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The crystal and molecular structures of the Schiff 
base complexes N,N’-ethylenebis(l,l,I-trijluoro-2,4- 
pentanedionato)copper(H), Cu [en(tfpd)z], C’UC~~- 
H,,N,O,F,, and N,N’-ethylenebis(l,l,I-trifluoro-2-4- 
hexanedioneiminato-nickel(H) Ni[en(tjhd)J, NiC14- 
HJWzFs> have been determined from three- 
dimensional counter X-ray data. The copper complex 
crystallizes in the monoclinic space group P2Jc in a 
cell of dimensions a = 10.665(5), b = 16.131(9), 
c = 9.050(4) A, /3 = 106.43(5)“. Least-squares refine- 
ment of the structure has led to a final R factor (on 
F) of 0.043 using 2351 independent intensities. The 
nickel complex also crystallizes in space group P2& 
with a = 11.43417). b = 17.798(b), c = 8.741(7) A 
and /3 = 110.60(5)“. Least-squares refinement of the 
structure, based on 1054 independent observations, 
has led to an R-factor (on F) of 0.073. The coordina- 
tion geometry around the metal centers in both com- 
plexes is distorted square planar, the angle between 
the two N-M-O planes being 13.2” in the copper 
complex and 8.5” in the nickel complex; these results 
are in contrast with those reported earlier for the 
nickel analog of the present copper complex, Ni[en- 
(tfpd)z], in which the geometry was undistorted 
square planar, The average Cu-N and Cu-0 bond 
lengths are 1.939(8) and 1.909(4) A, respectively, 
while the corresponding values for the Ni-N and 
Ni-0 bonds in Ni[en(tjhd), ] are 1.843(9) and 
1.857(8) & respectively. Both complexes form stacks 
in the crystals, leading to Cu-Cu and Ni-Ni separa- 
tions of 4.62.5(2) and 4.39.5(3) A, respectively, with 
associated Cu-Cu-Cu and Ni-Ni-Ni angles of 
156.14(2) and 167.74(8)“, respectively. The reported 
EPR spectra of pure and doped complexes of this 
type are discussed in the light of their structures. 

*Author to whom correspondence should be addressed. 

Introduction 

Transition metal complexes with tetradentate 
Schiff-base ligands have been of interest since their 
original synthesis. It was early recognized that the 
Co(H) complexes are synthetic oxygen carriers [2], 
and more recently they have been found to have 
interesting structural [3 ] and magnetic properties 

WI * 
In particular, it has been shown through line- 

width anisotropy and line-shape measurements of 
EPR spectra that several of these complexes exhibit 
pseudo-one-dimensional antiferromagnetic behavior 

F-81. 
Of particular interest are the Cu(I1) and Ni(I1) 

complexes with N,N’ethylenebis( 1 1 l-trifluoro- 
pentanedioneimine)[en(tfpd), ] and N$-&hylenebis- 
(1 ,l ,l-trifluoro-2,4-hexanedioneimine)[en(tfhd)J . 
Cu(II)doped crystals of the Ni(I1) complexes have 
been studied by EPR to yield magnetic and bonding 
parameters [3, 41. The structural characterization 
[3] of Ni[en(tfpd)J revealed that the complex 
crystallizes such that the Ni(I1) form an infinite 
chain. Although one-dimensional magnetic behavior 
has not yet been observed in this complex, this result 
led to the investigation of single crystals of Cu[en- 
(tfpd),] that did reveal one-dimensional magnetic 
behavior [7]. The quantitative analysis of the magnetic 
behavior became possible through preliminary struc- 
tural information derived from this study. 

Studies on single crystals of Cu [en(tfhd)J showed 
that this complex also exhibited onedimensional 
magnetic behavior [9]. Since the crystal structure of 
this complex was not known, the quantitative analysis 
of the magnetic behavior could not be carried out. 

