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Although a number of five-coordinate rhodium(1) 
complexes have been reported in the past few years, a 
regular trigonal bipyramidal structure is not yet known. 
Rhodium compounds whose structures have been de- 
termined, e.g., RhCl [ (C~H~)ZPCHZCHZCH=CH~]Z, l' 

RhH(CO)[(C6Hb)3P]3,19 and RhH[(C&)3P]4,20 show 
varying degrees of distortion from the regular geome- 
try. The solid-state structure (IV) of two compounds 
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with tetradentate ligands related to P (CH2CH,CH= 
CH2)a but containing four group V atoms have 
been reported, [PtI(QAS)] [B(C6Hj)4Iz1 and [Ni(CN)- 
(TAP) ]C10422 (where QAS is tris(o-diphenylarsino- 
phenyl) arsine and TAP is tris(3-dimethylarsinopropyl) - 
phosphine). Each has a threefold axis but deviates 
from the trigonal bipyramidal structure by having the 
metal slightly out of the trigonal plane, toward the 
iodide ligand in the platinum compound but toward the 
apical phosphorus atom in the nickel compound. 
There is, therefore, no compelling reason to believe that 
all six olefinic carbons and the rhodium atoms will be 
strictly coplanar in RhC1P(CH2CH2CH=CH2)3.?3 
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The following mobile equilibrium exists between 
dialkylzinc hydride complexes in dimethoxyethane2 
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RtZn + MHZnRz = MRZn-H-ZnRz 

where R = CH3 or C2Ha; M = Li or Na. The 1: 1 
complex MHZnRz is monomeric in tetrahydrofuran 
solution while the 1 : 2 complex MRzZnHZnRz appears 
to exist as a singly hydride bridged species2 By 
contrast, diphenylzinc forms only 1 : 1 complexes with 
LiH or NaH, but these complexes are too insoluble for 
easy characterization in solution. Therefore, their 
degree of aggregation is unknown. 

The present study of pentafluorophenylzinc hydride 
complexes was initiated with the thought that the 
relatively high Lewis acidity of Zn(CSF& would pro- 
mote the formation of strong zinc hydride bonds. Two 
unexpected results were the greater solubility of the 
pentafluorophenylzinc hydride complexes than their 
phenyl counterparts and the observation of Zn-H 
stretch and deformation frequencies. Molecular 
weight measurements in diethyl ether and infrared 
spectra indicate that these complexes may involve a 
double hydrogen bridge 

Results and Discussion 
Molecular weight measurements were facilitated by 

the high solubility of N ~ H Z ~ ( C B F &  in diethyl ether a t  
0". From the dimeric nature of the compound, 
illustrated by the data in Table I, it is tempting to  
postulate a double hydrogen bridge structure such as 
that illustrated above. As expected for ether solution 
the sodium ions are ion paired with the anion. 

The number of ether molecules coordinated to each 
sodium ion can be roughly determined by correcting 
the molecular weights for various degrees of solvent 
coordination.2 It may be seen in Table I that a solva- 
tion number in the range of 1-2 will yield the most 
consistent set of molecular weights. This result agrees 
with a model involving tight (inner-sphere) ion pairing 
between Na+ and the anion. Presumably, the alkali 
metal ions are associated with the hydride bridge atoms 
in a structure analogous to that of [NaHBe(C2Hj)2]%. 
2(C2H6)20.3 

TABLE I 
MOLECULAR WEIGHT DETERMINATION OF 

NaHZn(CsF& IN DIETHYL ETHER AT 0" 
c- 

Mole fraction solvent Obsd 

0.9555 757 
0.9659 789 
0.9727 795 
0.9827 808 
0.9859 818 
0.9892 828 

__ Mol wt -__ 
Cora 

897 
89 7 
883 
863 
865 
863 

-7 

Cor5 

1108 
1052 
996 
929 
917 
902 

a Corrected for solvent coordination, assuming two molecules 
of diethyl ether coordinating to each sodium ion. Corrected 
for solvent coordination, assuming four molecules of diethyl ether 
coordinating to each sodium ion. The calculated molecular 
weight for [NaHZn(C6Fj)~lt is844. 

(3) G .  W. Adamson and H. M. M .  Shearer, Chem. Commu~z., 240 (1965). 
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Unlike previously characterized organozinc hydride 
complexes, which yield low-field 'H nmr resonances, 
the pentafluorophenyl derivatives cannot be readily 
studied by proton nmr since diethyl ether solutions give 
spectra which show peaks due to the solvent only, A 
similar situation was previously encountered for diethyl 
ether solutions of N ~ H Z ~ I ( C ~ H , ) ~  In that case it was 
possible to observe a signal a t  4.33 ppm downfield from 
tetramethylsilane when the complex was studied in 
tetrahydrofuran. Unfortunately, attempts to prepare 
NaHZn(CeF5)z in tetrahydrofuran were not successful. 

