 

then decays in 250 ns, having however a longer component (in the microsecond range). 

We tentatively attribute this process to a photoinduced electron transfer from the osmium 

(II) to the platinum nanoparticle. The transferred electron is then trapped on the metal 

surface and solvated accordingly to a behavior reported in the literature for solvated 

electrons.
24

 

In the literature not a lot of examples can be found where the photophysical behavior of 

chromophores in the presence of platinum nano-particles are analyzed. The characteristic 

spectra of these particles are not clearly assigned.
24
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Figure 6.13. Transient absorption spectrum of the Os-trip and platinum MNP (above left 

and right respectively) and the nano-composite (below left) in de-aerated dioxane or 

dioxane-methanol mixtures, the arrow indicates the growth and decay of the band. The 

kinetics for this broad band (below right) show the formation and decay of the signal for 

the assembly that we ascribe to a solvated electron; the excitation was at 500 nm, the 

maximum in the UV-VIS absorption for the 
1
MLCT of the osmium. 20 frames recorded 

with 150 accumulations per frame. Incremental time delay is 15 ns. 

 

When compared to the absorption spectra found for hydrated or solvated electrons 

similarities can clearly be found with our resulted presented in figure 6.13.
25

 Hydrated 

electrons present very broad absorption features in the visible part of the spectrum with a 

maximum in the infrared region of the spectrum.
26

 If the solvent is other than water, the 

maximum of this very broad band is shifted further into lower energies.
27,28,29

 The higher 

the water content in the organic solutions the higher the energy of this maximum.
30

 We 

cannot observe this maximum in the solvent used (dioxane) because it is too far in the red 

to be measured with our setup. Our setup only registers the spectrum until 800 nm, the 

0.3

0.2

0.1

0.0

 �
A

800700600500400

 Wavelength (nm)

0.25

0.20

0.15

0.10

0.05

0.00

 �
A

250200150100500
Time (ns)

-20
-10

0
10

x
1

0
-3

  

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

� 
A

7006000500400

wavelength / nm

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

�A

800700600500400

wavelength / nm



 Tripodal Osmium Complexes on Platinum Nano-particles 

 193 

near infrared. Because of the low solubility of the composite in water we are also limited 

in the choice of solvents that can be used to characterize the transient signal. However, 

solubility in ethylene glycol was acceptable. The signal for the solvated electron in 

alcoholic solutions is known and lies in our spectral range.
31

 

 

 

Figure 6.14. Transient absorption spectrum of the Os-trip - platinum MNP assembly 

after excitation at 500 nm (left). The broad band is centered at 600 nm and has a rise 

time of 60 ns (right). 15 ns increment per frame with 500 accumulations per frame. 

 

Figure 6.14 shows the transient absorption spectrum of the composite in ethylene glycol. 

The very broad band of the solvated electron has now an absorption maximum close to 

600 nm as we predicted from the literature data.
29,31 

In ethylene glycol the formation of the band corresponding to the solvated electron is 

formed slower than in dioxane (60 ns vs 43 ns). This is slower than the lifetime of the 

osmium complex itself that lies close to 40 ns. If we take into account this lifetime, the 

limiting step for the formation of the solvated electron has to be the release of the 

electron from the platinum surface into the solution. 

In attempts to trap the solvated electron from the solution with an electron scavenger, we 

employed a viologen. In the presence of such an electron trap we expected the solvated 

electron to preferably reduce this compound instead of remaining in the solution. 

Viologens are known to be good electron acceptors, forming a very stable positively 

charged radical. This radical has a characteristic absorption spectrum in the UV-Vis that 

can be detected with transient techniques.  
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Excitation of a solution containing Os-trip and methyl viologen lead to the formation of 

a luminescent charge transfer complex between the two components, introducing another 

complication in the study of these type of systems. The attempt of trapping the solvated 

electron was thus not further pursued. The formation of this luminescent state however, 

sets without a doubt a very interesting starting point for further research in this direction. 

 

6.6 Conclusions 

 

Self assembly of thioacetate functionalized tripodal molecules containing an osmium 

polypyridyl complex onto platinum nano particles has been accomplished. Photoinduced 

interactions between the two components indicate charge transfer from the osmium 

complex to the particle followed by surface detachment of the electron. A long living 

solvated electron is formed. 

We have fully characterized the photophysical properties of the osmium polypyridyl 

complex with tripodal surface attachment geometry and related compounds. This 

compound (Os-trip) shows similar photophysical properties to its reference compound 

Os-ph. The presence of the silicon atom in the tripodal base of the complex however, 

does induce changes in the absorption and emission spectra due to its electron donating 

character . When compared to Os-bpy the spectra show that the excited state for both Os-

trip and Os-ph lies on one of the (un-substituted) bipyridines.  

When attached to a platinum nano-particle, excitation of the Os-trip complex leads to the 

formation of a solvated electron in solution. The signal corresponding to this solvated 

electron has a rise time of 40 to 60 ns, and the lifetime lies in the 10-20 microsecond 

range. Trapping of the solvated electron with methyl-viologen proved un-successful in 

the experimental conditions used. 
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