In this paper we report the structure of Cu[en- 
(tfpd),] and Ni[en(tfhd)z] . The structure of the 
Cu[en(tfhd)*] was not completely determined due 
to crystal deterioration in the diffractometer beam. 
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However, precession and Weissenberg photography 
indicate that theCu(II) and Ni(II) chelates of en- 
(tfhd)? are isomorphous. 

Experimental 

Single crystals suitable for X-ray analysis were 
prepared as previously described [4]. From examina- 
tion of the crystals by precession and Weissenberg 
photography the crystals were assigned to the mono- 
clinic system. Systematic absences were observed for 
Ok0 with k odd and h01 with 1 odd which uniquely 
determines the space group as P2,/c(C$.J. The unit 
cell constants, obtained by least squares methods are 
a = 10.665(5), b = 16.131(9), c = 9.050(4) A, fl = 
106.43(5)“. The observations were made at 20 “C 
with the wavelength of h(MoKa) = 0.70926 A. The 
density of 1.68 g cmm3 calculated for four molecules 
in a unit cell is in good agreement with the value 
1.66(2) g cmm3 observed by flotation in aqueous 
ZnBr*. Thus with four formula units per unit cell, no 
crystallographic symmetry need be imposed on the 
molecules. 

Diffraction data were collected from a parallel- 
piped crystal with faces (liO), (i-lo), (no), (llO), 
(001) and (007); the separations between opposite 
faces were as follows; (170) and (ilO), 0.02 cm; 
(110) and (flO),O.OZ cm; (001) and (001) 0.104 cm. 
The crystal was mounted approximately normal to 
the (001) planes, and data were collected on a Picker 
four-circle automatic diffractometer using MoKo 
radiation and a graphite monochromator as previously 
described [3]. To allow for the presence of both Koc, 
and Ka, radiations, peaks were scanned from 0.7” in 
20 below the calculated Kar peak position to 0.7” in 
28 above the calculated Kar, peak position at a scan 
rate of 1 .O” (219) min-’ . Stationary-crystal stationary- 
counter backgrounds were counted for 10 s on each 
side of the peaks. A unique data set of 3382 reflec- 
tions having 2B@lo) Q 53” was gathered. 

The data were processed as described by Ibers and 
coworkers [lo] . After correction for background, the 
data were assigned standard deviations according to 
the formula [lo] and the value of p was assigned as 

u(I) = [C + 0.25(ts/tb)*(B, + BL) + (PI)*] “* 

0.04. The data were corrected for Lorentz-polariza- 
tion effects. Of the 3382 intensities collected, only 
2351 were independent data having I > 3a(I); only 
these data were used in the refinement of the struc- 
ture. An absorption correction was applied; the linear 
absorption coefficient for this compound and MoKa! 

radiation is 15.98 cm-‘. The transmission coeff- 
cients for the data crystal ranged between 0.644 and 
0.794. 

Suitable crystals were prepared as previously des- 
cribed [4] . Examination by precession and Weissen- 
berg photography revealed the crystals to belong to 
the monoclinic systems. Systematic absences were 
the same as for Cu [en(tfpd)*] , uniquely determining 
the space group as P2r/c. The cell constants, deter- 
mined by least squares, are a = 11.434(7), b = 
17.798(6), c = 8.741(7) A, p = 110.60(5)“; the 
observations were made at 20 “C with CuKol radiation 
(X = 1.5405 A). The density of 1.63 g cmm3 cal- 
culated for four molecules per unit cell is in good 
agreement with the value of 1.64(2) g cm-3 measured 
by flotation in aqueous Cd(N03)*. 

Intensity data were collected on a parallelpiped 
crystal bounded by the same faces as in the Cu[en- 
(tfpd),] case. The separations between opposite 
faces were: (110) and (fiO), 0.013 cm; (710) and 
(lfO), 0.045 cm; (001) and (007) 0.095 cm. The 
crystal was mounted approximately normal to the 
(001) planes. Data were collected as above using 
CuKo radiation. A unique data set of 1658 reflec- 
tions having 20(Cu) < 100” was gathered, of which 
1054 had intensities greater than three times their 
estimated standard deviations; only these data were 
used in the subsequent refinement. 

