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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



QUARTERLY REPORT

October t, 1983 - December 31, 1983

CHENISTRY AND NORPHOLOGY OF COAL LIQUEFACTION

Principal Investigator: Heinz Heinemann
Lawrence Berkeley Laboratory
University of California

Berkeley, CA 94720

This work was jointly supported by the Director, Office of
Energy Research, Office of Basic Energy Sciences, Chemical
Sciences Division, and the Assistant Secretary for Fossil
Energy, Office of Coal Research, Liquefaction Division of
the U. S. Department of Energy under Contract DE-ACO3-~
76SFO0098 through the Pittsburgh Energy Technology Center,
Pittsburgh, PA. '



CONTENTS

I;f“TedﬁniCal Pr;g}am
II; Highlights
III. Progress of Studies
Task 1
Task 2

Task 3

Page

20



I. Technical Program for FY 1984

Task 1: SELECTIVE SYNTHESIS OF GASOLINE-RANGE COMPONENTS FROM SYNTHESIS GAS
A. T. Bell, Task Manager

It is planned to complete the'objectives of the present project during FY 1984.
The experimental results obtained for Fischer-Tropsch synthesis over o-FE,
Fe203,>and Fe3C will be compared to establish patterns in catalytic activ-
ity and selectivity as a function of catalyst composition. ZX-ray diffraction
pafterns will be taken of the fresh and spent catalysts to determine whether
bulk composition changes with time on stream. In particular it would be desira-

ble to know whether these materials achieve a common bulk composition, catalytic

activity, and selectivity after extended use.

Efforts will also be made to interpret the rate data obtained for a-Fe,

Fe203, and Fe_C in the light of mechanistic models of the reaction

3

kinetics.

The work on supported Fe catalysts will be concluded by obtaining data on the

performance of Fe/AlZOB,rFe/TiO
already available for Fe/Si0

,» and Fe/Mg0 for comparison with the data

5 and zeolite-supported Fe. All catalysts will be
examined both in a calcined and in a reduced state to determine the influence of
pretreatment. Additional work will also be done with Fe/ZSM-5 to understand
better why the zeolite appears to influence the product distribution so little
at tempéfétures beiow BOd)C. It is conceivable that for the zeolite to have an

effect, the temperatures must exceed BOd)C by a substantial margin.

Task 2: HCATALYZED LOW TEMPERATURE REACTION OF CARBON AND WATER

G. A; Somorjai, Task Manager

Leads to make the production of higher hydrocarbons from cafbon and water truly
catalytic will be pursued. It appears possible to catalytically decompose phen-

olates formed, preventing stoichiometri: limitations.

‘Attempts will be made to greatly increase rates and volume of hydrocarbon forma-

tioq.‘ Tﬁis”may be acéomplished by operation at higher water partial pressure



and by catalytic promoters. Further, the addition of'CO, respe. 002,'to the .

reaction of%ers indications of producing liquid hydrocarbons.

' Task 3 CHEMISTRY OF COAL SOLUBILIZATION AND LIQUEFACTION
R. H. Fish, Task Manager

The FY84 program w111 concentrate on the use of polymer-supported catalysts and
their mechanlstlc 1mp11catlons in the selective catalytic hydrogenatlon of model
coal compounds. This will include experiments with deuterium rates, and compet-
itive reacfionito‘better define potential catalyst poisoning as well as enhance-

ment of rates of selected model coal compounds.

Catalytic cracking of partially hydrogenated nitrogen containing ring compounds
will be investigated to determine the total savings of hydrogen in nltrogen re-

moval over conventlonal hydrocracking. .

In addition, we will attempt to define the‘important parameters in the catalytic
transfer of hydrogen from saturated nitrogen heterocyclic compounds to other
coal 1liquid constltuents. ThlS will include scope, rates and a perusal of pol-

ymerASupported cafaiysts capable of dehydrogenatlon-hydrogenatlon reactlons.'~

L3

II. Highlights
Task 1: SELECTIVE SYNTHESIS OF GASOLINE-RANGE COMPONENTS FROM SYNTHESIS GAS

Work with unsupported iron oxide (Fe 0 ) catalysts has shown that prereduc-

tion in H2 gives 1n1t1a1 high act1v1ty, but gives rapid deactlvatlon due to

carbon and eventually graphite .formation. Catalysts brought on stream with syn-
gas ‘and without prior reduction gradually increased in actiuity and reached a
steady state activity lasting over extended periods of time.

