
TrisChelate Cu(I1) Complexes Inorganic Chemistly, Vol. 13, No. 8, 1974 2009 

Contribution from the Chemistry Department, 
Univcrsity College, Cork, Ireland 

SingleCrystal Electronic and Electron Spin Resonance Spectra of 
Three Tris-Chelate Copper(I1) Complexes 

BRIAN J.  HATHAWAY,* PETER G. HODGSON, and PEADAR C. POWER 

Received December 10, 1973 

The single-crystal polarized electronic and esr spectra of monoprotonated 1,8-bis(dimethylamino)naphthatenelris(hexa- 
fluoroacetylacetonato)copper(II), tris(2,2‘-bipyridyl)copper(II) perchlorate, and tris( 1 ,lo-phenanthroline)copper(II) per- 
chlorate are reported. The single-crystal g factors of Cu(bipy),(CIO,), are shown to correlate with the tetragonal elongated 
copper-nitrogen directions rather than with the approximate trigonal D ,  axis. The in-plane g factors correlate with a d,, 
rather than a dXZ-,2 ground state for the copper(I1) ion in this CuN, chromophore. The measurement of the polarized 
single-crystal electronic spectra of the two complexes with monoclinic cyrstals showed clear evidence for misalignment of 
the extinction and g factor directions in the a c  planes. The reasons for this are discussed and the electronic spectra assigned 
(by associating a given spectrum with the nearest g factor) in an effective symmetry of D, and yield a oneelectron orbital 
sequence: d,, > d,z > d,z+,2 = d,, = dyz. The implication of these results with respect to the operation of the dyna- 
mic Jahn-Teller distortion in tris-chelate copper(I1) complexes is discussed. 
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The electronic properties of tris-chelate transition metal 
complexes have received a great deal of attention in the 
literature.’ In general these properties have been inter- 
preted in D3 symmetry with minor perturbations to  lower 
symmetry crystal fields. In the case of tris-chelate cop- 
per(I1) complexes with three equivalent ligands, X-ray struc- 
ture  determination^^^^ have indicated the presence of regular 
CuN, or CuO, chromophores which are not obviously re- 
conciled with the lack of spherical symmetry4 associated 
with the d9 configuration of the copper(I1) ion. The elec- 
tronic proper tie^^-'^ of these complexes have been inter- 
preted in terms of a dynamic Jahn-TellerI3 distortion of the 
local molecular chromophores operating in a high-symmetry 
crystal lattice. The precise form of this distortion has never 
been made clear7 in the case of tris-chelate copper(I1) com- 
plexes involving three equivalent ligands, except that it is 
likely to  be of a form that is a subgroup of the D3 point 
group, namely, C, (or ultimately Cl). It was recognized that 
the most likely form of the distortion consistent with C, 
symmetry was the elongated tetragonal distortion697 of two 
trans pairs of ligands (Figure 1 B) to produce the most com- 
mon type of static stereochemistry of the copper(I1) ion, 
namely, elongated rhombic or tetragonal octahedral. How- 
ever, little mention was ever of the equally possible 
type of distortion consistent with a C2 symmetry, that of 
cis-distorted octahedral for which two possible forms occur 
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depending on whether the cis ligands involved belong to  
the same or different chelate ligands (Figure 1C(i) and C(ii), 
respectively). In tris-chelate copper(I1) complexes with non- 
equivalent Zigands the tetragonally distorted ,form is recog. 
nizable in the molecular structurei5 of (2,2‘-bipyridy1)bis- 
(hexafluoroacetylacetonato)copper(II) and the cis-distorted 
form16 in bis(2,2’-bipyridyl)(nitrito)copper(IE) nitrate (Fig- 
ure lC(i)). The electronic pr~perties’~’’’ of both of these 
forms have been described in detail and shown to correlate 
closely with the Cartesian axes shown in Figure 1B and lC(ii), 
respectively. What was not recognized at that time was 
that these Cartesian axes do not correspond with the Cartesian 
axes of a tris-chelate copper(I1) complex involving strict D3 
symmetry (Figure 1A) but involve a rotation of the z and 
y axes about the x axis (C, axis) by  45”. This arises as it is 
impossible to  impose a C, type distortion on a trigonal coni- 
plex along its principal z axis, which will remove the de- 
generacy of the d9 electron configuration of the copper(I1) 
ion in this Stereochemistry. It then becomes relevant to 
ask whether this rotation of axes will occur in statically 
distorted copper(I1) complexes where three equivalent 
chelate ligands are involved. Recently the crystal struc- 
tures of three complexes of the copper(I1) ion involving 
three equivalent chelate ligands have been determined’s-20 
and are shown in Figure 2 .  In all three complexes an elon- 
gated rhombic (or approximately tetragonal) octahedral. 
CuL, chromophore is present and in each case the elonga- 
tion is along two Cu-L bonds trans to  each other. As the 
local molecular axes of Cu(bipy),(ClO,), are aligned parallel 
(space groupPT) and are only misaligned slightly in {CI4. 
H,,N,} {Cu(hfa~ac)~} and Cu(phen),(C1O4), (space groups 
P2/n and C2/c, respectively), the single-crystal electronic 
properties of all three complexes have been examined (as 
described p r e v i o ~ s l y ~ ~ ~ ~ ~ ~ ~ )  and are now reported. 
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Cis 3 i s l o i t e d  Dj E 3  1etrugona:ly Cistorled O 3  

