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Abstract: We report herein the effect of palladium on the redox electrochemistry of 
ferrocene monocarboxylic acid encapsulated within an organically modified sol-gel glass 
network (ORMOSIL). It has been found that amount of palladium and its geometrical 
distribution significantly alter the redox electrochemistry of FcMCA. The geometrical 
distribution of palladium has been controlled by two methods: (i) palladium is allowed to 
link within nanostructured network of the ORMOSIL which was subsequently availed 
from the reactivity of palladium chloride and trimethoxysilane; (ii) palladium powder is 
encapsulated together FcMCA thus allowing the presence of palladium within the 
nanoporous domain. The content of palladium is varied by controlling the reaction 
dynamics of palladium chloride and trimethoxysilane interaction. For this we initially 
allowed to trigger hydrolysis, condensation and poly-condensation of trimethoxysilane 
and dimethyldiethoxysilane in acidic medium and subsequently partially dried 
ORMOSIL film was allowed to interact with palladium chloride. Even with partially 
dried ORMOSIL derived from trimethoxysilane and dimethyldiethoxysilane undergoes 
rapid interaction with palladium chloride and the transparent color of ORMOSIL 
changed to a black colour due to the formation of palladium silicon linkage. The 
palladium-silicon linkage has been identified by NMR, UV-VIS and transmission 
electron spectroscopy. The electrochemistry of FcMCA encapsulated within such an 
ORMOSIL matrix has been studied. Excellent redox electrochemistry of ferrocene 
monocarboxylic acid having peak potential separation tending to 0 for a multilayered 
electrode was investigated. The palladium content has been found to affect the redox 
electrochemistry of ferrocene as well as electrocatalytic efficiency of new ORMOSIL 
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material. The electroanalysis of NADH is reported. The modified electrode is very 
sensitive to NADH with lowest detection limit of < 1 µM. 

Keywords: ORMOSIL, Metallocene Palladium-linked ormosil-modified electrode, 
Electrocatalysis, Cyclic voltammery, Electrochemistry of ferrocene monocarboxylic acid. 

 
 
Introduction 

 
Modification of electrodes by porous matrix membranes, such as ceramic materials, has been a 

