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Honaolcpiic 2.2 '-btpyrid,vl comptc,~c~ t~l laulh:midcs (Ln), I..lt~bp.,. i4. ~vcrc prepared by the 
reactions of iodides Lnl2(TH t=) 2 {Ln = Sin. ELI, Im,  or Yb), t.nl ~( lHFh ~[.n := La. (7c. Pr, 
Nd, Gd. or Tb). or bis(irimcthylsilyl.bamidc,, L~q N(SiMc~)2I 3 {I..n = D3,. t lo, Er, or I.u) with 
bipyridyllitllium it~ tclrahydrofura~l ( IHF)  or 1.2-dinlciho\ycthanc ill ihc presence of frcc 
2,2 "-bipyridmc. The IR and ESR spectral data. the magnclic sust:cpiibditic',, and Ihe resells of 
X-ray  di f f ract ion analysis i l ldic; l tc ihat the conlplcxes o f  ;ill c lc lnci l is o l  the tanlhanidc series, 
t.,xccpt 10r the" c t l rop i t l l i / complc \ ,  c l ln la l l l  Ell <~ C/lliOlls glP, d atliOillC bpv tigand>. ACCOl'dillg tO 
ti le X-fdV dil/rclctioll dcliil, the c,,>ordhlalitUl l~olyhcdra ahotl l  the Sin :.llld [:.tl : l loms :ire tr ibes. 
~.vllt.'rcas the Cllvirolll l lCll[ about the gb alol l i  is ,i d is lor icd dodccahcdrol l .  I11 the iouic colnplcrx 
ILulbpylaJlLi lPHlt :141. the gc'ollli.:iry o f  the II..ulhpy)al - :111iOll i~ shtl ikir lO lhll i  t i t  the 
k t l (b l l ) )  4 col l lpicx. [h i :  possible lilt)tic,,, o f  chalgc' d is l r ibu l i tms OVOl the IigalidS.. viz.. 
l . l l l b p ) 2 - ) f h p )  " -l(hpy:!)2 illl0l L.i l(bpy" '),,{hp3,ilL {IfC d i s c t i , , s cd  
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Recently, wc i3ave initiated a scries of  studies aimed at 
the SVllthesis o(  complexes  of rare-earth cletllellts with the 
chelating 2,2"-bipyridyl (bpy) ligartd This ligar~d po.,,- 
sesscs both  a - d o n o r  ( fou r - e l ec t ron  N - d o n o r )  ae, d 
=-acceptor properties.  Successive reduction o f  the ligand 
allows one  to prcpare its mol lO-  and dianionic  lorms. 
Bigyridyl complexes  of  many mctals are known. In the 
ease of d-b lock elements ,  the ligaud acts to a greater 
cxtcllt as at1 n -dono r  and the L U M O  of  the ligand 
ietllaiils unoccupied ,  whereas clectropositi,,e metals  can 
lorm comple~,es both with nl(.mo- and dJallions, Pre~i- 
otlsly, we have prepared various complexes o f  rare-earth 
clcments with b p y ' -  radical anions. Among them, three 
types can be distinguished: (a) the mixed b p y - D A D  
complex of  samar ium ISm~:~(DAD-' ) ( D A D - ) ( b p y ~  
~DAD = B u I N C H C H N B t H ) :  I (b) the  an io l l ic  
complcxes J L i (TH F)4J+[Ln(bp.v)nl- iLn = Sin, Tb, 
Tin, Yb, or  De. n = 3 or 4), which were synthe- 
sizect by the reac t ions  of  iodides with Li(bpy)  in 
TI-IF: z and (c) the mixed iodinc-bpy complexes  of  
ytterbium(n), vi:.. Ybl(bpy)(DME)~,  3 and lanthanum(Ill), 
viz,, Lal2(bpy)~DME) 2 aud Lal_,(-bpy)~l'DME), 4 which 
were lormed in the reactions of the corresponding iodine- 
naphtha lene  c o m p l e x e s  [YbI(DME)_,I2(bI-Ct0H~i) or  
ll.alz(fHt:)zJ_~(.u-Cj0H ,) with one or two equivalents  of  

bpy. Recently,  5 we have reported the syHthcsis and X-ray 
diffraction study of  the first complex of  latlthanidc with 
the bipyridyl diarti<m, [Yb~bpy)(TI4 F)2I ~ (the scc(md metal 
complex o f  this type known to date),  which wa~, prepared 
by reduct ion  of  2,2"-bipyridinc (biPy) with an ex- 
cess o f  CI!~HsYb(THF):  in " IHF.  When wc ~tartcd 
thix work, onl.~ coNtr:ldietory data de, the sxnthesis 
of  tctrakis(bipyrid.vt) complexes o f  conlposhion Lrltbpyl 4 
ILn = Eu or  Yb: 6 Ln = Nd or Cc 7) werc a,,ailable in the 
literature. The [_li(bpy) 4 complexes iLia -- Eu or u were 
prepared ~ by tile reactions of  soh.llions of  the correspoud- 
ing metals m liquid ammonia  ",,vitb free 2,2"-bipyridine. 
Based on the results of magllctic nleasurcmetlts,  it was 
su.ggcsted ~ lhat these complexes conta in  the Eu +2 or Yb +2 
cations and the b p y ' -  radical anions. The complexes of 
neodymium mid cerimn were synthesized by the reactions 
of  the d i l i th ium salt of  2 ,2" -b ipyr id ine  with metal 
trichloricles in "I-HF in tile presencc o f  2,2"-bipyridinc 
alld were interpreted 7 as complexes o f  zcro-valcnt lan- 
thanides. With the :tim of elucidat ing the nature of 
Ll1(bpy) 4 and completing ssstematic  studies of  bipyrid.vl 
complexes of  rare-carth e lcmems,  we synthesized the 
LIl(bp3,)4 complexes of  elements o f  the o~,crall series and 
studied them by IR and ESR spectroscopy,  X-ray diffrac- 
tion analysis, and magnetochcmistry.  
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Results and Discuss ion  