Figure I. Molecular structures o f  tris-chelate copper(I1) complexes: 
A, regular trigonal ( .D3) ;  B, cis-distortedD, (C2); C, tetragonally dis- 
torted D, (e2). 
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Figure 2. Molecular structures: A,  monoprotonated 1,8-bis(di. 
methy1amino)naphthalene tris(hexafluoroacety1acetonato)copper- 
(In); B, tris(2,2'-bippridyl)copper(iI) diperchlorate; C, tiis(1 , lo- 
phenanthroline)copper(II) diperchlorate (hereafter referred to as 
(C14 H, N2} {Cu(hfacac),}, @u(bipy), (ClO,), , and Cu(phen), (@lo,), , 

respectively). 

Experimental S e ~ t i ~ n  
Preparation. Crystals of {C,.14H:,Nz}{~a(hfacac),} were init- 

ially provided by Professor M. R.  Truter (University College, L.ondon) 
and then prepared as reported in the literature.*, Crystals of Cu- 
(bipy),(ClO,), and Cu(phen),(GlO,), were 
ture methods. All crystals were satisfactorily characterized by mi- 
croanalysis (University College, Cork) and by X-ray crystallographic 
techniques. *' 

by the litera- 

eslalts 
E a  Spectra. The single-crystal esr spectra of all three 

complexes yielded three crystal g factors (Table 1) with the 
spectra of Cu(bipy),(ClO,), and Ci~(phen) , (ClO~)~ yield- 
ing some evidence for copper nuclear hyperfine structure on 
the highest g factors only, in the case of C ~ ( b i p y ) , ( C l O ~ ) ~  
the crystalg factors are equivalent to the local molecular g 
factors as the local CuK6 chromophores of the two molecules 
in the triclinic unit cell" (space group P i )  are aligned parallel. 
The direction angles of the g factors and some relevant 
molecular directions in the CuN, chromophore of Cu(bipy),- 
(GlO,), are listed in Table IT. The g factors are clearly axial 
withg3 > (g2 + g l ) / 2  consistent with either a d,x-y* OK a dx3, 
ground state for the copper(T1) ion. The direction of g ,  cor- 
related reasonably well (10") with the direction of the elon- 
gated Cu-N(5) and Gu-N(6) bond (taking into account the 
small angular distortions present due to the presence of che- 
late ligands) and not with the direction of the C3 principal 
axis of the regular trigonal chromophore of D3 symmetry 
(Figure 1A). The directions of the in-plane g factors are 
shown in Figure 3; they lie neither exactly along the copper- 
nitrogen directions nor exactly along their bisectors but are 

(23) D. E. Fenton, R. S. Nyholm,and M. K. Truter ,J .  Citem. 
Soc. A ,  1 5 7 7  ( 1 9 7 1 ) .  