very active research area [1-10]. The properties of the silica materials, such as ionic interchange 
capacity, good catalytic support, great surface area, mechanical stability, low cost, etc., make them 
suitable as electrode surface modifiers [8-10], despite their low electrical conductivity. Further, such 
matrices provide the option of manipulating several targeted reacting species within their porous 
domain and generate the feasibility of several new devices of commercial significance. One of such 
species is ferrocene and its derivatives, which act as efficient and uniform electron transfer mediators 
[11-15] for regenerating the redox activity of several biological molecules. Accordingly, extensive 
investigations on the synthesis of ferrocene derivatives have been conducted, with particular attention 
paid to: (i) variations in hydrophobic property, (ii) heterogeneous second order rate constants for the 
reactions between mediator and redox biomolecules, (iii) electrocatalytic efficiency and (iv) 
biocompatibility. Ferrocene monocarboxylic acid (FcMCA) is one of the most widely used mediators 
because of its better efficiency and compatibility for regenerating the redox bio-molecules both in 
homogeneous and heterogeneous systems. Electrochemical sensors based on ferrocene as mediators 
have been widely studied [11-18]. The majority of ferrocene derivatives meet the conditions for ideal 
redox mediators,  e.g (a) relatively low molecular mass, (b) reversibility, (c) regeneration at low 
potentials, (d) insensitivity to pH, (e) stability of each form of the redox couple, (f) insensitivity of its 
redox couple to physiological oxygen. When such a mediator is incorporated within the nano-
structured domain of silica materials, the electrochemical communication between mediator and 
targeted redox molecule is restricted and accordingly the practical usability of devices could not be 
realized [19]. One route for facilitating electrochemical communication within such host matrices is to 
introduce electro-catalytic properties. Since metal-ceramic composites have shown electro-catalytic 
efficiency in many chemical systems and further, the application of palladium in facilitating catalytic 
properties is also very well known, we have worked in this area by introducing palladium within nano-
structured domains of silica networks [18], since the use of palladium as an electro-catalyst is known 
[20-21]. Such introduction is possible while using the alkoxysilane precursors having functional 
reactivity leading to the formation of an organically modified sol gel glass (ORMOSIL). Fortunately 
the glycidoxy-group present in one of the alkoxysilane precursors was found to be sensitive to 
palladium chloride, which opened the possibility of attaching palladium within a nano-structured 
network. The redox electrochemistry of ORMOSIL encapsulated ferrocene monocarboxylic acid after 
palladium linkage, not only communicated bio-electrochemically but the redox electrochemistry of the 
mediator was observed to be even better that that observed in homogeneous solution [18]. We have 
made investigations in this direction using two alkoxysilanes. namely 3-glycidoxy-
propyltrimethoxysilane and 2-(3,4-epoxycyclohexyl)ethyl-trimethoxysilane, which contains valuable 
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epoxides and offers the possibility of selective ring opening reactions with nucleophiles and radicals in 
the presence of Lewis acids or Lewis bases and investigated the interactions of palladium chloride with 
such alkoxysilanes containing epoxide rings and indeed developed good materials for electrocatalytic 
applications [16-19]. We examined the interaction of palladium with 3-glycidoxypropyl-
trimethoxysilane and subsequently made ORMOSIL in acidic media containing either 
trimethoxysilane [18] or 3-aminopropyltrimethoxysilane. The hydrolysis, condensation and poly-
condensation are subsequent steps leading to a nano-structured ORMOSIL network where the 
contribution of alkoxy-groups, i.e. OCH3 or OC2H5, are kinetically remarkable and were studied in 
detail. Amongst the various silanes trimethoxysilane is highly reactive and a kinetically faster 
alkoxysilane. We have used this silane for initiating ORMOSIL formation of palladium linked 3-
glycidoxypropyltrimethoxysilanes. Linkage of palladium to the ORMOSIL network provided good 
electrocatalytic properties for practical applications [18] followed by facilitating redox 
electrochemistry of ferrocene derivatives. The interaction of palladium chloride with 3-
glycidoxypropyltrimethoxysialne took place through the epoxide group and a palladium-carbon bond 
was established within the ORMOSIL network. In the present investigation we observed very 
interesting findings on the interactions of palladium chloride and trimethoxysilane leading to the 
formation of a new palladium-silicon linkage which is entirely different than that of earlier reports [18]. 
Accordingly, we have developed an ORMOSIL material having palladium-silicon linkages useful in 
bioelectrocatalysis. The material facilitates the reversible redox electrochemistry of ferrocene 
monocarboxylic acid with a peak separation tending to zero. The results were based on NMR, 
transmission electron microscopy and cyclic voltammery data, as  reported in this communication. 
 
Results and Discussion 
 
Chemistry of the palladium chloride and trimethoxysilane interaction 

Ferrocene monocarboxylic acid, the structure of which is given below, has been used as a mediator 
in a variety of electrochemical systems [22], 

 

 
 

Although this mediator served to a greater extent in probing many enzymatic reactions however 
the solubility of redox couples in aqueous media caused leaching out of the mediator from the 
conventional microporous solid-state matrix. Accordingly, greater attention has been paid to 
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functionalizing the ferrocene chain or putting the mediator into a polymeric backbone. The 
functionalized ferrocene showed variable electrochemistry depending on the solid-state network. Since 
the ORMOSIL matrix provided a nanoporous domain, such small molecules could be encapsulated 
within such matrices and thus the problem of leaching out could be eliminated and the need for 
functionalized ferrocene may also be avoided. However, such encapsulation not only slowed down the 
redox electrochemistry of encapsulated un-functionalized ferrocene but also restricted the 
electrochemical communication between biomolecule and mediator within the nano-structured 
network. Accordingly, we attempted to facilitate both the electrochemistry of ORMOSIL-encapsulated 
ferrocene monocarboxylic and the electrochemical communication between mediator and redox 
biomolecules by introducing palladium within the nano-structured domain. Along these lines we 
carried out extensive investigations on the interaction of palladium chloride and 3-glycidoxypropyl-
trimethoxysilane and subsequently developed ferrocene monocarboxylic acid encapsulated ORMOSIL. 
Dramatically the encapsulated ferrocene mono-carboxylic acid showed excellent redox 
electrochemistry [18], followed by better electrochemical communication with biomolecules in the 
solid-state. We concluded that the presence of palladium within the ORMOSIL network introduced 
electrocatalytic efficiency facilitating the electron hopping sites within the solid-state nano-structured 
network. The questions here raised were to find out the following: (i) the effect of palladium content 
on electrocatalysis, (ii) site directed requirements of palladium, if any, (iii) replacement of another 
alkoxysilane silane apart from 3-glycidoxypropyltrimethoxysilane since palladium was introduced 
through a Pd-C linkage [18]. Fortunately we found a better system and studied the interactions of 
palladium chloride and trimethoxysilane. 

