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Abstract 

Thorium- and uranium-ligand bond disruption enthalpies (D(An-R)) have 
been obtained for the series of complexes Ind,An-R, where Ind = C,H, or 
1-C,HgC9H6, An = Th or U, R = an alkyl group. All the new compounds have 
been characterised by microanalysis and spectroscopy. The thermodynamic data 
were determined by oxygen-free batch-titration, solution calorimetry from the 
enthalpies of solution of the organo-f-element complexes in toluene and from the 
subsequent enthalpies of alcoholysis with 2,2,2-trifluoroethanol. D(An-R),,, values 
obtained (95% of confidence) were as follows: (CgH,)3Th-CH2Si(CH,),, (397 + 7) 
kJ mol-‘; (C,H,),Th-CH3, (371 f 6) kJ mol-‘; (1-C,HsCsH,),Th-CH,, (365 + 5) 
kJ mall’; (C,H,),Th-CH(CH,),, (357 f. 8) kJ mol-‘: (C,H,),U-CH3, (351 t 2) 
kJ mall’; (1-C,H,C,H,)$J-CH,, (350 + 4) kJ mall’ and (C,H,),Th-CH,C,H,, 
(342 + 9) kJ mol-‘. These bond disruption enthalpies parallel, but are significantly 
larger than, those for the identical R functionalities in the (C,H,),Th-R series. For 
corresponding Th/U pairs, the difference { D(Th-R) - D(U-R)} is ca. 20 kJ 
mol-‘. 

Organometallic chemical transformations such as P-hydride elimination, olefin 
and CO insertion into metal-carbon bonds, metal-carbon bond hydrogenolysis, are 
among the most important reactions in chemistry [l-6 and ref. cited therein]. To 
increase the knowledge and understanding of this class of processes, it is essential to 
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establish a detailed account of the reaction thermodynamics and especially the 
metal-ligand bond energies. 

Although the number of data accessible for middle and late first row transition 
metals is steadily expanding [7.8], only a few recent publications deal with the 
problem of f-element organometallic compounds [l-5]. This paper presents ad- 
ditional data for bond disruption enthalpies in indenyl complexes of thorium and 
uranium. 

The determination of bond energies can be approached quantitatively by various 
techniques. We selected calorimetry involving the measurement of the reaction 
enthalpy between the organoactinides and an appropriate alcohol. according to eq. 
1. 

L,An-R + R’O-H + L,An-OR’ + R-H (1) 

Experimental section 

Synthetic methods 

All the organoactinide compounds were handled in Schlenk-type glassware. and 
solid or solution transfers were performed in a glovebox under purified nitrogen or 
argon. Pentane and tetrahydrofuran were dried over sodium or potassium and 
distilled immediately prior to use. 2,2,2-Trifluoroethanol was dried and de- 
oxygenated by vacuum transfer onto freshly activated 3 A molecular sieves, and 
then degassed by freezing-thawing cycles. Ind,ThCH, and Ind ,UCH, were prepared 
and purified as described elsewhere [9a]. 

Synthesis of An(l-C,H,C,H,)3CH_j (An = Th and U). To a tetrahydrofuran 
solution of 0.010 mol of An(l-C,H,C,H,),Cl [9b*] (ca. 100 ml) at -78°C was 
added 0.0105 mol of CH,Li (1.6 mol dm _ 3 in diethyl ether). The mixture was 
allowed to warm to room temperature and stirred for two days. The solvent was 
then removed, in vacua, and the yellow (for Th) or red-brown (for U) residue was 
extracted with pentane for two weeks. Crystals were produced [9b* ]: (yield: 55% for 
Th and 60% for U). ‘H NMR (Th compound [SC*], C,D,): 6 7.43 (m,3H), 7.34 
(m,3H), 6.99 (m,3H). 6.95 (m,3H), 5.49 (d,3H), 5.02 (d,3H), 2.60 (m,6H), 1.10 
(m,9H), 0.26 (s,3H). IR (CsI pellet, cm.-‘), thorium compound: 3050(m), 2960(s), 
2920(s), 2860(m), 1455(s), 1345(s), 1335(s), 1215(m), 1100(s). 1140(m), lOlO( 
755(s), 490(m), 445(s), 405(m), 210(m); uranium compound: 3050(m). 2960(s), 
2930(s), 2880(m), 1460(s), 1350(m). 1040(m), 715(s), 760(s), 440(m). Anal. Found: C. 
60.30: H, 5.36. C,,H,,Th calcd.: C, 60.35; H, 5.36%. Anal. Found: C. 59.98: H. 
5.30. C,,H,,U calcd.: C, 59.82; H, 5.31%. 

