
ELSEVIER Inorganica Chtmica Acta 267 { 1998 ) 309-3 ! ! 

Note 

Phosphide complexes of divalent europium: synthesis and structural 
characterization of Eu [ PPh2 ] 2 (N-MeIm) 4 

Gerd W. Rabe ~'*, Glenn P.A. Yap b, Arnold L. Rheingold b 
" Tech,ische Universig~! Mii, chen. Anorganisch-chemisches lnstitut. Lichtenbergstrasse 4. 85747 Garching. Germany 

t, Depm'nmmt o~ Chemixtt T. University of Delaware. Newark. DE 19716. USA 

Received 20 I)ecember 1996; revised 18 February 1997; accepted 22 April 1997 

Abstract 

The synthesis and X-ray crystal structure determination of a bis{ phosphido) complex of divalent europium, Eui PPh:l,( N-Melm).~ ( 1 ), 
is reported. Complex I crystallizes in the monoclinic space group P2~ln. Crystal data for I at 298 K: a=  10.016(5), b= 18.018{8), 
c = il .218(5) A,/.:1= 95.45(3)0; V= 2015(2) Aa; Z = 2; D,,~, = 1.4{}2 gcm a; R~, = 4.59%. The molecular structure of l shows the hexa- 
coordinate lanthanide atom (on an inversion center) in a distorted octahedrai environment with the phosphide ligands in trans positions. 
~3 1998 Elsevier Science S,A. 
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1. Introduction 

The number o1" structurally characterized organometallic 
complexes of divalent europium is limited to only relatively 
k,w exam Jles I I I. Presumably, this can be seen partially as 
a ctmset!,, ence ol' the fact that the clement europium is one 
tff the rar,~st al|d Ihel°¢l'~rc quite costly lanthanide elements. 
AIs~, the chemistry of divalent lanthanide species is relao 
tively undeveloped as compared to nunierous reports in the 
litcratur,: on complc×es ot' I'ormally trivalcnt hmthanide 
elements. 

A~mng all the different types of ianthanide complexes only 
relatively little infiwmation is available Ibr phosphide 
{krivatives. We have fi~cussed our interest to this class of 
lanthanide species since phosphide complexes differ electro- 
statically from the corresponding amides. Therel'ore, one 
woukl expect different structural types in the solid-state struc- 
tures ol" phosphide complexes as opposed to amide deriva- 
tives. We 12-61 and others 17,81 have shown in earlier 
reports that different structural types can be isolated and struc- 
turally characterized tot both trivalent and divalent species 
of the lanthanides. 

We report here the synthesis and structural characterization 
of a bis(phosphido) species of divalent europium thereby 
providing rare bonding parameters for an Eu-P system. 

* Corresponding author. 
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2. Experimental 

The compounds described below were handled under 
nitrogen using Schlenk double manifold, high°vacuum, and 
glovebox (M. Braun, Labmastcr 130) techniques. Solvents 
were dried and physical measurements were obtained follow° 
ing typical laboratory procedures. The UV~Vis spectrum was 
recorded on a Shimadzu UV 24{)instrument. EuI:(THF)a 
191 was prepared fl'om the metal and 1,2odiiodoethane. 
KI~Ph~ was purchased t?om Aldrich as a 0,5 M solution in 
tetrahydrofuran. Redistilled N-methylimidazole (NoMelm) 
was obtained from Aldrich (water content 0.013% by Analo 
ytische Lahoratorien GmbH, D-51789 Lindlar, Germany). 

2. !. EulPPh212(N-Melm)v (1) 

In a glovebox, addition of I.S ml of a 0.5 M solution of 
KPPh: (0.73 mmoi) in letrahydrofuran to a pale yellow solu- 
tion of Eul:(thf): (200 rag, 0.36 mmol) in 7 ml tetrahydro- 
furan caused all immediate color change to orange. 
Subsequent addition of 0.12 ml N-Melm (4 equiv.) to the 
obtained orange slurry resulted in a more intensely orange 
colored suspension. Centrifugation of the reaction mixturc 
Ibllowed by removal of solvent, extraction of the residues 
with hexane/tetrahydrofuran (!:1) and crystallization at 
- 30°C gave I as orange crystals (216 rag, 70% ). Complex 
1 is soluble in tetrahydrofuran, but insoluble in hexanes, 
toluene and benzene. Anal. Calc. for C4oit,~EuNxP2: C, 
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T~bl¢ I 
CD, slallographi¢ dala for Eu[ PPh, I :( N-Melm)~ ( 1 ) +' 

F o r m u l a  C~,H~EuN,P, V (A;) 2015( 2 ) 
t.3~,' 850.73 Z 2 
Temperature ( K ) 298 P~-a~, ( gcm ' ) 1.402 
Space group P2./n A(Mo Ka) (.,~) 0.71073 
a ~A) 10+016(51 /,t (cm- t) 16,74 
h { i'i,) 18.018(8) R(F) (%) 4.59 
c ~A! 1 i.218(5) R(wF") 1%) 7.72 
/31°) 95.45(3) 

+The quantity minimized was R(wF' )=EIw(E: ' -F , : ) : I /  
~I~+,+'E+++~I"++, R + E,3./~IF,.). A ++, IIF,, + F..)I. 