Table 1. Single-Crystal g Factors of {C14H,,N,}Cu(hfacac),, 
Cu(bipy),(ClO,), .) and Cu(phen),(C10,), 

(C,,N,,N,}Cu(hfacac), 2.1231 2.1623 2.3032 
Cu(bipy), (ClO,) , 2.0521 2.0797 2.2495 
Cu(phen),(ClO,), 2.0754 2.0847 2.2414 

Table 11. Direction Angles (deg) of  g Factors and Some Local 
Molecular Directions for Cu(bipy),(ClO,),' 

g1 

g2 
g3 
Cu-N(l) 
Cu-PJ(2) 
Cu-N(3) 
CU-N(4) 
Cu-N(5) 
Cu-FI(6) 
&-e, (bisector of PJ(l)-Cu-N(3) 
Cu-C,' (bisector of N(l)-Cu-N(4) 
1 t o  CuN(l)N(3) plane 

a b' c' 
.~ 

23 83 68  
-69 52 46 
-82 -39 52 

81  50 41 
-78 ---65 -28 

19 -71 -88 
-22 70 83 

87 43 -47 
-88 -38 52 

35 76 58 
-60 50 55 

77 44 -49 
a 1 .  c is perpendicular to n in the ac plane and b' is perpendicular 

ac'. 

a 
1 

Figure 3. Orientation of the in-plane copper-nitrogen ligand direc- 
tions and g factors in Cu(bipy),(ClO,),. 

nearer t o  the latter (10 ? 5') consistent with a predominant- 
ly d,, ground state4 (see electronic spectra). This i s  the f irs t  
time that such a ground state has been so clearly demonstrat- 
ed for a statically distorted tris-chelate copper(I1) complex 
involving three equivalent chelate ligands and is consistent 
with the d,, ground state found in Cu(hfacac), bipy14 and 
in C u ( h f a ~ a c ) ~ ( p y ) , ~ ~  in which nonequivalent ligands are 
present. 

In {C14H,,W2~{Cu(hfacac)~~ and Cu(phen),(C104)2 the 
crystal g factors are not equivalent to the local molecular 
g factors as molecular misalignment is present.'8320 In the 
former the four molecules in the unit cell give rise to  two 
different orientations. The z axes of the two magnetically 
inequivalent pairs of molecules are misaligned when viewed 
down the c axis (2a = 19" 24') but are mutually parallel 
and orientated at 3" to  the a axis when viewed down the 
b axis. The x and y axes are also misaligned (2a = 21" 12'). 
In Cu(phen),(ClO,), the z molecular axes of symmetry-re- 
lated pairs are virtually aligned (20 < 6") but tliex andy axes 
are misaligned (2a = 24"). In both complexes the misalign- 
ments present rule out the use of the direction angles of the 
crystalg factors t o  distinguish between the presence of a 
dxy or dXz-y2 electronic ground state for the copper(I1) ion. 
Even if a d,, ground state is assumed, it is then difficult to  
define the precise directions of the local molecular x a n d y  
axes in view of the angular distortions of the Cu-N bonds 

(24) J .  Pradilla-Sorzano and J .  P. Fackler, Inorg. Chem., 12,  
1182 (1973); 1 3 ,  38 (1974). 
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due to the effect of the chelate rings present and the absence 
of any strict symmetry at  the copper(I1) ions. If the x axis 
in C ~ ( p h e n ) ~ ( C l O ~ ) ~  is assumed to bisect the N(1)-Cu-N(4) 
angle, then the local molecular g factors can be resolved as 
g, =2.2414,gY =2 .090 ,  andgx =2.075 and agree reasonably 
well with the molecular g factors for C ~ ( b i p y ) , ( C l O ~ ) ~ .  
There is one significant difference between the in-plane g 
factors of these three complexes: in {CI4Hl9N2} {hfacac),- 
Cu} and C ~ ( p h e n ) ~ ( C l O ~ ) ,  the lowest g factor (gl)  bisects 
the internal N(1)-Cu-N(4) chelate ligand angle (as in Cu- 
( h f a ~ a c ) ~ b i p y ’ ~ )  whereas in C ~ ( b i p y ) , ( C l O ~ ) ~  it is the 
intermediate g factor (gz)  which bisects this angle. The 
reason for this is not understood but may be due to  the 
greater angular distortions” present in the CuN6 chromo- 
phore of C ~ ( b i p y ) ~ ( C l O ~ ) ~  associated with the marked dif- 
ference in the out-of-plane copper-nitrogen bond lengths 
compared with those in C ~ ( p h e n ) , ( C l O ~ ) ~  .20 