Tile L.n(bpy)4 complexes were prepared by the rent-  
l i ons  o f  the co r respo l l d i ng  l a n t M n i d e  iod ides or 
t r i s l b i s ( t r i m e i h v l s i l . ~ l ) ~ l m i d e l l a n t h a n i d c s  , . i t h  throe 
equivalents of hipyridyllithium lit tim presence of free 
2.2"-bipyridinc i n T H F o r  D M E  The Sin. Eu. Yb. and 
Tm complexcs were synlhcsizcd with the use of diiodidcs 
Lnl2(B),, (Ln = Sin. Ea, or  Yb. B = THF,  n = 2: {ir 
Ln = Trrl, B = DME, n = 3) as the starling tea.gents. 
Prcviously. 2 it has been found that the reaction of four 
cquivalents of I_iIbpy) with lutct iuni  trichloride afl\}rded 
the a te -comp lex  I L i i THF)4 I  I [_u(bpy)4I. Tile reactions 
v, i th  the use of triiodidcs of hc;~tvy larllhanidcs instead of 
amides in rite synthesis of Ln(bpy)4 gave rise to noncrys- 
talline msohiblc products, which wc failed Io ideal.if,,. 
Apptueritly, the fact Ill:it tbc reactions of triiodides of 
light and Ileavv lantMnides aftbrd.ed difi'ercnt products is 
associated ,a, kh the diffcrcllcc in the structure of these 
[ r i iod idcs,  The ir i iodidcs o f  all e tcmcnts o f  tire scrias 
were prepared by the react ions o f  {ill excess o [  Ihe 
cor rcspoIN ing  metal with iod ine in TH  P. However,  X-ray 
d i f f ract ion study pertbrmed previously 8 denmi]strated thai 
iodides o f  the first elements nl" the ian ihanide .~crics ;ire 
Inolccuh.l r C()l]lp(!tllldS ~,)t" conlposit  ion Ln t 4 T H  P),, ( ,  = 3 
or 4), whcrccls both moieculcir iodides and iomc com- 
plexes, yR.., I I . I ] I f r H F I s I + I L n t . l t T H F ) , I  - ,  are knowi! 
for tile last members c)l the series.'* 

LnX3(THF)a 3 Li(b,oy) * 2 bIPy THF 

,'- Ln(bpy)4 + biPy. 

X = I, Ln = La, Ce, Pr, N d ,  G d ,  Tb,  n = 3; 
X =-: N(S~Me2).9,  Ln = 0 7 ,  H e ,  Er. Lu, n = 0 

LnI2(B) n ~- 2 L:ibpy) .v 2 biPy ,'- Ln(bpy) 4. 

Ln = Sm, Eu, Yb; B = THF; n = 2 
Ln = Tin; B = DME; n = 3 

THF LnX2(THF)2 = 4 LO)PV) ,-- Li(THF)4][Lu(bpy)4]. 

X =-CI: I 

All products ~vcrc obtained in high yields as air-unstable 
black cly.'stals (for Od. Fn. Dy. He, Er, Tin, Yb, and Lul 
or finely cry stalliile po,aders (tbr L:l, Co. Pr, Nd,  Eu, and 
Sm). Th,2 complexes decomposed without melting upoll 
heating :lbove lf~0--t~0 ~ The complexes of tighi lan- 
thanidcs, vi=., of l_a--Slll, arc insoluble in onganic solvents 
(THF, DME.  diethyl ether, toluene, or hexanc), the Eu. 
Gd, and Tb complexes are moderatcty soluble in TH F and 
insoluble in other orgmlic solv,2nts. ~hercas the Dy. He. 
Er, Tin, Yb, and l.u complexes arc readily soluble in TH F 
and D,,k'l E. The dillL:rences in the properties ofthc Lrl(bpy) 4 
complexes of the l]rst and last members  of the tanthanidc 
series are maMcsted in their IR spectra (Fig. I,l. The IR 
spectra of the La, Ce. Pr, Nd, Sin, Gd,  and Tb complexes 
are virtually identical and differ from the spectra of the Dy, 
H <  Er, Tin ,  Yb, mid Lu complexes. The IR spectrum of 
the europium compound Eu(bpy) 4 diflkrs fronl thc spectra 
of all other  complexes of II~c lanthanidc series. 

IS00 l~,(lI) 1400 200 (]00 Y,0t) f~t)t) v!cm- I 

Fig. 1. IR spectra t i t  Ihc [.n(bp)) 4 Ctmlplc\o.: In) [_n ~ [.;l. (]c. 
Pl. iNid. ~111. Cid, t.)l [ b ;  (/~t l.ll = I{[K 4nd I t)  I_n = l)y. l ie,  Er. 
Till, Yb. or Lu. 

Tim rcsul l ing complexes ;ire paramagl let ic .  Their mag- 
t lOtiC fi lOrl ltt l l iF, i l leaM. i red  Lli r oO l i l  ICr l lpCra l l . l rc  ;.IF0 ~ik, Cll 

i l l Tcible 1. The .~km ~.ciiucs for  most o f  the e~mplcxes 
differ noliccably front the values c;.llCtllalcd for the 
I Lif:~(bpy') . l(bpyl~) I s~tc ins  on the assumpihms thai 
spin-~pin couplin~ in the complexes is ;.ibSel]l alld thai rite 
magnet ic i t l i l l l lg l l lS o f  the ind iv idual  lnagnetir COlliers 
(Ln  '~. 4P'5d%sU. n = 1--14 and throe b p y - -  rad ic f l  
anious) are add i tbe .  The observed mag.c t i c  morncl t ts 
agree more c lose ly  w i t h  those ca lcu la ted  for  the 
Ln ' -~ lbpy2 - ) (bpy ' - J (bpyU)21  systcnts. PrcvioLisly. we 
have observed :m analogous electron noncquivalence 
of the lieands iit file mixed b p y - D A D  complex of 
samar ium i S n l ~ ( D A D t - ) l l ) A I ) - ) t b p y l l ) ]  (DAD = 
Bu:NCHCHNBu~).  1 It shoukl be noted dim tile expert- 
mcmnl l-lcl I values allow also the tilird fern1 of lhc com- 
plexes in which the metal a tom exisls in the oxiciat ion 
state 0, vK-., [Ln~ In this case. only Ihc I;.lll- 
[h;.tllJdc ;.liOlll Call b'2 responsible for the prc~crice of  the 
magnetic l]lOmCil[. Fo r  example, in tile Case o f  lute- 
i i um(0)  possessing the electron eonf igura l ion 41U5d16s 2, 
the magi~ctic moment  is equal approximately to 1.73 uB. 
This value is close to thai observed II lbr fl'ic zero-relent 
bisarcne complex Lu(1.3.5-Bul.~Q,H~)_~ (I.69 ,LIB) and to 
the magnetic nmmcn t  measured by t,s lbr Lu(bpy)4 
(1.88 uB). The temperakirc dependences  of the magnetic 
mOl]l,2nts for the La. Ce. Pr, a l ld Nd complexes obc), the 
Curio--Wei% law. hi the temperature range o[ I40--290 K. 
the magnetic momen ls  of  the complexes rcl l lah] v i r tual ly 
COilStarlt. A decrease in die temperature loads to LI do- 
crease in tile m agnd i c  moments ,  which is iltdicaliv'2 of 
the effective ar i t i l 'erromagnct ic in teract ion.  