51~.47: H. 5.21; N. 13.17; P. 7.28, Found: C. 56.26; H, 5.32; 
N, 12,93; P: 7.02~. IR (Nujol):  1568 m. 1535 m, 1518 m, 
1284 m. 1230 m. 1179 w. 1109 m. 1070 s. 1020 m, 988 w, 
923 m. 831 m. 820 m. 746 m. 732 s. 697 m, 673 w, 660 s, 
616 m. 502 w. 468 m. 424 w cm ~. UV-Vis (tetrahydro- 
furan, h,,,,,~, nm (e) ) :  214 (18 000), 245 (6200), 267 (sh, 
30(X)). Magnetic ~u.~ceptibility: Xm(293 K) = 2 .6x  !0 : 
cg~; #m ~+ 7.8 BM. M.p.: 130°C. 

Eul, ( thf),  + 2KPPh, --', Eu J PPh, I _- (thf) 4 + 2KI ( I ) 

Eu I PPh, l : ( thf),~ + 4N-Melm -~ 

Eul PPh : l , (N-Melm)z  +4 th f  (21 
1 

We were able to demonstrate that complex 1 can also be 
obtained by reduction of EuI~(thf).~ with 3 equiv, of potas- 
sium diphenyiphosphide in tetrahydrofuran solution, fol- 
lowed by addition of 4 equiv, of N-methylimidazole. The 
corresponding oxidation product was !dent!lied by ~H and 
a~P NMR spectrometry as well as by mass spectrometry as 
the diphosphane Ph,,P-PPh,,. Reduction of europium(Il l )  
was observed before in the reaction of Eul N(SiMe~),  ] ~ with 
3 equiv, of HTeSi(SiMe~) ~ in the presence of excess DMPE 
I I01, also in the reaction of EuCla with 3 equiv, of NaEPh 
(E = Se I ! I !, "Ire I i 21 ), as well as in lhc case of our report 
on the reaction of Eu(OSO:CF~) ~ with LiP~Bu, yielding the 
tetrakis (phosphido) species Eul ( # - P B  u,) 2l,i(thf) I _- ! 6 !. 

3.2. Moh'cular structure r~ EuIPPh: I:(N-Melm)~ (I) 

2,2. Xorav th~ta collecti~m, structure determination attd 
r(lmt'me,t fm  ~ Eu/PPh:/:(NoMeh,)~ (I) 

A suilable crystal wan ~¢lecled and mounted in a thin~ 
w~dled, nilrogenollushed, glas~ capillary. Graphileomono,: 
chromated Mo Kt:~ radiation wa~ used ( A +~ 0,71073 ~ ), Data 
were collecled on a Siemens P4 dffl?actomeler. The system° 
alic ab~enc¢~ in the diffraction data are uniquely c(,)nsi~!clll 
liar the reported ~pa¢¢ t~roup, The atomic cm~rdinales ot !he 
i~tllorphotts .~altlariUllt analogue j Sal were u,~ed a~ a Irlal 
~tructure which wa~ relined by lilllomalri x lea~!o ~quarc.~ t+o ~ 
ccdure~, Semi:empirical absorption ¢off¢¢1ioi1~ we, re applied. 
All nmvhydroL~en atoms were relined with anisolropic di~ 
placement coefficients, Hydrogen al~ms were !foaled as ide+ 
alized contribution:;, All software sources of the scatlcring 
Ihclors are contained in the SHELXTL ( 5,31 program library 
(G, Sh¢ldrick, Siemens XRD, Mad!ram, WI). Crystal, data 
c~dl¢ction, and refinement paranaelers arc given in Table I, 

3, Result~ and discussion 

3~ I, Svnfhesix ~q" EulPPh: I,fN~MehnL ¢ I 

Reaction o f  Eul:(tlff)~ with 2 equiv, ~l" KPPh: in tetra° 
hydroihmn stduti~m at r ~ m  temperature gives Eul PPh:l~+ 
(lhf)a, which can ~ ctmverted easily and aimosl quantita~ 
lively in a onc~|~tosyathesis lo Eul PPh:l:~N-Meim).~ ( I 
by I~atment ~t" Ihe f~rnaer pr~Juct wilh 4 cquiv, of It~e sitting 
donor iigand N-melhylimida~,ole (N-Meim} in telrahydro- 
ihran soluli~m (Eq, ( 2 ) ), 