Electronic Spectra. The spectra of all three complexes 
were measured in developed faces of the crystals or in faces 
obtained by cutting the crystals in the appropriate directions 
and are shown in Figure 4. Each spectrum was measured 
parallel to an observed extinction direction, which in the 
monoclinic crystals involved the directions of the b crystal- 
lographic axes and two arbitrary directions in the ac planes, 
which are indicated in the projections of these unit cells 
shown in Figure 5A and B. In both complexes there exists 
significant misalignment of the optical extinction directions 
and the directions of the local molecular g factors which occur 
in this ac plane, namely, 23” in {C14H19N2}Cu(hfacac)3 and 
30” in C ~ ( p h e n ) ~ ( C l O ~ ) ~ .  This effect arises due to  the 
presence of large polarizable groups whose axes are mis- 
aligned with respect to  the local molecular axes (or their 
vector components) as reflected in the observed g factor 
 direction^.^^*^^ In {C14H19N2}Cu(hfacac)3, the polarizable 
groups are the 1,8 -bis(dimethylamino)naphthalene cations 
and in C ~ ( p h e n ) ~ ( C l O ~ ) ,  they are the 1 ,lo-phenanthroline 
ligands. Such misalignments introduce an uncertainty into 
the assignment of the electronic spectra which are usually 
assigned b y  reference to the numerical magnitude of the g 
factor measured parallel to  the extinction direction of the 
electronic spectrum? In the present two complexes, as the 
misalignment is not more than 30”, it is assumed that the 
electronic spectra may be “associated” with the nearest g 
factor and are labeled accordingly. 

This misalignment of the g factor and extinction directions 
is readily measured in monoclinic crystals as the misalignment 
is restricted to  the ac plane. This is especially convenient in 
{C14H19N2}Cu(hfacac)3 where the main face of the crystal is 
the ( O l O }  face.I8 With triclinic crystals no such restrictions 
apply and even if the electronic spectra are measured parallel 
to the extinction directions in a given crystal face these direc- 
tions do not necessarily correspond to  the pure spectra. In 
these triclinic crystals a knowledge of the directions of the g 
factors may not be of any help if there is an inherent mis- 
alignment of the g factors and extinction directions. Con- 
sequently in triclinic crystals it is essential to  measure the 
polarized electronic spectra in as many crystal directions as 
possible (in both natural and cut faces) in an attempt t o  ob- 
serve the maximum polarization effect and to  then associate 
these spectra with the nearest g factors. This effect adds a 
further uncertainty to  the labels assigned to the observed 
spectra and is relevant to  the spectra of Cu(bipy),(C104), 
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Figure 4. Room-temperature polarized single-crystal electronic 
spectra: A,  {C ,4H1 N,} {Cu(hfacac) 3); B, Cu(bipy) (CIO,), ; C, Cu- 
(phen),(ClO,), . 

I 1 1  

I W  

Figure 5. Projection down the b axes of the monoclinic unit cells of 
(A) {C,4H19N2}{Cu(hfacac)3} and (B) Cu(phen),(ClO,), showing the 
relative orientations of the g factors and the extinction directions of 
the electronic spectra in the ac planes. 

(Figure 4B), which involves a triclinic crystal system. For 
the above two reasons, the polarized single-crystal spectra of 
the three complexes shown in Figure 4 are not neceqsarily 
pure spectra nor absolutely assigned with respect t o  the g 
factors. However, notwithstanding these limitations, there 
are broad similarities in the three spectra which provide some 
justification for the following attempt to  assign the spectra. 

