
AD-A285 958 )FFICE OF NAVAL RESEARCH

GRANT: N00014-94-1-0072

DTIC
R&T Code 3133051 ELECTE

'1OV 011994

FINAL REPORT D

Development of a Colloidal Redox System Containing a Smectite Clay
for Control of Reactivity and Reaction Selectivity

by

David N. Blauch

Department of Chemistry
Davidson College

P.O. Box 1749
Davidson, NC 28036

94-33737
llIlI1I~llllIl~lllllllilll"AN September 26, 1994

Reproduction in whole, or in part, is permitted for any purpose
of the United States Government

This document has been approved for public release and sale; its distribution is unlimited.

9410 ('



Form ApWovod

REPORT DOCUMENTATION PAGE 0M8 No 0704-0188

P iff ,1( l IA9 o u•q a to fO , f OIIht 10e. jf o ,n tifn ormat ,o nt% I es ta to aI.o I Ora" v 0 oe 4L. ,wino . i`iVUd9•q I he ti1E lot ."wiWmi.0 in•ntruClIOnlo tit-(. q #*.-II •a• a a ', C

atfen anom@nIina.E ~th #43alqt~t n*qaW.d andcor..oitflq and re..*.q %E04iect11fOf ,tOin~to-tfi o d Y'ft eadn Ptbvc ftnaqo n tStae

cot40.tOn ot ntOrtt.4tiOr. nwdudnfl %vqgcI,0nS 10, re*As,"n tt'.i D~.,0. to WasiAngton "eouae Sithv.cm O..e(¶O..to Jo, intolma.tion 0Wtoo...&noi .. Metpril

Daien P4qhoiav, Swe 1104 AllhngtOn. vA .J202-4502 and to the Office of M .qe"M10t &Ad Suaqil PaperotrokRi tetdCIion Pro~te (07O4-4tS8) *aiI..qton ZAC 20S03

1. AGENCY USE ONLY (Led- tidnk) I * REPORT DATE 3. REPORT TYPE AND DATES COVERED

I 26 SEPT 1994_ Finji Renort I :•0'V 33 -0 3•k• ,
4 TITLE AND SUBTITLE S. FUNDING NUMBERS

Develoo-.ent of a Colloidal Redo0 System
Containing a Sme-tite Clay for- Control of Reactivit/ and
Reaction Selectivity

6. AUTHOR(S)

David N. Blauch

7. PERFORMING ORGANIZATION NAME(S) AND AODRESS(IS 5 oI For P PERFORMING ORGANIZATIONS-- r REPORT NUMBIER

Davidson Colleqe ,"7 REPOT NMBE

Office of 'rants and Contracts
F.J. •ox 1719 ,,1

Davidson. NC 23036
9. SPONSORING i MONITORING AGENCY NAME(S) AND AMESS(ES) 0. SPONSORING/MONITORING

r ',AGENCY REPORT NUMBER

Office of Naval Research

Ballston Tower One
800 North Quincy Street Avj ,3bility Codes
Arlington, VA 22217-5660 Avail anclor

11. SUPPLEMENTARY NOTES Special

12a. DISTRIBUTION /AVAILABILITY STATEMENT 1b, DISTRIBUTION CODE

This document has been approved for public release and

sale; its distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

This project is directed towards the development of colloidal redox systems involving
smectite clays. Two polypyridylosmium(II) complexes containing ligands bearing
anionic pendant groups have been synthesized. Each complex has been successfully
incorporated into stable montmorillonite colloids. Approximately 96 - 99% of the
comolex adsorbs onto the colloidal montmorillonite for ioadings up to 1 mmole/g.
These findings demonstrate the utility of adding a negatively charged side group to
a comolex to orevent simultaneous adsorption of the complex on two clay particles,
which oroduces flocculation. Electrochemical studies of these colloidal redox
systems indicate that at least part of the clay-adsorbed complex is accessible for
electron transfer. These prooerties are prerequisites for the development of new
catalytic systems based unon the incorooration of transition-metal catalysts into
clay colloids. In order to develop such a system, two bioolar aquaruthenium(II)
catalysts have been synthesized. These aquaruthenium(II) catalysts can also be
incornorated into stable montmorillonite colloids. Characterization of clay
colloids containing these catalysts is in irogress.