A ‘study ofﬁthe-effecte of support composition for Fe, 0, catalysts on the

v ‘ 2°3
compos? tion of Fischer-Tropsch products has been completed. Synthesis activity
decreases in the order TiO2 > SiO > A12O3 Mg0.  Catalysts with .the
lowest dispersions (TiOz'and Mg0 supported) showed the highest probability of

chain growth. Olefin/paraffin ratio and water gas shift activity decrease in



is decomposed in the presence of Fe

the order Mg0 > SiO2 > A1203 > Tioz._ Basic supports therefore seem to

~act like basic promoters.

Task 2: CATALYZED LOW TEMPERATURE REACTIONS OF CARBON AND WATER

It haévpreviously been shown that the production of hydrocarbons from KOH im-
pregnated graphite and water at 800K is stoichiometrically limited by the forma-
tibn ofia'phenolate type compound. Recent work has shown that this compound

. 2O3 and that the production Qf hydrocar-
bons and hydrogen proceeds catalytically and for long periods of time. It has
also been found that lithium ﬁydroxide promoted the formation of hydrocarbons
and hydrogen without the stoichiometric limitation observed‘with KOH, perhaps
because of greater instability of lithium phenolate. |

The adsorption and reactions of CO and CO, on graphite are being studied by

2
spectroscopic methods.

Task 3: CHEMISTRY OF COAL SOLUBILIZATION AND LIQUEFACTION

A comparison between polymer-supported Wilkinson's catalyst,@i]- PQZRh(QBP)
201, and its homogeneous analogue in the selective hydrogenation of polynuc-
lear heteroaromatic compounds provides evidence for differences in initial rates
and .ability to exchange aromatic hydrogens for deuterium. Cross-linking of the

polymer-supported catalyst also affected hydrogenation rates, but diffusion into

~the polymer bead was not rate limiting. High regioselectivity for reduction of

* the nitrogen heteroéyclic ring was found in the hydrogenation of a model coal

liquid with the polymer-supported catalyst.

IIi. Progress of Studies

Task 1: SELECTIVE SYNTHESIS.OF GASOLINE RANGE COMPONENTS FROM SYNTHESIS GAS

Work during the past quarter has concentrated on characterizing the Fischer-
TrOpséh synthesis performanée of unpromoted iron catalysts. Experiments with

unsupported Fe, 0, were carried out in the stirred autoclave reactor. If the

2°3

datalyst was first reduced in H, prior to introduction of the synthesis gas,

2



'the synthesls actlvity;slowly declined over several days. ThlS loss of actlvlty

is believed to be due to the progressive accumulatlon of carbon on the catalyst.

If, on the other hand, the catalyst was brought oh stream without'reduction, the .
synthesis activity increased over several days eventually becoming‘comparable to

that of the reduced‘catalyst. Quite significantly, it was observed that the L
activity of the catalyst w1thout initial reduction could be malntalned without

any eV1dence of deactlvatlon durlng the course of a week.‘ These results suggest

that excessive reductlon of iron Flscher—TrOpsch catalysts is detrlmental in

that the hlgh 1n1tlal act1v1ty resultlng from reductlon is accompanled by a

rapld dep031tlon of carbon whlch is progres31ve1y converted to graphlte.

L

The kinetics of hydrocarbon synthes1s over 1n1t1ally unreduced Fe 0, were

2°3

explored. It was establlshed that the dependencies of the syntne31s rates on

the partial pressures of H, and CO are poorly described by 31mple power—law )

2
expressions. The observed trends in synthesis rate and in partlcular the

dependence of the rate on CO partial pressure can be ratlonallzed readily in
terms of a simple model of the synthes1s process. ' This model also explalns the

1nh1b1tlon of o to B olefln convers1on, and the hydrogenatlon of olefins to

parafllns, at hlgh CO partlal pressures.

Experlments on the effects of support compos1tlon on the compos1tlons of
Flscher-Tropsch products formed over supported iron catalysts have been

'completed. For thls work 8102, A1203 Tl02, and Mg0 were used as the
supports. A summary of the characterlstlcs for these catalysts is given in
Table 1. It is observed that the synthes1s activity decreases in the order
Ti0. > Si0. > A1 0, = MgO. Quite surprisingly, the catalysts with the

2 2 2°3

lowest dispersions (Ti0_ and Mg0) exhibited the highest probabilities of chain » -

2 :
growth, &@. Experiments will be undertaken to further confirm the trend of

decreasing a w1th 1ncreas1ng iron dlsper31on. Table I also demonstrates that
the olefin to paraffln ratio and the water—gas-shlft activity both decrease in

the order ng > SlO > A1203 > T102. These ‘results suggest that basic

supports act like bas1c promoters in thﬂt both suppress olefin hydrogenatlon

b

and enhance the conversron of HZO to_COZ.'