All three sets of spectra (Figure 4) show two band maxima 
separated b y  7-9 kK, with both bands showing marked 
polarization. The sense of this polarization is most similar 
in C ~ ( b i p y ) , ( C l O ~ ) ~  and C ~ ( p h e n ) ~ ( C l O ~ ) ~  as might be 
expected from the close similarity of the chelate ligands 
present. In both sets of spectra the lowenergy bands be- 
tween 7.6 and 9.2 kK are mainly z polarized and the high- 
energy bands at 14.9-15.5 kK are x and y polarized (a situa- 
tion which closely parallels that observed in the spectral4 of 
Cu(hfa~ac)~bipy) .  The extent of the polarization in the 
spectra of {Cl4HI9N2} {Cu(hfacac),} is less marked but this 
may be associated with the misalignment present. In z and 
x polarization the intensities of the spectra are approximately 
equally divided between the two main bands; in y polariza- 
tion the main intensity lies with the high-energy band. 

Assignment of the Electronic Spectra. There is least un- 
certainty in the electronic spectra of C ~ ( p h e n ) , ( C l O ~ ) ~  and 
they will be assigned first assuming that the electronic selec- 
tion rules are appropriate. In view of the close similarity 
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Table IIE. Assignment of the Electronic Spectra (kM) in D ,  Symnieiry with a d,, Ground Stale and 'Tetragonality (7' =Rs/RI,)a of 
1:our TrisClielate Copper(I1) Complexes 

cc 14  1 B N Z  7- 
Transition Polarizn Cu(phen),(ClO,), Gu(bipy),(CIO,) {Cu(hfacac),) Cu(1ifacac) bipy ' "  

l_l ---l_-_--._l-________ ~ _lll 

dZ2 -> d X Y  z 7.6 8 .'I 7 . 0  9.4 
d,l-,i + d,, Z 15.4 15.4 10.5 13.0 
dx, '+ dx, X 14.9 15.3 11.7 14.4 
d>', -> d,, 2: 12.3 15.5 10.6 14.6 

Teiragonality ( r )  0.678 0.869 0.920 0.860 

R S  = mean short in-plane bond length; RL, =mean  long out-of-plane bond length. 

between the electronic properties of this complex and those 
of Cu(bipy),(C104), and the small molecular misalignment 
present in the former, it is reasonable to  assume that the 
same electronic ground state is appropriate, namely, d,, . 
The crystallographic site symmetry" of the copper(T1) ion 
is Cl but in view of the marked polarization observed in rhe 
electronic spectra a higher effective symmetry must be 
present and the most reasonable symmetries are C2 and C,, 
(with an x principal axis) and D, , All are consistent with 
the observation of three g factors and although an effective 
symmetry of C2 would be very attractive in describing the 
distortion from D3 symmetry, it requires that z-  and y -  
polarized spectra should only differ in relative intensity. 
This is clearly not the case in any of the spectra of Figure 4. 
In Czu symmetry there are no electronically allowed bands4 
in x polarization, whereas the observed spectra involve, 
marginally: the greatest band intensity in -this polarization. 
In D ,  symmetry two bands are electronically allowed in z 
polarization and one each in x and y polarization, consistent 
with the observed spectra. The electronic selection rules 
for a copper(I1) ion in D z  symmetry with a dxy ground state 
have been given p r e v i o u ~ l y ~ ~ ' ~  and result in the assignment 
shown in Table 111. On the basis of the electronic selection 
rules it is not possible to  decide whether the band at 7 .6  kK 
should be assigned as the dZ2 -+ d,, or the d,", 2 + d,, 
transition, which both appear in z polarization; however as 
the former reflects the degree of tetragonal distortion 

complexes are relatively high (Table HI), the assignment of 
the band at 7.6 kK as the d,z -> d,, transition is rnost 
reasonable, leaving the band at 15.4 kK to  be assigned as the 
d,z-,L -+ d,, transition. Ths yields a tentative one-electron 
orbital sequence of d,, > d,z > d,, > d,, > d,z -), 2 an 
order which is comparable to  that previously deduced for 
the ~ o m p l e x ' ~  Cu(hfacac),bipy except for the higher energy 
of the dXz - Y 2  level. The electronic spectra of Cu(bipy),- 
(C104)2 may be assigned in an analogous manner l o  yield the 
assignment given in Table 111. The assignment of the elec- 
tronic spectra of {C14H19N2 )Cu(hfacac)3 is less obvious due 
to  the overriding intensity of the x-polarized spectra in both 
of the observed bands. An assignment comparable to that 
given above (see Table 111) is oniy possible if the relatively 
intense band at  6.8 kM in x polarization is ignored. This is 
only justified if an intensity-borrowing mechanism from a 
low-energy charge-transfer band is operating which results in 
spectra in one polarization dominating the other two. Such 
a mechanism has been invoked to  account for t h s  type of in- 
tensity distribution in the spectra of bis(benzoy1acetonato)- 
copper(ll)28 and bis(3-methyla~etonato)copper(II).~~ 

