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Abstract

Chitosan-stabilized Pt (chi-Pt) or Pd (chi-Pd) colloidal nanoparticles catalyst prepared with various chitosan—metal molar ratios and reducing
agents were characterized. Chitosan could stabilize Pt and Pd with minimum chitosan:M ratio of 5:1 and 2:1 respectively. The finest and
well-dispersed particles of chi-Pt or chi-Pd were obtained when methanol or NaBt¢ used as the reducing agents. Chi-Pt and chi-Pd
reduced by hydrazine gave aggregated particles in all chitosan molar ratios. Chitosan could control particle size of Pt or Pd to within 1.9-2.2 nm
when CHOH or NaBH, was used as the reducing agents. Palladium or Platinum catalysis on cyclooctene hydrogenation gave cyclooctane.
Hydrogenation of octene catalyzed by chi-Pd gave octane, 2-octene and 3-octene while chi-Pt prepared by methanol reduction showed 99.99%
selectivity and conversion to octane. The catalytic activity of chi-Pt was higher than chi-Pd for both the hydrogenations.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [8]. Metal particles with nano and uniform sizes have been
intensively investigated recently because they have applica-

Chitosan or polyp-(1-4)-2-amino-2-deoxy-glucon] is a tions in optics, electronics, magnetic devices and as cata-

natural polymer isolable from crustacean shell and available lysts, photocatalysts, adsorbents and serf9ek3]. Studies

commercially. It is applied widely in several industrial and on size control of metal nanoparticles stabilized on poly-

manufacturing processes including waste water treatment,mers, such as polyvinylpyrrolidone and others have been

pharmaceutical, medical, food process, agriculture and tex-extensively reported14—20] but there are scarcely report

tile industries[1]. The uses of chitosan in catalyst formu- on size control of chitosan stabilize Pt and Pd nanoparticles

lations have been explored. Chitosan—polyvinylpyrrolidone prepared with different reducing agents.

(PVP) composite was used as lipase membrane for enzy-

matic processing of fats and ¢d]. In the preparation of col-

loidal nanosized metal catalysts including Pd, Rh, Ru, Ptand 2, Experimental section

Ag, chitosan has been reported as a stabilizer producing par-

ticles with relatively large average particle diamet&4]. 2.1. Materials and equipments
This colloidal catalyst could be supported on inert materials
such as silicg5] and synthetic polymerf§] for the prepa- Sodium borohydride (95%, Reidel de Haen);F{Cly

ration of heterogeneous catalyst. Chitosan has also been re¢99.99%, Aldrich, Germany), octene (99.99%), cyclooctene
ported to act as solid matrix for palladium acetate-trisulfate (99.99%), chitosan of medium molecular weigk#00000,
triphenylphosphine catalysfg]. Fluka, Switzerland), hydrazine (99%, BDH, England),
Metal nanoparticles have interesting and unique proper- PdCh 99.99%, Merck, USA) and Methanol (System, A.C.S.
ties compared to the larger corresponding metal particles certified grade, Malaysia) were purchased and used without
further purification.
* Corresponding author. Tekt60-4-6577-888x3550: Philip CM 12 trgnsmission electron mipro;cope was gsed
fax: +60-4-6574-854. to obtain TEM micrographs for determination of particle
E-mail address: kyliew@usm.my (K.Y. Liew). sizes and size distributions. A drop of the colloid solution

1381-1169/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
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was placed between two thin plastic films supported on a The reflux was stopped when the absorbance reached
carbon grid under ambient condition except for palladium, maximum.

