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The structure of bis (a-aminooxyacetato)copper(II) tetrahydrate, [Cu(C,H,NO;),
(H,0),]-2H,0, has been refined using X-ray data collected at 85 K. The space
group is Pbca with a = 5.1612(5), b = 18.760(2), ¢ = 10.972(1) A, Z=4and
w(MoKa) = 2.109 mm™'. Full-matrix least-squares refinements based on all data
(0.0<sin®/A<1.39 A~!) and with high-angle data (various sin6/A limits) were
performed, and the results are compared. Refinement with all data gave R =
0.0222, § = 1.90, and with high-angle data (0.80<sin8/A<1.25 A~") R = 0.0186,
S = 1.08. Electron deformation density maps have been calculated using the
structure model obtained from high-angle refinements. The dominant features in
the deformation density close to Cu are holes on the four short Cu-X bonds (X =
01, N), peaks in directions avoiding ligands, and lower positive regions on the
two long Cu-O4 bonds. This is qualitatively consistent with crystal-field theory for
Cu® in a Jahn-Teller distorted octahedral environment. Lone-pair and bond
peaks in the ligands conform reasonably well with previous findings for light-atom
structures. Inclusion of the highest angle data (sin 8/A>1.25 A7) in the refine-
ment causes more pronounced asymmetry in the deformation density around Cu,
while features in the ligands are essentially unchanged.

Dedicated to Professor Olav Foss on his 70th birthday

Spatial distributions of d-electrons in transition
metal ions have been studied in a number of cases
using X-ray diffraction methods. Only a small
number of copper(II) compounds have been
studied,'”® and, to our knowledge, these have all
been complexes with inorganic ligands. The pre-
sent compound (Fig. 1), which is a centrosym-
metric Cu(Il) complex with two small organic
bidentate ligands in the equatorial plane and two
axially coordinated water molecules, appeared
well suited for an extension of the data on Cu(II).
From a previous room temperature, low-angle
investigation® it was known that large crystals are
easy to grow, and could possibly be shaped into
spheres to minimize the problem of absorption
correction. Since the scattering of the d-electrons
of the heavier elements in the first transition se-
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ries extends far out in reciprocal space,' it was
considered important to collect data as far out in
20 as the geometry of the instrument would per-
mit. Also in this respect the present compound
seemed advantageous on the basis of observa-
tions made for room temperature data collection.

Experimental

The compound was synthesized according to the
procedure described by Zvilichovsky,” and was
recrystallized from water by slow evaporation at
room temperature. Crystals were cut approxi-
mately to cubes and subsequently ground to
spheres by tumbling in an abrasive-lined cylinder.
A suitable abrasive and speed of air stream were
found after several trial runs.

X-Ray data collection. Crystal data and experi-
mental conditions are summarized in Table 1. A
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Fig. 1. Complex unit of the compound studied. Cu is situated at an inversion center.

sphere of diameter 0.46(1) mm was mounted on a
Picker card-controlled diffractometer equipped
with an Enraf-Nonius gas-flow cooling device
modified for improved stability and lower
temperature. For all measurements, graphite-
monochromated MoKa radiation and a scintilla-
tion detector with a pulse-height analyzer were
used. Cell dimensions at 85 K were determined
by least-squares fitting to the diffractometer set-

Table 1. Crystal data and experimental conditions.

tings for 14 reflections with 26 in the region 92—
116°, where al and a2 peaks are clearly sep-
arated (A, = 0.70926 A). All reflections within
one octant were collected up to 26 = 70°. For 26
between 70 and 163° only reflections predicted on
the basis of parameters from a low-angle, low-
temperature data set to have />60, were mea-
sured. This procedure has proven useful for a
number of light-atom structures, and was

Molecular formula
Formula weight
Space group

Unit cell at 85 K/AA®

D,/kg m™3

Radiation (MA)
Monochromator

Scan mode; speed in 26/°min~
Scan range/®

(SINB/A)max/A

No. of unique refl. measured
u(MoKa)/mm™'

