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Utilizing water-in-CQ microemulsions as templates for synthe- (a) (h)
sizing metallic silver and copper nanoparticles in supercritical fluid 21,
CO, has been demonstrated receAtlyThe metal nanoparticles 16 |l
synthesized in the COnicroemulsions are uniformly dispersed in
the supercritical fluid phase and are stable over an extended period
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of time 12 One potential application of these metallic nanopatrticles 04 —

is for catalysis in supercritical CQbut no experimental evidence 0 :

has been reported so far regarding this possibility. In our previous 20 40 600 B0
Wanvelength {nm)

studies, the metal nanoparticles were synthesized by chemical reduc- ] ) )
tion of appropriate metal ions dissolved in the water core of the Fgure 1. (a) UV—vis spectra of palladium (0.04 M P in the water-

. Isi ith . duci t h di in-CO, microemulsion (with a water-to-surfactant ratid = 20) before
microemuision with an organic reducing agent such as sodium (spectrum 1) and after (spectrum 2) the injection of hydrogen in supercritical

triacetoxyborohydride, sodium cyanoborohydride, MyN,N',N'- CO; at 50°C and 200 atm. (b) TEM micrograph of the Pd nanoparticles
tetramethylp-phenylenediamine. These organic reagents are not collected in hexane using the RESS method (sea20 nm).

ideal reducing agents for m_etgl reducti_o.n_ in_ supercritic_alg co fiber-optic system (3 mm path length) connected to a CCD array
because they generally have limited solubilities in supercritical CO UV—vis spectrometer (Spectral Instruments Inc., model SI-440

and may form byproducts that could complicate further utilization Tucson, AZ) for in situ spectroscopic measuremértke other

of the nanoparticles for chemical or materials applications. Recently, vessel with a volume of 50 mL was used to store hydrogen gas and
the reduction of PdGH" by hydrogen gas followed by the formation the selected olefin. The surfactants and an aqueous; BdlDtion

?f thg Ed nggpparr]tlzles In agueous solut_u.)ns (\g;j r;apérWd. (total amount 2.2< 102 mmol in the system for all experiments)
ound that adding hydrogen gas to supercritical alsocause - epe placed in the 9.5-mL fiber-optic cell. The solution was stirred

reduction of a number of metal ions including?Pdlissolved in for 1 h in CO at 80 atm to ensure the formation of an optically
the water core of the_microemu_lsion. I_-iydrogen gas is a very desir- transparent microemulsion. The 50-mL high-pressure vessel con-
able reducing agent in comparison with the organic reagents Usedtaining 4-methoxycinnamic acid (30 mg or 4.2 mmol near the
previously for metal reduction in supercritical @@ue to its misci- saturation amount in liquid Cf) and 10 atm hydrogen gas was
bility with CO, and its chemical simplici_ty. After r.eductipn, _the pressurized to 200 atm by GOr'he starting materials were forced
hydrogen_ ga_s can alsq _serve as a starting material fgr In situ hy'into the fiber-optic cell by opening an interconnecting valve, and
drogenation in supercritical GOThe advantages of using super- the pressure was kept constant at 200 atm by the ISCO pump.

crltlcsl CCf)z as a rea([;tl!on m:glgm flor.cagatljyss are 'des.crlbed N2 |mmediately after completion of the injection (about 5 s), the fiber-
number of recent publicatioris. Catalytic hydrogenation in super- optic cell was isolated by closing the interconnecting valve. In this

crltlcall €O, u_sn;g CQ'S.'Olt'r? Ielgrga:lc;rdho?rl]gm and orga_motr_uthenlum process, about 10% of the starting materials in the 50-mL high-
COMPIEXES 1S known In the literaturen this communication, we pressure vessel were injected into the fiber-optic cell.