which was performed under JNatmosphere, followed by

solvent evaporation. About 10-20 of the particle images 2.2.2. Sodium borohydride reduction

were taken randomly. The individual particle diametek$ ( Metal reduction using sodium borohydride was conducted
were measured from the enlarged micrographs using a com-according to a reported methd@1]. Typically, for chi-
puter program “analySIS Docu 2.11" (SIS GmbH, Germany, tosan:Pt ratio of 5:1, sodium borohydride was added step-
1986-1997). The average particle sidg dnd standard de-  wise with increments of NaBimetal ratios and the flask

viation (o) were obtained fronm; number of particlesi > was closed and kept stirring for >2 h. The solution was sam-
300 particles) and calculated with equations: pled at every addition of NaBHand the absorbance was
recorded. The addition of NaBHvas stopped when the ab-
Yn;d; Yni(d; — d)? L2 sorbance reached maximum. Preparation of chitosan-Pd was
4= Sn; and o = |:2—nli| : done under N atmosphere.

Some notations of experiment conditions are given here. 223, Hydrazine reduction

Metal reduced by CEDOH, NaBH; and NoH4 are abbrevi- Two milliliters of NxHs (99%) was transferred into a

ated as (Pt-me, Pd-me), (Pt-nb, Pd-nb) and (Pt-hz, Pd-hz)100 ml volumetric flask. Then distilled water was added up

respectively. Molar ratio of chitosan:metal was designated to the mark. This hydrazine solution was added stepwise into

as 5:1, 10:1 or 15:1 etc. For example, Pt-me 5:1 means thatchitosan:Pt solution (5:1) with increment opNs/metal ra-

Pt was reduced by methanol with molar ratio of chitosan:Pt tios of 2:1, 3:1, up to, 30:1. After each addition, the solution

of 5:1. The formation of the colloidal Pt and Pd nanoparti- was stirred for 10 min, sampled and absorbance measured,

cles with each of the reducing agent was followed by using before the next addition. The addition 0fMN,; was stopped

a spectrophotometer. when the UV-VIS absorbance of the solution was maxi-
mum. The same procedure was followed for palladium.

2.2. Preparation of chitosan-stabilized platinum and

palladium colloids (chi-M) 2.3. Chitosan-coated TiO» as a support for Pt and Pd
nanoparticles
The chitosan-stabilized metal colloids were prepared with
modification of the previously reported methodg. The Preparation of chitosan-coated Bihi-TiO,) Pt and Pd
procedures were as follows: were carried out by modified previously reported metfd

Stock solution of palladium chloride was prepared by About 0.2080 g of chitosan was dissolved in 346 ml of aque-
acidifying 0.1g of PdG with concentrated HCI until all ~ ous acetic acid (1.5%) and diluted with 300 ml of methanol.
the particles dissolved. Then the concentrated HCI was The solution was stirred until a clear solution formed. About
evaporated at about 7C. The red residue was dissolved 10g of TiO, (anatase) was suspended in 200 ml of solu-
in aqueous acetic acid (10%) in a 25 ml volumetric flask. tion of 1:1 aqueous acetic acid (1.5%)—methanol. Using a
Stock solution of 101 M of K,PtCly was freshly prepared  pipette, the slurry was added dropwise to the chitosan so-
in a 50 ml volumetric flask. The concentration of platinum lution and kept stirring vigorously. The mixture was neu-
or palladium was adjusted taZ x 10~*M in all prepa- tralized by addition of sodium hydroxide and the precipitate
rations with various chitosan:platinum or palladium molar was filtered and washed with distilled water until neutral.
ratios of 1:1, 2:1, 5:1, 7:1, 10:1 and 15:1. These solutions The solid was dried in an oven at 50 overnight and dried
were prepared as described below. solid of chi-TiO, was ground and dried again in an oven at

