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Abstract

In situ synthesis and testing of Ru and Pd nanoparticles as catalysts in the presence of ammonium perfluorohydrocarbo-carboxylate surfacte
in supercritical carbon dioxide were carried out in a stainless steel batch reactdt@i®@r a pressure range of 80—150 bar t¢). Direct
visualization of the formation of a supercritical phase at above 80 bar, followed by the formation of homogeneous microemulsions containing
dispersed Ru nanoparticles and Pd nanoparticles in s@@bove 95-100 bar, were conducted through a sapphire window reactor Ugg a
(molar water to surfactant ratio) of 30. The synthesised Ru and Pd nanoparticles showed interesting product distributions in the selective hydrc
genation of organic molecules, depending critically on the density and polarity of the fluid (which in turn depends on the pressure applied). Thus
selective hydrogenation of the citral molecule, which contains three reducible groups (aldehydes and double bonds at the 2,3 and 6,7 position:s
is feasible as a chemical probe.

0 2005 Elsevier Inc. All rights reserved.
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1. Introduction a wide range of reactions, including hydroformylatidr2,13]

and oxidation14—19] because of its intrinsically high misci-

Since the early 1990s, an increasing concern about dischar§dity with other gases, high diffusivity, and high mass transfer

from chemical industries has led to the reassessment of varkoefficient[1]. But little attention has been paid to the pressure
ous existing chemical processes. Particular attention has be&Hect on reaction selectivity, despite the fact that the fluid may
paid on the use of supercritical carbon dioxide (sgiC® re- offer some tunable propert.|es Iegdmg to desirable products. .
place organic solvent because it is nontoxic, nonflammable, Consequently, we have investigated hydrogenation of the cit-
inexpensive, inert, and environmentally ben[gh Pioneering ral molecule, which contains three reduuble.groups (aIdehyde;
researchers have focused on the advantages of usingpgncO @nd double bonds at the 2,3 and 6,7 positions) as a chemi-
polymer synthesis and processing and have achieved enormc@ Probe for this new solvent medium. The economic impor-
succesd?2,3]. Encouraged by these promising resuilts, ssCO tance of selective hydrogenat.lon reactlonSxoB—unsaturateq
is being explored as a new medium for catalytic hydrogenaglddehydes hz:\js bein emphas@?ﬁl,lzll bchsluslf Som?j partial f
tion of organic molecules. Higher reaction rates and excellen?ﬁ rogenats Frof ucts are wi edy us<fe In t Ie ‘i;}o IL,’tCtmn 0
enantioselectivity have been claimdd-8]. Catalytic fixation of pharmaceuticals, iragrances, and per urfE. In the liter-
CO, in its supercritical state, in which GOs used as solvent ature, selective hydrogenation of these compounds has been

and reactant, has also been repofi@d0]. Many enzymatic studied extensively over a wide range of catalysts, including

reactions taking place in this fluid are currently under investi-prommed and unpromoted metals/allg98—25] metal oxides

: T . [26,27], microporous suppor{8], and polymer fibre catalysts
gation[11]. The medium is generally shown to be effective for[zg] in both liquid [21,30-32]and vapour[33.34] phases. It

has been empirically shown that the selectivity of the reaction
* Corresponding author. can depend on some key parameters, including the nature of
E-mail addresss.c.e.tsang@rdg.ac.8.C. Tsang). the metal and particle siZ85], catalyst support36—38] and
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Scheme 1. Reaction pathways of citral hydrogenation.

type of promoters/additivg88—40]used; however, a systemic 2.1. Synthesis of the fluorinated ammonium surfactant
control in reaction selectivity by these parameters leading to
tunable properties has not yet been achieved. Citral molecule is Perfluorotetradecanoic acid, EF,)1o,COOH, was dis-
one interesting model compound for hydrogenation because dolved in methanol under stirring at the temperature of@0
contains both conjugated and isolated double bonds as well astde synthesis, purification, and characterisation of Co(ll) per-
carbonyl group; thus numerous partially hydrogenated productuorotetradecanoate salt were described previdd§lyy Using
can be synthesised, depending on the selectivity of the hydra similar methodology, a five-fold excess of 2.0 M ammonia
genation reaction (seéecheme L Hydrogenation of the citral solution in methanol was added to the acid solution, and the
molecule over Pd nanoparticles with and without support matemixture was maintained at 4€ under vigorous stirring for
rials[41,42]in scCQ has also been reported. 24 h. The generated GFECR)12,CO0O NH4™ was collected as