report_for the fi_rst time the prep_aratior.] of nanometer-sized metallic The formation of Pd(0) nanoparticles was confirmed by injecting
pacljladl_um p?rl‘g(;es |nda Evater-lljn- <@ Icrqeml_JIsmk)‘nc?y hydrogen ’ only hydrogen gas into the fiber-optic cell containing the micro-
reduction o and the subsequent in situ hydrogenation of ¢ ision with PdGlin the water core. The surfactants absorb in

olefl.ns (wgter-solublle. or Cgsoluple) catalyzed by the I.Dd nano- - he yv region as shown in Figure 1a. Palladium nanoparticles are
pgrtlcleg n supercrltlcql CQ This met_h_o d of forr_natlon and known to absorb in the U¥vis region with hardly any structure.
dlspt_ersmn of nanc_)partlcles n supercritical _5(9 simple and The broad absorption band in the visible region after injection of
requires no organic synthe3|s_ and preparation of Catal_yStS' Thehydrogen was consistent with the reported spectra of Pd nanopar-
method is not "“?'ted to pallgdmm; other metal ngnopartlcles €an yicles stabilized by a water-soluble stabilizér aqueous solution
a_Iso_ be synthesized an_d dispersed in supercritica} G¥ing a and a polymeé¥in a water/alcohol mixture solvent. The absorption
similar approa_lch for various cat_alyses. . band of Pd nanoparticles in the microemulsion system decreased
The water-in-C@ microemulsion was prepared by mixing a gradually with time but lasted long enough X h) for testing the

) > . ;
c?rtalr; amount of an .agueouZ.Pdolg't '02 (Oho?hM) alnd ﬁ m'Xtu_re catalytic capability of the nanopatrticles in supercritical CThe
of surfactants containing sodium bis(2-ethylhexyl)sulfosuccinate Pd nanoparticles were also collected in a hexane solution using

[AOT] (15 mM) and a cosurfactant perfluoropolyether phosphate the RESS (rapid expansion of supercritical solution) mettzodi

l[.TFPtE'Pg] _I(_SO rEM) foIIo(\;ving_ tﬂe procedures delscribed in tgef studied by TEM. The TEM micrograph showed spherical Pd
lterature== Two homemacde nigh-pressure vessels were used for particles with a size range of about-%0 nm (Figure 1b).

the synthesis of Pd(0) nanoparticles and the subsequent hydrogena- Hydrogenation of 4-methoxycinnamic acid to 4-methoxyhydro-

tion reactions. One vessel (9.5 mL volume) was equipped with a cinnamic acid catalyzed by Pd nanoparticles was performed first
* E-mail address for corresponding author: cwai@uidaho.edu. in liquid CO, at room temperature (Z). Spectra shown in Figure
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(@) ®) O Pd nanopar ticle
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o 1 i~
8 o7 LS I In this case, UV-vis spectra cannot be used to monitor the
g os N R reaction speed because both the reactems-sstilbene and the
< gf ﬁ zj oL product 1,2-diphenylethane absorb in the UV range that overlapped

o , ; g e et oo T B oo o with the surfactants. Thereforél NMR spectroscopy was used

230 260 330 380 0 50 s e for identification of the product. Two minutes after the injection

Wavelength (nm} Reaction time (sec.)

Fi 2. (a) Variation of UV-vi tra of 4-methoxvci ic acid of trans-stilbene and hydrogen in the microemulsion system, the
gure 2. (& ariation o VIS speclra o1 4-methoxycinnamic acl . . .
cht]h time during the hydrogenation p?ocess inm20°0{1nd 200 atm. product was collected into acetone using the RESS technique. The

Each spectrum was taken at 20-s intervals starting from zero time, spectrumNMR' spectrum of this solution indicates that almost tadins-