The data were processed in the above manner. An 
absorption correction was applied, the linear absorp- 
tion coefficient for this compound and CuKo radia- 
tion being 23.4 cm-‘. The transmission coefficients 
for the data cyrstal ranged between 0.37 and 0.80. 

This chelate was prepared as previously described 
[4] and suitable single crystals were grown by the 
slow evaporation of an acetone solution. The crystals 
were examined by precession and Weissenberg photo- 
graphy. It was found that the films for this chelate 
were essentially superimposible over those of Ni[en- 
(tfhd),] . The systematic absences made it possible 
to determine the space group as P2r/c. The unit 
cell constants are determined to be a = 11.46(9), b = 
17.79(13), c = 8.77(6) A, and /3 = 111.3(3)” which 
agree with those obtained for the Ni complex within 
the experimental uncertainty. Deterioration of the 
crystals in the X-ray beam precluded the collection 
of intensity data. 

Solution and Refinement of the Structures 

All least-squares refinements in these analyses 
were carried out on F, the function minimized being 
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Fig. 1. View of a single molecule of Cu[en(tfpd)z] showing 
the atomic numbering scheme. Hydrogen atoms have been 
omitted. Thermal parameters are drawn at the 40% probabi- 
lity level. 

from the inverse matrix, are listed in Table I. 
Observed and calculated structure amplitudes and the 
final thermal parameters are available [ 141. 

Ni b(UW21 
The position of the nickel atom was deduced from 

a three-dimensional Patterson function. The remain- 
ing non-hydrogen atoms were located in subsequent 
difference Fourier maps, and after two cycles of least- 
squares using isotropic thermal parameters the 
residuals were R1 = 0.148 and R2 = 0.192. Two addi- 
tional cycles of least-squares refinement with aniso- 
tropic thermal parameters for all 25 non-hydrogen 
atoms gave R1 = 0.092 and R2 = 0.115. In the follow- 
ing difference Fourier map it was possible to locate 
only one of the ring hydrogen atoms. Consequently, 
the hydrogen atoms whose positions could be calcu- 
lated were placed in their theoretical positions 
based on the expected geometry at the carbon atoms 
(i.e. tetrahedral geometry at the methylene carbon 
atoms, trigonal geometry at the ring carbon atoms, all 
C-H bond lengths assigned as 0.95 A); these 
hydrogen contributions were included in subsequent 
least-squares cycles, but the hydrogen atom coordi- 
nates were not varied. Attempts to locate the methyl 
hydrogen atoms were unsuccessful, so these atoms 
were omitted for the calculation. In the final cycle 
of least-squares refinement no parameter showed a 
shift of more than 0.006 times its estimated standard 
deviation which was taken as evidence that the refine- 
ment had converged. The final cycle of least squares 
involved full-matrix refinement of 227 variables 
using 1054 independent intensities. The final values 
of the residuals are R, = 0.073 and R2 = 0.093. The 
positional parameters for all atoms are given in Table 
Il. Tables of observed and calculated structural 
amplitudes and anisotropic thermal parameters 
are available. 

TABLE III. Internuclear Distances (A) in M[en(tfpd)2], M 
= Ni, Cu. 

Bond M = Cu M = Ni* 

M-0(1) 1.906(3) 1.839(4) 

M-0(2) 1.911(3) 1.848(4) 

M-N(l) 1.933(3) 1.864(S) 

M-N(2) 1.944(3) 1.856(4) 

C(l)-F(l) 1.325(5) 1.311(7) 

C(lW(2) 1.337(S) 1.319(6) 

C(lW(3) 1.334(S) 1.319(8) 

C(WF(4) 1.305(S) 1.306(7) 

C(6)-F(5) 1.317(6) 1.315(8) 

C(6W(6) 1.310(6) 1.313(8) 

C(l)-w) 1.512(6) 1.539(8) 

