Nanostructure Synthesis and Properties of Simple

Organic and Organometallic Compounds
Brandon S. Russell & T. Keith Hollis
Department of Chemistry and Biochemistry
Univeristy of Mississippi
May 3, 2008



Abstract
Non-fullerene nanostructures based on a variety of organic, orgtallieneand inorganic
compounds have become and increasingly important area of matbeatsstry research. A
novel, simple template-wetting nanostructure synthesis techniqueesmstly developed, and
has been used to produce organometallic nanotubes from a solution of angeilar
compound. In this report, we attempt to elucidate the “rules” govetamglate nanostructure
synthesis by testing the effect of structure, solvent, and solatincentration on a variety of
simple organic and organometallic compounds. We determined that gengeeof easily
crosslinkable transition metal centers is essential for nanagiusynthesis from molecular

compounds. Additionally, we describe a potentially novel synthesis of nanostructyre TiO

[. Introduction & Background
Nanostructures (tubes, rods, crystals, sheets, etc.) are onenobshexciting topics in modern
materials chemistry, and have a dizzying array of applicatioregeas as diverse as clinical
medicine, industrial catalysis, and consumer electronics. Byh&amost popular and well
known of all nanostructures is the carbon nanotube, which has been the efiljeahtless
papers and research projects. While carbon nanotubes werddinttied in 1952 [1], they did
not become a topic of serious research interest until 1991, when Japaysisest Sumio lijima
reported their occurrence in the soot deposits left by arc-burgdhitg rods [2]. Since that

time, the field of nanostructures has literally exploded.

One of the most recent trends in nanostructure research has beadual ghift away from

focusing on pure carbon nanotubes into those composed of other matenag 8t 1992 with



the discovery of synthetic tungsten disulfide nanotubes [3]. Whgefield of inorganic
nanotubes synthesis is highly active with a number of recent sascils the expansion of
nanostructure materials into organometallic compounds has been Etagrgant [5]. This is an
unfortunate trend, as the organometallic nanostructures that have bdecedrbave all shown

exciting possibilities for practical applications [6].

One of the biggest factors in this lack of expansion is the reldiffieulty, expense, and
harshness associated with many nanostructure synthesis technimpheas s@rc-discharge, high
pressure laser heating, and high temperature thermal annedlingn[drder to combat these
problems, a novel, inexpensive, and simple membrane-based template isyindisesecently
been developed [8]. In this method, a liquid (either a solution odteadm@mpound) is applied
to a porous disc with nanometer-scale pores in it. As the liqueddpracross the disc and down
the pores, the process of wall wetting occurs faster than thpetimg pore filling process, and
the resulting tubular shape can be preserved by solvent evaporatioermoal quenching [9].

The disc can then be removed chemically and the solid nanotubes collected.

This methodology has often been used successfully with multicompsoletibns and polymer
melts [10], but only recently has a group succeeded in using & smgecular compound to
form a nanostructure. Using the dirhodium bis(N-heterocyclidjeree (NHC) shown ifigure

1, Hollis et al. succeeded in creating organometallic nanotubes with the temelgtod [11].
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dirhodium bis(N-hetereocyclic) carbene
Figure 1 — Di-Rh NHC used by Hollis et al. to form  organometallic nanotubes

These nanotubes are thought to be held together by Rh-Rh crosslinkbeiardistovery has
raised questions about precisely what structural featurepracddural variables are necessary
for the formation of nanostructures. Toward the goal of anegéhiese questions, this study
was conducted to determine the nanostructure properties of simplecoaganorganometallic
compounds. We chose to examine three variables for their effectnostnecture formation:
chemical structure, solvent polarity, and solution concentration. CHestrgeture is clearly the
most important of these, as it is ultimately the ability afompound to form intermolecular
attractions or bonds (either covalent or non-covalent) that determamesstructure formation.
However, solvent polarity and solution concentration can both play crititzd by influencing
the orientation of molecules as they wet the template pors,vaat/or by affecting the number
and intensity of intermolecular interactions during the synthediitimately, we hope to
establish a detailed picture of the factors that allow for narsiste formation, which will be

very useful as a guide for future synthetic research.