Infrared studies of ether-free lithium and sodium 
salts of bis(pentafluoropheny1)zinc hydrides reveal 
zinc-hydrogen stretching and deformation frequencies. 
Comparison of Figure 1 with Figure 2A shows a broad 
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Figure 1.-Infrared spectrum for a Kujol indl of Zn(C6Fs)2- 
The two bands between 1400 and 1600 cm-I are due to Zn(CeFa)n, 
but  the shoulder a t  1375 cm-l is a Kujol absorption. 
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Figure 2.-Infrared spectra for Kujol mulls of (A) xaHZn(C6F,)z 
and (€3)  xaDZn(c6F~)~.  

underlying feature in the 1300-1700-~m-~ region for 
NaHZn(C6F&. In the spectrum of the deuterium 
anaIog, this band is shifted to the 1000-1200-cm-' 
region. These zinc-hydrogen stretching frequencies 
are ca. 50 cm-' lower than those found for the analogous 
phenyl derivatives. These frequencies are much lower 
than the value of 1825 cm-' reported for [HZnN- 
(CHa)C2H4N ( C H ~ ) ~ ] Z , ~  which is known to contain ter- 
minal hydrogens bonded to Zn.b This large difference 
between the Zn-H frequencies indicates the presence of 
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stracts, VIIIth International Congress of Crystallography, Stoney Brook, 
N. Y., 1Y6Y,  ps16Y.  

bridging hydrogens in the pentafluorophenyl complexes. 
A deformation frequency is observed a t  625 cm-l for 
NaHZn(CeF& and a t  770 cm-' for the lithium salt. 
The large influence of the cation indicates that the 
alkali metal is associated with the hydride in the solid 
state. Upon finding the deformation frequencies6 for 
these pentafluorophenyl complexes, we reexamined the 
spectra of LiHZn(CGH& and LiDZn(CeH& where de- 
formation frequencies were found a t  788 and 552 cm-', 
respectively. As may be seen in Table I1 these fre- 
quencies are similar in the phenyl- and pentafluoro- 
phenylzinc hydride complexes 

TABLE I1 
INFRARED ABSORPTION FREQUENCIES FOR Zn-H OR Zn-D MODES 

Asym sir, Asym def, 
Compound cm -1 cm-1 U U / V l , "  

625 \1 46 

LiHZn(CsHs)z 1250-1650 ]I.,, 

xaHZn(C6F~)z 1300-1700 
KaDZn(C6Fs)z 1000-1200 426 
LiHZn( C ~ F E , ) ~  . . .  770 v 47 LiDZn ( C ~ F E , ) ~  . . .  323 

LiDZn( C~HF,)~ 900-1200 532 
a Isotopic ratio for deformation frequencies. 

In summary, NaHZn (CeFj)2 has been characterized 
as a dimeric species in diethyl ether solution. The 
molecular weight data in conjunction with infrared 
spectra indicate that the compound contains double 
hydrogen bridges. 

Experimental Section 
Bis(pentafluoropheny1)zinc was prepared as a crystalline solid 

by the procedure of Noltes and Van den Hurk,' using standard 
Schlenk techniques. Lithium hydride (Matheson Coleman and 
Bell), sodium hydride (Fluka), lithium deuteride (Metal Hy- 
drides, Inc.), and sodium deuteride (Fluka) were used as ob- 
tained. All solvents were distilled under nitrogen and stored 
over hydrides in glass containers equipped with Teflon-in-glass 
needle valves and O-ring joints. Vacuum-line and drybox tech- 
niques used for all preparations, manipulations, and analyses 
have been described previously,2 ,8 

NaHZn(c6Fj)~ was prepared by stirring Zn(CsFj)2 (0.7 g, 1.7 
mmol), NaH (0.2 g, 9 mmol), and diethyl ether (3 ml) for 39 hr 
a t  0'. Separation from excess NaH by filtration followed by 
solvent removal under high vacuum produced a finely divided 
white solid, which was shown to be free from coordinating ether 
by infrared spectra (Fluorolube mull). This compound is 
much more soluble than the analogous NaHZn(CeHj)a, especially 
a t  0'. Anal. Calcd for NaHZn(c6Fj)~: Na/Zn/H, 1/1/1. 
Found: Na/Zn/H, 1.00/1.00/1.03. NaDZn(C6FE,)~, LiHZn- 
(c6FE,)2, and LiDZn(ceF~,)z were prepared similarly, although 
longer reaction periods (60-90 hr) were necessary for the lithium 
salts, which formed oily residues upon solvent removal. Anal. 
Calcd for LiHZn(C6Fj)g: Zn/H, 1.00. Found: Zn/H, 1.12. 
The use of tetrahydrofuran as solvent resulted in incomplete 
reaction after 36 hr of stirring Zn(C6Fj)z with NaH (Zn/H = 
1.74). 

Infrared spectra were obtained on Kujol or Fluorolube mulls 
between KBr plates using a Beckman I R  10. Molecular weight 
determinations were performed using vapor pressure depression 
techniques,* a t  0 i: 0.01'. Depressions of 2-8 3~ 0.05 mm were 
observed. Solute concentrations were varied by solvent removal. 

