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Abstract

In this work, ruthenium catalysts supported on polymer were prepared using 2%,
5% and 10% chloromethylated poly(styrene-co-divinylbenzene). The polymer was
reacted with bidentate ligand containing nitrogen (2-aminopyridine and 1,3-
diaminopropane). Then, the polymer attached with ligand was reacted with ruthenium
trichloride, to obtain the ruthenium catalysts on the polymer support. They were
characterized with FTIR (Fourier transform infrared spectroscopy), XRF (X-ray
fluorescence), EA (elemental analysis) and studied thermal property with TGA (thermal
gravimetric analysis). The ruthenium catalysts were used in the hydrogenation of
cyclooctene, by varying parameters affecting the reaction: temperature, time, hydrogen
pressure and amount of catalyst. It was found that the synthesized catalysts can catalyze
the hydrogenation of cyclooctene to obtain cyclooctane as a single product in high yield
(> 90%). In addition, the leaching of catalyst from the support and the recycling were also

tested.
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6.1 a1l
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Acetone

Merck, Germany

2-Aminopyridine

Merck, Germany

Benzoyl peroxide

Aldrich Chemical Co., Inc., USA

Calcium hydride

Merck, Germany

Chloromethylated polystyrene (2%DVB)

Fluka Chemie A.G., Switzerland

Chloromethylated polystyrene (5%DVRB)

Fluka Chemie A.G., Switzerland

Cyclohexanone

Merck, Germany

Cyclooctene

Fluka Chemie A.G., Switzerland

1,3-Diaminopropane

Merck, Germany

Dimethyl sulfoxide (DMSO)

Fluka Chemie A.G., Switzerland

Dioxane

Aldrich Chemical Co., Inc., USA

Divinyl benzene monomer

Fluka Chemie A.G., Switzerland

Ethanol Merck, Germany

Hydrogen gas (99.99%) Thai Industry Gas Co., Ltd., Thailand
Methanol Merck, Germany

Poly(vinyl pyrrolidone) Aldrich Chemical Co., Inc., USA

Ruthenium trichloride hydrate (RuCl,.xH,0)

Aldrich Chemical Co., Inc., USA

Sodium hydrogen carbonate (NaHCO,)

Merck, Germany

Sodium hydroxide

Aldrich Chemical Co., Inc., USA

Sodium sulfate anhydrous

Aldrich Chemical Co., Inc., USA

Styrene monomer

Fluka Chemie A.G., Switzerland

Toluene

Fluka Chemie A.G., Switzerland

Ultra high purity nitrogen gas (99.99%)

Thai Industry Gas Co., Ltd., Thailand

Vinyl benzyl chloride monomer

Fluka Chemie A.G., Switzerland
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® Schlenk line 118% Schlenk flask

exhaust line to
fume-cupboard

cthaust line
1o fums-
cupbourd

s merzury bubbler

rotary pump

519 10 Schlenk line.

L'

o aa a a = ar i
®  Parr reactor Y18 600 fiadians Midaumannd 13aiiy ez 11

Pressurc gauge

Valve for
releasing

Thermocouple

g'ﬂﬁ 11" Parr reactor,
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6.3 nsvailodina i
® Fourier-transform infrared spectroscopy (FT-IR)
1%!.?1?8& Nicolet FT-IR Impact 410 Spectrophotometer w3 ouenIdintudu KB pellet
® Gas-liquid chromatography (GC)
1% gas chromatograph GC16A, Shimadzu aedullunanials

ar o - -
ADANN DB wax, Flame ionization (FID) detector MY 2200 QNN Injector
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'
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220 Carrier gas N, 8357 50 Haftasnd qmmnw;a 50% 5w iy 100
WA ouda 120 %

® Thermogravimetric analysis (TGA) {1‘]’;!?1%‘6& Netzsch thermogravimetric analyzer
(STA 409C) Sasusamslfanuden 107

® X-ray fluorescence spectrometry (XRF) 1%&?]“3‘;8& Phillips P.W. 1410 X-ray
fluorescence spectrometer

©® Scanning electron microscopy (SEM) Gl.%l.ﬂé’ﬂd Joel JSM-6400 Taginfoua1sa10819
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a = ot H
thwodmesiafin3 onld 11M32290UAY FTIR, elemental analysis 1182 SEM

a51ef 1 Toyanin FTIR veanedwes

Wave number (cm-l) Assignment
2% DVB 5%DVB 10% DVB
3024 3024 3024 CH aromatic stretching
2921 2921 2921 CH aliphatic stretching
1625 1625 1625 C=C aromatic stretching
763 763 763 C-Cl stretching

910HA FTIR 50 WAU89 CH aliphatic stretching L4@@931 1Nanwedme s
FuveluTuwes (317 12)