[I. Materials & Methods
In order to determine what other structural features migw dor nanostructure formation, six

organic and six organometallic compounds with which to attempt terdphateostrustructure



synthesis were chosen. Organic compounds chosen are shéguria 2, and organometallic

compounds chosen are showrfFigure 3.
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Figure 2 — Organic compounds used with templated sy nthesis method
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Figure 3 — Organometallic compounds used with templ ated synthesis method

All the organic compounds chosen possessed high molecular weighdl (o agcurate small-
scale measurements) and conjugatedystems (to allow for the possibility of stacking
arrangements). In addition, pthalimide and mettas-cinnamic acid possessed both hydrogen
bonding capability, as well as nucleophilic and electrophilic siiésn the same molecule (to

allow for non-covalent and covalent intermolecular bonds).

The organometallic compounds were chosen based on variety in firstamsition metals and
presence of easily displaced ligands (to encourage intermolecolsslicks). In addition,

ferrocene was chosen because of its well-documented use as a fullerene narotubergd.2].

In order to test the effect of solvent polarity on nanostructureaiom solutions were made

with three increasingly polar solvents: toluene, methylene dapand acetonitrile. In each



case, solution concentration was designed to mimic the ~2.000 mM ustdllisyet al. Actual

amounts of each compound and resulting solution concentrations are shicaineiri.

Table 1 — Amounts & Concentrations of Compounds in

Various Solvents

Compound Solvent Amount (mg) | Concentration (mM)
toluene 1.9 2.583
phthalimide methylene chloride 1.8 2.447
acetonitrile 2.1 2.855
toluene 2.3 2.524
benzophenone methylene chloride 2.5 2.744
acetonitrile 2.4 2.634
toluene 2.0 2.466
methyltrans-cinnamic acid methylene chloride 2.2 2.713
acetonitrile 2.3 2.836
toluene 1.3 2.382
2,6-diaminopyridine methylene chloride 1.4 2.566
acetonitrile 1.3 2.382
toluene 3.1 2.617
2,6-dibromopyridine methylene chloride 3.2 2.702
acetonitrile 3.2 2.617
toluene 2.3 2.552
trans-stilbene methylene chloride 2.2 2.441
acetonitrile 2.1 2.330
toluene 2.3 2.472
ferrocene methylene chloride 2.5 2.688
acetonitrile 2.4 2.580
SEIGISECIEA Fn)leutﬁgleene chloride g; ggjg
MEIEEESEEEl el acetonitrile 2.7 2.646
bis(acetoacetonate) toluene : 3'7, 2.335
titaniumdichloride methylfen_e chloride 3.6 2.208
acetonitrile 4.1 2.587
tris(acetoacetonate) LEIIEE . S ZAN2
vanadium(ill) methyl_en_e chloride 4.3 2.469
acetonitrile 4.5 2.584
dicyclopentadienyl tril)leutﬁrylleene chloride 3é44 gggg
zirconiumdichloride acetonitrile 35 5 305
cyclopentadienyl toluene 6.1 2.489
molybdenumtricarbonyl | methylene chloride 6.3 2.571
dimer acetonitrile 6.0 2.448




In order to test the effect of solution concentration on nanostrucumafion, a second series of

solutions in methylene chloride was made at ten-fold higher contentraf ~20.00 mM.

