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The physical and chemical properties of nanomaterials are N
|

(o)

. . -
governed in part by size, shape, and surface morphdidgy =N N= N N= 2NN
example, metallic nanoclusters of sizes ranging from 1 to 10 nm oMo cf/:ov“gw%? 'B“‘C%f'mmp’a“
have properties vastly different from their bulk forms. Few, if any, [Ni'salen] M= Nil [Ru(salen)(NO)(CI)] [Nillsalen’]
studies have reported about the characteristics of nanomaterial§co'salen] M= Co"

composed entirely of metal complexes because limited preparative gig e 1. Precursor complexes used to prepare nanoparticles.
methods have hindered productibHerein, we report the creation

of nanoparticles of metal complexes using precipitation with
compressed antisolvent (PCA) technoldgye demonstrate that
PCA is a convenient method for the preparation of metal complex-

the structures of the molecular precursors.

The PCA technique is a semicontinuous method that regularly
utilizes supercritical carbon dioxidesdCO;) as the precipitart. A
During processing, carbon dioxide dissolves into a solution of the [§ g
desired compound, as solvent diffuses oBecause of the greater
precipitant-solvent ratio and efficient mass transfer, substantial
supersaturation is achieved, resulting in the production of small

particles of the dissolved compound. Therefore, PCA technology causing instantaneous precipitation of the complexes as processed

yields relatively uniform particles with sizes ranging from nanom- particlest! Collection of the particles was achieved via a Ora-
eters to micrometers. Furthermore, this methodology offers the filter.12

possibility of a one-step route to nearly residue-free and dry
particles, under relatively mild operating conditions.
Various nanomaterials prepared by PCA methods have been

Figure 2. SEM images of unprocessed [salen] (left) and the rodlike
primary particles obtained from the PCA process (right).

Results from analytical and spectroscopic studies indicate that
the metal complexes remain intact after being processed into
particles!? Elemental percentages of the particles obtained from

reported, nearly all of which use organic compounds as the combustion and inductively coupled plasma analyses are in agree-
molecular precursofSThe generality of this methodology toward ment with the ratio calculated for their corresponding parent

organic systems suggested to us that it could also be employed tocomplexes. Electronic absorbance and electron paramagnetic

mak_el nfanopa_rtlculqte metall Comp'exe?'-, We rav:? 'm(/jes“g?tedresonance (EPR) measurements of the processed particles are similar
particle formation using complexes containing salen ligands [salen, 1 qse found for their molecular precursors. For instance, particles

Nf,Nr’]-saIicylidierlle)-l,Zr;ethyleng-(cjji-famingto(z-)]; the mfolecular formbsl of [Cao''salen] have an axial X-band EPR spectrum that is similar
of these complexes have varied functions, ranging from reversible 1 tat of the unprocessed complex.

gas bindersto enantioselective catalystén addition, the molecular Scanning electron microscopy (SEM) was used to characterize

structures of metal salen complexes can be easi_ly modulated ©the structures of the processed particles. A representative SEM

probe the effects of precursor structure on nanoparticle morphology.image of the processed [Aialen] complex (Figure 2) shows
We lhave alrvelstlgated tlhe preﬁargtlon d'c;; nanopartlfjl_es from aggregates of primary particles having rodlike structures, with

neutral metatsalen complexes having different coordination average diameter and length of 85 and 700 nm, respectively. In

geometries (Figure 1). The fo_ur-coordinatéleen (M = Niand contrast, the SEM image of the unprocessed' $blien] depicted
Co) complexes have essentially planar molecular structures thatﬂat irregular shards with sizes ranging from micrometer to
can be altered by additions of substituents onto the aromatic rings . eter (Figure 2). Magnification of these shards did not

orlchimges tcl) th?:eti;]yler:je I|_nk_er, a:‘s n thle op_tlcally puré'-I[Nl q reveal the presence of discrete primary particles; rather, only
saen ] complex. Further eV|a_t|ons rom planarity were realize amorphous surfaces were observed. PCA-processed particles of the
using [Ru(salen)(NO)(C], a six-coordinate complex known for related cobalt complex, [Msalen], are also rods with dimen-

Its phot_olytlc release of nitric oxide. . sions nearly identical to those observed for the'fdien] particles
Details of the apparatus used to prepare the nanoparticles have(Figure s1)

been described previously.The procedure, in brief, involved
spraying CHCI, solutions of the complexes ars#CO, simulta-
neously through a coaxial nozzle (1@ ID for the inner tube),