@15191 2 % C1 911 elemental analysis

Wodwes % Cl
2% DVB 15.3
5% DVB 19.5
10% DVB 12.8
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’ﬂ'!‘i'ldﬁ 3 AUMBUNINDIN Scanning Electron Microscopy
nodued  vIRsuMIA (Lm)
2% DVB ‘ 0.6
5% DVB ‘ 2.6

i 10% DVB ! 1.3

= o 4 & & o T =
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¢ ¥ v v
wes 5% DVB fidentanisAl dariuldninnm SEM Auanalugiii 13
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U 13 SEM veamednied

(a) 2% DVB (b) 5% DVB (c) 10% DVB
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5107 14 FTIR U0W0a0s 5%P-AP

5171 4 Foya9IN FTIR venedanied 5%P-AP

Wave number (cm-l) Assignment
3343 NH stretching
3137 CH aromatic stretching
2920 CH aliphatic stretching
1672 C=N stretching
1621 C=C aromatic stretching
1442 C-N aromatic stretching

910HA FTIR 1/57nfinves NH stretching 118z C=N stetching LaRI31AUAUA
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dmSuneduies s%P-AP 1ay 10%P-AP Tadus nlfisenlngedn s%p-APRu unz
10%P-APRu A1UAAY
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Wave number (cm‘l) Assignment
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3420 3420 3420 NH stretching
2918 2918 2918 CH aliphatic stretching

1 1665 1665 1665 C=N stretching
1587 1587 1587 C=C aromatic stretching
1455 1455 1455 C-N aromatic stretching
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682 yAwasniaunua %1‘!i1jﬁ_l.3-1ﬁﬂ:!llui‘i‘iin‘lu. (5%P-SBDP) '
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Wave number (cm-l) Assignment
5%P-SBAP 5%P-SBDP
- 3409 INH stretching
1690 1698 C=N stretching
1444 1453 C-N aromatic stretching

- n’.: o :: J =
vINHA FTIR vadneinieitnedu Naresriiaiimsoudiu Usingiinues =N
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stetching LA C-N stetching Haaelmeimpsumiai lu (viedvliumaasy Tunsdl
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M3 8 Jeyanin FTIR vesdasslfasogiidiousvhue

Wave number (cm ) Assignment
5%P-SBAPRu | 5%P-SBDPRu
. 3452 NH stretching
1665 1660 C=N stretching
1420 1422 C-N aromatic stretching

ar ar ] o e, - | .’J = =1 = oo
ailnadu FTIR vosdauswlfnsogiitiounivaseria uaaiinvesaunuasy
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AusnlnTn % C %H %N % Ru
5%P-SBAPRu 72.7 6.9 3.1 2.1
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' ¥
finddns wavdusalfnsengidioudiseeiunedwed Fuhminwazdnnaniy
L ] 3
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6.10.1 pavaulTudusulfisegidioy
T8fnuntanavesSunadnsal§Aser Ae%conversion Tawauaaalu
A15199 10

A15197 10 % Conversion taldlfinavesdusnlfisoaaiu

Aase gungdl | sawAu | UTinw Y%conversion

gnasm (®x) (atm) 139 1 2 3

@adlun) | Hlue | Hlue | ¥alug

5%P-APRu 60 3 0.005 12+1.0 | 23105 | 41£1.0
5%P-APRu 60 3 0.01 28+1.0 | 70+1.0 | 81+0.5
5%P-APRu 60 3 0.02 3540.5 72+0.5 | 8410.5

NAHAMINANLY Laraed UTinuuesdasalfnsen 0.01 dadlua hoawslu

ﬂ‘lﬂgf % conversion 'ﬁqwﬂms

6.10.2 paYRIRUNNI LAZAIWAY

4 2 & w Y o d
diawlsn/asugungll uazauAu 18 % conversion Auaraalumsien 11

#13199 11 % Conversion NgUHYIMAZAMAUAY

AT Uil | Awau | Ui © %conversion
YA Co) | (am) A3 1 2 3
@iodlum) | $alue | $alus | #alus
5%P-APRu 35 5 0.01 5240.5 | 75+1.0 | 89+1.0
5%P-APRu 60 5 0.01 56+0.5 | 78+0.5 | 94+0.5
5%P-APRu 35 10 0.01 56+1.0 | 78+1.0 | 90+1.0
5%P-APRu 60 10 0.01 62+1.0 | 83+0.5 | 95+1.0

VNHANITNANBY Haasd1 Msifiugangl 910 35% 1 60° & vxfinarin i
ﬂ! lg Ll l; ar ﬂ’l ﬁ’ y 1 ar - ey ey
% conversion rluINANIIMSIHYANNAY NeTliilewindr SasuSamsiial§isen