The ESR spectra ot 'c rysta l l i r lc  samples o f  the La, Co, 
Pr. Nd, Eu, Gd,  and [.LI complexcs  have rather nar row 
signals (singlcts) in the temperature  range o f  150--290 K 
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Table I. Magnetic mt,n|cnts and the data of ESR spccm'mcopy 
fi}r the l.,n hp',} a complexes 

I.H u: .vuB '; ESR 

al 293 K lat 4 K) 

Expc- Calculation 

nmcnt I /' II ' 

.k'. l,)clor ,,111 ,: l.)epcndcnce 
/m-I '1 of  the integral 

intellsity of 
the signal on l' 

I,;1 1.7 (!}.85) 3.{} 1.74 2.{}0{}7 5 Independent 
Cc 2.5 t0.7} 3.94 2.65 2.0035 2 Increases 

with co(}Iing 
I)r 37 (1.3) 4.70 3.73 2.{1l)35 I Increases 

with cooling 
Nd 3.9 ( 1.2} 4.75 3.73 2.0(05 I tncrca:-,cs 

with cuoli)lg 
Sm 3.{} tO.{,) 3.46 243"  . . . .  Signal is abscm 
Eu 7% 5OI 4.3d -2.00 2(}0 I)ccrcascs 

with coolhlL-' 
Od 8.2 8.59 8.19 2.t) 14(} 35 I ncrc'ascs 

with coolin~ 
J'h 9.a IO.2 9.66 2.1)(J30 2 I ncrea>c.s 

with cooling 
Dy 10.2 11.(} 10.74 - -- Sib'ndl iS ;Ib";',.'ttl 
He I I.I} I I .0  10.54 -- -- Sigtml is absent 
Er 102 I(} I 9.77 . . . .  Signal is absent 
Tin X.3 S.2 7.50 -- -- Signal is ;tb>,cnl 
Yh 43 5 41 4.63'-" -- -- Sigmd is :lhsc)ll 
Lu I gg 3.(} 1.7.I 2.OOI4 8 Indcpcl)del]t 

(290 K) 

a F h c  average ill:lgll,2[ic II10111c111',. el  [.11 ] t  typical o f  org;Inic 
COlllpJc',....'x Ill were ur ill catlctlI;llWalS. 

/ 'Fol  lhc II-u';ibPY -}:lhpy%l system. 
c For file I I.n "~(bpy 2 ' )(bpy" -)lhpy'q2l s~qcm. 
' /The rcl:lHVC ;vidlh o f  lhr v, igllal. 

ISm'2Ibpy -)21hp~%2I ~c l ! -  4.36 ~aB; ISm;2ihpy2-)(bpy'}}~[ 
I&.l: = 36 uB. 

IIZu~2Ihpy"-)2{BP.U}}2] ~.lJ = 8.49 uB: IEuihpy2-)(bpy%;I 
ucu = 7X I, IB. 
IYh~ZIi~P, ',' -}2(bpyr})2] B~-n = 2.46 u]3: IYb+ZihpyZ-}tbpy!}} 3 ] bs 
the dmmagt]ctic complex. 

IFabtc I). The  t e r b i u m  derivative gives a poor ly  resob.cd 
signal hl o n e - h a l f  o f  the region. The absence o i  not ice-  
able t empera tu re  d e p e n d e n c e s  of  the ESR s ignals  for tile 
complexes with the  d ian lagne t i e  L:I III :And Lu II1 ca t ions  
is c(H1siMelt[ with  tile a s sumpt ion  that tile l igands  of  the 
molecules c o n t a i n  on ly  one  unpaired electron.  T h e  ime-  
gral inlcnsi l ies  o f  the  ESR signals tbr the Ce,  Pr, Nd. 
Gd ,  and Tb c o m p l e x e s  increase by a ]'.:icier o f  lO aS the 
t empera ture  dec reases  f rom 290 to 150 K. In the  case of  
Eu{bpy).~. the b road  singteI line observed at room tem-  
perature b r o a d e n s  as the  tempera ture  decreases  and  the 

signal virtually d i sappea r s  at 150 K. Ana logous  ESR 
signals observed previous ly  for the EuX 2 and  REuX 
complexes  {X = CI, Br, or I: R = Et or Ph) were 
assigned to e u r o p i u m ( l l ) .  12 The lhct that the g lhctors  o f  
the ESR signals for the  cr3,staIlinc complex Lu{bpy)4 and 
its solulfon m t e l r a h y d r o f u r a n  have similar  va tucs  indi-  
cates that the m o l e c u l a r  parameters  of  the c o m p l e x  in 
solutions arc iden t i ca l  to lhose observed m the  cr?'st'fl, 

i.e., all four l igands remain  to bc c o o r d i n a t e d  to the 
lute t ium atom.  The  Sin, Dy.  He, Er. and Y b  complexes  
both  in the co ' s la l s  and solut ions  give no  ESR signals. 

Crysta l  and m o l e c u l a r  s t ruc tures  of  the  L n ( b p y )  a c o m -  
p lexes .  Accord ing  to the X- ray  d i f f rac t ion  data, ci.2.ht 
nitrogen atoms o f  four bpy ligands in the isostructural 
samar ium and europ ium complexes  are coord ina ted  to 
the metal a tom to form a slightly distorted cube (Figs. 2 
and 3, respeclively). The average Lu- -N  dis tance {Table 2) 
in the e t , ropium complex is 0.158 .A larger than the 
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/ I i ...'~ 

�9 . , ~ / 

Sill 

N { l l l  
" \ \  C l l l )  C(21i}} 

,~.-. " N(22)  N{12) 
" I C( " I }  N(21} " ~ _ ' ( 2 9 i  

CiJg} . /  / " , ,,,c.q ? 5) \.c.'t_r ~ , 

~'-~"---. / C I I 2 )  ", '-. ~ -  , , ~  \ 
C ' I 6 '  i "~"C, 15) " C{27X..} 

'/  / " ~ "  L'I22} ~ , ,  X { - '  .< 
C(14} C(13} ..- C~28) 

C{IX} C(17) C ( 2 4 )  
Ct23} 

Fig. 2. I%|olcct|lar xtrttctufc {OR FEI )2~ of the Sm(bpyl 4 com- 
plex l thermal ',:llip,,oid~, with the .-10% prohabiliD'}. The hydro- 
g~.'II alOrllS aft.." Olllittcd, 

--- /" i \ / 
' " - - -  / "  i 

�9 4 " : 

Eu 
N ( I I )  

'\ 
C(!h l  .'\ C ( I I }  N(22) C(21(n 

ClllOi N(12} i ""  N(21} ~" ~ C ~ 2 9 1  
c, I t . . .  - ' - -  V (.121  

I / .... " \ '  " 
, . i  Ct26~ \ \ / / /'ctl2  \ " " 

f 

" C(I~I) C(131 " - " CI27} / 
" "" i 

C(IS} C(17) C(23) C(24)  C(2S) 