Chitosan:Pt for molar ratio 5:1 was prepared by dissolv- 110°C for 1h.
ing 3.11x 103 mol (0.500 g) of chitosan in 88.8 ml of aque- Exactly 1.000g of chi-TiQ was suspended in 100ml
ous acetic acid solution (1.5%) and diluted with addition of methanol-water (1:1) with stirring. Exactly 0.08332g
of 90 ml of methanol (99%) with vigorous stirring. Then, of PdChb (0.02950g of Pd) was suspended in 100 ml of
1.12ml (112 x 10~%mol) of platinum stock solution was  ethanol with stirring. The metal—-ethanol solution was added
very slowly added to the above solution (total volume be- to chi-TiO, suspension with stirring at room temperature
came 180 ml) and kept stirring for 1 h. The same procedure for 24 h. The metal content in the filtrate was determined
was applied for other chitosan molar ratios and for chitosan- by AAS. The chi-TiG@—-metal was reduced either by re-

palladium. flux, NaBH4 or NoH,4 addition. The residue was filtered and
washed several times with water and the last with methanol,
2.2.1. Methanol reduction dried in an oven at 50C for 24 h and at 110 for 1 h. The

The chitosan—metal solution was refluxed in an oil bath. metal content in this solid were determined with AAS anal-
About 4ml of the solution was sampled every 30min, ysis and have about 1% of metal content. Exactly 3
cooled in an ice bath and the absorbance recorded with a10~® mol of metal content of this solid was used for the cat-
UV-VIS spectrophotometer in the range of 700-200 nm. alytic test.
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2.4. Catalytic test of hydrogenations of octene and groups of chitosan, by which the metal ions were dispersed
cyclooctene in the chitosan matrix, prior to the metal reduction. The
theory and experimental data on formation of coordination
Hydrogenation of both octene and cyclooctene were per- bonds between metal ions and chitosan have been reported
formed at atmospheric pressure at’80in a closed 250ml  [24,25] It is suggested that the metal particles were prefer-
glass vessel equipped with a magnetic stirrer in a ther- ably enclosed in the chitosan matrix with random config-
mostated water bath. Exactly 5.3 ml solution of colloidal uration rather than folded around by the chitosan chains
Pt catalyst (38 x 10-9mol) was diluted with methanol since the chitosan chains might not freely dangle and were
(44.7 ml) and fed into the reactor. Hydrogen gas was flowed relatively large compared with Pt and Pd nanoparticles
several times to eliminate air and then the catalyst was (1-2 nm).
activated for 60 min with vigorous stirring. The reaction Unlike platinum, interaction of palladium with chitosan
was started after the injection of 0.5ml of octenel(3 shows unique properties. The common method of palladium
10-3 mol). The hydrogen consumption was monitored with solution preparation was by suspending Pdi@l ethanol.
a graduated gas burette. The reaction mixtures were sam-However, this method could not be applied because the palla-
pled at different intervals. The sample was distilled at80  dium salt precipitated out the chitosan. Instead, BaB}s-
or precipitated out using NaOH—methanol solution to sep- tal was dissolved in concentrated HCI, and the excess HCI
arate the catalyst from the product. The samples were anawas evaporated off at 7€ in a water bath. Pdglin HCI
lyzed using GC (Hitachi G-3000) with a carbowax capillary changed to [PdG]?~ [26].
column 20m (HP-20 M); with column temperature set at
50-120°C, ramping at 3C/min for octene and the column  3.1. Spectrophotometry studies
temperature for cyclooctene analysis was80
UV-VIS spectra of Pt-me, Pt-nb, Pd-me and Pd-nb show
monotony without a sharp peak but shoulders at 300 nm for
3. Result and discussion Pd-me, 325 nm for Pd-nb. Hydrazine gave no absorbance at
275-700 nm, whereas Pt-hz gave large peaks at 300, 350,
Chitosan could stabilized Pt and Pd colloidal nanopar- 425nm and around 375 and 435 nm for Pd-hz as shown by
ticles (1-2nm) even at low molar ratio (chitosan—metal, the representative UV-VIS spectrafiy. 1 Pt-hz and Pd-hz
2:1-5:1). As comparison, PVP-stabilized Pt and Pd with were aggregated, while Pt-me, Pt-nb, Pd-me, Pd-nb consist