A d 2z ad X
WUV HLIBRUNHUINUUY

6.10.3 HAYBY % crosslink YBeNaANIRT
Thmsnagevlfisulelastiuduveslylnaceniiu - Taslddausa

o e =y o ot ¥ as a ot
UfATowuneAmes N8 % crosslink Mafiu Tdwadweaslumisian 12
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131991 12 %Conversion Wlo1¥dn3 lfATonuunediuesnil % crosslink @1y

AuTlnie | gumgdl | anwdu | UTuw % conversion

(®) (atm) | (Hadlua) 1 2 3

galue | ¥lue | ¥alus

2%P-APRu 60 5 0.01 29+1.0 | 68+£1.0 | 8440.5
5%P-APRu 60 5 0.01 56£0.5 | 78+0.5 | 95x0.5
10%P-APRu 60 5 0.01 2610.5 | 38%1.0 | 66+0.5

a2 rooar a oo . :
Ingn lums i uaasliinud dudel§aser 5%p-APRu 11 Y%conversion Miga

¥ o ]
ar o i3

NNAAUTNFATE1 2%P-APRu  MaTiiT18991071  5%P-APRu Hvumeymaiinand

b -

uazdil3ina Ru ARBPUUA2T8TUIINAI (§HADINAIT1N 3 LD 6)
dmiuaansslfiser 10%P-APRu #ud1lA %conversion fisfiga iilasvinil

1a = o o =4 . . . 1
Ru agAafuwedmossmauios 301l catalytic active species Hounin

6.10.4 HOVBYYIAYSIAUAUA
Taihmsnageullgaseo lslastiuduvetlylnaseniiu - Taoldd
1 PN = delcia d a a o a J 3/ ar -
sulfasnuunedmeiniifuauariadviue NnSoudu Tdnaduandlumsisi 13

A15797 13 %Conversion e lFaussfnsergifioniiaunudgviue

Anselfisen | qungd | mvwdu | USnwduse Yeohversion
(%) (atm) (fadTua) 1 2 3
$alme | $aTwe $1Tue
5%P-SBAPRu 35 3 0.005 11£05 | 2005 | 30405
60 5 0.005 38+1.0 | 56x0.5 | 7905
5%P-SBDPRu 35 5 0.005 9+0.5 | 16410 | 18Ll.0
60 5 0.005 35£0.5 | 5105 | 76 0.5

4 =3 ar L] Y A o~ -y -
iisiTouifivy %conversion Taslddausalffsoilidunuddivamessialu
A1518 WU 5%P-SBAPRu 11155 @NnTAINANIT 5%P-SBDPRu 9191118391071 A1

11501 5%P-SBAPRu 311/511%4 Ru 3nnN1 (%Ru = 2.1 Tum13 19N 9)



26

6.11 WanIINATRUMINgAsBNUBIRASRAT
ssffsruussesiu Aldauldmy Tanz hinasifanisngaeen
nndsedy fatu 3eldhnsnaey Taomisnusalfisouuaisesiunedmes
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28

& a 4 o '
Tuduusn  hydrido species fialuvInmIsuaniusy voslalasoy wuy
_- a : = ar ¥ d’ = @ oo A
heterolytic Waamiu Ty Taaseniiugngadusguuiiudvesiusuljisonluvasi
lalaswundouieligiuszquadlalnaseniiv  lalasiuTuagadugngaduse
Tidn Tufige T8iuiuszi@es wSeusanu 1alinsnutnalnindioafefudmsy
ﬁilﬁ'ﬁﬂﬁﬁ?ﬂﬁ%ﬂﬂ heterogeneous U®Y  polymer-supported ruthenium  (III)
5 s . 14
mmethylenedlannne( )
n’ W oo a a [ aas
MAWaNIINAaBal taas Ininudalsz@ninwmsisaljnsoveslans
! o o = sS4 A o o e 1 aaa A a Qs =
Jtion vudITesiunedwes FullenSoumsududausaulgisonlddmivlalass
ar 4 Al 1A @ A w e i o e =
wduveslsTasmiveun hivud MinldTavzilisnwme iwu unaiiy unaaifoy
TsRey e1vnan ghifloudided luudvessimigan ufiinsiidsz@nin oy
1 ] =] o o 1 aaa { a a4
a1 ednlsfa Snffeuifsuiudusal§isonldinnanldlugaomnssy

Jhtisulilszaniamaann uaslinnudeniuwizand

8. 10Ne1581989

1. Satterfield C. N. “Heterogeneous Catalysis in Practice “, McGraw-Hill,
Inc.: New York, 1980,

2. Kishi N., So.ga K., “Synthesis of Polymer Supported Borate Cocatalysts and
Their Application to Metallocene Polymerization” Polymer , 2000, 41 , 4005-4012.

3. Yu X., Huang J. “Polymer-Supported Ruthenium Porphyrins: Versatile and
Robust Epoxidation Catalysts with Unusual Selectivity “, J. Am. Chem. Soc. 2000, 122,
5337-5342.