Fig. 3. Mulccular structure {ORFEP z0) of  the Eulbpy) 4 com- 
pk.'x HhcrnmI ctlip:,,oid~, whh tile 40% probabil i ty). The hydro- 
�9 ~ , ' ] l  ~I [OI ' ID; ~II'C omil led.  
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"|'able g. The Ln--N hC, lltt tcnglhs IA) in tile l.nlbpy) 4 com- 
plexes 

Atonl Srnthpy) 4 EuII:,pyL. Yb(bpyl.l Lufbpy)4 I L.it I t tFh l  " 
J Ltllbp$ )-d 

"<~11) 2560(3i  2.703f4) 2.423~6~ 2.424(6) 2.41314) 
Nr 2.537(41 26~!R41 2.414(6t 2.367(7) 2.4h2(41 
NI21i 2.605(4) 2.769(4) 2.40316) 2.372f7) 244g~4) 
Ni22) 2.60044j 2.795(5) 244017) 2.37617) 2.424(4) 
N(31) 2.517(7~ 2.427(71 
NI32) 2.559!6) 2.415(7) 
N(41) 2.416~61 2.530(7) 
N(42) 2.434~f~ 2.559i7) 
Average 2.576 2.734 2.451 2.434 243S 
V:.l] tl,2 

co r re spond ing  di.-,tance in the s amar ium analog, w.hich 
corrospoi lds IO the difference botw0cn the ionic radii or 
Etl n :ll/d ~1"11111. t3 The twofold rot3[iOll axis gCllCl'alc~, two 
pairs of  symmclr ica t ly  equivalent  bpy figands, wt~ict~ is 
consJsiellt wi th  lhc scheme of  the charge distribtl t ion ill 
t i le europ ium complex I E u ? ' ( b p y  ' )2(bpyf l )2 l ,  but r 
be lrt lc l~)r the sal~ltiriuill complex_ In t i le I,'lttcr complex,  
two) COlllbiilatioll5; arc po:,sible, ri=.. [ Snl ; -~ (bpy - ) ~t hp~")l 
or I S m ~ ( b p y 2 - ) ( b p y "  ')(bpyl l)21, iloitQ o f  wh ich  c:ul oc- 
cur in the proscilcc of" the two lb ld  ro ta t ion  axis. The 

~ . ,  

' t  
%' i  '+<( 

c._.) 
Fig. 4. One-dimen:,ional polymer chain in the crystal el" 
SmtbpyL~. formed by contacts between the bpy ligands. 

'1able 3. Inlcrmolr catlu_lcl,4 (all ill the 
[.lllbpy) 4 COlllplC\cs ( In  = Sltl, [Ttl. Yb. or 
I LiITH f')4]] k.ufbp) ~41 temple\  

cryslab, of the 
I_tl) alld Jil the 

Complex Distance d/k Molecular 
packing 
in Ihc cly<dal 

Snllbpy} 4 C(24)...(_'(26 "; 3.247 Polylncr 
CI2/,}...C(24 ") 3.247 chain~, 

l:!ulbp.x') a. C!241..Cf26"1 3.312 Polymer 
C(2fl) ..C(24") 3.312 chain~ 

Y b~ bp.'.'~4 C(2g)...C136") 3.302 Polymer 
C(291...CI38 'l 3.241 chaitis 

L-utbpy)4 (_l I I)...C( I S ') 3.326 Pail", 
CI Ig)...C114"i 3.376 
CtlTI.. C(17 ' )  3.155 

I l _ i ( r l l V l l i l  Lulbpy 141 . . . .  Isolated 
IlltliCCtll~$ 

deviat ions f rom the expected xynmtetD'  m Sm{bpyh  may 
bc as~,~ociatcd with the molecu la r  packing in the cDsml 
(Fig. 4). In the cGstats,  the Ln lbpy)  4 moicculc.~ (Ln = S m  
or Eu) are l inked in one -d imens iona l  quasi -polymer  chains  
througl~ short COillaCls between the bpy ligur, ds. l v , o  bpy 
l igandx o f  two adjacent molecules arc v imml ly  par.Hie] to 
each o the r  and arc urrangcd one  above the off,or. In 
Sm{bpy)4, the C{2- ' ) . . .C(26 ' )  and  C(20). . .C{24") dis- 
tancex arc 3.25 .~.; the cor responding  distances in Etffbp~.L~ 
arc 3.31 5 (Table 3}. It should  bc holed itl.:iI these 
dis tances  arc substantiall? shor t e r  than  the distances bc- 
twccrl ihc layers hi graphiic (3.35 L\). Probably this mo-  
lecular packing in the cq, stal is at tr ibutable to a some 
degree o f  elect ron density de loca l iza t ion  {),.'or the bpy 

C~ 18) C~ 2,'4 } 

Fig. 5. Molecular strucw.rc IORI"EP "0) oH" the Ybibpy).t com- 
plex Ith,ernml ellipsoids ,a:Tth the 4t)% probabilityi. [he hydro- 
gcn aionls arc omitted 
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ligands of ti le adjacent molecules resulting in the equal-  
izalim~ of the geometric parameters of /bests molecules 
alld. ;.IS, a consequence,  in the appearance of  tilt.' twofold 
rolat ioi i  axis on which the metal alonl is located. Previ- 
Otlsl,v, 4 we [lave obsop.,ed dcloc:llization of one cltsetrt;.tl 
over two bpy ligands in the LaI , (bpy) , (DME) complcx. 
Apparently. il is those strong inttsrnlolectdar i l l l tsraetioils 
that are respoilsible li)r the low solubility of the La, Co. 
Pr. Nd. Sin, Eu. Gd,  and Tb colnplc'(es. 