Table I

Comparison of Performance Characteristics for Supported Iron Catalysts

Catalyst NCO(S-1)(8) _— Nc4=/NC; | _ffggiﬁggiii
Fe/S10, 0.32 0.49 | 1.36 0.72
Fe/A1203 . 0.14 0.49 | 0.90 0.28
Fe/Tio2  \ 0.45' 0.57 | 0.70 0.25
Fe/Mgé | 0.7 0;56 | 5.00 0.82

(é) The turnover frequency for CO conversion to h&drocarbons:v T = 285;
P =10 atm;_HZ/CO = 2,

(v) Yoo /NCO is a measure of the water gas shift activity. The maximum

value of this ratio is 1.0.



Task 2: CATALYZED LOW TEMPERATURE REACTIONS OF CARBON AND WATER

W. T. Tysoe, J. Carrazza, G. A. Somorjai

a) Introduction

Work has proceéded on two fronté. FPirst, exploratory experiments have been

performed using the flow reactor to.discover a method of decomposiﬁg the rate
limiting phenolate intermediate to allow low temperature coal gasification to
proceed. Second, the interaction of CO and CO, with graphite was investigated

2
using the high pressure/low pressure apparatus.

»

b) Flow Reactor Experiments

The gasification of graphite was studied using CO-deposited KOH as a catalyst.
As was reported previously, the low temperature gasification of graphite was
shown to be limited by the formation of potassium phenolate. 1In order to

overcome this problem, mixtures of different oxides with KOH were prepared to

try to decompose the phenolate. It had been found that char containing ash was

gasified without being limited by potassium pheholate formation.

Low temperature catalytic gasification of graphite is obtained using these
catalysts. The reactivity varies. depending on the oxide co-catalyst. ..The .

results of ‘Figure 1 show that the activity of the KOH/Fe catalyst is

0
2°3
higher than for any of the other mixtures. However the activity at low

temperatqre is still lower than in the case.of KOH alone.

A plot of the graphite gasification activity of the KOH/FE203 additive
against time proves that the reaction is catalytic. TFigure 2 shows that the
reaction proceeds even after a considerable number of turnovers, although
there 'is a decrease in activity with time. A similarvstudy with KOH shows

the reaction steps after a half-turnover (i.e., a stoichiometric reaction).

Although this reaction is catalytic, the percentage of hydrocarbons decreases
by a factor of 10, compared with KOH alone. (See Table 1). The same behavior

is found when other oxide/KOH catalysts are uséd.



KOH and KOH/FeZO3 have also been studied. Figure 3 shows that KOH does not
show the stoichiometric 11m1tat10n, although the activity at high temperature is
similar to KOH. A Fe 0 /L10H catalyst increases the rate of gas production

compared with LiOH alone. However, as in the case of a KOH/Fe 0, catalyst,

273
the percentage of hydrocarbons decreases by a factor of 10.

Future Work

Other KOH/oxide systems will be studied, with emphasis on basic oxides such as
Zn0 or A1203. Also, mixtures of alkaline hydroxideé and phosphates, and
sulphates or sulfides of different metals will be examined.

Solid state NMR experiments of graphite samples after reaction will be performed

to try to characterize reacton intermediates.

¢) UHV/High Pressure Cell Reaction

Figure 4 shows two 28 amu (CO) and 44 amu (CO ) TD spectra obtained from poly-
crystalline graphite exposed to >1O L of CO and 002. Peaks below 500K may
be attributed to "physisorbed" gas [1] or support peaks. Both CO and 002 give

rise to a 002 desorption at 730K and CO desorption at 1230K. This suggests

that CO and CO, adsorption yield similar surface species. Figure 5(a) shows a

MgK o XP spectrum of the edge plane of a sample of oriented graphite exposed to
8

>107 L 002. New peaks are observed at chemical shifts from the graphite as

peaks of 3.3 + 0.2 ev and 4.4 + 0.2 ev.