The primary particles produced from [Malen*], the complex
having a nonplanar, optically pure salen ligand, are shown in Figure
3. Rather than rodlike structures, the primary particles dfgalen*]

* Department of Chemical and Petroleum Engineering. have wregular shapes that are elqngated with micrometer-sized
* Department of Chemistry. lengths and diameters 6f200 nm. Figure 3 also shows the SEM

9698 = J. AM. CHEM. SOC. 2005, 127, 9698—9699 10.1021/ja052040e CCC: $30.25 © 2005 American Chemical Society
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controlling variable is the molecular structure of the precursor
compounds could lead to new and possibly enabling methods for
manipulating the structures of molecule-based nanopatrticles. This
bottom-up approach would then yield particles whose structures
can be varied to enhance applications in absorption and catalysis.
Studies to test this idea are ongoing.

Acknowledgment. We acknowledge the NSF-ERC program
(NSF-EEC 0310689) for financial support of this work and the
reviewers for helpful comments. We thank Dr. Bruce Cutler for
help in obtaining the SEM images.

Figure 3. SEM images of PCA-processed [Nalen*] (left) and [Ru(salen)-
(NO)CI] (right).

Supporting Information Available: Full synthetic and spectro-
image of the particles obtained for [Ru(salen)(NO)(CI)]. Unlike the scopic details of all complexes and particles, and the SEM images of
previous metal salen complexes, this precursor complex hasProcessed [Ctsalen] and unprocessed [Ru(salen)(NO)(CI). This
additional ligands in the axial positions, affording a nonplanar material is available free of charge via the Internet at http:/pubs.acs.org.
molecular structure (Figure 1). The resulting primary nanoparticles
have spherical morphology with an average particle diameter of
50 nm. As with the planar salen complexes, the unprocessed
[Ru(salen)(NO)(CI)] gave amorphous shards of varied sizes and
shapes (Figure S2). Keily, C.; Carley, A.; Howdle, S.; Sajip, S.; Caldarelli, S.; Rhodes, C.;

. . . . Volta, J.; Poliakoff, M.J. Catal.2001, 197, 232—-235.

Studies show that changes in PCA processing variables, such as (3) (a) Subramaniam, B.; Rajewski, R.; Snavely JKPharm. Sci1997, 86,
temperature, pressure, and £flbw rate, affect the size of the ,5\518_5'\—/'890- (b) P,erFEU_t,MMSTP Pharrlge Scﬁoga ,13|,:§38—91.t§c% F_ogter.
naneparticle§.To our knowledge the t)essibility of manipulating htak, ﬁnggﬁr'{i; '(’;m?g;guecfr,'\‘/,eu’re’T_.;QNS}JK.; ﬁeg?gs bl T?,ﬁ;,g
particle morphology by altering the initial molecular geometry of é-.l\r}d-kEr;’g: Eher:n200§ ‘|1|2, 647f‘r6D4_9§\3/i_|€d) %ehpma{t, M._:I_.SP(t:eITL:]nov,
the compound being precipitated has not been reported. Ourresults B 'giry. 5h§$n_”32;28023‘2‘3ﬂ°i’_1;_ (('e)e,r:‘usém',’ Fﬁ”ﬁiherﬁ t,\,ﬁ!r pe.
suggest that there indeed may be a correlation between the '4\1/'4a21250ct)t2i'— 'i/lé;o Igluhrer, G.; Subramaniam, Bid. Eng. Chem. Re2005
molecular structure (?f the precursor and the final rttorphology of 4) This methodolegy is also referred to as supercritical antisolvent (SAS)
PCA-processed particleshen prepared under conditions nearly © Wh((ejnlsuperc(;iticarI] meckt)ia are usedéjurinrg]] processing. .

; ; ; ; 5) Modeling studies have been reported on the two-way mass transfer process
identical to the ether op.eratlngarl.ables The platnar precursors., associated with the dissolution of G@nd the extraction of the solvent
[M''salen], give rise to primary particles with rodlike structures with

submicrometer-length scales and diameters of less than 100 nm.

Deviations from planarity of the precursors produce substantial

changes in particle structure, as illustrated by the 50-nm spherical
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