In the compourtd Yb(bpy)4"0.5THF,  the ni t rogen 
at{m-is of" the tigands form a db, tortcd d{}dccahcdr~m 
about tile metal atom (Fig. 5). The Yb--N distances in 
four ligands r 2). though they lie in tile range 
typical of trivalcnt y t tcrbium compounds,  have different 
values, In th,'tsc of the tigands, these distances have close 
values, but Ihcv arc ilhllos[ 0. l A shorter Iil;lll this 
distance in the fourth ligand (Table 2). In addit ion,  the 
l{~rsion allgle i l l  the latter ligand is unusually large (2(} ~) 
compared to the o ther  three angles (from 1 lo 9~ This 
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Fig. 6. One-dimcnsiollal polymer chain in lhc crystal of Yb(bpy)4 
l"ormed hy COtltaCts between tile bpy ligands 

molecular  g e o m e t r y  co r r e sponds  nloro closely to 
the charge d i s t r i b u t i o n  descr ibed by the tbrmula  
[ Y b ; ~ ( b p y ' - ) d b p y % l .  Two stmrl C - - C  collt:lcts exist 
belwcetl the bpy ligLtnds of  the :ldj:accll! rrJolccutcs 
{C{29)...C(38') is 3.24 A and C(28)...C{36') is 3.30 A 
(]able 3), rcsultin o iu the format ion o f  po lyn ler  c11:.ii115, 
il l tile cQ'siaI ([:'ig. 6). However, the nlt l t t lal :.lrr~lilgcinciH 
o f  the bpy Iigands o f  the adjacollt molecules in lhis casts 
differs from those observed in the samar ium :.lRd eLI- 
ropium complexes and,  apparenil,,, does not provide 
tslcctron delocalizaticm it1 tile chain ibrmed. Probably. 
ti le ob,,crvcd mtittKlI arrangement  of the molecuies i l l the 
crystal of Yb{bpy) 4 restltts exclusively f rom the require- 
ment Ibr tile min imiza t ion  of the energy of  tile cry';ta] 
lattice. Tile fact thai the intcrmolccular  contacts ill 
Yb(bpy), l are weak is also supporltsd by the high solubil- 
ity of the complex. 

According to the X-ray diffractiou data, tile coordi- 
nation c,wironnlcr] t  a b o t i l  t h c  l l _ l l e l i t t r l l  ; I [O l l l  i l l  r i te  

Lu(bp$) 4 " 2TH F temp le •  {Fig. 7) is a distorted dodeca- 
hcdron formed by eight rlitrogcn atoms of  four bpy 
ligands. In the cry,~I:ll, there arc slier! intermolcctflar 
C...(7 COllie.lets ( Ci 14)...C1 I 8 ') and C( I 8 }...C( 14" ) arc 
3.33 A and C(17). . .C{17") is 3.16 A: Fig. 8) through 
which the molecuics arc linked it', discrete pairs unlike 
the p{/Iymcr chains  obsclwcd in Ihc Sin, Eu, and Yb 
COlllpiCxcs (] 'ablc 3). It '-;hotlld bc iloled thai tile average 

X N(421 
C(31} N(311 

(.142} N { 4 t ) I  

(.{41 } 

C( 110} 
C{ t9) ..7 / - \  

/ N(12} // 
i / / 

're( 18} ."7Ct 16) / N(II) 

C{48) 
C{33J C(34) C{47) 

C(.)21 , /  ., C{49) 

C{44) C{, 5~k .. / C,37) / 
. _ .; i' C {  4 6  ) 

CI43) ' \ .  * . / ,  - x  
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�9 C ( 2 1  ) 
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C( 171 ,c(15) : r  \ c r  .,~ , Ct24t / 
/ ]  C{29) �9 ,, 

' . C { 1 2 t  . \ . /  "" c(_  )ct2;l 
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Fig. 7. Molecular structure (()RTEP z~ <ifthe Lu(bpy)4 com- 
plex ilhernml cllipvaids with the 40% pmhabililyL rhc  hydro- 
g~ll  dlt'Hl~5 dr{.' Ollllt[c{.,t. 
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Fig. 8. hllcrlnolccuhir contacts Ill the crystal o f  Lu(bp) Li 

I..u--N distance (2.434 A) agrees well ( taking into ac- 
count  the dil'lcrcnce in the hmic radii o f  Srrl III, El.i It, aild 
LU III) with die S m - - N  and [:[u--N d is tances . -The  ob- 
served change in the Lu--N bond lengths (2.376 and 
2.372 .i, for lhc first ligand. 2.367 and 2.425 ,fi, For the 
second ligand. 2.429 and 2.414 .& lor the third ligand, 
and 2.529 and 2.559 ,g, for lhc fourths bpy ligand) is in 
better agrecment with the scheme I Lu3~(bpy ' - )3 lbpy~  
than witll tile schcme [Lu3*(bpye - ) fbpy ' - ) (bpy~  con-  
taming the d ianionic  l igand However, it should be 
noted thai the molecular  packing in the custals, of 
homo lep t i c  c o m p o u n d s  ai lalogous to those under  con- 

sidcralion cal] substantial ly affect the geometr ic  param- 
eters, thus hindering their interpretation. 

Similar L u - - N  bond tcngthF, (the averagc ~atue 
is 2.437 .2X) are obF,eP, ed in the  i o n i c  complex  
] L i ITH  F)all Lu(bp.v)4] (Fib:. 9). This c o m p o u n d  was pre- 
pared from LuCI 3 and Li(bpy) according to a procedure 
reported previously. / "l-he lutetium atom is coordinated 

C(-'.~) 

C(22{/  
0 2 4 )  

", 1 027)  %\  ' '~, C~ 2.5) r " 

c,2,, --<.'I" I:"-.">.- +"-/ 
- ' C(26) 

N122~ ~ C(29) _ 

�9 ( ' ( 2 1 0 )  
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. t %  

/ N i l 2 )  
/ ! - . , `  #' \ , C(13i 

f "  ~ C( I lOt - 
�9 : C(t4t 

," e, Ct 19) " / ,  \ ,  , C.( i7 )  

C(  I k) 

Fig. 9. MolL'cular structure ORTEPZ~ o1" the JLu(bp),)4i 
;illiOll (I[lC:lWl;ll cllipsoid~ v, ilh liic 4l)rz prtlb:lbili1,', ). The ]lydro- 
g,711 alOlilS alr Olililh.'d. 

by eight n i t rogen atoms, wh ich  l 'orm a vir tual ly idc:tl 
(unl ike Lu(bp.v) 4) dodec; 'hedron.  The L u - - N  distances 
arc in the ral]gc o f  2 .4 t3 - -2 .462 A f r a b l e  2). Sillcr all 
four bpy ligand,~ bear idcmica l  charges, m~ m~ticcable 
d i l fcrcnccs in the i r  L-'cometry arc ohscrx, ed. The l i th ium 
c:.tlJon iF, coord ina icd  b.,, four T H F  molecules. In t i le 
crystal oF I LuibpyL, I IL i ITHF)H.  significant intcrmo- 
[ccul:.lr COllILICIS arc absent. 