X-ray quality crystals of I were obtained by slow diffusion 
of hexanes into a tetrahydrofuran solulion at room ternpera* 
lure. The molecular structure of the bis(phosphido) species 
i shows the hexa~coordinate hmlhanide atom (on an mvero 
sion center) in a slightly distorted uclahedral environment 
wilh the phospl)ide ligand~ ill truss posithms, and a cmlfigo 
uralion a| phosphorus approaching phumrily (stl||~ of angles 
around P: 343,3"), A seleclion ol ° signilican! inlcloatomic scpo 
aralions and angles a~ well an a c~mqmrison wilh |he i~mu~ro 
ph~m~ ~mlmrium 15al mid the y|lcrbium [Sb] aaah~gue is 
given ill Table 2, All ORT!'~P drawing of I in ~iven ill Fi~ I 

The E u P  di~|ance in I ~ff 3,1134t I ) A in roughly the smue 
as the correspoadmg distances in Eul (~+P'Bu: }~Li(lhl') I~ 
(2) [ 61 ranging from 3,034( I ) to 3.(168( I ) ~ ( av, 3,04617 ) 

), even th~mgh different co~rdinali(m numbers arc l lc,v,scnl, 
in the complexes. One migh| expect |he Eu~P distance in the 
telrakis(phosphido) complex 2 to be shorler |has the correo 
sponding value fimnd fi~r complex I, A likely explanation 
G~r the observed relalively long intcratmmc scparatrms ia 2 
is the thct thai Ihe phosphide ligaads are bridging versus 
terminal ph~sphidc ligands in I, The I:alooP di~lance ill I is 
signilicantly shorter |has the correspmlding numbers reported 
~m the sevenocoordinated europium phosphane adduct 
( Eul TcSi( SiMe~ t ~ J :( DM PE):  } ,( p ~I)MPE ~ { 3,165 ( 2 ~ 
3,241}( 2~ ~,  av, 320( ! ~ ~,) I I0]. "1"o thc best of our knowl~ 
cdgc [13] |hose mc the tw~ only rcp~rts on o|her f-u+! ) 
systems that have bt'c|1 slructurally characterized bclore. 

4, Conclusions 

The dala presented ~bove demons|rate Ihal a bis- 
(phosphido) species ofdivaleal europium is easily accessible 
in good yield in a one-pot synfllesis ~larting from europium 
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Table 2 

Significant inleralolnic sepavalions ( A ) and angles i <') of Ihe bisl l~il~lsl~llido I complexes l.n I PPh~ ] :( N-Mehn )a ( Ln = Yb 15b ], Eu, Sm i 5a ] ) 

311 

Ln = Yb Ln = Eu Ln =Sm 

Ln-P (A)  30214( I ) 3.12713) 3.139(3) 
p C ;,~) !.813~?) 1.140919) 1.80517) 

I .~!4(3)  !.82018) !.812114) 
Ln-N ( A ) 2.4,t712 ) 2.605 ( 7 ) 2.609( 7 ) 

2A95(2)  2.611 (7) 2.633(7) 

L n - P - C  (<'t 114.61 ! ) 113,713) 112.812) 
123.0(I) 123.0(3) 124.0(3) 

C - P - C  (°) 106.4( ! ) 106.6(4) 106.3(3) 
Y'-P ( ° ) 344.0 343.3 343. I 

Deviation of P fronl Ihe Ln.. ,C.- 'C phlne (,~l) 11.402 0.5014 05  i0 
Dihedral angle of Ihe phenyl rings (~1 414 3 48 9 49.4 

\ \\/=" 

/ . . . . . .  / / \ \  ci . 

C~231 
Fip I (IRTI!P dial, finn and numbering scheme ol l!ul l'Ph, I -i NMehn i, 
I t I ,  th'!i~All ill Ih!~ ~ii';i l l i l lhallil i l~ le~,cl I lylliu}~l'il iihllii'~ iilV ll i l i i l lt ' l l hl l  
diOIl~' 

dilodith:, I~OlliSSlilni diphcilyll~hllsphidc and N..nlelhylo 
iniida~ille u.~ing ¢lu'cful ¢onlrl l l o1' sl(iichioniclry. 'l'his sludy 
allows It dell(ileal cl,ill~lirisoli ill' ii sclics of iSliliiorphiius 
hi,~( phoslil i ido ) ¢Oliiplexes ill' ,livlilenl Siililaritiln. Ctil'iil)itllli 
lind yi lcrbiui l l  wilh i'cspe¢l Io slru¢lural Ircnr3s, and a[.,io pro- 
vides a ¢olnparaiive Iislin I o1" bonding pariilllelers. 

$. Sllpplementllry nuiter ial  

"rabies of eryslal dala, i)osilionlil l~aralll¢lers, I~ond di~- 
l l i n¢cs  i i l ld  t ing les,  l ind  I h e r n i a l  paranll~l¢l°.~ ( 9  pages l are 

ava i l l i bh :  f ro l i l  Ihc a u l h o r s  t in reqocs l .  
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