‘The .peak shifted by 3.3 ev may be assigned to a carbonyl group, and the one
shifted by 4.4 ev to a carboxyl group_[Z]. Upon heating to 850K (above the

002 desorption.temperature)_the spectrum changes to that shown in Figure 5b so
that only a peak with a chemical shift of 3.0 ev (due to a carbonyl species) re-
mains. This peak may be removed by heating to approximately 1400K corresponding
to the desorption of CO. The 730K peak in thermal desorption is, then, due to
the decomposition of a carboxyl species. Similarly, the 1230K peak is produced

by carbonyl decomposition.

The reaction between CO or CO2 and polycrystalline graphite was investigated
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as a function of sample temperature in fhe‘high pressure reactor. The.reeults
for the reaction 002 + (0 =2 ZCO;FnSing a‘gas'pressure of 230 torr, are shown

in Fig. ‘6. Measurement of the slope of this curve yields an activation energy
for CO production of 67 *+ 3 Kcal/mole. This is in good agreement w1th a value

of 59 Kcal/mole obtained in a flow reactor [3].

Fig. 7 shows a similar plot for the reverse reaction (2c0 = CO +?c53'fiﬁ
activation energy may be extracted from the 11near region and ylelds a value of
24 + 2 Kcal/mole. The difference between these actlvatlon energles, 1 e., the
entropy for reactlon, is 43 + 5 Kcal/mole, which is in good agreement with tne

literature value (41.2 kcal/mole) [4].
References

1. T. Wigmans, J. van Doorn and J. A. Moniju, Fuel, 62 190 (1983).

N
.

D. T. Clark and H. R. Thomas, J. Polymer Science (Polymer Chem. Ed.) 16 791
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3.. S. Ergun, J. Phys. Chem., §9.480 (1956) .

4. Handbook of Chemlstry and Phy31cs, 61st ed., Editor R. C. Weast (CRC Press,
‘ “1980 - 1981)

Figures and Tables

Figure 1: Plot of the temperature dependenee of the gas production rate during
a temperature programmed reaction at a heating rate of 5 K min.-1 for
various KOH/oxide catalysts. The ratio KOH/oxide is 1 and the ratio K/C is 0.04

in all the cases. ' v

Figure'Z-E PlOt of the H, production rate per potassium atom deposited on the
surface (1 e., turnover frequency) as a function of the total amount of H2
produced per potassium (i.e., turnover number); for the KOH and KOH/Fe203
catalysts at 850K. The ratio K/C is equal to 0.043 for the KOH catalyst and

0.015 for the KOH/Fe203 catalyst. The ratio Fe/K is equal to 1.
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Figure 3: Plot of the temperature dependence of the gas production rate during
a temperature programmed reaction at a heating rate of 5 K min."1 for LiOH,
LiOH/Fe, O, and KOH catalysts. The ratio LiOH/Fe_O_ is equal to 1, and

23 23
the ratio Li/C and K/C is equal to 0.04 in all the cases.

Table 1: Activation energy and percentage of CH4 in the gaé products for all

the systems studied.

Figure 4: 28 and 44 amu spectra obtained after (a) 5 x 108L exposure of CO

and (b) 5 x 108L exposure of CO, onto polycrystalline graphite.

2

Figure 5: (a) A spectrum of the graphite edge plane exposed to 109 1 co,,

at room temperature. The spectrum of a clean surface is shown as a line.

(b) Spectrum after flashing to approximately 850K.

Figure 6: Arrhenius plot for the reaction 002 + C = 2C0.

Figure 7: Arrhenius plot for the reaction 2 CO = CO2 + C.



Catalyst

KOH
KOH/Fe203
KOH/Cr_ 0
Xy
KOH/VxOy
KOH/Mo O
X'y

LiOH

LiOH/FeZO

3

12

Table 1

Activationv
Energy
(Kedl/mol)

35,1
35.9
42.3
50.2
38.8
(29.8 —_37.6)

42.7

% CH, at 800K = "%

(N CH /N gas) x 100" '
L*

© 0,200 T
0.03

. n/a
0.03
0.62
0.40

0.08

(A4
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Task 3: CHEMISTRY OF COAL SOLUBILIZATION AND LIQUEFACTION