C(6)<(7) 1.5 18(6) 1.5 15(8) 

0(1)-w) 1.285(4) 1.283(6) 

0(2)-c(7) 1.282(6) 1.274(7) 

c(w(3) 1.363(S) 1.330(7) 

C(7)<(8) 1.357(6) 1.356(7) 

C(3)-C(4) 1.418(6) 1.429(8) 

C(8PZ9) 1.424(6) 1.431(8) 

C(4ku5) 1.505(6) 1.526(8) 

c(9)-C(lo) 1.497(7) 1.524(8) 

N(lK(4) 1.313(S) 1.303(7) 

N(2)<(9) 1.298(S) 1.299(7) 

N(l)-C(ll) 1.446(5) 1.435(7) 

N(2)--Ul2) 1.472(S) 1.465(7) 

C(ll)X(12) 1.496(6) 1.412(9) 

M-M 4.625(2) 4.024(3) 

aData for Ni[en(tfpd)z] are from reference 3. 

Description of the Structures 

The structure consists of a stacked arrangement of 
the C~[en(tfpd)~] molecules resulting in the forma- 
tion of infinite chains of Cu(ll). The interionic 
separation in the chain is 4.625(2) A. The chain of 
copper ions is kinked, with a Cu-Cu-Cu angle of 
156.14(2)‘. The trifluoromethyl groups are sym- 
metrically disposed and the condensation occurred 
in the 4-position, as was found for the Ni(l1) chelate 
[3]. The geometry and numbering scheme are shown 
in Fig. 1; bond lengths and bond angles are com- 
pared with those in the nickel analog in Tables III 
and IV, respectively. 

The average Cu&I and Cu-N bond lengths, 1.909 
and 1.939 A, are close to the values found in other 
Cu(ll) Schiff-base chelates in which the metal ions 
form linear chains [15-171, and show no large devia- 
tions between the two Cu-O and Cu-N bonds as 
seem to be present when the chelates crystallize as 
dimers [ 18, 191. The bond lengths in the macrocycle 
are about the same as those found in the non-fluori- 
nated analog [19, 201 and are comparable to those 
found in similar complexes where the ligand is 
en(pd)2 [19-211. The C-C bond adjacent to the 
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TABLE IV. Intramolecular Angles c) in M[en(tfpd)s] , M = 
Cu, Ni. 

Bonds M=Crr 

O(ltM-o(2) 
0(1)-M-N(1) 
0(1 jM-N(2) 
0(2)-M-N(1) 

0(2)-M-N(2) 

N(l)-M-N(2) 

M-W&C(2) 
M-W-C(7) 
O(l)--C(2)C(3) 

0(2)--(X7X(8) 
O(1 )-W&C(l) 
0(2)-C(7)--U6) 
C(l)-C(2)-C(3) 

C(6)-c(7tc(8) 
C(2)-U3)C(4) 
C(7tc(8)-c(9) 
C(3)-C(4)-N(1) 
C(8)<(9)-N(2) 

C(3)C(4tc(5) 
C(8)-c(9)-WO) 

N(1 )-C(4)-C(5) 
N(2)C(9)--C(lO) 
M-N(1 )-C(4) 

M-N(2)-C(9) 

M-N(l)-C(ll) 

M-N(Z)-C(12) 

C(4)_N(L)C(ll) 
C(9)-N(2)-C(12) 

N(l)-C(ll)-C(l2) 
N(2)-C(12)-C(ll) 

F(l)-C(l)-F(2) 

F(l)-C(l)-F(3) 

F(2)-C(l)-E(3) 
F(4kC(6)_E(S) 

WkC(6)--E(6) 
F(S)-C(6)-E(6) 

87.2(l) 

94.6(l) 
174.4(l) 
167.6(l) 

93.9(l) 
85.4(l) 

122.9(2) 
122.7(2) 
128.9(4) 
129.1(4) 
111.4(3) 