Synthesis of Th(C,H,),Cfl,C,H,. To a THF solution (ca. 100 ml) of 0.0060 mol 
of Th(C,H,),Cl at -78°C was added 0.0063 mol of C,HsCHIMgCl (2.0 mol 
drn-’ in THF). The solution was then allowed to warm to room temperature and 
stirred for two days. The solvent was removed, in vacua, and the yellow residue 
extracted with pentane for one week: (yield 80%); ‘H NMR (C,D,) 6 7.33 
(d X d,6H), 6.95 (d x d,6H), 5.64 (t + d,9H), 7.39 (t,2H), 7.E9 (d,2H), 1.54 (s,2H), 
one H of the C,H,CH, group (in pm-a position in comparison with the CH,) is not 
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observable. IR (CsI pellet, cm-‘): 3050(m), 2895(m), 2860(m), 1595(s), 1485(m), 
1450(m), 1335(s), 1255(m), 1215(s), 975(s), 795(s), 750(s), 700(s), 440(s), 230(s). 
Anal. Found: C, 60.08; H, 4.37. C,,H,,Th calcd.: C, 61.07; H, 4.22%. 

Synthesis of Th(C, H,),CH(CH,),. In a procedure similar to that employed for 
Th(C,H,),CH,C,H,, 0.0084 mol of (CH,),CHMgCl (2.0 mol dmw3 in THF) was 
added to a cooled THF solution ( - 78” C) of Th(C,H, ) ,Cl (0.008 mol). The 
mixture was allowed to warm to room temperature and stirred for two days. The 
solvent was removed in vacua and the yellow residue extracted with pentane for 
three weeks. Yellow crystals were obtained (yield 50%); ‘H NMR (C,D,): 6 7.43 
(d X d,6H), 6.96 (d X d,6H), 5.63 (d,6H), 5.34 (t,3H). 1.97 (d,6H), 0.44 (Sept., 1H). 
IR (CsI pellet, cm-‘): 3050(m), 2960(m), 2920(m), 2870(m), 2820(w), 1460(m), 
1340(s), 1220(m), 1145(m), 1080(m), 1040(m), 780(s), 750(s), 695(m), 440(s), 390(m), 
220(s). Anal. Found: C, 57.56; H, 4.45. C,,H,,Th calcd.: C, 58.06; H, 4.55%. 

Synthesis of Th(C, H,),CH,Si(CH,),. To a THF solution (100 ml) of 
Th(C,H,),Cl (0.006 mol) at - 78” C was added 0.0063 mol of (CH,),SiCH2Li (1.0 
mol dm-3 in pentane). The solution was allowed to warm to room temperature then 
stirred for two days, and the solvent was removed in vacua. The extraction of the 
yellow residue with pentane for two weeks produced crystals (yield 70%); ‘H NMR 
(C,D,): 6 7.40 (d x d,6H), 6.98 (d x d,6H), 5.95 (t,3H), 5.77 (d,6H), 0.39 (s,9H), 
-0.91 (s,2H). IR (CsI pellet, cm-‘): 3050(m), 2940(m), 2880(w), 2830(w), 2790(w), 
133.5(s), 1250(m), 1240(s), 1215(s), 1040(m), 1000(m), 910(s), 850(s), 780(s), 740(s), 
675(m), 450(m), 440(s), 385(m), 365(m), 220(s). Anal. Found: C, 55.93; H, 4.76 
calcd.: C, 56.01; H, 4.85%. 

Synthesis of Th(C, H,),OCH,CF,. To a solution of 0.010 mol of Th(C,H,),Cl in 
100 ml of THF at room temperature was added 0.010 mol of CF,CH,ONa. After 
being stirred for one day the solution was filtered and the solvent removed in vacua. 
The yellow residue was extracted with pentane. A yellow compound was obtained, 
(yield 60%); ‘H NMR (C,D,): 6 7.44 (d x d,6H), 6.94 (d x d,6H), 6.21 (t,3H), 5.86 
(d,6H), 3.63 (q,2H,J(H-F) 9.7 Hz). IR (CsI pellet, cm-‘): 3050(m), 2920(m), 
2870(w), 1340(s), 1285(s), 1220(m), 1160(s), 1045(m), 960(s), 780(s), 745(s), 680(s), 
445(s), 390(m), 225(s). Anal. Found: C, 51.32; H, 3.41. C,,H230F3Th calcd.: C, 
51.48; H, 3.43%. 