In the present paper we report a detailed study of pressure dried powder by evaporating off the solvent and excess am-
effect on citral hydrogenation by micelle-hosted Ru and Pdnonia at 60 C overnight. A slightly yellow-coloured solid was
nanoparticles in supercritical carbon dioxide following our pre-obtained. Purity of the synthesised material was confirmed by
vious preliminary works on the Pd systg#8,44] Two funda- elemental analysis; the formation of ammonium salt could also
mental issues are of particular importance in this paper: to carrpe monitored by FTIR. A clear shift in wave number at the
out direct visualisation of surfactant/metal system in sgCO C=O stretching absorption region was observed when the am-
through a sapphire window reactor at different pressure rangeB)onium salt was formed (from 1768 to 1683 thy To ensure
and to investigate the pressure effect affecting product sele¢hat no acid was left over in the ammonium salt, the absence of
tivity in hydrogenation. Both of these issues are fundamentallyn acid absorption peak was particularly noted.
important in terms of the future development of this new type
of catalysis. 2.2. Visualisation of the microemulsion through a sapphire

window reactor

2. Experimental . . . .
Experiments were carried out in a ca. 30-mL stainless steel

Parr reactor equipped with two high-pressure transparent sap-
Citral, decane, perfluorotetradecanoic acid, and ammonighire windows with the window separation of ca. 4.5 cm. Ap-

solution in methanol were supplied from Aldrich, and cyclo- propriate amount of reactants, palladium nitrate, surfactant, and
hexane and methanol were supplied from Fischer Scientific. Alvater were introduced in the reactor to create the same condi-
of these reactants were used without any further purificationtions (40°C and 150 bar overall pressure) as a 300-mL reactor
Palladium chloride, ruthenium chloride, unsupported (nakedjn which catalysis was performed. The only difference between
palladium, and ruthenium nanopatrticles were provided by Johrthe two reactors was in the stirring; the small reactor was stirred
son Matthey. using a magnetic stirrer at the bottom of the reactor.
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Fig. 1. Micro-emulsion visualisation through sapphire windows. (a) catalyst slurry“a® 2&d 67 bar (liquid C®); (b) the liquid meniscus disappeared at’4D
with the pressure of above 80—85 bar suggesting that the fluid reached a supercritical state but most catalyst slurry remained insoluble i traageeésua
majority of slurry disappeared and the mixture reached a single transparent stafeCatvdén above 95-150 bar GO(d) after addition of 10 bar §1a brown
“solution” observed.