111.9(3) 
119.7(4) 
119.0(3) 
125.3(4) 
125.3(3) 
121.4(3) 

121.1(3) 
116.8(4) 
117.2(S) 

121.8(4) 
121.7(3) 
126.4(3) 

127.2(3) 
112.5(3) 

110.3(3) 

120.6(3) 
122.4(3) 

110.0(3) 
108.8(3) 
105.3(4) 

106.9(4) 

106.8(4) 
105.1(5) 
106.1(4) 
106.3(4) 

M = Nia 

83.4(2) 

95.0(2) 

177.9(5) 
177.2(2) 

94.5(2) 
87.0(2) 

124.0(3) 
124.4(4) 

128.3(5) 
128.5(S) 
111.4(5) 
112.8(5) 

120.3(S) 
118.7(5) 
123.6(S) 
122.5(5) 
121.2(5) 

121.6(S) 
117.0(5) 
116.8(S) 

121.8(6) 
121.6(5) 
126.9(4) 

127.7(4) 

113.0(4) 
112.6(4) 

1 20.0(5)b 
1 19.6(5)b 

1 14.0(5)b 
112.6(5)b 
106.1(5) 

107.0(6) 

107.0(6) 
107.2(6) 
106.6(6) 
106.0(6) 

aData for Ni]en(tfpd)s] from reference 3. bCalculated from 

data in reference 3. 

C-O bond is shorter than the C-C bond adjacent 
to the C-N bond, which is characteristic of this type 
of chelate since the former is formally a double 
bond. The C-C bond in the bridging ethylene moiety 
is somewhat longer than that reported [3] for Ni[en- 
(tfpd),] . All chemically equivalent bond lengths in 
the structure are in excellent agreement with the 
exception of N(l)-C(l 1) and N(2)-C(12) which 
differ by somewhat more than 5~. This latter dif- 
ference has been found previously in similar com- 
plexes [3, 191. The six independent C-F distances 
in the CFa groups lie in the range 1.305(5)-1.337(5) 
A, which is in the range found in other trifluoro- 
methylcontaining complexes [3,22,23]. 

The coordination sphere is not planar but tetra- 
hedrally distorted as evidenced by the 13.2’ angle 

Fig. 2. View of the molecular packing in the crystals of CII- 

[en(tfpd)s] . The view is normal to the a*axis. 

P 

YB F6 

Fig. 3. View of a single molecule of Ni[en(tfhd)s] showing 

the atomic numbering scheme. Hydrogen atoms have been 

omitted. Thermal parameters are drawn at the 40% probabi- 
lity level. 

between the planes formed by N(1)-Cu--O(l) and 
N(2)CuXI(2). The N(l), O(2) atoms lie 0.15 A 
above the best plane through N(l), N(2), O(l), O(2) 
while the N(2), O(1) atoms lie 0.15 A below it. 
Unlike the situation in Ni[en(tfpd),] [3] and Cu[en- 
(pd),] [ 18, 201, the bridging carbon atoms are 
located trans with respect to the best plane through 
the coordinating atoms with C(11) located 0.26 A 
above the plane and C(12) located 0.41 A below the 
plane. 

The two six-membered chelate rings are essentially 
planar, but in addition to the tetrahedral distortion 
about the copper atom the macrocycle as a whole is 
folded about an axis that bisects the N(l)-&&(2) 
angle. The sum of these two distortions results in 
an angle of 20.7’ between the normals to the two 
chelate rings. 