Therefore ,  the result.,; o f  IR amJ ESR spcctros- 
cop~. magnet ic  measurements, and X- ray  di l fract ioe, 
study suggest that the b ipy r idy l  complexes of  rare- 
earth e lements  o f  the L m b p y ) 4  series can exist in 
two ma jo r  f i)rms, vi:.. as [ Ln .~ * (bpy2 - i i bp )  .... ) l b p y ' l l  
(A) ;.illd I L _ n ~ + ( b p y - ) ~ l b p y ( I ) l  (B ) .  The europ iU l l l  
c o m p l e x  c o n t a i n s  the d i v a l c l l l  me ta l  a l o i n ,  W2.. 
I Eue+fbpy "-) : (bpy~ . The simultancouF, presence OI" 
the dianJon and the neutral Ngand in the molecule ( Ib rm 
A) is a t t r ibu tab le  to a considerable gain in the energy ip. 
tile case o f  fo rmat ion  o f  the [ X L n  2+ j IB  2--] moiety.  I l: the 
crystalline state, most of the complexes arc characterized 
by in tcrmolecular  electron interact ions.  

E x p e r i m e n t a l  

All sTuthescs of  the compoulid<~ and ~,tlbscql_lell[ opcrafiol> 
~r162 carried out in vacuo with the use of Schlcnk tubes. The 
rrikx.lides I .n l3( IHF)  ; ILn = L,I. Cr Pr. or Nd) were prepared 
b.~ the reactions of the corrcspouding mctab, with iodine or CH,I  2 
in THF-: Gd and Fb IModidcs were prepared by the reactions of 
The corresponding metals with iodine m DME and rccD'slallizcd 
from I H F .  2riqhisHnmclhylsil_vliamidcs I of Dy. Ho. Er, Yb, and 
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I,u were synthesized according lO a pi-ocedurc rcporlcd previ- 
ously 14 and purified by sublinlalJoll in vacuo. l h c  diiodidcs o1" 
Si11. [--u. alld Yb wcrc prepared according Io :1 kllowil pFOCC- 
dt l rc ;  15 Tin I2(DMF)~ wan synthesized accordinL z to a p r o c c d t l r c  
rcp,,)rtcd prcviousl).l~ [et r ; ihydrof l l ra l l  and 1.2-dinlcflloxbcthanc 
wcr:, dried Cllld kcpl over '~oditilll bCllzophr162 kclyl aim w.,.'rc 
Likell for lhc rcacliolln by coIldqilsaliOll ill l'acuo i l l lnlcdi,ilcl)' 
before use. The IR spccmt wore recorded Oll a Sp~:cord-MSO 
xpcctromctcr, The x;.lll;plcn WCFC prepared as NIJjol mulls 4nd 
placed :is films betwcr KBr  glasses. The ESR spectra wcrc 
measured on a Brukcr ESR 200D-SCR insirumcni f9.35 GHz). 

Tetrakis(2,Z'-bipyridyl)samarium. A sohttion of bip~,ri- 
dvI l i lh iunl  (which wci~ prepared in 5#u l'riiill l i thium ( 114 rag. 
Ib , l  mlllOl) illld 2.2"-bipyridinc (I).64 g. 4.1 mlnol)) ill " f l i p  
(30 mL)  was addc(l !o :1 solution of  Stn(!(THF~ 2 (0.45 g. 
0A21 nll l l ( l l )  Jn THF !20 mL).  The rcaclioi l  mixture was slirrcd 
lor t0 mil l  wi lh ~ligi~i heating (-St) ~  ;iild lhr the finely 
cO'slallitlr prccipilalc 0f Slri(bp}) 4 lhat ibrmcd wa> f l l lc lcd off". 
l hc  precipit:ltc was washed with T H F  ~'2x 10 ml.I and dlicd i ,  
va('mJ tt) oblaiu Sni(bpy)~ :is a black f inely cryslallinc powder hi 
:i yicld t) f0.53 ~ (83 3~;{') FOulld (%1: Snl. 19.47. C41iH~]N:~SIli. 
Ca}cuki[cd i ~ ) :  Sm, 19.40. IR (KI3r,  Nttjol mull~i: 15<){I w. 
1570 w, 1551J v<, 1540 m. 1515 v.s. 1500 ~.~, 147{) v~:. i410 s, 
]345 s. 13tfl w, 1290 w, 1275 m. 1255 m. 1220 ~,. 1205 s, 
1160 m, 1150 s. IllS:l) m. 1030 w. 1020 w. 99() w, 970 v.s. 
940 sh, 760 IM. 740 s, 720 ~, 690 w, 640 111.6(t5 w. 4_41) w, 440 w. 
"[hc m.:lgnclic xtl:,o,'plihilily ~J293 K) --- 3931 �9 I(} -~ cm; nlol - I ,  
!l<ii = 3.0 ~B. I-hm I.:l, C'0. Pr. Nd, l id .  ;.illcl ] b  colnplc\c~ wcrc 
llrcpal-Cd :llla[tlgott',ly t"1"O111 lhc colrcspol ldi l lg lriiodides, lhc i r  
IR ~pL'clr4 arc idclltic;ll. SJllcc lhc S;ll]l;ll'ttilll COl;lpicx 17arnlcd 
ill the i'cacIi~ul t)cctirrL'd a.', {11"1 ill~,Oltlblc i]i lcly CF)Slallinq 
powder, :-;ui]'icicnll} kugc sillgle cryslab, o1 Sin(hpy) 4 stlilable 
Iol X-ray di l l ract ioi l  aualyMs were prcl)arcd accortiil lg Io lhc 
Iul lowin~ prticc(.Jtil-~2. ,3t l i lh lum wire (27,1 iI1~. ~ ~tj,,~ ~l]FIltl~), 
v<hich v<l~ II"ladc I(,) ~ink io Ihc bo l tom o [ a  lubc wilh f lw use o f  
a g la~  xi i ikcr ,  S n i l 2 t r t t P )  2 ( I .O5 g, 1.915 nlm(f l) .  :lnd 
2,2"-bipyridinc (t.55 .g. 9.93 mnw~l) wt_'rc placed ltlIO Schicnk 
!uhc. "[hell T H F  (.It} II11_) WILY, added aild lhc Illix[uI'L' wax kept 
wi lhou[  stirr ing lbr two wucks. Larac nccdlc-lik~: cr~slah, were 
i~olalcd aRcr rcpca'cd dccanta!hm 1ram lhr t]ncly c~3.stallmr 
powder, 