2.3. Catalytic tests tion mixture (citral, decane, water) but no surfactant. This Pd
and Ru had similar particle sizes8-4 nm) as those nanopar-
Hydrogenation reaction of citral was carried out in a 300-mLticles obtained under micellar conditiof#3,44]
stainless steel reactor (Parr Instruments, model 4561), equipped Hydrogenation of citronellal (CIAL) was carried out under
with a heating jacket, an outlet for gas with needle valve, and aexactly the same conditions as for citral hydrogenation.
overhead stirrer. Typically, palladium nitrate (0.25 mmol), citral
(0.5 mL), decane (internal standard, 0.1 mL), perfluorotetrade3. Resultsand discussion
canoate ammonium surfactant (0.25 mmol), and an appropriate
amount of water required to saturate the sg@@der the reac- Fig. 1shows a direct visualisation of the fluid through sap-
tion conditions (i.e., 0.4768 mL for a 300 mL reactor, 140 barphire windows under different conditions. As shown, separate
scCQ at 40°C), plus an extra amount of water to givelig phases of liquid C@and insoluble surfactant/Pd nitrate/water
(molar water to surfactant) ratio of 30, were placed in the remixture were clearly visible at below the supercritical temper-
actor. Dried CQ was then pumped into the autoclave reactorature (room temperatur&ig. 1a). After the temperature was
using a booster pump to reach the desired pressure (140 bagised to 40C at about80-85 bar the gas-liquid meniscus
at 40°C. Stirring was done with an overhead magnetic stir-disappeared; however, the solid remained insoluble in the trans-
rer, the motor of which was set at 3/4 of maximum speed (caparent fluid Fig. 2b). The temperature and pressure values were
550 rpm). The mixture was stirred overnight to create the mi-above the theoretical critical points for pure g£@nd the dis-
croemulsion system. Then the pressure was raised to 150 bar Bppearance of the meniscus is consistent with the fact that the
adding 10 bar K, and the reaction was followed for 4 h. At the COs fluid had reached a supercritical sttg (Our phase esti-
end of the reaction, the autoclave was allowed to cool to roonmation based on Peng—Robinson calculation also suggested no
temperature, at which time the reaction mixture was vented viaignificant modification of the critical points of the fluid by the
double-liquid traps containing cyclohexane to remove solublesmall quantity of substrates used.) Itis interesting to observe the
species in the carbon dioxide. Then the reactor was opened, adisolution of solid mixture at higher pressures starting from
the remaining residue was extracted with another portion of thabove 95 bar (with increasing fluid density). This fact agrees
solvent. The resulting solutions were combined, and the solivith our earlier finding that the density of the scgfuid al-
containing metal particles was separated and collected frofows establishment of a “microemulsion” state with surfactant
the solution by filtration. The filtrate was dried over sodiumand water at abov85 bar (Fig. 1c). Fig. 1d shows the colour
sulphate, then filtered before the cyclohexane was evaporatethange of the “solution” upon the addition op HPresumably,
off. The leftover product was dissolved in another clean cycloat this point the metal salt ingredients in the micelles are re-
hexane solvent and injected to both gas chromatography (usirdyced to the micelle-hosted metal nanoparticles.
an HP 5890 gas chromatograph equipped with a flame ionisa- The sizes of typical micelle-hosted metal were carefully de-
tion detector and a 30 m 0.22 mm ID-BPX5 0.25 capillary termined by X-ray diffraction (based on Debye—Scherrer equa-
column) and gas chromatography—mass spectroscopy (using fian, taking instrumental broadening into account) and trans-
Agilent Technologies 6890N gas chromatograph with the sammission electron microscopy (TEM). As can be seen from
column coupled to a 5973 mass selective detector) for produdtig. 2a, the size of the typical Pd nanoparticle obtained under
identification. Conversion and product selectivity were determicroemulsion conditions is ca. 3.850.85 nm, with a sharp
mined based on all detected products with reference to an intesize distribution shown on TEM. In comparison, many poorly
nal standard. defined particles with a broader size distribution were obtained
The experiments carried out in nitrogen phase used the sanfEig. 2b) under the same conditions when the Pd was not in
experimental setup and the same experimental/work-up procedicroemulsion state (collected at below 90 bar). Occasionally,
dures with identical quantity of citral, decane (internal stan-very large particle clusters were observed in this sample.
dard), water, fluorosurfactant, catalyst, and hydrogen. The only The influence of the overall pressure on both catalytic ac-
difference is that the scCQvas replaced by N tivity and product distribution was performed over Pd and Ru
For the experiments carried out using “naked” Pd and Rusystems by varying the pressure of £@hile keeping the hy-
nanoparticles, prereduction of the catalyst was performed atrogen pressure constant at 10 bar in all cases. It was found that
100°C under 40 bar of Kl overnight before adding the reac- virtually a complete conversion of citrab-00%) was achieved
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Fig. 2. (a) A typical TEM image of micelle hosted Pd nanopatrticles in sc®ith size distribution of 35+ 0.85 nm; (b) A typical TEM image of Pd nanoparticles
in scCQ but with no micro-emulsion formation showing the much larger and broader particle sizes.
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Scheme 2. Simplified reaction pathways of the citral hydrogenation. OBOI - '9'0' ' 160 1,;0 ' 12'0 1:'50 1;0 150

overall pressure
shortly (<1 h) after hydrogen addition in all cases with the re-

actions carried out under scG@ a batch reactor. This clearly Fig. 3. P'roduct distribution curve versus total overall pressure for citral hy-
cemenstates th figh aciviy o these noble meta cataysgiooeion o enl DAL () Sl (©) oMok © 0oL

in the fluid under such mild conditions. Unfortunately, kinetic (Wo = 30), surfactant (0.25 mmol), 4T, 10 bar k topped up with 70—
measurements could not be determined because of technical bar CQ for 4 h reaction time. Citral conversion was virtually at 100%
difficulties in using the high-pressure batch reactor (i.e., thenence the yield (%) of a product was equivalent to the selectivity (%).

reaction rate could be misrepresented by the contributions of

catalysis during the slow heating and cooling stages). Thusf microemulsion), the fully hydrogenated 3,7-dimethyloctanol
comparison of product distribution at different conditions was(DMOL) was the major product of the reaction, which appeared
made after 4 h reaction time at near-complete citral conversiono be stable at about 50-55%, whereas the other hydrogenated