The crystal packing of the chelates is shown in 
Fig. 2. Although not required crystallographically, 
the molecular planes are nearly parallel, thus allow- 
ing the formation of the infinite chains that give 
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TABLE V. Internuclear Distances (A) in Ni [ en(tfhd)z ] 

Bond Distance Bond Distance 

Ni+l) 1.861(7) Ni-O(2) 1.852(8) 
Ni-N(1) 1.849(9) Ni-N(2) 1.837(9) 
N(lkC(4) 1.30(l) N(2K(9) 1.35(2) 
N(ltC(l3) 1.47(l) ~(~(14) 1.46(l) 
0(1)-C(2) 1.27(l) 0(2)-ull) 1.29(l) 
c(1)*(2) 1.50(2) C(ll)kC(12) 1.48(2) 
C(2&C(3) 1.40(2) C(lO)&C(ll) 1.37(2) 
C(3)-C(4) 1.41(2) C(9)--C(lO) 1.36(2) 
C(4)-C(5) 1.46(2) C(8)-CJ(9) 1.56(2) 
C(5)-c(6) 1.57(2) C(7)<(8) 1.52(2) 
C(l)-F(1) 1.30(l) C(12)-F(4) 1.32(2) 
C(l)-F(2) 1.31(2) C(12)-F(5) 1.25(2) 
C(l)-F(3) l-31(2) C(12)-F(6) 1.31(l) 
Ni -Ni’ 4.395(3) C(13)<(14) 1.46(2) 

-__- 

Fig. 4. View of the molecular packing in the crystals of Ni- 
[en(tfhd)z] . The view is normal to the a*-axis. 

rise to the observed one-dimensional magnetic 

behavior. 

The geometry and numbering scheme are shown 
in Fig. 3; bond lengths and bond angles are sum- 
marized in Tables V and VI, respectively. The struc- 
ture is very similar to that observed for Cu[en- 
(tfpd)l], The bond distances and angles are similar 
to those found in similar chelates. The coordinating 
atoms, again, do not form a good plane, for N(1) 
and O(2) are about 0.09 A above the best coordina- 

tion plane and N(2) and O(2) are about 0.10 A 
below the plane. The bridging carbon atoms are 
again disposed trans to the best coordination plane 
with C(13) 0.44 A above the plane and C(14) 0.18 A 
below the plane. The angle between the two N-N&O 
planes is 8.5’) a smaller distortion than found in Cu- 
[en(tfpd),] . The two chelate rings are essentially 
planar within the accuracy of the determination. 
Once again there is a folding of the molecule about 
the bisector of the N-Ni-N angle. The combination 
of the two distortions results in an angle of 16.4” 
between the normals of the two planes. 

TABLE VI. Intramolecular Angles (‘) in Ni[en(tfhd)z] 

Bonds 

O(l)-Nia(2) 
O(l)-Ni-N(1) 
O(l)_Ni-N(2) 
O(2)-Ni-N(1) 
O(2)-Ni-N(2) 
N(l)-Ni-N(2) 
Ni-O(1)<(2) 
Ni-0(2)<(11) 
O(1 )PXkC(3) 
O(l)-W)-C(l) 
c(1)-~(2)-~(3) 
0(2)X(1 1)X(10) 
0(2)X(1 l)-C(12) 
c(1o)-C(l1)-C(12) 
C(2)-C(3)--C(4) 
C(9)~(1O)-C(11) 
C(3)-C(4)-N(l) 
C(3)kC3(4tc(5) 
N(1 )-c(4)-c(5) 
C(lO)-C(9)-N(2) 
C(8)-c(9tc(lO) 
N(2)-C(9tC(8) 

Angle 

84.2(4) 
94.7(4) 

172.0(4) 
173.8(4) 

94.7(4) 
86.9(4) 

124.7(7) 
125.4(8) 
126(l) 
114(l) 
120(l) 
127(l) 
111(l) 
122(l) 
124(l) 
124(l) 
120(l) 
116(l) 
124(l) 
123(l) 
116(l) 
121(l) 

Bonds 

Ni-N(I K(4) 
Ni-N(l)-C(13) 
C(4)-N(l)-C(13) 
Ni-N(2w(9) 
Ni-N(2)-C(14) 
C(9)-N(2tc(l4) 
C(4)-c(5tc(6) 
C(7HX8HX9) 
N(ltC(l3)~(14) 
N(2)--C(l4jW3) 
C(2)c(l)-F(1) 
C(2kW)-F(2) 
c(2tc(lr-F(3) 
F(l)--Ulk-F(2) 
F(lkW)-F(3) 
F(2W(lHY3) 
c(w-ww(~) 
C(l l)-C(12)-F(5) 
C(llW(l2P(6) 
F(4)-C(12)-F(5) 
F(4)-C( 12)-F(6) 
F(5)=(12)_F(6) 