The interaction of palladium chloride and trimethoxysilane was studied and found to be very 
sensitive and kinetically faster. After the addition of aqueous palladium chloride solution into 
trimethoxysilane, the site of palladium chloride solution become black solid followed by liberation of 
HCl as follows; 

 
 

 
We investigated the formation of above palladium-silicon linkage based on NMR and UV-VIS 

spectroscopy. The results based on nuclear magnetic resonance spectroscopy before and after 
palladium linkage are given in Figure 1. 
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Figure 1 NMR spectra of trimethoxysilane and palladium chloride treated trimethoxysilane 
 

 
 

The position of the –OCH3  peak is highly dependent on the surrounding environment. The –OCH3 

peak position in trimethoxysilane under the present conditions was found to be 3.59 ppm whereas 
when palladium is attached to silicon the same is shifted to 3.775 ppm. Such a large downfield shift 
may be only explained if chlorinated palladium is linked to silicon as in the present case. 

We also investigated the linkage of palladium to silicon based on UV-VIS spectroscopy. 
Disappearance of absorption corresponding to 420 nm which is characteristics of light brown solution 
of palladium chloride justified the linkage of palladium to silicon. After identifying the linkage of 
palladium to silicon we subsequently moved to the preparation of ORMOSIL material. We used 
dimethyldiethoxysilane as one on the precursors to trigger the ORMOSIL formation. In order to 
control the interaction of palladium chloride with trimethoxysilane which is very rapid in 
homogeneous solution, we adopted two approaches to control such interaction. Initially we made a 
homogeneous solution of trimethoxysilane (30 µL), dimethyldiethoxysilane (30 µL) containing 
ferrocene monocarboxylic acid (2 mg/mL), methanol (70 µL), and HCl (5 µL) followed by pouring the 
suitable amount of the homogeneous solution onto desired substrate (glassy carbon electrode or glass 
slide). After 5-15 min of sol-gel processing, two approaches were adopted for carrying the interaction 
of palladium chloride to semi-processed ormosil’s precursors; 1) the substrate was dipped overnight 
into aqueous solution of palladium chloride (2 mg/mL); 2) a drop of palladium chloride solution (2 
mg/mL) was placed over the substrate containing semi-processed ORMOSIL’s precursors. After 
overnight incubation black coloured ormosil was found over the substrate. The ormosils were 
characterized by transmission electron microscopy and electrochemical measurement. The results 
based on transmission electron microscopy are given in Figure 2. 
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Figure 2.  Transmission electron microscopy of palladium-linked ormosil. Diffraction 

patterns (a) and (c) and their corresponding microstructure (b) and (d). 
 

 
 
The TEM data was exploited to correlate the linkage of palladium with silicon if any. The dAo 

calculated from diffraction pattern were found to be; 1.78 Ao 1.54 Ao , 1.00Ao
 that  correspond to the 

reported values of palladium-silicon linkage[23]. The particle size calculated to be ranging from 60-
190 nm. 
 
Electrochemistry of ferrocene monocarboxylic acid encapsulated ormosil-modified electrode based on 
palladium-silicon linkage 
 