R. H. Fish, A. Thormodsen and M. Simmons

In this quarterly report, we wish to report on our initial results. of a
comparison of polymer-supported Wilkinson's catalyst on 2% cross-linked _
phosphinated polystyrene-divinylbenzene (PS-DVB) with results obtained with the
homogeneous analogue for the selective reduction of polynuclear heteroaromatic

nitrogen and sulfur compounds

Initial and Relative Rates

The initial and relative rates of reduction .of the substrates were obtgined
using a Parr kinetic apparatus. Table 1 (parts of which were also shdwn‘in the
Sept. 30 report) indicates the results of this comparison, with substrate to
metal ratio, temperature, and partial pressure of hydrogen being equivélent for
both forms of Wilkinson's catalyst. The polymer-supported catalysts results
in Table 1 were carried out with the séhé batch of 2%>PS—DVB beads with

excellent reproducibility upon repetition of each experiment.

..Several important observations become apparent from these results; némely, the
'iﬁitial rates of hydrogenation of the nitrogen heterocyclic compounds studied
Vith polymer-supported Wilkinson's catalyst are 10-to-20 times faster than

the homogeneous equivalent. This unusual enhancement is extremely relevant for
gffacticai applications and has not been observed with many polymer-supported

catalysts in other reduction reactions.

Several reasons for the rate enhancement of the polymer-supported over the
homogeneous cataljst‘can be formulated. One.important consideration may be
found in the fact that the substrates are themselves su;table_ligands. Also, a
higher concentration or enrichment of substrate around the polymer-supported
metal center, with'concomitant loss of triphenylphosphine, may Be of consequence
in these rate enhancements. Other factors such as steric and electfonic effects
are also probably iﬁvolved in these rate enhancements. For example, the
relative rate differences between the compounds studied for both forms of
Wilkinson's catalyst may involve steric effects as accentuated by the 5,6 and

7,8-benzoquinoline rate ratio 2/3 = 6.0 as well as quinoline—benzoquinoline rate

9>
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ratios of 2 and 13 respectively. It is interesting to note that only in the
case of the sulfur heterocyclic compound is the initial rate larger for the
homogeneous catalyst, while overall relative rates are similar for the nitrogen

compounds within each set of catalyst results.

Selectivity

The high regioselectivity for the heteroaromatic ring, with both forms of the

catalyst, is evident (Table 11). In one case (acridine), the polymer-supported

catalyst gave only 9,10-dihydroacridine with no 1,2,3,4-tetrahydroacridine

apparent. In contrast, the homogeneous analogue gave substantial amounts of
the outer ring produ¢t (approx. 50%) and this difference may result from the
more prenounced steric requirements surrounding thebactive metal sites on the

poiystyrene-divinylbenzene supported catalyst.

Parameters that Affect Rate

Several other parameters that were critical to study included the effect of
cross-llnklng and diffuson rates of substrate into the PS-DVB beads. In experi-
ments to clarify these points, the 2% cross-linked polystyrene-divinylbenzene
beads with Wilkinson's catalyst were compared to the 20% cross-linked beads.for
reduction of quinoline and the initial rate ratio for both (2%/20%) was found to
be approximately 3. We also ground the 2% Beads and hydrogenated quinoline us-
;ingvsimilar reacfion conditions to show that diffusion of substrate into the
bead was not rate limiting, i.e., both ground and whole (approx. 30 U) 2% cross-

llnked beads gave the same initial rates within experimental error.

Mechanism of Hydrogenation of Quinoline with Polymer-SuEported Wilkinson's

Catalyst

The mechanism of reduction of quinoline with deuterium gas was recently
elucidated with homogeneous Wilkinson's catalyst. In that study, we found the

following pattern of deuterium incorporation as shown, 6.

In coﬁtrast;'compeund_l shows the deuterium pattern (nmr and ms) obtained with

2% cross-linked PS-DVB Wilkinson's catalyst. The pertinent diference is the
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lack of aromatlc C-H exchange (C ) for the polymer—supported catalyst whlle f
stereochemlstry at the 3,4~ double ‘bond (c1s) and reverslble dehydrogenatlon of
the reduced carbon-nltrogen bond (p031t10ns 1 "and 2) to prov1de l 6D at the 2-
p031t10n, via qulnollne—2 -d, is 31m11ar for both forms of the catalyst._ Moreov-
er, reaction of the product, 1,2,3, 4- tetrahydroqulnollne, w1th PS-DVB Wllkln—
gon's catalyst under similar deuteration conditions also shows, by nmr and ms
analysis, no exchange of the aromatic hydrogen at position78;(6.42 ppm), &nd is
in contrast to the homogeneous catalyst result. Agaln, sterlc requlrements sur-
nroundlng the polymer-supported catalyst actlve metal center may be reSpons1ble