1. (b) Variation of the 4-methoxycinnamic acid absorption with time at stilbene &95%) in the reactor was converted to 1,2-diphenylethane.
300 nm and 200 atm aCj 20, (») 35, and ¢) 50 °C. Washing of the reactor with acetone after depressurizing showed
2a were taken at 20-second intervals after the injection of hydrogenno detectable amount éfans-stilbene. In the absence of hydrogen
and 4-methoxycinnamic acid into the water-in-Q®icroemulsion gas or PdGl NMR peaks of 1,2-diphenylethane were not observed.
with PdC}, in the water core\Y = 20). The first spectrum obtained o

o]
immediately after the injection (spectrum 1) was identical to that on Pd nanopar ticle on @
. o . - | + O —
of 4-methoxycinnamic acid dissolved in @O he broad absorption on oH
peak centered around 300 nm decreased gradually and a new o

absorption peak centered around 270 nm appeared. After about 2 . . . . -
. . The water-in-C@microemulsion system can dissolve ionic spe-
min, the absorbance at 300 nm dropped to the baseline level. The . i . ; .
: ; . . cies and hydrophilic organic compounds in the water core. This
absorption peak (270 nm) in spectrum 2 (Figure 2a) was consistent

with that of 4-methoxyhydrocinnamic acid. In the absence of PdClI property can be used to perform hydrogenation of water-soluble
. . . . ’ . . compounds in C@ To demonstrate this, maleic acid was chosen
in the microemulsion, the absorption peak of 4-methoxycinnamic

acid did not show a measurable decrease after the injection of the2® a water-soluble starting material for this experiment (eq 3). After

. . ) . - formation of the microemulsion// = 20) with the water core con-
olefin and hydrogen into the fiber-optic reactor. The results indicate taining 0.04 M PdGi (total amount 2.2« 10-2 mmol in the system)
that the Pd nanoparticles formed in the water core of ther@icro- 9°. ) Y

) . : and 1.8 M maleic acid (9.6 10-2 mmol in the system), 10 atm of
emulsion are capable of catalyzing hydrogenation of 4-methoxy- . L
. . ) ; . . . hydrogen in CQ (total pressure= 200 atm at 20C) was injected
cinnamic acid to 4-methoxyhydrocinnamic acid as shown in eq 1.

into the system. Two minutes after injection, the product was col-
odH; Pd nanopar ticle 0ci lected into acetone using the RESS technique. After evaporation of

me/\/@/ THR T n acetone, the product was dissolved sODThe NMR spectra clear-

. . .. ly indicated that only succinic acid was detecte®%% conversion

Figure 2b shows the decrease in the absorbance at 300 nm W'thbased on the detection limit of the maleic acid peak). Washing of

ggj f;)rz (t)k:?; hyc(ijrggenatlon_tc_)f éll-(r:ng?géycm dngr(?(l;c ?I'Chld n I'q(;"d the reactor with acetone after depressurizing showed no detectable
a and In supercritica an - 1he spee amount of maleic acid in NMR. In the absence of hydrogen gas or

oLthe h);dsrog%ng?lcon process 'j‘ mtjhc Thf atSFerth tt|1_e s_lépercrkl]tlcal co PdC}, only maleic acid NMR peaks were observed in this system.
phase (35 an ) compared wi atin the liquid Gphase Our results indicate that the Pd nanoparticles in the water-in-

(20 °C). The hydrogenation process at 30 under the specific CO;, microemulsion can also catalyze other hydrogenation processes

lcondll'ilk(])ns Wasl V}rtuillyihct?]mgl).let.eéj 'nd20 s: Thte. alb;gban.ce "N such as the conversion of the nitro group N@® amine (NH).
ogaritimic scale for bo € liquid and supercritica per- For example, the hydrogenation of nitrobenzene to aniline was

ments decreases linearly with time, suggesting the hydrogenatlonCompleted £99%) within 30 min in supercritical COat 50 °C

pgzc_essdf;)IIOthflrstl-order klnegcs.t Lh]i;gpgrgnt rlag_ez conjtants and 200 atm. These and other hydrogenation examples will be
obtained 1rom fhe slopes are abou ) 09 X » an detailed in a separate report.

9.4 x 102sectat 20, 35, and 50C, respectively. The difference )
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(after 20 s at 50C), the product was collected in acetomevia
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