14 SUBJECT TERMS I5. NUMBER OF PAGES
"lontmorillonite Clay Colloids, Osmium Comolexes, Electrochem-

1W PRICE CODE

istrv. Arjuaruthenium(iI) Complexes
17 SECURITY CLASSIFICATION iI. SECURITY CLASSIFICATION 19 SECURITY CLASSIFICATION 21 0 LIMITATION OF AIISTRAC'

OF REPORT OF THIS PAGEI OF ABSTRACT

J*CL;SS1 !ED I jC'"SS: 1ED :
.,S% .. ,, -I 00' ..



Objectives aad Approach of the Research Effort
This research program is directed towards the design, development, and application of colloidal rcdox

systems involving smectite clays for the purpose of evaluating the ability of clay minerals to affect chemical
reactivity and reaction selectivity

In order for a smectite clay to influence the reactivity of a system. it is necessary for the reaction to occur
within the interlaver region of the clay (or at least within close proximity to the extenor surface of the clay) This
consideration requires the use of catalysts which are strongly adsorbed onto smectste clays In addition, the
smectite clay should be dispersed in water so that the interlayer regions is expanded and thus accessible to
dissolved reactants Large cationic metal complexes adsorb strongly onto smectite clays, owing to the excess
negative charge on the such clays Simultaneous adsorption of a complex to two colloidal clay particles produces
flocculation of clay colloids The first objective of the project is to prepare cationic transition-metal complexes
that do not destabilize cli. colloids and thus may be employed to catalyze reactions in the interlayer region of
dispersed clay particles The proposed approach for eliminating simultaneous adsorption of a complex to two cla1
particles is to attach a side chain terminating in an anionic moiety to a cationic complex to form a bipolar
molecule The cationic portion of the bipolar complex should strongly adsorb to a single clay particle while the
anionic group should pre% ant interactions with other particles.

The second objective of the projec, is to evaluate the ability of colloidal clay particles to influence reaction
selectivity and to affect substrate and/or catalyst reactivity The proposed approach for this evaluation is to modifN
a known catalyst, [Ru"(tpy)(bpyXHO)J]*' to form a bipolar complex that would be suitable for use in a colloidal
environment. This bipolar aquaruthenium(ll) complex would then be used in competition studies for the oxidation
of selected organic substrates in aqueous solution and in a montmonrllonite colloid to evaluate the ability of the
clay to control reaction selectivity and to alter the reactivity of the ruthenium(IV) catalyst and/or the substrates
Several classes of substrates have been chosen for these studies to probe specific types of selectivity associated
with substrate charge, size, and molecular structure.

Scientific Conclusions
Owing to the difficulty in synthesizing aquaruthenium(11) complexes, the relatively complicated

electrochemistry of such complexes, and the fact that no studies have been reported for colloidal clay redox studies
of the type proposed, preliminary studies of colloidal-clay redox systems were performed using
polypyridylosmium(ll) complexes, which are easier to synthesize and have simpler electrochemistry than
aquaruthenium(lI) complexes. Towards this end, the complexes [Os"(tpy)(bpy)(paH)J(PF 6 )2 and [Os"(bpy) 2(bps2 )]
were synthesized (bpy = 2,2'-bipyridine, tpy= 2,2':6',2"-terpyridine, pal- = trans-3-(3-pyridyl)acrylic acid,
and bps32 = bathophenanthrolinedisulfonate ion).