It was found that for all of the reactions carried out in this products accounted for only 10-20% each. At the pressure
study, the main products were the 2,3-conjugatedC(cit-  range of 95-105 bar corresponding to the regime of microemul-
ronellal, CIAL), the fully saturated aldehyde (dihydrocitronel- sion (refer toFig. 1), DMOL selectivity sharply decreased, set-
lal, DHAL), the unsaturated alcohol (citronellol, CIOL), and tling at around 15%. At the same time, the selectivity toward
the fully saturated alcohol (3,7-dimethyloctanol, DMOL), alto- CIAL increased markedly and became the dominant product
gether accounting for 90% selectivity). Traces of isopulegol, (ca. 66%). A further increase in pressure over 105 bar did not
geraniol, and 3,7-dimethyloct-2-enol were also observed. Thugause any major change in product distribution. The DHAL se-
a much simplified reaction pathway of catalytic citral hydro- lectivity remained constant throughout the whole range of pres-
genation based o8cheme Jin supercritical carbon dioxide is sure applied, and the CIOL selectivity decreased only slightly
now presented icheme 2 at high pressure.

Plots of product distribution versus overall pressure {GO It is interesting that for Pd, a very different profile in prod-
Hy) are presented ifig. 3for Ru and inFig. 4for Pd. It can  uct distribution resulted from an increase in carbon dioxide
be seen frontFig. 3 that increasing C@ pressure leads to a pressureKig. 4). At low pressure (i.e., 80-85 bar), the fully hy-
dramatic change in product distribution over the Ru. Betweemrogenated DMOL was again the main product of the reaction
80 and 95 bar (in a supercritical state but before the formatioi~85% selectivity), whereas DHAL was the only noticeable
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Table 1
Influence of the medium on the product distribution
80 Entry Solvent CIAL DHAL DMOL cloL
— (%) (%) (%) (%)
(=3
2 60 Over Pd
3 1 COy 72.0 180 4.0 6.0
B 2 N2 12.0 205 620 5.5
O 40
9 Over Ru
3 COy 75.5 135 55 6.5
20 4 N2 10.0 85 735 8.0

Note Pd nitrate (0.25 mmol) or Rugl(0.25 mmol), citral (0.5 mL), decane
T— g s e S (0.1 mL), water o = 30), surfactant (0.25 mmol), 4, 10 bar kp, 140 bar

80 90 100 110 120 130 140 150 COy or Np. Citral conversion was virtually at 100% hence the yield (%) of a
product was equivalent to product distribution (%).

overall pressure

Fig. 4. Product distribution curve versus overall pressure for the citral hydroTgple 2

genation over Pd system&] DHAL, (M) CIAL, (O) DMOL, (O0) CIOL) Influence of the Pd and Ru environment (micro-emulsion or naked) on the ac-
comprised of Pd nitrate (0.25 mmol), citral (0.5 mL), decane (0.1 mL), watertivity and product distribution

(W = 30), surfactant (0.25 mmol), 4@, 10 bar H topped with 70-140 bar
CO;, for 4 h reaction time. Citral conversion was virtually at 100% hence the

Entry Catalyst Conversion CIAL DHAL DMOL CiIOL

yield (%) of a product was equivalent to the selectivity (%). (%) (%) (%) (%) (%)
1 Naked P& 100 215 7% - -
2 Pdin ME® 100 72.0 180 4.0 6.0
0
product (ca. 12%). CIAL and CIOL were detected as traces, Naked R@ 10 79.5 5 35 70

However, an increase in pressure within this pressure range (in- RuinME® 100 755 1% 55 6.5
crgasing tht_a density of the qu_id but before 'Fhe fo_rmation ofNOte Pd or Ru (0.25 mmol), citral (0.5 mL), decane (0.1 mL)°4) 10 bar
microemulsion as according téig. 1) resulted in an increase , 140 bar CQ.

in DHAL selectivity at the expense of DMOL selectivity. The 2 No water and fluorous surfactant.

DHAL selectivity reached the maximum at a total pressure of ® (Wo = 30), surfactant (0.25 mmol).