PVP:M molar ratio of 40:1 were previously repor{e@,23] of fine dispersed particles. The Pd-me spectrum was compa-
Chitosan could not stabilized platinum and palladium col- rable with palladium colloidal solution that was previously
loid when chitosan-M molar ratie:5 for Pt and<2 for Pd, reported using PVP as the stabilif27]. The correlation of
and palladium salt coagulated chitosan at molar ratio of chi- metal colloidal particle size with UV-VIS spectrum shape
tosan:Pd >20. has been proposed in previous publication and it was sug-

Process of stabilizing and dispersing Pt and Pd nanopar-gested that colloidal metal solution containing large parti-
ticles could be explained with formations of coordination cles tended to give a sharper peak of the UV-VIS spectrum
bonds between the metal ions and amino and or hydroxyl [27,28]

1.2

Absorbance

275 375 475 575 675

Wavelength/nm

Fig. 1. UV-VIS spectra of chitosan-stabilized platinum and palladium colloidal nanoparticles in agueous acetic acid-methanol giving a latge peak a
200-300 nm.



144 M. Adlim et al./Journal of Molecular Catalysis A: Chemical 212 (2004) 141-149

The optimum condition for preparation of chitosan- Reduction potential of Pt and Pd in acidic solution were
stabilized Pt or Pd colloidal nanoparticles with metal [PdCl]% /Pd= 0.600V and [PtC}]?~/Pt= 0.758V, with
concentration of @2 x 10~'molml~! was deduced the same reducing agemtG° for Pt is more negative than
from UV-VIS absorbance. The maximum intensity of the for Pd. From transition state theory, the relation between
UV-VIS absorbance of platinum reduced by methanol Gibbs free energy with rate constakt,is given by Ink =
reached faster at 33 min compared with palladium which re- In[(ks7)/ ] — AG/RT. AssumingAG® = AGy then, at
quired 180 min. It was also observed that Pd needed 4 timesrelatively low temperature (303 K) the more negativ&;
more NaBH and 1.8 times more MH, than Pt to attain the  gives the largek, hence Pt was reduced faster than Pd.
maximum intensities, although the concentrations of Pd and
Pt were equal. This disparity occurred because Pdnb was3.2. Particle size distribution
not stable in the agueous acetic acid—methanol solution (pH
3-4) as shown by the continuous decrease with time of the Samples of chitosan-stabilized platinum and palladium
absorbance of the colloid after the Pd-nb was formed. In ad- prepared were characterized by TEM. Representative micro-
dition, the reduction of Pd ion with hydrazine was relatively graphs and the size distribution histograms are presented for
slow. Pt-me, Pt-nb and Pt-hz iRig. 2(a) TEM and size distribu-

Difference of reduction rate between Pt and Pd can tion histograms of Pd-me, Pd-nb and Pd-hz were given in
be explained on the basis of the reduction potentials. Fig. 2(b) The colloidal metal particle size distribution with

Pt-me 5:1, d=(1.97+£0.36) nm
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Fig. 2. Representative size distribution histograms of (a) Pt-me, Pt-nb and Pt-hz and a representative TEM images; the scale bar inside TEM image i
20nm. (b) Pd-me, Pd-nb and Pd-hz and a representative TEM images.
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Pd-me 2:1, d = (5.55+1.5) nm
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Fig. 2. (Continued)

various chitosan—metal molar ratio and reducing agents waswhen MeOH-water and hydrazine were the reducing agents
summarized iTable 1 (Table 1. Consistently, for all molar ratios, chitosan could