Analytical methods 
Proton NMR spectra were recorded on a Bruker AM400 (FT, 400.1 MHz) 

instrument. Infrared spectra were recorded on a Perkin-Elmer 580 spectrophotome- 
ter with CsI pellets. Elemental analysis were performed by Dornis and Kolbe 
Mikroanalytisches Laboratorium, Mi.ilheim, West Germany. 

Titration calorimetry 
The isoperibol calorimeter employed was the LKB 8700 model (Bromma, Sweden), 

especially modified to handle the air- and moisture-sensitive compounds. The titrant 
is injected into the reaction cell from a Gilmont precision 2.50 ml syringe, readable 
to &O.OOOl ml. The titrant solution circulates through a long Teflon tubing 
immersed in the constant temperature bath and finally through a small diameter 
glass tube immersed in the reactant solution inside the calorimeter. In a typical 
experiment, a flat-bottom thin-walled glass ampoule is filled with 100 mg of 
compound and weighed in the inert atmosphere box to + 0.01 mg on a Cahn Gram 
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electrobalance. A small plug inserted into the neck of the ampoule is sealed inside 

the glovebox with a high pyseal cement (suitable for sealing glass and rubber to 

produce air- and watertight joints insoluble in most organic solvents). This ampoule 

is placed on the stirring baffle and the entire calorimeter and syringe apparatus are 

loaded and sealed inside the glovebox. The stirring shaft is held in place by bearings 

contained inside a copper tube. These bearings allow nearly frictionless stirring 

while remaining nearly gas tight. As an additional precaution. the copper tube is 

flushed with argon during all calorimetric runs. The apparatus is removed from the 

glovebox and immersed in a water bath thermostatically controlled to fO.OOl”C. 

After temperature equilibration, an accurate electric calibration is carried out to 

determine the calorimeter energy equivalent. 

This calibration is repeated after experiment because the energy equivalent varies 

slightly as a result of titrant addition. The sample ampoule is broken in the 

calorimeter cell and the heat effect upon dissolution is recorded on a strip-chart 

recorder. The titrant solution (0.08 mol dm ’ 2,2,2-trifluoroethanol in toluene) is 

added in 1 ml increments and heats of reaction measured. 

The accuracy of the calorimeter was confirmed by measuring the enthalpy of 

solution of tris(hydroxymethyl)aminomethane “TRIS”. (U.S. National Bureau of 

Standards, Standard Reference Material No. 724a) in 0.1 mol dm 7 hydrochloric 

acid to obtain a concentration of ca. 5 g 1~ ’ and the reaction enthalpy of TRIS with 

1 mol dm 3 hydrochloric acid, according to the procedure used by ijjelund and 

Wadso [l I]. For the former our value was -(29.74 + 0.02) k.1 rnol . which agrees 

well with the NBS accepted value of -(29.77 & 0.03) k.J mol ’ (IO]. For the latter 

our value was - (47.45 f 0.2) k.1 mol- ‘, which agrees well with the value reported 

by ojelund and Wads6 of --(47.45 + 0.04) kJ mol- ’ [ll]. 

Results and discussion 

An essential requirement in using titration calorimetry for determining 

metal-ligand bond disruption enthalpies via alcoholysis as in eq. 1 is that the 

reaction must be quantitative, selective, and rapid with respect to the An--R linkage. 

NMR studies have demonstrated that alcoholysis with 2,2.2-trifluornethanol meets 

Table 1 

Experimental heat of solution data ” (AH”,,,,,, ) for organoactinides and 2.2.2.trifluoroethanol ” 

Compound d H OF‘,l” (kJ mol ’ ) 

(C,H,),ThCH~ 
(I-CzH,-C,I-1,)3ThCH, 

(C,H,),ThCH&H, 

(C,H,),ThCI-I,WCH,), 

(C,H,)3ThCH(CH,), 

(C,H,),‘JCH, 

(l-C,H,-C,H,),UCH, 
, _( 1 

(C,H,);ThOCH&F~ 

CF,CH20H 

19.1 (9) 