(6) For a double hydrogen bridge system these motions are best described 

(7)  J. G. Noltes and J. W. G. Van den Hurk, J .  0i.ganomeluZ. Chcm., 1,  
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as ring deformation. 

377 (1964). 
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Proton nmr spectra were recorded on a Varian A-60. Attempts 
were made to obtain Raman spectra on an instrument employing 
a SPEX 1400-11 double monochromator and Ar ion laser excita- 
tion. The samples decomposed in the laser beam even when 
cooled to  - 100". 
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Our continuing interest in methods for the separation 
of actinide elements has been directed to  the volatile 
chelates of the The assumption that 
trivalent lanthanides and actinides have similar prop- 
erties was justified by the finding, reported herein, 
that americium chelates are volatile. 2,2,6,6-Tetra- 
methyl-3,5-heptanedione (Hthd) was used to prepare 
the compound 243Am(thd)3 by the method of Eisentraut 
and Severs' and 1,1,1,5,5,5-heptafluor0-2,4-pentane- 
dione (Hhfa) was used to prepare C~~*~Am(hfa)4 by a 
modification of the method of Lippard.2 (See Table 
I.) Likewise a number of these chelates of the lanth- 

one representative of each crystal structure type. 
Identification of other members of isomorphous series 
were made by X-ray diffraction. 

All of the compounds except Nd(thd)s.DMF and 
Am(thd)a were obtained as single crystals suitable for 
X-ray diffraction study. With these specimens the 
crystallographic data presented in Table I1 were ob- 
tained. Three of the structure types represented there 
have been the subject of crystal structure determina- 
tions. CsEu(hfa>4 (and anhydrous CsAm(hfa)4) was 
shown' to be composed of chains of Eu(hfa)4- and Cs+ 
ions. Between the chains there are only F.  .F 
contacts, which suggests the reason for its volatility. 
For Pr(thd)3, which is isomorphous with the Nd(thd)o 
and Am(thd)r compounds listed here, a structure 
analysis by Erasmus and Boeyens8 has revealed the 
presence of Pr%(thd)c dimers packed together in a molec- 
ular crystal. We have carried out a refinement of this 
structure using X-ray diffractometer data from Nd- 
(thd)s crystals, providing some additional details of 
thermal motion.$ The crystal structure of CsLa(hfa)* a 

HzO is under investigation by Sands and coworkers.'0 
All of the CsLn(hfa)4 compounds sublimed under 

vacuum in the temperature range 135-150° with little 
decomposition. The monohydrate of the lanthanum 
compound sublimed with little loss of water, as in- 
dicated by X-ray powder patterns and Karl Fischer 
analyses. There was an apparent loss of water on 
subliming CsNd(hfa)4. H,O with differences in the X-ray 
powder patterns occurring. Water analyses on the 
sublimate indicated 0.7% water, less than half that 
required by the monohydrate (1.59%). Both Nd(thd), . 
DMF and Nd(thd)p.BDMF lost all of their DMF on 
heating in vacuo and reverted to Nd(thd)s. 

TABLE I 
ANALYTICAL DATA FOR RARE EARTH AND AMERICIUM CHELATES CsM(hfa)c. nHnO 

----C--.-- ,-.---H- -H20--? ,-.---Cs-- ----Ma*---- Y-Equiv wtC- 
% comen 

M n Calcd Found Calcd Found Calcd Found Calcd Found Calcd Found Calcd Found Mp, O C  

Am 0 19.9 17.3 0 .33  0.50 10.9 11.6 19.9 20.2 193-194 
Lac 1 21.5 21.7 0.54 0.39 1.61 1.50 11.9 11.2 12.4 11.9 1118 1121 186-187 
Ceb 1 1.61 1.20 1119 1135 180-182 
Prb 1 1.60 1.62 1120 1126 188-189 

Nd 1 21.3 21.5 0.53 0.43 1 .6  2 .2  1123 1143 189-191 
Nd 0 21.6 21.6 0.36 0 38 0 0.07 1105 1103 191-192 

Smb 0 1111 1108 206-208 
Eu 0 21.6 21.3 0.36 0.33 0 0.2 11.9 12.1 1113 1108 208-211 
Tbb 0 1120 1135 216-220 
Tmb 0 1130 1151 262-265 

(1 Per cent F: 
perchloric acid. 

found, 39.9; calcd, 40.8. * Identity established with 'X-ray powder diagram. Titration in glacial acetic acid with 

anide elements were prepared for a direct comparison of 
properties. Elemental analyses were made for a t  least 
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The compound CszLa(hfa)c is an analog of the type 
reported by Richardson, Wagner, and Sands;4 (pyH)~- 
Ln(hfa)a, where py is pyridine and Ln either La, Pr, or 
Nd. We agree with their speculation that the lanth- 
anide in these compounds may be ten-coordinated. 
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