Chitosan-stabilized Pt colloid prepared by using methanol-stabilized and control the particle size of Pd when NaBH
water as the reducing agent (reflux), Pt-me, gave the bestwas the reducing agent. The average Pd size was 2 nm with
system for catalyst preparation. As shown Rig. 2(a) very narrow size distributionotyerage= 0.3). As shown in
dispersed and fine particle of Pt colloid was observed con- Fig. 2(a) chitosan-stabilized Pt colloid reduced by NaBH
sistently in all concentrations of chitosan (Pt-me and Pt-nb). also afforded dispersed and nanosize particles in the range of
The average size was 1.97-2.03 with very narrow size dis-2.00-2.71 nm, but the size distribution was relatively broader
tribution and relative standard deviation of 0.2. In addition, with relative standard deviation of 2.0-0Eaple ).
the average particle diameters were much smaller than that Preparation of chitosan-stabilized Pt or Pd colloid reduced
previously reported for Pt—chitosan which was 6.8 #h with hydrazine (Pt-hz or Pd-hz) gave aggregated particles
This suggested that chitosan could control the particle sizein all concentrations of chitosan as showiy. 2(a and h)
of platinum from 1 to 2nm if Pt is refluxed with methanol The aggregation size of Pt-hz was 16.91-27.96 nm with the
or it could be controlled te<3 nm if reduced by NaBldas relative standard deviation was 0.3-0.4 and Pd-hz gave even
summarized iMrable 1 larger and more aggregated particléalfle J).

NaBH; seems to be a good reducing agent for palladium  In addition, Table 1shows that increasing chitosan con-
since particle size and particle size distribution was smaller centration did not affect the particle size of Pt-me, Pt-nb,
and narrower as shown iRig. 2(b) compared with that  Pt-me, and Pd-nb, but let to slightly increased aggregation
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Table 1
Size and distribution of chitosan-stabilized Pt and Pd nanoparticles
Metals/reductants Sample codes d+ o (nm) R.S.D.o/d Dispersion of
metal particles

Pt/CH;OH-H,O refluxed Pt-me 5:1 1.9% 0.4 0.2 Dispersed

Pt-me 7:1 2.0+ 0.4 0.2 Dispersed

Pt-me 10:1 2.03: 0.4 0.2 Dispersed

Pt-me 15:1 1.93 0.4 0.2 Dispersed
Pt/NaBH, Pt-nb 5:1 2.62+ 0.4 0.5 Dispersed

Pt-nb 7:1 2.00+ 0.4 0.2 Dispersed

Pt-nb 10:1 2.7 0.7 0.3 Dispersed

Pt-nb 15:1 2.06+ 0.4 0.2 Dispersed
Pt/NaHy4 Pt-hz 5:1 16.91+ 4.9 0.3 Aggregated

Pt-hz 7:1 Not measureable - Highly aggregated

Pt-hz 10:1 22.34 8.7 0.4 Aggregated

Pt-hz 15:1 27.96+ 11.(% 0.4 Aggregated
Pd/CHOH-H,0 refluxed Pd-me 2:1 55% 15 0.3 Dispersed

Pd-me 5:1 3.80t 1.2 0.3 Dispersed

Pd-me 7:1 2.59% 0.5 0.2 Dispersed

Pd-me 10:1 2.26t 0.4 0.2 Aggregated
Pd/NaBH, Pd-nb 2:1 2.03t 0.3 0.2 Dispersed

Pd-nb 5:1 2.02t 0.3 0.1 Dispersed

Pd-nb 7:1 2.15+ 0.3 0.1 Dispersed

Pd-nb 10:1 1.93 0.3 0.5 Dispersed
Pd/N;H4 Pd-hz 2:1 19.74 11.3 0.6 Highly aggregated

Pd-hz 5:1 22.45+ 11.3 0.5 Highly aggregated

Pd-hz 7:1 33.74+ 18.4 0.5 Highly aggregated

Pd-hz 10:1 36.56t 5.8% 0.2 Highly aggregated

a Aggregation size.

size of Pt-hz and Pt-hz. However, the particle size of Pd-me  The catalytic activities in terms of the turn over frequency
decreased with increasing chitosan concentration. (TOFs, mol product/(mol metal h)) was given Table 2