V{Efor the lack of aromatlc C-H exchange.

i

.l§2du%tioniofouinoline in the Presencepof Model Coal Liquidiconstituents
AS1nceJthe compounds shown 1n the Table l are prevalent in synthetlc‘fuel prod-
_ucts such as coal llqulds, we wanted to determlne whether the selectivity for
“tne nltrogen heterocycllc rlng (w1th quinoline as the example) would prevall in
the presence of other coal llquld constltuents. The model coal liquid, d1s-
solved in benzene and contalnlng (wt%) 30% pyrene, 5% tetralin, 38% methylnaph-
thalene, 17% m-cresol, 7.5% qulnollne and 2 5% 2-methylpyridine, was hydrogen-
ated with the 2% PS-DVB Wilkinson's beads (similar conditions as shown in Table
1) to provide 1,2,3,4- tetrahydquuinoline as the only reduction product (initial
rate 0.42%/min). Removal of 2-methy1pyr1d1ne had no effect on the initial rate
in contrast to the competltlve 1nh1b1t10n on qulnollne by the pyr1d1ne deriva-
tlve 1n the homogeneous reaction. Interestingly, reduction of quinoline alone,
at a s1m11ar substrate-to-metal ratio as in the model coal llquld provided an

1n1t1a1 rate (O 18%/m1n) that was approx1mate1y 2 2 tlmes slower than the rate
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of quinoliné in the presence of the model coal liquid constituents.

This result emphasizes the highly seiective reaction taking place in the
presence of other functionalities i.e., regiospecific reduction of the nitrogen
heterocyclic ring as well as the rate enhancement phenomena, And provides
dramatic evidence for the potential usefulness of polyﬁer-suppdrted éatalysts

in synthetic fuel (hydroprocessing) applications.

Denitrification of Partially Hydrogenated Nitrogen Containing Aromatics

Equipment has been set up and work started on catalytic cracking of compounds
such as tetrahydroquinoline dihydroacridine in admixture with paraffins like
hexadecane. If nitrogen can be split out, this would offer a route for
hydrocarbon denitrificatin requiring much less hydrogen consumption than'

conventional routes.



Table 1

Using Both =

Comparison of Initial and Relative Rates of HydrogenattoﬁAof'Sdbstatél l:é

Polymer-Supported and Homogeneous Hilkineoﬁ'a{Catplyiil' .

Polymer-Supported Rates® Héibgéﬁeogi.kitei

b Inicial Relative '”lﬁ4tla1 .gglgity’_ 3 ;
Substrate Product (X/min) . - (l/nin), 2 'v
Quinoline 1,2,3,4 Tetrahydro- ‘ «29 | i .@i)uké gz .

5,6 Benzoquinoline 1,2,3,4 Tetrahydro- <14 «48 ;5065u _5_~f15 iiF:; ;; ’ P , ?
7,8 Benzoquinoline  1,2,3,4 Tetrahydro-  .024 .08 0012 w2 -
/ Acridine 9,10 dihydro- -4 “1.4 ~.04 3 ;-3.; 10--
E. Acridine 1,2,3,4 Tetrahydro- 0 0 ;661;? Z; 3:6 ';. 0
4 Benzothiophene 2,3 Dihydro ~.03 ~.1 .‘5}44;', SRR 1Y T 7

‘a) Reaction conditions were as follows: P, ,~310 pei, 1=85°C, aub./Cat.-9l/l;.Benzene (20 ml), 1 mmole ihblt;ltei in

each case, with either 10.2 mg of hqnogeneous RhCI(PPh3)3 or 52 mg?bf poljner-nupporéed Hllkfhloﬁ?o éqtulylt‘(Zl

-

cross~linked, 2.19% Rh, initial P/Rh=2.9 (Strem Chemical Co.), P/Rh after teacttqp ulthgiébutrate ‘lleAFJ.j] ébn-

%

tatned in a vire basket attached to the end of the dip-tube of the kinetic apparatus. - L - -

-

b) Analysis by gas chromatography.

c) Plots of X conversion vs. time provided initial (pseudo zero order) rétes;- ka:es'ére relative to qul&oline (l.qi.

‘Substrates, » were reacted with the same beads for all initial rates reported.
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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