Dissolution of [Os"(tpy)(bpy)(paH)](PF 6 )2 in a montmorillonite colloid (1 g clay/L) containing a pH 7
phosphate buffer (50 mM ionic strength) produced a stable colloid. The pK, of the coordinated paH should be
close to 4.25 (the pK. of acrylic acid); thus at pH 7 the pai ligand is deprotonated and the complex exists as
a bipolar ion. Acidification of the colloid by addition of HCI produced immediate flocculation. It was possible
to create a stable colloid by raising the pH to 7 (by addition of NaCH), but redispersion of the clay proved very
difficult, requiring several hours of stirring and ultrasound treatment. Stable montmorillonite colloids containing
[Os"(bpy),(bps`)J could also be prepared; such colloids were not destabilized at low pH owing to the very weak
basicity of the sulfonate groups (the corresponding sulfonic acids is a strong acid).

The adsorption isotherms
for both [Osi(tpy)(bpy)(pa)]÷ and
[Os"(bpy)2(bps'2 )J on colloidal0 3S53
montmorillonite were determined
in the presence of dilute
electrolyte (50 mM ionic strength
pH 7 phosphate buffer and 50
mM KCI, respectively). In both 0
cam, approximately 96% to
99% of the complex % as found to
adsorb onto the clay regardless of paH bps2



the loading of the clay (up to I mmole complex/g clay). Owing to the limited amount of complex available,
experiments at higher loadings were not performed. The cation-exchange capacity of the montmorillonite
employed in this study is estimated to be 0.8 to I meq/g. For this cation-exchange capacity, some type of
saturation effect should have been evident for loadings approaching 1 mmole/g (cppecially for
[Os"(tpy)(bpy)(pa')]'). The absence of a limiting loading suggests that adsorption of these bipolar complexes onto
montmorillonite is not limited by the excesi-negative charge of the clay. Extensive ion-pairing between the
bipolar complexes might account for the observed adsorption isotherms.

The stability of the colloidal redox systems in the presence of dilute electrolyte permitted the utilization
of electrochemical techniques to characterize the redox behavior of the clay-adsorbed complex. Limiting currents
a a rotating-disk-electrode were measured for both the [Osn(tpy(bpy)pa)]'-montmorillonite colloidal system and

the solution obtained after the clay and clay-adsorbed complex were removed by centrifugation. The limiting
currents for the colloid were 2.3*0.2 times larger than those for the solution, indicating that a significant amount
(though not necessarily all) of the clay-adsorbed complex is accessible for electron transfer. It is not known
whether or not the larger current for the colloid results from the direct oxidation of the clay-adsorbed complex
at the electrode, mediated oxidation of the clay-adsorbed complex by solution-phase complex, or a combination
of these, two processes. The clay-adsorbed complex could also be oxidized by chemical oxidants, such as Br2 and
Cl2 . Although the use of these chemical oxidants produced flocculation, it proved possible to redisperse the
flocculated clay after extended stirring and ultrasound treatment.

The colloidal redox systems described above possess the properties necessary for a successful catalytic
system. Specifically, a complex ion can be strongly adsorbed onto colloidal clay particles without destabilizing
the colloid and the clay-adsorbed complex is accessible for reaction. In order to prepare a catalytic system and
to study its properties, two bipolar aquaruthenium(II) complexes, [Ru"(bpy)i(paH)(H 2O)](PFJ• and
[Ru"(tpy)(bps'XH 2O)j, were synthesized. These aquaruthenium(ll) complexes we expected to be effective
catalysts for the oxidation of a variety of organic substrates. Like the osmium complexes described above, these
bipolar ruthenium complexes have been incorporated into stable montmorillonite colloids. The synthesis of these
aquaruthenium(II) complexes is extremely difficult. The compleces, especially [Ru"(bpy),(paH)(H:O)]'*, are
somewhat unstable and decompose in hot water. Both ruthenium complexes have been purified
chromatographically, but the overall yields have been very small. The synthetic procedures are being modified
in an effort to improve the yields. Future research will involve utilization of [Run(tpy)(bps)(H2 O)] (this appears
to be the more stable of the two aquaruthenium complexes) in montmorillonite colloids for the oxidation of
organic substrates in both solution-phase and clay-adsorbed colloidal systems in order to evaluate the influence
of the clay particles upon the reactivity of the complex and the selectivity of the oxidation reactions.
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