As the molar ratio of chitosan was increased, the decreaseGenerally, the catalytic activities of platinum on octene hy-
in particle size could be explained since the presence ofdrogenation decreased with increasing chitosan—metal mo-
larger amount of the stabilizer shall lead to a higher disper- lar ratios and the reducing agent used in catalyst preparation
sion of the metal ions on the polymer matrix hence the metal influenced significantly their catalytic activities in the order
atoms formed, the unchanging particle size may be becausef Pt-me > Pt-nb > Pt-hz at the same molar ratios. The
the smaller amount of stabilizing polymer is already suffi- TOFs of Pt and Pd for these preparations were relatively
cient for the stabilization. The increase in aggregated size inhigher than those previously reported as showiighle 3
the hydrazine reduced sample was very likely due to chem- Among the catalysts, Pt-me 5:1 has the highest activity with
ical interaction between the polymer and the reducing agentmaximum conversion of octene to octane (99.99%) which
since hydrazine is slightly reactive to hydroxyl and carbonyl is consistent with the hydrogen uptake and the very fine Pt

groups especially in a cyclic rin@9]. particles with very narrow size distributioRify. 2(a). Pt-nb

was expected to have better catalytic properties than Pt-hz
3.3. Catalytic test on hydrogenation of octene and since Pt-nb has more dispersed particles and higher hydro-
cyclooctene gen uptake than Pt-hz, however, TOF of Pt-nb was almost

equal to that of Pt-hz.

Chitosan-stabilized Pt or Pd catalysts prepared with var- A list of palladium catalytic activities with various molar
ious molar ratios and reducing agents symbolized as chi-Ptratios and reducing agents for octene hydrogenation after
and chi-Pd were tested on hydrogenation of octene and cy-50 min of reaction was tabulated ifable 4 The activity
clooctene. The reaction product of octene hydrogenation cat-of Pd in terms of octane concentration, decreased with
alyzed by platinum was solely octane but with palladium increasing chitosan concentration. In addition, the isomer-
catalysis, the reaction products were not only octane but alsoization activity also decreased generally with increased
its isomers: 2-octene and 3-octene. The reaction product ofchitosan concentration. The highest selectivity for octane
cyclooctene hydrogenation catalyzed by either platinum or was only 36.72% and the rest was isomerized to 2-octene
palladium was cyclooctane. and 3-octene.
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Table 2
TOFs for chitosan-stabilized Pt and Pd catalysts
Substrates Catalysts (chi-M ratios) TOFs (mol product/(mol metal h))
Pt-me Pt-nb Pt-hz Pd-me Pd-nb Pd-hz
Octene 5:1 93808 82291 86396 - - -
10:1 47035 70032 15848 - - -
15:1 25500 37068 10737 - - -
2:1 - - - 94296 100090 54628
5:1 - - - 12490 68640 44854
71 - - - 4160 74208 46816
10:1 - - - 1488 95672 37888
TiO2-chi- - - - 64176 73047 19614
Cyclooctene 5:1 4486 3213 2705 - - -
2:1 - - - 1906 2053 1596

Having known that the best molar ratio of chi-Pd was Table 5 For both the reactions, Pt catalysts were much more
2:1, we then focused the study on the catalytic activity of active than Pd.
chi-Pd (2:1) prepared with various reducing agents and time  Catalytic activity of palladium is higher in Pd-nb com-
intervals as presentedig. 3(a—c) We could see fromthese  pared to Pd-me and Pd-hz. This result corresponded to the
figures that octane increased rapidly with time initially and particle size and dispersion of Pd-nb which is smaller and
much slower after 30 min of the reaction and the isomer, more dispersed than those Pd-me and Pd-hz. Even though
2-octene and 3-octene also decreased after half hours ofPd-me has nanosize and were dispersed, the activity of
reaction. Pd-me at the initial rate of octene hydrogenation was almost
Colloidal platinum and palladium have similar catalytic equal to that of Pd-hz which is large and aggregated. The
properties for hydrogenation of cyclooctene which both rate constants of Pd-me and Pd-hz wa802 10~° and
gave cyclooctane but they show different properties on hy- 2.40 x 10~° mol min—? respectively. In chi-Pd 2:1 catalysis,
drogenation of octene in which Pd isomerized octene. The Pd-me was slightly more active than Pd-hz especially by the
catalytic activity of both metals were higher for octene hy- end of octene hydrogenation. However, at higher molar ratio
drogenation than for cyclooctene for which only 5% conver- of chi-Pd, the activity of Pd-hz was higher than Pd-me.
sion was obtained after 1 figble 9. This is consistent with
the hydrogen uptake which is very low10 ml in one hour.
The activity of platinum for cyclooctene hydrogenation was Table 4
slightly higher than that of palladium with the order of ac- Product distribution in octene hydrogenation catalyzed by Palladium pre-