1X.2 (5) 

18.5 (4) 

17.1 (3) 

13.0 (3) 

15.0 (4) 

22.1 (3) 

12.3 (4) 

12.1 (3) 

n Quantities in parentheses are the number of measurements. ” From ref. 2. 
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Table 2 

Experimental alcoholysis thermochemical data and derived bond disruption enthalpies (D) for 
organoactinides (kJ mol _ ’ ) 

Compound A *2 ale o AK,, h WQ+%,,, ’ WAn-R),,,h 

t~~H,)~ThCH~ - (131.0154) -(151.1+ 5.6) (391.5 + 5.5) (371.4+5.7) 
(l-C~Hs-C~H~)~~CH~ -(136.8+4.8) -(157.8f5.0) (385.7i4.9) (364.7 + 5.1) 

(C,H,),ThCH,C,H, -(121.3*7.7) -(109.0 + 7.8) (329.7 i 8.8) (342.0* 8.9) 

(C,H,)sThCH2gi(CHs)s - (9&.1-t4.0) --(loo.7 24.2) (399.7k6.4) (397.1k6.5) 

(C,H,LThCWCH,), -(109.0+5.8) -(124.2+6.4) (371.8& 7.0) (356.6k7.5) 

W&,)PCH, -(109.6&1.5) -(133.8&1.6) (375.3k1.7) (351.1+1x) 

(I-C,H,-C,H,),UCH, -(117,8*2.5) -(134.9&3.5) (367.1& 2.6) (350.0 + 3.6) 

u Error limits refer to the 95% confidence limits for 6-8 measurements. ’ Error limits do not include 
uncertainties that are constant throughout the series. 

these three criteria, and can be represented by eq. 2. 

Ind,An-R + CF&H,O-I-I -+ Indian--OCH*~F~ + R-H 

(a> 

(2) 

The organoactinide product (a in eq. 2) at the end of the titration was identified as 
Ind,AnOCH,CF, for An = Th by comparison with a sample of this compound 
prepared separately (see Experimental for details), and for An = U by crystallo- 
graphic study of single crystals which formed in the solution after the alcoholysis 

WI. 
Enthalpies of solution (AH,,,,) of the Ind, AnR complexes in toluene and 

enthalpies of alcoholysis with CF,CH,OH (AH, ,,,) are listed in Tables 1 and 2 
respectively. The thermochemical cycle (Fig. l), which can be described by eq. 3, 
represents the relationships of these measured quantities to other relevant thermo- 
dynamic parameters. 

AHZogas=AH2a,c +AH”,,,(Ind,AnOCH,CF,) 

+AH”,,,(RH) -AH”,,,(Ind3AnR) 

-A~O”~~(CF~CH~~H} - AII”,,,,(Ind,AnOCH,CF,) 

-AH” soln(RI-I) + AH”,,dInWnR) + ~fC,,,&W%OW (3) 

In eq. 3, AH”,,i, refers to enthalpies of sublimation, A Ho_ to enthalpies of 
vaporization, and AH OsOin to enthalpies of solution. The AH OS,,,(Ind,AnR) values 

Ind,An-R(g) + CWH,OWg) 01 
AH2 gr- 

lnd,An-OCH,C&(g) + RH(g) 

I 
AH”sub 

i 
dH”vap AH’sub A N o vap 

or zer” 

Ind,An-R(s) + CI=\CH,OH(l) __lf Ind3An-OCH,CF,(s) + RH(g/I) 

T 

T 
b HZD.Sd 

- AHQS& -AffOdn 

I 

-AHOsoin 

I 

- AH~soln 

Ind3An-R(soln) + CF,CH,OH(soln) x Ind,An-OCH,CF,(soln) + RH(soln) 

Fig. 1. Thermochemical cycle for determination of D(An-R),,, (Ind = C,H, or l-C2HSC9H,, An = Th 
or U). 
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are measured by breaking ampoules containing the organoactinides in the calorime- 

ter cell filled with the solvent (toluene) prior to the titration with CFJCH,OH 

(AH,.,,). As assumed the enthalpies of solution are small and endothermic (12.9 to 

22.1 kJ mo1 --I): they were not measured at infinite dilution, but the corrections to 

zero concentration must be very small and negligible: in addition. they tend to 

cancel out on opposite sides of the thermochemical cycle. In any case, the enthalpies 

of solution represent only a small percentage of the final bond disruption enthal- 

pies. 