Crystal size/mm

Transmission factors

1

[Cu(C,H,NO,),(H,0),]-2H,0
315.72

Pbca

a = 5.1612(5), b = 18.760(2)
¢ =10.971(1), V = 1062.3(4)
1973

MoKa (A, = 0.70926, \, = 0.71354)
Graphite

0/20; 2

[26(a1)—1.1] to [26(a2) + 1.1]
1.386

5314

2.109

Sphere, r = 0.23

0.478-0.524
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adopted to avoid spending time measuring a large
number of barely detectable reflections.®° A to-
tal of 5314 independent reflections were recorded
using the 0/26 scan mode with scan speed 2° (26)
min~! and scan ranges [20(al)—1.1°] to [26
(a2)+1.1°]. Background intensities were mea-
sured for 20 s at each end of the scans. Atten-
uator filters kept the count rate below 10000 s
to minimize coincidence losses. To check the
agreement between symmetry equivalent intensi-
ties, 100 reflections from different regions of reci-
procal space were measured in the skl and and
hkl octants. Throughout the data collection four
standards were measured every 100 reflections.
Two standards of medium intensity (1,15,5 and
104) showed a 1-3 % decrease in intensity over
the data collection period, reflecting slight radi-
ation damage. The other two (020 and 084) are
very strong, and showed 10 and 4 % increases in
intensity, respectively, during the same period,
indicating a time-variable extinction effect. After
completion of the main data collection, the crys-
tal was therefore brought to room temperature
and exposed continuously to the X-ray beam un-
til no further change was observed in the intensity
of 020, the most intense reflection in the data set.
After cooling to 85 K again all independent re-
flections in the range 0°<26<36° were re-col-
lected (data set 2). When the temperature was
subsequently raised to 291 K rather quickly
(within seconds), the crystal cracked and could
not be used for further measurements.

Data processing. The intensities of the data set
were scaled according to the two monotonously
decreasing standards. The agreement between
the two samples of symmetry-equivalent reflec-
tions is 0.021 [R; = SAv(I-Av(I))/ZAv(l)] which

Table 2. Refinement results.
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was considered reasonably satisfactory. Each
number of counts, N was assigned a standard
deviation of o(N) = [N + (0.005N)*'2. Correc-
tions for Lorentz and polarization effects, as well
as for absorption (spherical crystal)!' were ap-
plied to the net intensities. All calculations were
performed on a Data General Eclipse /230 com-
puter, using programs designed by one of us (H.
H.). After a preliminary refinement using the
original full data set, an isotropic extinction cor-
rection was included, substituting the original
values of F, by F,,, = F, (1+al,)"?. The para-
meter a was adjusted after further refinement to
1.06x107%. This increased F, for the strongest
reflections by approximately 70 %, about 50 re-
flections being affected by more than 10 %. Due
to this rather severe extinction, the 90 strongest
low-order reflections (20<36°) were substituted
from data set 2. An (F/F,)’ v.s. I, plot indicated
only negligible extinction in this data set. Fur-
thermore, a correction for scan truncation errors
was deemed necessary; Denne’s method'? was
used, as in a number of previous cases.”!*1%14

Results and discussion

Least-squares refinements. Starting parameters
were obtained from the previous room temper-
ature study.® Full-matrix least-squares refine-
ments of atomic coordinates and thermal para-
meters were performed using the full data set
(refinement I) as well as high-angle data only. In
the high-angle refinements, various sinf/A ranges
were used. Varying (sin/A).;, and (sinO/A),,
from 0.6t0 0.85 A~'and 1.15to 1.25 A}, respec-
tively, caused no significant changes in coordi-
nates and thermal parameters. The refinement
with data in the range 0.80<sin8/A<1.25 A~! (re-

Refinement

| ] 1] Y \"
sin6/\ range/A~" 0.00-1.39 0.60-1.15 0.80-1.25 0.85-1.39 1.10-1.39
Nops 4816 2649 2233 2689 1975
Noar 115 115 79 79 79
R? 0.0222 0.0188 0.0186 0.0222 0.0239
SP 1.90 1.21 1.08 1.27 1.29

‘R = ZHFolv—ch“E'Fol; bs = [zw(lFol—IFCI)ZI(Nobs_Nvar)]”z'

5 Acta Chemica Scandinavica A 42 (1988)
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Table 3. Fractional coordinates and thermal parameters, given by exp[—1/4(B,,h?a*? + - + 2Bykib*c*)], for