Te l rak is(2 ,T-b ipyr idy l )europ ium.  A xolution oF bip~ridyl- 
Mhmm (which w~e; prepared in .~i[u fronl l i lhiunl (14 rag. 
2.02 retool) and 2,2 ' -h ipyr id inc { I .05  g, 6.73 retool)) m t H F  
~31) mL)  wus added to a ',ohJIion of  EuI?( I ' I IF~ 2 (0 55 g, 
I ( )  n lmot)  in THF  (25 mL). The rcaclion mi \ turc was -,Iirrcd 
Ior I0 rain and Ihc black powder thai formed was li ltcrcd +,11"I 
and dried m vacm~ to obtain I{ti(bpv)4 :is bhick mlcrocry,;tals in 
a yield o f  0.72 g (92%) Fotnld (%): Eli, 19.7]. C41114~2NxEtl. 
Calcti]ai~d (%): Eu. 19.56. IR (KBr .  Nujol inull.~k 1600 nl, 
1571) ii l. 1541) w, 15t0 w. 1490 v.s. 1480 s, 1420 s. 132{) w 
1275 s, 1205 s, 1200 m. 1170 w, 1160 m. 1151) s. I111) w, 
1085 w, 1050 w, IU2(i in, 1010 m, 990 w. 950,~,'91)0 w. 765 s. 
75() m. 72() s, 69() ii1, 640 w, 605 w 450 ~, 430 Ill, 420 w. The 
magnetic susccpfibili|y 7.{293 K) = 26211.10 -~' cm; m o l - I ,  
.%u = 7.84 #B. Single cr.,,sh.ls ()i" Eu(bp,v) 4 suitable for X-ray 
di f f ract ion sludy wcrc prepared as dcscrihcd above fi>r Sm(bpy) 4. 

" l 'etraMs(2,2'- I~ipyridyl) lhul ium. A solution of  bipyrid,, l- 
l i thi l l l l l  {which was prcparcd m ,~it'~ fram ti ihium (13.1 Inc, 
IS7 nl l l lo l )  and 2.2"-bipyridJnc (0.58 g, 3.72 illnlol,~l ill E)ME 
(30 mL)  was ad(Jcd Io a solut ion o f  T m I 2 ( D M E ) ;  i I i 64  g. 
I) 932 retool) in D M E  (20 mL).  AI  tJie mstal][ 1115 rcagcnls wcrc 
mixed. [11,2 mixture turned brown-red.  After I h, lli~., solution 
~as decanted from lhc black crv,;lals o{  Tm(bpyL1 (0.4 g. 74%) 
)hal formed.  ]-he cryslab; were washed wi lh cold D M E  
13x7 mL) ,  Found (%): Tin. 21.27. C ~ d t ~ N x l m .  Calcu- 

latcd /%~: Tin. 21.2,'i. IR (KBr ,  hu jo i  nulls): H~O0 w, |555 w. 
1545 m. 14S0 v.s, 1435 ~. 1415 m. 1310 ~, 1295 s, 1275 s, 
126{) s, 1210 s. 117U m, 115(1 s. 1120 m. 10S5 m. 1060 ;,,. 
1020 m, I()Ol) FI1, 950 v.:-., 7f)0 W, 750 ~,. 725 ~.s, b.~t) m. 640 m. 
600 w, 453 m, 425 m. TILL" nlagnctic suso.'l)iibility X(2g-", K) = 
29444- l0 -(' cm." tool '~,  ~,L,i! "~ ,'1.34 luB. OxidaIion o f l m ( b p . v ) j  
wilh atnlosphcric o',:ygcn t24 II1 aftk~Mcd 22 '-bipyridinc (S9%). 
which wax identified by !H N MR spectroscopy 

Telrakis(2,T-bipyridyl)y|lel'hium. A sMmion oF bipyrldyl- 
lidliunl {which was prcpured in silu ffon'J liIhiu,n (55.2 rag, 
7.95 mmol land  2.2-bipyridinc (2.458g, 15.T6 mmolH in I"H|: 
(30 mL) wa~, added to a ,;oiution o f  Y b l q l - I l g h  (2.25 g. 
3.94 retool) m T H F  {41) mid after which the Ini',:lurc turned 
dark-hrown. After 24 h. the :~oh.lliOll wa> dcc;.llltcd from the 
crysl,ds c.f the Yb(bpy);  co, topic',, that I;Jrmcd { 1.78 g, 57%) 
"lhc cr)~ials were wa4~cd with cold L)ME (3x7 mL). The 
rcmaminLa solulion was concentrated In obl;!in addilion4ily 
067 g Of file complex, rhc lOl:ll yicht wax 78% Found (%): 
Yb, 2()69. C4~H-~,N~Yb-0.STHf:. Calcuhllcd (%): Yb. 20.75. 
IR (KBr, Ntuol nlull.,,): 1600 ~. 1555 v,. 1545 m. 14S0 ~.s, 
1435 s, 1415 m. 1310 w, 1295 ~,. 1275 .',, 1260 ~. 12t0 s, 1170 m. 
1150 s, 1120 m. 10<% m, 1060 w. 1020 m. I000 m. 951) ~.s. 
761) w. 751) ~. 725 v.s, 680 m, 641) in. 600 w. 455 m, 425 m. The 
magnetic susceptibility Z(293 K) = 9211" I 0 - "  cm ~ tool - I .  
~kun = 4.64 /.lB. 

Teirakis(2,2"-bipyridyl)erbium. A boltllioll of hipyridylhthiunl 
{which wm, prepared m situ 1)'ore lithium (53.,'; rag. 7.75 retool) 
and 2,2'-hipyridinc {2.11 .$. 12.76 retool)) m Tt lF t30 ml_) wm, 
added Io a ~oluIion oF J(Mc~s II 66 g. 2.56 imnol)  hi 
FHF (21) ml_) After 4 h. the solLl|iol/ ~;1~ dcc;intcd from the 
cryslal> ol  Ertbpy h ifl.4 g 74(~) thai lbrmcd. Found (%): 
Er, 211.1 I. (,'41;H~2Nx[Z.r �9 0.5"[14F. Calculated I%1: Er, 20. t9 IR 
(Kl3r. Nuiol nlulls); 160!) w. 1555 w, 1545 m, 14HI) x.,,, 1435 ,,. 
1415 m, 1310 w. 1295,,. 1275>,, 126(i s, 12lOs, 11711 m. 1150 ~,. 
1120 m. 1085 ii1, 1060 v,. 11)20 r11, 100l) 111. 95 I) v,,, 760 v~, 
750 w, 725 v s. 080 m, 04U m. 61)i) w. 455 m. 425 m. The 
magIx,'fic 'r X(293 K) = 44563-10 -~ cm" tool - I ,  
tacit . =  10.22 id?.. ARm h}droly~;P; o f  lhc complex and cxiraclion 
(.11 the products with dicthvl ether. [rcc 2.2'-bipyridinc wax 
b, oLitcd (m 94% yleld), which w:is idcnlificd by il-I NMR 
spcctroscop,,. 

l-he Dy. IIo. and Lu complcxc,; v,'crc prepared :malogously 
from lhc corrcspoil(tiRg bi,;(trimclhylsilyl)amidcs. Lmlike the 
Dy. 14o, Er, Inl ,  aml Yb coll}plcxcs, {he crv'~tats o i  lhc 
Lu(bpy) 4 conlplex conlain IV,,() I H F  molcculc~ of  .;oI',alion 
per molecule o f  the complex .  FOUl]d (%): Lu. 1 8 4 3  
C. mHt2NxLu'2"[ t lF.  CMculatcd (%): Lu. IS.54. 