tivity Pt-me > Pt-nb> Pt-hz and Pd-nb- Pd-me> Pd-hz  Pared With various methods
respectively. Type of Chi:M  Reaction Product distribution (%)

A plot of octane and cyclooctane concentrations versus catalysts composition S T pdnb  Pd-hz
time for Pt and Pd catalysis on hydrogenation of both octene — ,
. . L TiO2-chi-Pd 2:1 1-Octene 43.07 35.20 826
and l.—cy(':oo.cter'le gave straight lines aF the peg|nn|pg of the Octane 3009 4103 650
reaction indicating a zero order reaction, since initial re- 2-Octene 13.15 1253  7.52
actions were not much affected by changing the substrate 3-Octene 13.69 1124  3.38
concentration. The rate constants for both octene and ¢y-cgioidal Pd 211 1-Octene 1635 11.21 5154
clooctene hydrogenation with various catalysts are given in Octane 34.34 36.72 24.05
2-Octene 35.65 40.00 16.94
3-Octene 13.66  12.07  7.47
Table 3 5:1 1-Octene 88.92 39.11 60.21
TOFs of Pt and Pd catalysts previously reported Octane 4.02 32.86 20.33
Catalysts/substrates TOFs (mol product/ References 2_83@22 igg E% 1222
(mol metal h)) 71 1-Octene 9631 3417 58.47
PVP-Pd-ethanol/1-octene 334.6 [30] Octane 1.92 34.86 19.25
PVP-Pd-NaBH/1-octene 335.6 [30] 2-Octene 1.23 2628 15.88
Al,03-Pt/ethyl pyruvate 84000 [31] 3-Octene 0.54 4.69 6.40
Al>0s-Ptlisopropyl-4,4,4- 810 [32] 10:1 1-Octene 98.68 1513 66.39
trifloroacetoacetate Octane 1.29 33.09 13.99
Chi-PAA-SiQ,-Pd/nitrobenzene 3500-2333 [6] 2-Octene 0.03 4336 13.98
SiOp-Pd/hexene 38250 [33] 3-Octene 0.00 8.42 5.64
5%Pd/Clisoprene 17760 [34] - —
PVP-Pd-me/1,3-cycooctadiene 2100 [35] The reaction condition; solvent: methanol at°8) 1 atm, [Pd]= 3.3 x

10~%mol, [octene]= 3.1 x 103 mol, reaction time: 50 min.
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60 Table 5
50 4 Rate constants of octene and cyclooctene hydrogenation catalyzed by
=X chitosan-stabilized Pt and Pd colloidal catalysts prepared with various
Té’ 40 methods
= 30 | Substrates  Catalysts ko (x10~>mol/min)
3 20 (chi-M ratios)
S Pt-me Pt-nb Pt-hz Pd-me Pd-nb Pd-hz
(=
10 1 Octene 5:1 999 382 437 - - -
0 T ‘ T T ‘ 10:1 236 342 084 - - -
0 25 50 75 100 125 150 15:1 1.16 2.09 058 - - -
(a) Time/min 2:1 - - - 2.60 3.68 2.40
5:1 - - - 0.31 0.22 1.68
) 71 - - - 0.25 256 1.46
60 - 1011 - - - 001 266 104
" 50 4 ko (x10~7 mol/min)
= 40
E Cyclooctene 5:1 20.91 17.95 1461 - - -
g 304 2:1 - - - 1035 1373 7.71
5
E 20 1 The reaction condition; solvent: methanol at°8) 1 atm, [Pt] or [Pd}=
10 4 3.3 x 10-8mol, [octenel= [cyclooctenel= 3.1 x 10~3mol.
0 ‘ T ‘ T ‘
0 25 50 75 100 125 150
(b) Time/min