and as the te t rag~nal i t ies~  (T )  of the present 

( 2 7 )  B. 3 .  Hathaway, M. J .  Bew, D. E. Biliing, R. J. Dudley, and 

( 2 8 )  R. L. Belford and J .  W. Carmichael, J. Chem. Phys., 46, 
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P. Nicholls,J. Chem. SOC. A ,  2312 (1969). 

4515 (1967) .  

SOC. A ,  1420 (1970). 

There is a marked similarity betwecn the relativc intensities 
and polarization of the electronic spectra of  these three com- 
plexes (taking into account the d.ifferent band energies in- 
volved due to  the different stereochemistries present and an 
interchange of the x- and y-axis labels) which could arise 
from a comparable intensity-borrowing mechanism associated 
with the presence of an in-plane short-bonded acetylacetonate 
chelate ligand. Without this mechanism it is very difficult to  
see how the appearance of two bands of comparable intensity 
in both x and z polarization can be accounted for by any elec- 
tronic sei-ection rules. For this reason the data of Table I11 
are included as a very tentative assignment of the electronic 
spectra of (C14H19NZj{Cu(hfacac),} but yie!d a one-electron 
orbital sequence comparable to  that more definitely establish- 
ed for the other two complexes. 

A. referee has pointed out that these three complexes may 
well be subject to fluxional behavior involving a dynamic 
or pseudodynamicZ4 Jahn-Teller effect. As all three com- 
plexes involve three equivalent chelate ligands, this is most 
likely :o result in the equal population of the three equivalent 
potential wells which are misaligned by  approximately 90" 
with respect to  each other and would yield an isotropic esr 
spectrum due t o  exchange coupling4 of the three nonequiv- 
alent sites. This situation is unlikely to give rise to  the 
observed polarization of the clectronic spectra and the clear 
rhombic crystal g factors. A more likely fluxional behavior 
is the pseudo-Jahn-Teller type distortion postulated for Cu- 
(hfacac)2(py), ;' where clear rhombicg factors were ob- 
served (which varied slightly with temperature), and yet the 
electronic speclra showed no polarization or even change 
of intensity with. orientation. As the polarized single-crys- 
tal spectra of C~, (b ipy) , (ClO~]~ and Cu(phenj3(ClO4), show 
clear polarization (Figure 4B and C), fluxional behavior is 
unlikely to  be present in these complexes, but  as the spectra 
of {C149-~191U~}{Cu(hf~.cac),! only show a change of intensity 
with orientation, fluxional behavior is possible in this com- 
plex. This possibility is supported by the observationz4 in a 
polycrystaliirie sample of {C ,4h-!,,N,}Cu-~n(hfacac~~ of an 
isotropic esr spectrum at room temperature but an anisotropic 
one at the temperature of liquid. nitrogen; however, it must 
awa.it a detailed singlecrystal examination of {CI4Hl9Xz}Cu- 
Zn(hfacac), and a determination of the crystal structure o f  
[~:14M,g162}Zn(hCacac~~ for further clkirification. 

Discussion 
The correlation o f  the stereochemistries and electronic 

properties of thc above three tris-chelate copper(l1) com- 
plexes leaves little doubt that in these chromophores with 
three equivalent ligands the usual elongated rhombic octa- 
hedral distortion is present with the elongation axes the 
dominant symmetry axes of the CuX6 chromophores and 
not the threefold a.xes of the parent t r i sdxla te  copper(I1) 
complex of D 3  symmetry. Consequently the one-electron 
orbitaal sequence associatcd with an elongated rhombic octa- 
hedral stereochemistry with a d,, ground state is appropriate, 
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Chart I. Structural Possibilities for the Tris-Chelate Copper(I1) Complexes 
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(A) dynamic Jahn-Teller 
Cu(ompa),(ClO,), 30 