The new material has been used to make modified electrodes in order to study the electrochemistry 
of ferrocene encapsulated within such ORMOSIL matrices. The material could be either casted on the 
surface of a glassy carbon electrode or could be incorporated within graphite paste after converting the 
material into a fine powder. In order to study the electrochemistry of ferrocene and to justify the 
contribution of palladium linked silicon we made the following types of electrodes; 1) ORMOSIL-
modified electrode made in absence of palladium;  2) ORMOSIL-modified electrode in the presence of 
palladium powder thus avoiding the linkage of palladium to silicon; 3) ORMOSIL-modified electrode 
where the palladium chloride interaction with TMOS was conducted using drop of aqueous palladium 
solution over semi-processed ORMOSIL’s precursors; and 4) ORMOSIL-modified electrode where 
the interaction of palladium chloride with TMOS was conducted by dipping the semi-processed 
ORMOSIL’s precursors in aqueous solution of palladium chloride. The results based on cyclic 
voltammery on these four types of modified electrodes are recorded in Fig.3 as (i), (ii), (iii), and (iv) 
respectively at various scan rates.  
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Figure 3. Cyclic voltammograms of ormosil-modified electrodes in 0.1 M phosphate 
buffer pH 7 at different scan rates; (i) Ormosil-modified lectrode without 
palladium chloride treatment; (ii) 0rmosil-modified electrode in the presence 
of palladium chloride and in absence of palladium chloride treatment; (iii) 
Ormosil-modified electrode with palladium chloride treatment using a drop of 
palladium chloride; (iv) ) Ormosil-modified electrode with palladium chloride 
treatment by dipping the electrode in palladium chloride. 

 

 
 

Trace-(i) of the voltammograms show the electrochemistry of ORMOSIL-encapsulated ferrocene 
monocarboxylic acid in absence of any palladium content. In order to examine the contribution of 
palladium linkage we also made another electrode in the presence of palladium powder and the 
voltammograms of ORMOSIL-encapsulated ferrocene monocarboxylic acid is recorded in trace-(ii). In 
both these cases the peak separation is highly dependent of scan rate. Trace-(iii) and trace-(iv) show 
the voltammograms of ORMOSIL-encapsulated ferrocene where palladium is linked to the ORMOSIL 
network. Our experimental conditions predict relatively lower palladium content in case of trace-(iii) 
as compared to trace-(iv). Accordingly the redox electrochemistry of ORMOSIL-encapsulated 
ferrocene monocarboxylic acid as excellent as recorded in trace-(iv). The peak separation virtually 
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becomes independent on the scan rate justifying faster charge transport within matrix. We have also 
observed peak separation tending to ‘0’ depending on the following factors; (1) decreasing to particle 
size of palladium below > 40 nm; (2) increasing the palladium content and (3) reducing the thickness 
of ormosil on the electrode. Such investigations are under process. 

Some other observations in support of the above finding are summarized below; (1) There is no 
interaction of palladium chloride with alkoxysilanes similar to trimethoxysilane where proton is 
replaced by other organic functionality i.e. phenyltrimethoxysilane, methyltrimethoxysilane, 
aminopropyltrimethoxysilane, and dimethyldimethoxysilane that support that -OCH3 is not involved in 
palladium chloride interaction, (2) Several other metal chloride such as Ruthenium chloride, Osmium 
chloride, FeCl3 and many more metal halides are not found sensitive to trimethoxysilane justifying 
requirement of divalent palladium site where co-ordination sites as described in reaction scheme is 
available.  
 
Electroanalysis of NADH  
 

We have also examined the electrocatalytic behavior of these modified electrodes. The ferrocene 
monocarboxylic acid encapsulated within modified electrode without palladium and also in the 
presence of palladium powder, avoiding the palladium linkage to ormosil network , the electrode 1 and 
2 neither electrocatalyze the electro-oxidation of NADH or other redox system nor  mediate 
bioelectrochemically. On the other hand palladium-linked ormosil-modified electrode efficiently 
electrocatalyzes the regeneration of glucose oxidase, peroxidase, choline oxidase and cofactors like 
NADH [16]. The result on the electrocatalytic oxidation of NADH is shown in Figure 4.  

 
Figure 4 Typical response curve of new ormosil modified electrode on the addition of 

increasing concentrations of NADH. 
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 The response is very sensitive to the lowest detection limit of < 1 µM. Fig.5 shows the calibration 
curve of NADH analysis. There has been wide linearity of NADH detection 1 µM to 10 mM (Figure 5). 

 
Figure 5. Calibration curve for NADH analysis. 

 

 
Conclusions 

In summary, we have developed new ORMOSIL material having palladium silicon linkages based 
on sol-gel processing. The attachment of palladium to silicon is identified by NMR and transmission 
electron microscopy. The contribution of palladium linkage on the electrochemistry of ormosil-
encapsulated ferrocene has been examined and has been concluded that palladium content significantly 
affect redox electrochemistry of ferrocene monocarboxylic acid. 
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Experimental 
 
General 
 

Trimethoxysilane, dimethyldiethoxysilane (DMDEOS), ferrocene monocarboxylic acid, palladium 
chloride and palladium powder were obtained from Aldrich Chemical Co. 