4. Hu S., Chen Y. “Partial Hydrogenation of Benzene to Cyclohexene on
Ruthenium Catalysts Supported on La,0,-ZnO Binary Oxides“, Ind. Eng. Chem. Res,
1997, 36, 5153-5159.

5. London, G. M. 1988, Organic Chemistry, 2" ed.; the Benjamin/Cummings
Publishing Company, Inc. Menlo Park, 1164.

6. Evans, D.; Osborn, A.; Jardine, F. H.; Wilkinson, G. “Homogeneous
Hydrogenation and Hydroformylation using Ruthenium Complexes” Nature, 1965, 1203-
1204.



29

7. Hartley F. R. Supported Metal Complexes, Ugo, R. James, B. R., Eds.;
Reidel: New York, 1985.

8. 0’Connor, C; Wilkinson, G. “Non-Selective in Homogeneous Hydrogenation
of Alkenes using Chlorobis(triarylphosphine) Rhodium (1) Catalysts” Tetrahedron Lett.,
1969, 18, 1375-1377.

9. Balakrishnan, T.; Ford, W. T. “Particle Size Control in Suspension
Copolymerization of Styrene, Chloromethylstyrene, and Divinylbenzene” J. Appl. Polym.
Sei., 1982, 27, 133-138.

10. Carre, E. L.; Lewis, N.; Ribas, C.; Wells, A. “Convenient Preparation of
Functionalized Polymer-Based Resin via an Economical Preparation of Chloromethylated
Polystyrene Resins (Merrifield Type)” Org. Proc. Res. Devel., 2000, 4, 606-610.

11. Pertici, P.; Vitulli, G.; Carlint, C.; Ciardelli, F. “Versatile Polystyrene-
Ruthenium Hydrogenation Catalysts” J. Mol. Cat. 1981, 11, 353-364.

12. Nicolaides, C. P.; Coville, N. J. “The Hydrogenation of Olefins using a
Polymer Supported Ruthenium Complex”. J. Organomet. Chem. 1981, 222, 285-298.

13. Nicolaides, C. P.; Coville, N. J. “Polymer-Supported Catalysts Part 2.
Polymer-Supported Ruthenium Acetate as an Olefin Hydrogenation Catalyst” J. Mol. Cat.
1984, 24, 375-387.

14, Shah J. N.,Ram R. N. “Hydrogenation of Cyclohexene Using Polymer-
Supported Ruthenium (III) Complexes as Catalyst “ J. Mol. Cat., 1993, 83, 67-74.

15. Patel D. R., Dalal M. K., Ram R. N. “Preparation, Characterization and
Catalytic Activity of Polymer Supported Ru(IT) Complexes®, J. Mol. Cat. A : Chemistry,
1996, 109, 141-148.

16. Bianchini C,, Santo V. D., Meli A. “Preparation, Characterization, and
Performance of the Supported Hydrogenation-Bonded Ruthenium Catalyst [(sulphos)Ru
(NCMe),/Si0,. Comparisons with Analogous Homogeneous and Aqueous-Biphase
Catalytic Systems in the Hydrogenation of Benzylideneacctone and Benzonitrile*
Organometallics, 2000, 19, 2433-2444.

17. Fan Q., Ren C. “Highly Effective Soluble Polymer-Supported Catalysts
for Asymmetric Hydrogenation “ J. Am. Chem. Soc., 1999, 121, 7407-7408.



30

18. Antony R., Tembe G. L., Ravindranathan, M., Ram R. N. “Synthesis and
Catalytic of  Poly (styrene-co-divinylbenzene) Supported  Ruthenium (I1I) -2-
aminopyridyl Complexes"” Eur. Polym. J. 2000, 36: 8, 1579-1589.

19. Antony R., Tembe G. L., Ravindranathan, M., Ram R. N. “Polymer
Supported Ruthenium (ITT) Complexes, Synthesis and Catalytic Activity Polymer 1998,
39:4327-4333.

20. Shah J. N.,, Gokak, D. T., Ram R. N. “Preparation, Characterization and
Catalytic Activity of Polymer-Supported Trimethylenediamine-Ruthenium Complex* J.
Mol. Cat., 1990, 60, 141-154.

21. Huheey, J. E. Inorganic Chemistry, Harper International SI edition, 1983,
527-534.



	ปกนอก
	บทคัดย่อ
	กิตติกรรมประกาศ
	สารบัญ
	1. คำนำ
	2. ทฤษฎี
	3. งานวิจัยที่เกี่ยวข้อง
	4. วัตถุประสงค์ของงานวิจัย
	5. ขอบเขตการวิจัย
	6. การทดลองและผลการทดลอง
	7. สรุปผลการวิจัย
	8. เอกสารอ้างอิง