We did not measure Aff O,<,[” values for (I-C,H,C,H,),.4nOCH,CF, and 

(C,H,I),UOCH,CF,. which can be reasonably assumed to be very similar to those 

for d H o,o,n of (C,H,),ThOCH,CF, measured in separate experiments. 

Also needed in the present treatment are the quantities 3H”,,,,(Ind,AnR) and 

AH” ,,,(Ind,AnOCH,CF,). We make a reasonable assumption [l-3.13], that all the 

Alf” ,“,(Ind,AnR) values are approximatively the same, and equal to AH o&lnd3 

AnOCH,CF,). On the basis of this assumption the AH Ohllh terms cancel in eq. 3. 

Data for CF,CH:OH and the RH components of the reaction system are also 

necessary. For toluene. tetramethylsilane and 2,2,2-trifluoroethano1, the enthalpies 

of vaporization are 37.95. 24.48 and 43.97 kJ rnol_~ ‘, respectively [ 141. 

AH OVap(RH) is, of course. zero if the RH species produced in the alcohoIysis 

process are gaseous at 25°C. The enthalpies of solution are not known for all the 

RH species, but enough data exist to estimate the values, which are relatively small 

u51. 
The values of Affzoga5. derived from eq. 3 and the assumptions described above, 

are listed in Table 2. 

The bond disruption enthalpy D(An-R),,, is related to A Hzog,,, by eq. 4. 

AN&_, = - D(An-O),,, - @R-H),,, + D(An-R),,, + D(O-H),,,, (4) 

The solution-phase bond disruption enthalpies D(An- R),,,,,, values can be dc- 

termined from the solution data and eq. 5. 

AH, i,lc = - D(An-O),,,l, - D(R-W,,,,, + D(An-I%,, + NO-H),,,,,, (5) 

Such a procedure is useful if the plausible assumption is made that in dilute 

solutions of a non polar solvent such as toluene, D(R--H),,, = D(R--H),,,,,, and 

D(OpH),,, = D(O-HI,,,,. 
Both gas-phase and solution-phase D parameters are reported in Table 2, it can 

be seen that these values are similar. 

Within the particular series of (C,H,),ThR the organoactinide titration product 

and reactant alcohol are the same. so that relative values of D(AnR) can be 

reached directly from the D(R--H) (known for all the R-H species) and the AM,Or,,, 

values. 

Equally desirable, however, are absolute D(An-R) values, so that these results 

can be correlated and compared with other data for d- and f-element organome- 

tallic complexes. 

In order to achieve this the quantity D(An0) must be estimated. A method 

similar to that used by Bruno and co-workers [l] was utilized for estimating the 

value of D(An0) [2,3]. Use is therefore made of the mean bond disruption 

enthalpy (D) data for the complexes M(O-i-C3H7)j with M = Ti, Zr and Hf [16] 
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and of the pragmatic approximations described by eq. 6a and 6b below (X = a 
halogen): 

D(An-OR) 5 (An-X) 

@M-OR) = @M-X) 
#a) 

D(An-OR) = @An-OR) (6b) 

Within the M = Ti, Zr and Hf series, eq. 6a and 6b holds [17], and furthermore the 
D(M-OR) parameters are relatively insensitive to R. For all relevant tetrahalides 
extensive bond disruption enthalpy data are available [3,18]. Use of this proportion- 
ality for all M and X combinations yields a D(Th-OR) of 518.8 kJ mol-i and 
D(U-OR) of 481.2 kJ mall’. Justification for the approximation of eq. 6 derives 
from thermochemical data for AnF, [18] which show that D(Th-F) is 665.7 kJ 
mol-l and D(U-F) 612.1 kJ mol-‘, whereas D,(Th-F) is 646.0 kJ mol-’ and 
D,(U-F) 618.8 kJ mol-‘. Moreover, this estimation procedure using ThC14 and 
UCl, data gives a D(Th-F) value of 682 kJ mall’ and a D(U-F) value of 609 kJ 
mol-‘. Nevertheless, the derived absolute D(An-0) values are probably not accu- 
rate to better than 40 kJ mol-’ (in contrast to the high reliability of relative 
D(An-R) values). 