Preparation of ORMOSIL having palladium-silicon linkages 

Initially we made a homogeneous solution of trimethoxysilane (30 µL), dimethyldiethoxysilane 
(30 µL) containing ferrocene monocarboxylic acid (2 mg/mL), methanol (70 µL), and HCl (5 µL) 
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followed by pouring the suitable amount of the homogeneous solution onto desired substrates (glassy 
carbon electrode or glass slide). After 5-15 min of sol-gel processing, two approaches were adopted for 
carrying the interaction of palladium chloride to semi-processed ormosil’s precursors; 1) the substrate 
was dipped overnight into aqueous solution of palladium chloride (2 mg/ml); 2) a drop of palladium 
chloride solution (2 mg/mL) was placed over the substrate containing semi-processed ormosil’s 
precursors. After overnight incubation black coloured ormosil was found over the substrate. Ormosil 
without palladium linkage was also made following same protocol as described above however the 
ormosil was not treated with palladium chloride. Another type of ormosil-modified electrode was 
made using palladium powder together with ormosil’s precursors. Homogeneous solution of 
trimethoxysilane (30 µL), dimethyldiethoxysilane (30 µL) containing ferrocene monocarboxylic acid 
(2 mg/ml), methanol (70 µL), palladium powder (2 mg) and HCl (5 µL) followed by pouring the 
suitable amount of the homogeneous solution onto desired substrate (glassy carbon electrode or glass 
slide). Gelation was allowed to occur overnight at 30oC. 

Electrochemical measurements.  

The electrochemical measurements were performed with a Solartron Electrochemical Interface 
(Solartron 1287 Electrochemical Interface). A one- compartment cell with a working volume of 4 ml 
and the palladium-linked ormosil-modified electrode as working electrode, a Ag/AgCl reference 
electrode and a platinum foil auxiliary electrode were used for the measurements. The cyclic 
voltammetry was studied between –0.2 and + 0.6 V vs. Ag/AgCl. The amperometric measurements 
using the modified electrode were obtained at the desired operating potential vs. Ag/AgCl in the 
presence and absence of NADH. The experiments were performed in phosphate buffer (0.1 M, pH 7.0) 
at 250C. Before each set of measurements the working solution was degassed by purging nitrogen for 
15 min. 

 
References and Notes 

1. Ghosh, P. K.; Bard, A. J. Clay-modified electrodes. J. Am. Chem. Soc. 1983, 105, 5691.  
2. Ege, D.; Ghosh, P. K.; White, J. R.; Equey J. F.; Bard, A. J. Clay modified electrodes. 3. 

Electrochemical and electron spin resonance study of montmorillonite layers. J. Am. Chem. Soc. 
1985, 107, 5644.  

3. Itaya, K.; Bard, A. J. Clay-modified electrodes. 5. Preparation and electrochemical 
characterization of pillared clay-modified electrodes and membranes. J. Phys. Chem.1985, 89, 
5565.  

4. White J. R.; Bard, A. J. Clay modified electrodes: Part IV. The electrochemistry and electron spin 
resonance of methyl viologen incorporated into montmorillonite films. J. Electroanal. Chem. 
Interf. Electrochem. 1986, 197, 233.  

5. Itaya, K.; Chang, H.; Uchida, I. Anion-exchanged clay (hydrotalcite-like compounds) modified 
electrodes. Inorg. Chem. 1987, 26, 624.  

6. Scavetta,  E.; Berrettoni, M.; Giorgetti, M.; Tonelli, D. Electrochemical characterisation of Ni/Al-
--X hydrotalcites and their electrocatalytic behaviour.  Electrochim. Acta 2002, 47, 2451.  



Molecules 2005, 10 
 

 

738

 

7. Scavetta, E.; Tonelli, D.; Giorgetti, M.; Nobili, F.; Marassi; R.; Berrettoni, M. AC impedance 
study of a synthetic hydrotalcite-like compound modified electrode in aqueous 
solution.  Electrochim. Acta 2003, 48, 1347  

8. Song, C. H.; Villemure, G. Preparation of clay-modified electrodes by electrophoretic deposition 
of clay films.  J. Electroanal. Chem. 1999, 462, 143.  