95 bar.Fig. 4shows that a similar switch in product distribution

was also observed at above 95 bar along with the observation déble 3

microemulsion revealed earlier Fig. 1 Note the marked en- Conversion and product distribution for the citronellal hydrogenation over Pd

hancement in CIAL selectivity concomitant with the decreasé™ R

in DHAL selectivity. Entry Catalyst Pressure Conversion CIOL DMOL DHAL
To rationalise these interesting results at this stage, keep (bar) (%) (%) (%) (%)

in mind the evolution of the product distribution patterns is* EE 12‘3 gi - 81 19

closely related to the working state of the catalytic systems Pd o5 100 _ 21 79

and the stability of intermediate species on the catalyst surs Pd 150 ® _ _ _

face(s) at a partiCUIar pressure. First, at the lowest Préssuighie pd or Ru nanoparticles (0.25 mmol), citronellal (0.5 mL), decane
(i.e., 80-85 bar), carbon dioxide, although in a supercriticalo.1 mL), water @y = 30), surfactant (0.25 mmol), 4@, 10 bar H, 85 or
state, the density of the fluid is close to a gas-like pHaje 140 bar CQ.

Thus the volatile citral molecules can easily gain access to the

metal surface (reduced metal nanoparticles without involvingf CIAL, indeed reverts as the main product in nitrogen at this
microemulsion; refer td=ig. 2b) and be exhaustively hydro- high pressure, as also occurs when a low pressure gf(8®-
genated to DMOL (total reduction of the two=<TC double 85 bar) is used.