The unknown D(O-H) value for 2,2,2-trifluoroethanol can be estimated to be 
436.0 kJ mol-’ (the value for ethanol) [19]. This appears to be a plausible 
approximation because, in all aiiphatic alcohol investigated to date, the value 
D(O-H) has been found to fall in the range 435.1 f 8.4 kJ mall’ [19]. 

The final D(An-R).,,, and D(An-R),,, values for the complexes are given in 
Table 2, D(L,An-R) being formally defined as in eq. 7 for the gas-phase reaction 
represented in eq. 8. 

D (L, An-R),,, = AHO,(L,An),,, + AH”,(R),,, - AH”,(L,An-R),,, (7) 

L3An-Rs,, -+ L3An,,, + R-gas (8) 

It can be seen that the present D(Th-R) values are in good agreement with those 
derived for the Cp,ThR series by Sonnenberger and co-workers [2]. The values for 
the Ind,ThR series parallel but are slightly larger (by ca. 25 kJ mol-‘) than those 
for the analogous Cp,ThR series. 

For the present (C,H,),ThR compounds, the sequence of D(Th-R) values is 
CH,Si(CH,), > CH, > CH(CH,), > CH,C,H,, which closely parallels that in the 
Cp,ThR series [2] and in d-element complexes [17a,20]. In the present case, it 
presumably reflects the Ind-R steric repulsions (which could be important) in the 
molecule, as well as the stability of the R’ radical (AH “r(R’), in eq. 7). Bond 
disruption enthalpy values for ethylindenyl and corresponding indenyl complexes of 
Th and U are not indistinguishable from each other within their uncertainty range. 

It is obvious that thorium and uranium hydrocarbyl bonds in the tetravalent 
tris(indeny1) series are rather strong. The observed D(An-R) values of 340-400 kJ 
mol-’ are substantially in excess the values, in the 200 kJ mol-’ range, reported for 
a number of types of middle and late transition metal complexes [13,20,21]. The 
present D(An-R) values are also somewhat larger than those of analogous D(M-R) 
values for Cp’,MR, complexes of group 4 (Cp’ = (CH,),C,)), i.e., 271 kJ mall’ 
(M=Ti, R=CH,), 280 kJ mol-’ (M=Zr, R=CH,), 269 kJ mol-’ (M=Ti, 
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R = C,H,). 306 kJ mol.-r (M = Zr, R = C,H,), 313 kJ mol--’ (M = Hf. R = CH,) 

1681. 
Furthermore, uranium-hydrocarbyl bonds are weaker than those in corre- 

sponding thorium complexes by about 20 kJ mol ‘. Bruno and co-workers noticed 

the same behaviour in the bis(pentamethylcyclopentadienyl)actinide series: they 

observed a difference D(Th----R) - D(U -OR) (with R = hydrocarbyl and hydride) of 

ca. 20 to 40 kJ mol-’ [3]. At the most qualitative level, the general tendency towards 

rather high metal-l&and bond disruption enthalpies for actinides (and early transi- 

tion elements) can be interpreted in terms of simple Pauling bond ionicity/bond 

energy concepts [22]. The highly electropositive character of the actinide metals. 

modified, of course, by bonding ligands. would be expected, a priori tc> give rise to 

relatively large bond energies; thus eq. 8 should correspond to highly endothermic 

process. The highly polar character of actinide to carbon sigma bonds is evident in 

their chemistry [23]. In respect of the difference between D(Th-R) and D(L R), it 

should be noted that eq. 8 implies a formal An’” --$ An”’ reduction process. The 

tendency for actinides to show an increasing stable trivalent state with increasing Z 

is well known [24]. 

Why D(Th-R) values are consistently higher for the Ind,ThR series than for the 

Cp,ThR series is still an open question. For example, the three indenyl rings in 

Ind,AnR may additionally stabilize the tetravalent or destabilize the trivalent 

thorium oxidation state, thus making more endothermic the process described by eq. 

8. 

In this study use was made of the value for D(An-0) employed for the study of 

cyclopentadienyl compounds [l---3], but D(An0) may, in fact, be different and 

slightly dependent on the supporting ligands. Indications of a greater 5.l‘ covalency 

were found from photoelectron spectroscopy studies for bonding of the ring ligand 

in indenyl complexes [25]. Differential T-acceptin, 0 tendencies of the Ind,An and 

Cp,An centres. may significantly influence the bonding of the hydrocarbyl and 

alkoxyde ligands. hence the observed exothermicity of eq. 2. 
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