9. Qiu, J.; Villemure, G. Anionic clay modified electrodes: electron transfer mediated by 
electroactive nickel, cobalt or manganese sites in layered double hydroxide films. J. Electroanal. 
Chem.1997, 428, 165.  

10. Gaillon, L.; Bedioui, F.; Battioni, J. D-P. Electrochemical characterization of manganese 
porphyrins fixed onto silica and layered dihydroxide matrices. J. Electroanal.Chem. 1993, 347, 
435. 

11. Salas, M.; Gordillo, B.; González, F. J. Current measurements as a tool to characterise the H-
bonding between 1-ferrocenylmethylthymine and 9-octyladenine: a voltammetric and 
chronoamperometric analysis. J. Electroanal. Chem. 2004, 574, 33-39  

12. Camm, K. D.; Furtado, S. J.; Gott, A. L.; McGowan, P. C. Synthesis and structural studies of bis-
amino-functionalised ferrocene salts and ferrocenium salts. Polyhedron 2004, 23, 2929-2936. 

13. Padeste, C.; Steiger, B.; Grubelnik, A.; Tiefenauer, L. Molecular assembly of redox-conductive 
ferrocene–streptavidin conjugates — towards bio-electrochemical devices. Biosens. Bioelectron. 
2004, 20, 545-552  

14. Zhang, F-F.; Wan, Q.; Wang, X.-L.; Sun, Z.-D.; Zhu, Z.-Q.; Xian, Y.-Z.; Jin L.-T.; Yamamoto, K. 
Amperometric sensor based on ferrocene-doped silica nanoparticles as an electron transfer 
mediator for the determination of glucose in rat brain coupled to in vivo microdialysis. J. 
Electroanal. Chem. 004, 571, 133-138. 

15. Asaftei, S.; Walder, L. Covalent layer-by-layer type modification of electrodes using ferrocene 
derivatives and crosslinkers, Electrochim. Acta 2004, 49, 4679-4685. 

16. Pandey P. C.; Upadhyay, S.; Upadhyay, A. K. Electrochemical sensors based on functionalized 
ormosil-modified electrodes—role of ruthenium and palladium on the electrocatalysis of nadh and 
ascorbic acid.  Sensor. Actuat. B: Chem. 2004, 102, 126-131. 

17. Pandey P. C.; Upadhyay S.; Sharma S. Studies on the electrochemical performance of glucose 
biosensor based on ferrocene encapsulated ormosil and glucose oxidase modified graphite paste 
electrode. Biosens.Bioelectron. 2003, 18, 1257-1268 . 

18. Pandey P. C.; Upadhyay S.; Tiwari I. A novel ferrocene-encapsulated palladium-linked ormosil-
based electrocatalytic biosensor. The role of the reactive functional group, Electroanal., 2001, 13 
(18): 1519-1527.  

19. Pandey, P. C.; Upadhyay. S.; Pathak, H. C. Studies on ferrocene immobilized sol-gel glasses and 
its application in the construction of a novel solid-state ion sensor. Electroanal. 1999, 11, 950-956. 

20. Mino, T.; Segawa, H.; Yamashita, M. Palladium-catalyzed asymmetric allylic alkylation using 
chiral hydrazone ligands with ferrocene skeleton. J. Organomet. Chem. 2004, 689, 2833-2836  

21. Bianchini, C.; Meli, A.; Oberhauser, W.; Parisel, S.; Gusev, O. V.; Kal'sin,  A. M.; Nikolai V. V.; 
Fedor M. D. Methoxycarbonylation of styrene to methyl arylpropanoates catalyzed by 
palladium(II) precursors with 1,1′-bis(diphenylphosphino)metallocenes, J. Mol. Catal. A: Chem. 
2004, 224, 35. 



Molecules 2005, 10 
 

 

739

 

22. Pessˆoa, C. H. A.; Gushikem, Y.; Kubota, L. T. Ferrocenecarboxylic acid adsorbed on Nb2O5 film 
grafted on a SiO2 surface: NADH oxidation study  Electrochim. Acta 2004, 46, 2499.  

23. Pfisterer, S. Z. Metallkunde 1950, 41, 358. 
 
© 2005 by MDPI (http://www.mdpi.org). Reproduction is permitted for noncommercial purposes.  
 

 
  
 

 
 
 

 