X-ray dillractiea study of tile LiNbpy)4 complexes. X-ray 
diflraciion dala scb, for the single cryslals of the Sm(bp.v) 4, 
ku(hpy) 4, Euibpy)4, and J L i (T f t  FJ4II Lu(bpy)41 complcxcs were 
collected on an Enraf-Nonius CAD 4 dill'r, tctomctcr (,"vlo-Kc~ 
nidi;Itioll, gnipil i lc mol]ochrol l la lor,  o3-20 sCillll/illg Icchi l iquc) al 
163 K. )he tli]il cell p4Rimr wcr7 dctcrilliilc'd ~.iih the tlSC of  
]5 rcl]colion~. Ill lho course of" X-ray dillTclcfion dal;i motlcclion, 
no destruction o f  the crysl'.lls was ob,,,crvcd..&b~oiptiol~ ~;i~ 
ignored. The X-r:Lv dJffr:lction d:1I;1 lor Y6lbp)') l were collected 
on a Sicnlcn.~ SMAI(F CCI_) diffructonlctcr (Mo-Kc~ r:ldiatioil, 
graphite n~onochromalor, e~ SC;lllllillg technique) al 173 K.-I-he 
ullil ccft parameters wcrc dcicrmmcd using 7524 rc|]qclionx. 
Absorplion corrcclhms were npplicd with the use oF the SADAI3S 
program t7 imax/min transmis,-,i,m was 0.6999/0.4681 ). l h c  strut- 
Iurcs wcrc solved by dircct mclhods wilh II~c use of  the 
S H g [,XSS6 program package.l~l "rhc subscqucnl refinement w:1.,, 
carried out by the t'tlli-itlCllrix Jc;.Ist-squarct4 I l lC lhod  based I.)1t J " ]  
using Ills SHEI_XI.93 pro<4.r4111 package. 19 All llOtlhydmgCll 
il[OI]]S. (r ~'()I" ~O131C disordered molccut~,'s o f  sot','ation in 
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]'able 4. Crysialtognlphic daia mad details of  X-ray daia collection and rctincmcni lbr the Smtbpvl 4, [iu(bpyll. Yb(bpy) 4 ' (IHF:M:. .  
I_u(bpy) 4 �9 {TH t-) 2, and J Li ( [H |:1411 [,u(bpy)4J complexes 

Par:ullcicf Snltbpy)4 ['7]u(bpy)4 7b lhpy)  4 - (TH F)o. 5 Lt l lbpy)  4 �9 {Tt-I F'), [ .u lbpy)  4 ( i { inic l  

Molecular iornlutn C4,~tt ~2 NySIlt CalII-t 37 EtlN x C4211 ~,,N xOu ",Yb C,~ H.Ixl.uNxO 2 C::,~,t 164 l_i L u N sO 4 
Mol. weight TV5 10 77671 a33.83 943.91 10q5.06 
Crystal yyslClll Monoc l in i c  M o l loc l i l l i c  Or tho ihon lb ic  MonoclJnic M o n o c l i n i c  
Sp;icc group Cm-t't INo 15) C2/c (No.15) /'can (NON)) />21,/c (No.14) C2ic (No.15i 
ul,,\ 13.326i 2) 13.592(3) I g. 139(4) 12.483{ 3i 19.878(5) 
b/A 13.557(3) t3 558(4) 19 09713) 16 720(3} 17.620(2) 
c//X 17.2f1918~ 17 389(4) 2~) 35113) 20.1X7fSI 16.671{3) 
J$!dcg 96.30i2) q7 37(2) 90 1!)1.56~2) 119 92(2) 
I, ' .-V { 3!)9{h 2 ) 3175,5( 13 ) 7051)( 2 t 412X( 2 ~ 5061 ( 2 ) 
Z 4 4 S 4 4 
d~:,k/'g tin -1 1.666 1.625 1.571 1.510 1.437 
! . i /111 I i l  " I I.S63 1.927 2.698 2.347 1.928 
t((lU(h 1560 1552 3344 Iqfl4 2236 
Cl')'stal dii l lcnsJon,lln ni 0 27x0. l gx0 .15  0.25x0.10•  i).32 <[). 16x0.12 0.35 •215 t)6 I) 25x0 .15x0  I0 
Scaiir,uvgc,.'dcg 2 . 1 5 ~ 0 ~ 2 3 . 9 4  2 . 1 3 5 0 < _ 2 3 . 9 3  1.55'--0<A 27.50 1.59~0"_:  22~,~g 1 . 6 5 S 0 ~  22.45 
RCl]CChOlls nleLl,,tlrt.'d/ob~,Cl3'Cd 2615/2405 2644/2474 4qS50/,R()96 57S4, 5375 3517/3285 
( ; O O F  i F2) 1.047 I t) 17 I.I)29 I.I)71 1.1)52 
R,/wR~ ( I > 2c~( l ) i  0.0310/0.0700 0.0342/0.0725 00~5.v;/l) I 136 (U)422.,'f] 0975 0.!)344/0.!)725 
R!/wR 0.0491/0.g83,S 0.0589/0.(1824 O. 120 I/(L 1443 0 .0764/0  1 .",26 0.056<'-;/fi.Ob; [ 7 
l,~cxiduzll c lcc l lon dcn'4ily 
i 'c ' , . \  -~. m, l \ / n l i n  0.613/-f).60<"; 0 .~071-0.432 3931 / -2 .251  1.27(11-1.931 0 .647 ! -0 .564  

Yb(bpy) 1) were rel ined , lnisnlropical ly. The hydrogen :l[Om', 
~Clc" pkic,,'d ii1 idc'cllizc.'d posi l ion,  f L,,~, = O.f}8 /~t). The ci~sl; l l- 
Iographic t.lzii:i alld Ihc dcluils oi" X-f'<l} di l t r t lc l io i l  study alld 
i'C!]llCi11r arc ,,;clinlllarized hi Table 4. r h c  complete tables ot" 
the utomic coordJnalr thcrnlal  par:mh:tcrs, bond Icnglhs. mid 
bomt angles wcrc dcposl lcd v,i[h lhc Cambridge Slructural  
[)nlabaxc. 

\~'c t h a n k  ProlL:ssor A.  G u l o y  ( U S A )  fo r  p e r f o r m i n g  
l o w - t e m p e r a t u r e  lllCg.lsurclncl]th Of the  m a g n e t i c  s u s c e p -  
tibilities. 
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