Cu(en),SQ, \.-. 
' 3  

(D) fluxional behavior 
Cu(hfacac),(pY), 2 4  

I 
4 

.1 
/ 

(C) static-three equal structures 
Cu(ompa) (C10 4) , 30 

Cu(en),S0,3' (E) static-one dominant structure 
Cu(hfacac), py2 *' 

namely, d,, > d,, > d,z -, 2 

sequence the effect of the different chelate ligands will only 
change the energies of the oneelectron orbitals in a minor 
way. The in-plane chelate, N(I)-N(4), may effect the 
energies of the d,, and d,, orbitals and the out-of-plane 
chelate ligands N(2)-N(5) and N(3)-N(6) may limit the ex- 
tent of the axial elongation possible' (restricted tetragonal 
distortion) and reduce the separation of the d,, and d,, 
levels. 

These results question the earlier suggestion that the Cu- 
(bipy),2+, C ~ ( p h e n ) , ~ + ,  and C ~ ( e n ) ~ ~ +  cations will always 
involve a D 3  symmetry and undergo a dynamic Jahn-Teller 
distortion. The latter will only arise when these cations are 
present in high-symmetry crystal lattices, such as trigonal or 
hexagonal, in which the copper(I1) ion may occupy a special 
position of D3 symmetry. When these cations are present in 
lower symmetry crystals, such as monoclinic and triclinic, 
where the copper(I1) ion does not occupy a special position, 
the more usual4 static elongated rhombic octahedral stereo- 

d,, = d,,, and within this chemistry will be present and no genuine dynamic Jahn-Teller 
effect will operate. The most likely structure will represent 
one of the three equally possible dynarmc Jahn-Teller states 
as in C ~ ( b i p y ) , ( C l O ~ ) ~  and C ~ ( p h e n ) ~ ( C l O ~ ) ~ .  A less likely 
possibility is that a mixture of all three possible structures 
may be observed in equal distribution as for C ~ ( o m p a ) ~ ( C l -  
04)230 and C ~ ( e n ) $ O ~ ~ l  or in unequal distribution as in 
C ~ - Z n ( h f a c a c ) ~ ( p y ) ~  ?4 These various possibilities are sum- 
marized in Chart 1. 
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The complete crystal and molecular structures of four complexes, dichlorobis (.V-methylsalicylaldimino)dicopper(II), di- 
chlorobis (N-ethylsalicylaldimino)dicopper(II), dibromobis (N-ethylsalicylaldimino)dicopper(II), and dichloro [N,N' ethyl- 
enebis(2-hydroxyacetophenimino)copper(II)]copper(II) have been determined by X-ray diffraction analyses. The mag- 
netic moments of the complexes are dependent on  temperature but  not pressure, indicating the absence of any significant 
volume changes, in agreement with the X-ray data. The magnetic properties are found to be more a function of structure 
than of the electronic properties of the ligands. In each case, increased distortion of the copper environment from planar 
is accompanied by reduced antiferromagnetic mteraction between the pairs of copper atoms. Replacement of chlorine at. 
oms attached directly to the interacting copper atoms has no significant effect on the magnetic properties in dichlorobis- 
(A'-ethylsalicylaldimino)dicopper(II). Using these results and the magnetic properties, the copper environments may now 
be deduced in a series of analogous binuclear copper complexes. 

Introduction 
Binuclear complexes, 1 ,  exhibit an antiferromagnetic cou- 

pling, MI, between the copper atoms and fall phenomenologi- 
cally into two general groups according to  the nitrogen sub- 
stituent R. When R is bulky or methyl, IJI is much less than 
for R = n-alkyl, and distortion from planar toward tetrahe- 
dral copper, as indicated by the electronic spectra, is slightly 
greater than for R = n-alkyl.2a These data suggest that dis- 

(1)  (a) University of Canterbury; (b) University of Virginia. 
(2)  (a) C. M. Harris and E. Sinn, J.  Inovg. Nucl. Chem., 30, 2723 

( 1  968);  (b) E. Sinn and W. T. Robinson, J.  Chem. SOC., Chem. Com- 
mun., 359 (1972) .  1 


