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Abstract 

In this Quarter, the research was focused continually on the two general 

tasks: Task 1, molecular organometallic catalysts for hydrogenation and Task 2, 

organic base catalysts for arene hydrogenation and the hydrotreating of the coal 

liquids. 

With regards to Task 1, the [l,S-€DRhC1]2/buffer catalyst system was 

investigated to improve its performance, especially catalyst’s stability. Although 

the addition of a phase transfer agent will usually reduce the catalyst’s activity as 

described in the last report, a small amount of some surfactant molecules can 

improve the catalyst’s stability without apparently affecting the catalytic activity. 

Various kinds of surfactant molecules were tested for this purpose. 

Cetylmethylammoniun bromide (CTAB) ’ tetrabutylammonium hydrogen sulfate 

(THS) and sodium dodecylsulfate are surfactant molecules that stabilize the 

catalyst. In the presence of small amount of CTAB, [CTAB)/[Rh] -c 2.0, the 

catalyst was very stable. No decrease in activity was observed after 8 days of use 

during which 8 portions of substrate were successfully reduced. 

Task 2 was continually focused on the hydrotreating of coal liquid 

(VSOH) catalyzed by Catalyst 2 and Catalyst 5. The dependence of temperature 

and hydrogenation pressure on the hydrotreating of VSOH was investigated 

systematically. The coal liquid hydrotreated at 300 OC has an H/C ratio of 1.53 

while that treated at 100 O C  has an H/C ratio of only 1.43. We found that 1000 

psig of hydrogen pressure was needed for the reaction to proceed completely. 

Other catalytic alkali metal bis(trimethylsily1)amides were also investigated to 

hydrotreat the same coal liquid. Potassium bis(trimethylsily1)amide was more 

active than lithium bis(trimethylsily1)amide and sodium bis(trimethylsily1)aide. 



Introduction 

Research work has concentrated continually on the two general tasks that 

were described in the original proposal. The f i s t  task concerns the development 

of molecular organometallic homogeneous catalysts that can be used in the 

hydrogenation of coal liquids. The second task concerns non-metallic organic 

bases that can activate dihydrogen for arene hydrogenation, and that can be used 

in the hydrotreating of coal liquids. 

Results and Discussion 

Task 1 Molecular Organometallic Catalytic Reactions 

In the last Quarter’s report, we described the catalytic properties of a 

rhodium catalyst for the hydrogenation of tetralin to decalin at room temperature 

and one atmosphere of H2 under biphase conditions. The influence of various 

factors such as the amount of the phase transfer regent, the volume ratio of the 

organic phase to the aqueous phase, the pH value and compositions of the buffer 

solution as well as the solvents on the reaction process were studied and reported 

in detail. It was found that the rhodium catalyst works well under biphase 

conditions rather than under phase transfer conditions. The addition of surfactant 

molecules negatively affected the catalytic activity of the rhodium catalyst. 

Although the catalyst exhibits higher catalytic activity for the hydrogenation 

of tetralin in the biphase system than in phase transfer system, its drawback was 

the performance stability. From the results that we described in the last report, it 

can be seen that the catalytic performance was influenced by many factors 

including the solvents, the concentration of the substrate as well as buffer 



employed. The Rh metal was easily aggregated on the wall of the reactor and 
deactivated. In general, the catalyst could not be reused due to the rhodium metal 

aggregation in the reaction process, the highest turnover number achieved was 
near 200 under an optimal conditions ([substrate]/[catalyst]=200:1 , [Aqueous 

phase]/[organic phase]=0.3). 

In order to improve the stability of the catalyst while keeping its high 
activity, we added various surfactant molecules to the system to form an emulsion 

which we postulated would stabilize the catalytic centers. As mentioned above, the 

catalytic activities decreased when high concentrations of THS and CTAB were 

involved in the system ([THn/[Rh]>4). However, it was found that a small 

amount of some surfactants ([surfactant]/[Rh]=l.O) such as THS, CTAB and 

sodium dodecylsulfate formed an emulsion to stabilize the catalytic center without 

dramatically affecting its activities (Table 1). Table 2 shows the detailed results 

regarding the effect of the amount of CTAB on the conversion of tetralin to 

decalin. The stability of the catalyst was improved greatly in the presence of a 

little of CTAB ([CTAB]/[Rh]c 2.0). Under these conditions, no decrease in 

catalytic activity was observed after the catalyst was operated for 8 days to 

convert 8 portions of tetralin to decalin (each time, one new portion of substrate 

([Substrate]/[Rh]=200) was added to the reaction system after the previous one 

was converted in about 80% yield). The turnover number of the catalyst reaches 

more than 1200. Hence, an active, stable catalyst system was found for the 

hydrogenation of single ring aromatic compounds to cycloalkanes under mild 

conditions, and in which the noble metal can be easily separated and recycled. 

Task 2 Organic Base-catalyzed Arene Hydrogenation and 

The Coal Liquid Hydrotreatment 

In last Quarter’s report, the results for the hydrotreatment of coal liquids 

catalyzed by Catalyst 2 and Catalyst 5 was reported. Catalyst 5 was found to be a 

more effective catalyst for the hydrotreating of coal liquid than Catalyst 2. 
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Catalyst 5 hydrotreated the coal liquid to give a clear yellowish liquid under 

relative mild conditions. h this quarter, more work has been done on this 

reaction system. 

Table 3 shows the effect of temperature on the hydrotreating of cod 

liquid(VS0H) with Catalyst 5. The coal liquid (VSOH) could not be hydrotreated 

completely at 100 OC. The conversion clearly depended on the temperature 

employed, the higher the temperature the higher the H/C ratio in the product 

obtained. At 300 OC, the treated coal liquid had an H/C ratio of 1.53 compared to 

1.43 at 100 OC. 