Angle 

128.8(8) 
111.0(8) 
120.1(9) 
126.1(8) 
112.4(8) 
121(l) 
107(l) 
112(l) 
107(l) 
109(l) 
115(l) 
112(l) 
111(l) 
107(l) 
106(l) 
105(l) 
112(l) 
116(l) 
112(l) 
109(l) 
103(l) 
104(l) 
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Distortion 

Angle 

gi Rx gY Aza ‘Ga Aya 

WenWpdh 1 0 2.192 2.848 2.046 200.8 31.1 28.3 
Cu[en(tfbd)s] 8.5 2.198 2.048 2.046 196.8 31.5 21.3 
Cubn(aceO2 1 2.216 2.045 2.043 190.4 35.0 30.2 

?n (cm-’ X 104). 

Figure 4. shows the packing of the chelates. As in 
the previous case, the molecules stack in such a man- 
ner as to form infinite chains of the Ni(II) centers 
with the molecular planes nearly parallel to each 
other. The chains of metal ions are much more nearly 
linear than in the C~[en(tfpd)~] case, with a Ni-Ni- 
Ni angle of 167.74(g)“. The Ni-Ni separation of 
4.395(3) A is shorter than the Cu-Cu separation in 
Cu[en(tfpd),] but longer than that of 4.024(3) A 
reported [3] for Ni[en(tfpd)2]. 

Discussion 

There has been considerable recent interest in the 
correlation of magnetic properties with molecular 
structure. Notable experimental success has been 
achieved in correlating the magnetic properties of 
bridged copper(H) dimers with the Cu-XCu bridg- 
ing angle, $J [2&26], and this relationship has been 
explained through the application of molecular 
orbital theory [24, 27, 281. Structural data are now 
available [3, 151 for the nickel(H) and copper(I1) 
chelates of en(tfpd)z, for Ni[en(tfhd)2] , and for 
N,NN’-1,3-propanebis(2-hydroxyacetophenoneiminato) 
copper( Cu [pn(acet)2] . In all of these complexes 
except Ni [en(tfpd)2] the central metal ion 
experiences a tetrahedral distortion. The amount of 
this distortion, which may be measured by the angle 
between the two N-M-O planes, is listed along with 
the pertinent spin-Hamiltonian parameters [7, 81 for 
63Cu-doped single crystals of the three Ni(I1) chelates 
and the single crystal g-values for the three Cu(I1) 
complexes in Tables VII and VIII. In the former 
cases, it must be assumed that the Cu(II) dopant is 
forced to adopt the configuration found in the crystal 
for the Ni(I1) ions. 

McGarvey [29] has shown qualitatively that if 
(A) is negative [as is normally the case for copper( 
then it is expected to decrease as <g> increases accord- 
ing to the relationship 

(A) = -K + ((p> -2.0023)P 

where K is the isotropic hyperfine term and P is pro- 
portional to 0m3>. The deviation of <g, from the free 

TABLE VIII. Structural and Magnetic Data of Cu Complexes. 

Cu[en(tfpd)s 1 
CuIen(tfWsl 

Cu(pn(acet)s 1 

Distortion g, gx gY 

13.2 2.200 2.055 2.049 

2.197 2.051 2.847 

37 2.225 2.052 2.048 

electron value is inversely related to the ligand field 
strength; hence, as the distortion from square planar 
to tetrahedral geometry increases the value of <9, is 
expected to increase since the ligand field strength 
decreases. These two qualitative predictions are 
supported by the data in Tables VII and VIII, 
although before any quantitative correlation can be 
attempted it will be necessary for more data on these 
and related complexes to be obtained. 
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