TiO,. Metal ions were absorbed by chitosan immobi-
lized on TiQ and the ions were reduced by reducing

80 agents (methanol, NaBHor NoH4) by which the exces-
§ & \%_hQ sive NaBH, or NoH4 were easily eliminated by filtra-
é tion and washing. The particles were dispersed except
2 40 - for TiO,—chi-Pd(hz) which is aggregated. The particle
=5 sizes were large which were:3B+ 2.7, 7.57 + 2.0, and
= 20 - 10.91+ 5.0 nm for TiG;—chi-Pd(me), Ti@—chi-Pd(nb), and
= TiOo—chi-Pd(hz) respectively. The catalytic activities were
0 L L w much lower than the colloidal catalysts and the order of
0 25 50 75 100 125 150 activity slightly changed to be Pd-m& Pd-nb>> Pd-hz.
(c) Time/min We could see from this trend change that when there was

. . . . . no longer excessive hydrazine in the solution the cat-
Fig. 3. Composition of reactions in octene hydrogenation catalyzed . ..

by chitosan-stabilized palladium (2:1) prepared with various reducing alytlc activity of Pd-hz decreased and when the solvent
agents; (a) Pd-me, Pd-nb, (c) Pd-hz, with Reaction composition of Was no longer acidic, the activity of Pd-me increased.
(O): octene, ©): octane, M): 2-octene, £): 3-octene. The reacton ~ The catalytic activity of Pd-nb and Pt-nb especially in

condition; solvent: ;“e”?ano' at 3€, latm, [Pd]= 3.3 x 10~°mol, the colloidal solution might also be influenced by traces
[octene]= 3.1 x 10" mol. of boron as reported for ruthenium catalyst preparation
[37,38]

The activity of the catalyst prepared with hydrazine could
have been caused by the excess hydrazine which could also
act as a source of hydrogen for the hydrogenafi@s). 4. Conclusions
The excess of hydrazine has also been neutralized with
addition of HCI in the catalytic preparation as reported Chitosan could control the particle size of Pt and Pd
previously [36], but the catalytic activity was not much  within 1.93-2.03 and 1.93-2.15 nm respectively with narrow
changed. The purpose of neutralizing hydrazine with HCI size distribution if they were prepared by using methanol or

was to precipitate out the excess hydrazine asl/NHCI. NaBH;, as the reducing agent. Chitosan-stabilized Pt or Pd
However, since the solvent used was polar, th&INHCI prepared by using hydrazine as the reducing agent gave ag-
was dissolved and it is still likely as hydrogen donor. As gregated particles. The activity of the catalyst decreased with
a comparison, hydrazinium monoformatexf-HCOOH) increasing concentration of chitosan. Chitosan-stabilized Pt

was reported as hydrogen donor for Raney nickel catal- or Pd catalyzed hydrogenation of cyclooctene gave cyclooc-
ysis in a facile reduction of nitro and nitrile moeties tane only but in octene hydrogenation, Pt gave octane with
[35]. 99.99% selectivity, while Pd gave octane and isomerized

To further investigate, the effect of excess hydrazine, products of 2-octene and 3-octene. The catalytic activity of
we prepared solid catalysts by immobilizing chitosan on Pt was higher than Pd.
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