The effect of hydrogen pressure on the hydrotreating is shown in Table 4. 

The treated coal liquid has an H/C ratio of 1.46 even when a low pressure, 500 

psig of hydrogen pressure, was employed. 

Other alkali metal bis(trimethylsily1)amides were also investigated as 

catalysts for the hydrotreating of coal liquid (VSOH) (Table 5).  Potassium 

bis(trimethylsily1)amide was more active than lithium bis(trimethylsily1)amide 
and sodium bis(trimethylsily1)amide. Potassium bis(trimethylsily1)amide provided 

a hydrotreated c o d  liquid with an H/C ratio of 1.49 compared to 1.41 for the 

sodium and lithium bis(trimethylsily1)amides. 

Plan for Next Quarter 

The work will continue to focus on these two Tasks. More work will be 

needed in the rhodium catalyst system to improve the catalyst performance and to 

test the application of this catalyst system for the hydrotreating of coal liquids. 

The investigation of hydrotreating of coal liquids catalyzed by organic bases will 
proceed in parallel. 



Table 1 Effect of surfactants on hydrogenation of 
tetralin catalyzed by [ 1,5-HDRhcl]2 catalyst 

Surfactant [Surfactant]/[Rh] Yield(%) of decalin 
(mole/mole) Trans- Cis- Total 

None 18 

THS 

CTAB 

Aliquat 336 

Tween 20 

0.5 
4.0 
8 .O 

1 .o 
4.0 
8 .O 

1 .o 

1 .o 

12 
7 
4 

21 
13 

7 

12 

8 

Dodecylsulfate 1 .O 17 
sodium salt 

74 

76 
38 
26 

79 
61 
37 

66 

38 

83 

88 
45 
30 

100 
74 
44 

78 

46 

100 

Conditions : 
Substrate: Tetrdlin(3.3g, 25.0 m o l e )  

Catalyst: [1,5-HDRhC1]2 (58 mg, 0.126 m o l e )  
[Substrate]/[CatalystJ: 200 to1 
Solvent: Hexane(3O ml) 
Buffer(pH=7.4): 2Oml 
[Aqueous phase]/[Organic phase](v/v): 0.60 
Temperature: 25 OC 

H2 pressure: 1 atm 
THS: Tetrabutylammonium hydrogen sulfate 
CTAB: Cetyhnethylammonium bromide 
Aliquat 336: Tricaprylylmethylammonim chloride 

7- 



Table 2 Effect of surfactant CTAB on the hydrogenation 
of tetraLin to decalin catalyzed by [1,5-HDRhCl]2 
catalyst 

Yield( %) 
Trans-decalin Cis-decalin Total 

No [CT-IfiW 
(mole/mole) 

1 0.0 

2 0.5 

3 1 .o 
4 2.0 

5 4.0 

6 8 .O 

17.6 73.5 91.1 

18.9 81.1 100 

21 .o 79.0 100 

18.3 81.7 100 

12.5 60.5 73.0 

6.7 37.2 43.9 

Conditions: 
Substrate: Tetralin(3.3g, 25.0 m o l e )  

Catalyst: [1,5-HDRhCl]2 (58 mg, 0.126 m o l e )  
[Substare]/[Catalyst]: 200 to 1 
Solvent: Hexane(30 ml) 
Buffer(pH=7.4): loml 
[Aqueous phase]/[Organic phase] (v/v): 0.30 
Temperature: 25 OC 

H2 pressure: 1 atm 
CTAB: Cetyltrirnethylammonium bromide 

CH3 (CH2) 15N(CH3)3Br 



Table 3 Effect of temperature on the hydrotreating of coal 
liquid(VS0H) catalyzed by Catalyst 5 

wow Temperature Yield Conversion(%) Elemental analysis 

321nrn 338nm C H W C  
(%I [Catalyst] ( *Q 

VSOH 0.0 0.0 89.58 10.18 1.36 

10/2 100 88 12 0.0 88.94 10.69 1.43 

lor2 .) 200 87 100 100 88.17 10.74 1.45 

10/2 250 89 100 100 87.85 11-00 1.49 

300 95 100 100 88.38 11.36 1.53 10/2 

Conditions: 
Solvents: Hexane-toluene mixture(2/3 v/v) 

Reaction volume: 50 ml 
Hydrogen pressure: 1OOO psig at 25 OC 
Reaction time: 24 hr 



Table 4 Effect of hydrogen pressure on the hydrotreating 
of coal liquid(VS0H) catalyzed by Catalyst 5 

H2 pressure Yield Conversion(%) Elemental analysis 
@sig (%to) 
at25 OC) 321nm 338nm C H W C  

500 85 93 93 87.87 10.77 1.46 

*' lo00 89 100 100 87.85 11.00 1.49 

1500 90 100 100 87.91 10.99 1.49 

Conditions: 
Solvents: Hexane-toluene mixture(2/3 v/v) 
Reaction volume: 50 ml 
Temperature: 250 OC 
Reaction-. 24hr 

-- 
I .  



Table 5 Hydrotreating of cod liquid (VSOH) catalyzed by 
Organic amides with different cataions 

m ( s w 3 ) 2  Yield Conversion (%) Elemental analysis 

321nm 338nm C H W C  
(%> * 

LiN(SiMe3)2 90 92 100 88.04 10.43 1.41 

"NaN(S iMe3)2 . 91 97 99 88.47 10.44 1.41 

m(s Me312 90 100 100 87.91 10.99 1.49 

Conditions: 
Solvents: Hexane-toluene &ture(2/3 v/v) 

Reaction volume: 50 ml 
Temperature:250 O C  

H2 pressure: 1500 psig 
Reactiontime: 24hr 