Actual amounts of each compound and resulting solution concentrations are si@tei@

Table 2 — Actual Amounts & Concentrations at Ten-Fo

Id Higher Concentration

Compound Amount (mg) | Concentration (mM)
phthalimide 18.7 25.42
benzophenone 22.7 24.91
methyl{rans-cinnamic acid 20.4 25.16
2,6-diaminopyridine 13.4 24.56
2,6-dibromopyridine 29.2 24.65
trans-stilbene 21.8 24.19
ferrocene 22.4 24.08
cyclopentadienyl manganesetricarbonyl 24.7 24.21
bis(acetoacetonate) titaniumdichloride 28.5 24.29
tris(acetoacetonate) vanadium(lll) 40.8 23.43
dicyclopentadienyl zirconiumdichloride 35.4 24.22
cyclopentadienyl molybdenumtricarbonyl dime 58.2 23.75

Whatman Anodisc 13 brand alumina discs with a 13 mm diameter and anf.f@rg size were

arranged on a labeled adsorbent sheet. Each disc was satutatg@édvdrops of solution, and

the discs were allowed to dry in air overnight. Discs wereollied in 1.5 mL of 3 N sodium

hydroxide by letting them sit for 5 min followed by vigorousrsty. The resulting solution was

transferred to a microcentrifuge tube and centrifuged for 10atmi®00 RPM. The supernatant

was discarded and the samples were washed twice by resuspendgigstilied water and

recentrifugation. After the final washing, samples werenédi stored, and analyzed by

physical appearance. In the case of samples showing potentialraetuwstformation, samples

were dried under vacuum for ~12 h and analyzed by infrared spectyast@Bruker Fourier-

transform attenuated total reflectance IR spectrometer.



[ll. Results & Discussion
At concentrations ~2.000mM, no samples appeared to form nanostructukesy inempossible
to determine concretely if solvent polarity has any effect omostaucture formation. At
concentration ~20.00mM, only the bis(acetoacetonate) titaniumdichlondplesappeared to
show nanostructure formation, as evidenced by the accumulation ofha Wwhie solid in the
microcentrifuge tube. Based on the physical appearance ditif@es— pure white, as opposed
to the pale yellow of bis(acetoacetonate) titaniumdichloride wedlsas the facile oxidation of
titanium chlorides, we suspected that the solid was composed ofititatioxide (TiQ). IR
spectroscopy of the suspected Fi€ample, pure bis(acetoacetonate) titaniumdichloride, and

pure anatase Ti3- shown in Figures 4-6, respectively — confirms this suspicion.
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Figure 4 — IR spectrum of the suspect TiO , nanostructure sample




Figure 5 — IR spectrum of pure bis(acetoacetonate) titaniumdichloride
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Figure 6 — IR spectrum of pure anatase TiO




Our sample shows no resemblance to the relatively jagged speactrins(acetoacetonate)
titaniumdichloride, and clearly shares the distinctive broadly slopéai from 500 cfhto 700
cm™* with the pure Ti@ sample. The anomalous peaks at 1600 emd 3400 cr are easily
dismissed as contamination from residual water in the samptenéisned by the IR spectrum

of pure liquid water shown in Figure 7.

Figure 7 — IR spectrum of pure liquid water

While water also produces a peak starting at 500, aneither the intensity nor the shape
matches that of the peak in our sample, again confirming the presé€nd®,. Scanning
electron microscopy, to determine the exact nanostructures pneshatsample, is currently in

preparation.



IVV. Conclusions
We have investigated the ability of simple organic and organoneetalinpounds to produce
nanostructuresvia a template wetting methodology, and have succeeded in aigrityie
constraints on a number of structural and procedural factors thatnicélube ability to form
nanostructures from pure molecular compounds. Based on our results, ceasdlynkable
transition metal centers appear to be necessary to form tedhptanostructures from
organometallic compounds. An additional surprising result of our workpstentially novel
method to easily synthesize nanostructure ,TiOThis is an exciting development, as
nanostructure Ti@has recently been shown to have mild, efficient photocatalytivitadtl 3].
Additional refinement of this method utilizing other Bifrecursors, solvents, and template pore

sizes could lead to a wide range of tunable, specialized catalysts.
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