bonds and €O bonds before the desorption of the thermo- As discussed, a further increase in fluid pressure from 80 to
dynamically most stable DMOL to the mobile phase). But at95 bar (but before the formation of microemulsion<5 bar),
higher pressure, the fluid becomes more liquid-like, enablings shown irFig. 1, resulted in a direct increase in fluid density,
solubility of chemical species therein. This enhances desorptiowhich began to provide solvency for the extraction of species
of partially hydrogenated intermediate species from the metdfrom metal surface (enhanced desorption in liquid-like fluid).
surface to the mobile phase. To verify the above postulatiols a result, the nonpolar intermediate, DHAL, from the step-
and further investigate the role of carbon dioxide, we tested thevise hydrogenation was gradually extracted by the increasingly
Pd and Ru systems at an overall pressure of 150 bar, using tliense fluid from Pd, reaching optimum concentration at 95 bar.
same conditions but replacing @@vith N2 gas (which can- However, Ru is well known to strongly bind oxygenates against
not form a supercritical phase under the reaction conditions). ldesorption; hence virtually no intermediate was extracted. At
both cases, changing the medium (i.e., carbon dioxide or nitrggressure above 95-105 bar, the density of the fluid is suffi-
gen) produced a significant difference in product distribution atiently high to allow the onset of microemulsion with surfac-
virtually 100% citral conversion (seEable J). It is clear from  tant/water before reduction (as shown directl¥ig. 1c). CIAL
theTable 1that the total hydrogenated product, DMOL insteadis then the major product for both Pd and Ru. As reported pre-
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viously [43], the high CIAL selectivity is attributed to the high using polymer-supported fiber Pd catalyst has clearly demon-
kinetic reluctance for double-bond hydrogenation of citral atstrated that the initially high selectivity to CIAL (85% at 40%
the hydrophobic end (6,7 position) and the termina=@hy-  conversion) decreased rapidly with time at a gain in dihydro-
drogenation (desorption of hydrophilic alcohol in densely hy-citronellal selectivity, demonstrating the kinetically labile na-
drophobic scCQ is not favourable) due to anique micelle  ture of this partially hydrogenated product. Work has been done
environment with a hydrophilic aqueous core hosting the metabn inhibiting total hydrogenation using transition metal ions,
particle in the hydrophobic carbon dioxide fluid. (The approactsuch as Fe or Sn, doped on a noble metal surface. It has been
from the hydrophobic end of the molecule to the metal surfacg@ostulated that these promoters will form interaction(s) with the
is unfavourable.) Thus, hydrogenation of the activated doubleterminal aldehyde group, hence favouring the head-on attack of
bond 2,3 position to CIAL is the only facilitated route. the molecule to the catalyst, and thereby reducing the likelihood
To investigate the role of microemulsion during the hydro-of subsequent hydrogenation on the hydrophobic end. Placing
genation reaction of citral molecule, nanoparticles hosted imoble metal clusters in rigid inorganic zeolitic pores to favour
micelles and “naked” nanoparticles (with no surfactant/waterthe head-on attack has also been repddéd
of similar size were compared in terms of activity and product We observed a high selectivity to citronellal, which remained
distribution. Table 2reports that 78.5% selectivity to DHAL in a principal product at all times when using micelle-hosted Pd
citral hydrogenation in supercritical carbon dioxide is obtainedas a catalyst without promoting our Pd with transition metal
over the naked Pd nanopatrticles at the total pressure of 150 b&wn or zeolitic material. Clearly, this interesting observation is
This finding agrees very well with the recent work of Chatter-related to the actual metal microemulsion working state. One
jee et al., who clearly demonstrated that the solvency of th@ossibility is that the metal nanopatrticles synthesised inside the
supercritical carbon dioxide fluid indeed favours the desorptiomicelles in supercritical carbon dioxide may give higher se-
of the relatively hydrophobic DHAL in citral hydrogenation lectivity to citronellal than those particles made in nitrogen,
over a range of supported Pd catalyf€t¥,42] Note, however, because of their particular particle size and structure. But we be-
that 72.0% selectivity to CIAL was achieved in the case oflieve that the effect of particle structure on selectivity is minor,
microemulsion. A very similar product distribution was also ob-because naked particles can still be accessed freely by substrate
tained over Ru when it was in the microemulsion state (entry 4)molecules to different crystallographic planes, leading to poor
In a sharp contrast, the conversion for the Ru system was founzbntrol of regioselectivity.
to remain at only 10%. It is assigned to some kind of strongly On the other hand, on the basis of micelle molecular assem-
adsorbed species, possibly the DHAL or related species, whidbling, the microemulsion in scCQs envisaged to consist of
deactivates the Ru. a water core containing Pd nanoparticles, surrounded by the
A possibly key question is how the metal in microemulsionoriented surfactant molecules as a shell. Depending on the flux-
inhibits the further conversion of CIAL to further hydrogenatedional behaviour of the individual surfactant molecules, the citral
products.Table 3reports the hydrogenation of CIAL instead molecule must align itself to minimise repulsions due to steri-
of citral at two different pressures: at 95 bar, before the onsetal crowding in accessing the enclosed metal surface. Thus, we
of microemulsion, and at 150 bar, at which the microemul-posit that the relatively hydrophilic carbonyl head group pene-
sion working state is well established. It is interesting to notdrates into the aqueous micelle aggregate (i.e., a head-on attack).
from Table 3that a sharp decrease in the CIAL conversion isSuch molecular orientation of citral guided by the micelle as-
indeed observed for both catalysts from the transition of no misemblies allows highly selective hydrogenation ofd¢hg-con-
croemulsion (fluid phase) to microemulsion. This clearly sugjugated double bond that lies close to the metal surface, and
gests that CIAL, the first intermediate produced from the citrahence citronellal is formed. This partially hydrogenated prod-
hydrogenation in our microemulsion system, is kinetically sta-uct is immediately expelled from the agueous reverse micelle
ble against further hydrogenation. This finding also reinforcedecause the spatial limitation and mismatched hydrophilicity
the observation of no change in CIAL selectivity over the pro-reduce the likelihood of further hydrogenation of isolated dou-
longed reaction time. Thus, the low reactivity of CIAL can be ble bonds at the hydrophobic end. Note that similar molecular
clearly explained by the mismatch of this unsaturated moleculguidance of a rod-shaped unsaturated molecule leading to un-
in hydrophilicity with the micelle-hosted metal catalyst system,usual selectivity was reported by Toshima and Takah@shi
resulting in a repelling phenomenon of the molecule being dewho observed higher regioselectivity for the hydrogenation of
nied access to the enclosed metal. 10-undecenoic acid than for hydrogenation of 2-undecenoic
Overall, our results clearly show that by controlling the acid over colloidal dispersion of platinum and palladium hosted
quantity of surfactant and the water-to-surfactant ratio, unusun a normal micelle in aqueous solution. (A hydrophobic end
ally high selectivity toward citronellal (CIAL) can be achieved group containing a double bond is easily hydrogenated by the
at high scCQ pressures=105 bar) compared with other me- inner micelle-hosted metal in a hydrophobic environment.)
dia. Indeed, it has long been known that inhibiting the subse-
quent hydrogenation to the unactivated double bond of the citral. Conclusion
is difficult. Thus our results on obtaining the kinetically sta-
ble CIAL against further hydrogenation for a prolonged contact In this work we investigated the affect of G@ressure on
time with the Pd and Ru microemulsion catalysts are rather inproduct distribution for the hydrogenation of citral over Pd and
triguing. The work of Aumo et al29] on citral hydrogenation Ru nanoparticles hosted in a water in sgO@icroemulsion.
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