Atom Reft.? X y z B,
Cu | 0 0 0 0.408(1)
1] 0 0 0 0.398(2)
[\ 0 0 0 0.415(2)
v 0 0 0 0.429(2)
o1 | 0.26812(8) 0.07509(2) 0.00516(5) 0.540(8)
i 0.26803(9) 0.07516(2) 0.00517(8) 0.536(7)
v 0.26796(9) 0.07517(3) 0.00524(9) 0.549(7)
\; 0.26792(12) 0.07519(3) 0.00522(14) 0.565(8)
02 | 0.38499(10) 0.18830(3) 0.02642(5) 0.700(12)
n 0.38487(12) 0.18827(3) 0.02632(7) 0.701(11)
v 0.38486(14) 0.18826(4) 0.02634(8) 0.716(10)
v 0.38481(17) 0.18823(5) 0.02638(10) 0.731(12)
03 | —0.08499(9) 0.09898(3) 0.20066(4) 0.701(11)
[} —0.08516(10) 0.09897(3) 0.20035(4) 0.640(10)
1\ -0.08511(12) 0.09892(3) 0.20032(5) 0.666(9)
\" —0.08502(15) 0.09892(4) 0.20033(6) 0.679(10)
04 | 0.28624(10) —0.06412(3) 0.14766(5) 0.776(12)
1] 0.28656(12) —0.06425(3) 0.14751(6) 0.774(11)
v 0.28651(14) —0.06427(4) 0.14743(6) 0.796(11)
v 0.28644(17) —0.06428(5) 0.14742(8) 0.805(13)
05 | 0.41406(11) 0.30070(3) 0.18863(5) 0.916(14)
I} 0.41450(13) 0.30059(3) 0.18849(6) 0.916(12)
v 0.41462(16) 0.30056(4) 0.18849(7) 0.939(13)
Vv 0.41474(21) 0.30051(5) 0.18850(9) 0.952(15)
N | —0.19871(10) 0.03929(3) 0.13888(5) 0.521(11)
1] —0.19895(11) 0.03937(3) 0.13917(5) 0.513(9)
[\ —0.19898(11) 0.03938(3) 0.13915(5) 0.524(9)
\" —0.19892(14) 0.03932(4) 0.13913(7) 0.530(10)
C1 | 0.23065(11) 0.13906(3) 0.04525(5) 0.484(12)
1] 0.23066(11) 0.13896(3) 0.04516(6) 0.468(10)
v 0.23078(12) 0.13896(4) 0.04514(6) 0.480(10)
\" 0.23078(15) 0.13895(5) 0.04513(8) 0.493(11)
c2 | —0.01556(13) 0.15396(3) 0.11684(6) 0.642(16)
I} —0.01626(17) 0.15392(3) 0.11697(6) 0.586(16)
v —0.01623(19) 0.15393(4) 0.11697(7) 0.589(19)
Vv —0.01611(25) 0.15390(5) 0.11693(10) 0.600(26)
H11 | —-0.202(2) 0.0079(5) 0.196(1) 1.07(22)
H12 1 —0.349(1) 0.0509(5) 0.116(1) 0.51(19)
H21 | 0.011(2) 0.1966(5) 0.169(1) 0.76(21)
H22 | —0.160(1) 0.1610(5) 0.060(1) 0.70(19)
H41 1 0.224(3) —-0.1022(7) 0.162(1) 2.89(31)
H42 | 0.403(3) —0.0722(7) 0.108(1) 2.76(30)
H51 | 0.410(2) 0.2703(7) 0.141(1) 2.45(28)
H52 | 0.557(3) 0.2994(6) 0.217(1) 1.96(27)
“Refinement.
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refinements |, lll, IV and V.

By By B,, Bis Bz
0.387(2) 0.491(1) —0.057(3) 0.107(3) —0.109(3)
0.373(2) 0.462(2) -0.047(3) 0.096(3) —0.103(3)
0.397(2) 0.498(2) —0.049(3) 0.100(3) —0.099(3)
0.416(3) 0.514(3) —0.046(5) 0.100(4) —0.098(4)
0.478(9) 0.858(11) —-0.067(7) 0.147(11) —0.149(10)
0.460(6) 0.843(12) —0.058(6) 0.166(11) —0.161(10)
0.479(7) 0.869(14) —0.063(6) 0.151(11) —0.135(11)
0.499(9) 0.884(19) —0.061(7) 0.152(14) —0.123(13)
0.568(11) 1.105(13) —0.194(10) 0.151(11) —0.045(10)
0.544(9) 1.106(11) —0.204(8) 0.193(9) —0.062(8)
0.576(10) 1.139(13) —0.200(9) 0.188(10) —0.069(10)
0.581(13) 1.162(16) -0.199(11) 0.197(12) —0.072(12)
0.657(11) 0.509(9) —0.207(10) 0.022(9) —0.114(8)
0.692(9) 0.480(8) —0.174(8) 0.022(7) -0.117(7)
0.712(11) 0.513(8) —0.167(9) 0.030(7) —-0.116(7)
0.725(13) 0.526(9) —0.152(10) 0.034(8) —0.124(9)
0.629(12) 0.842(12) 0.010(10) 0.096(11) 0.006(10)
0.627(9) 0.793(11) 0.011(8) 0.071(9) —0.011(8)
0.645(11) 0.814(11) 0.014(10) 0.078(9) 0.006(9)
0.652(14) 0.839(13) 0.019(12) 0.078(11) 0.013(10)
0.705(13) 0.901(13) 0.031(11) —0.086(12) —0.056(11)
0.683(10) 0.848(11) 0.036(9) —0.077(10) —0.039(9)
0.716(12) 0.901(12) 0.034(11) —0.068(11) —0.034(10)
0.726(15) 0.925(15) 0.031(13) —0.068(13) -0.033(12)
0.511(12) 0.572(11) —0.062(10) 0.033(9) —0.082(9)
0.533(9) 0.536(9) —0.034(8) 0.059(8) ~0.074(7)
0.557(11) 0.557(9) —0.039(8) 0.052(7) —0.073(8)
0.578(13) 0.576(10) —0.039(10) 0.050(8) —-0.074(9)
0.494(13) 0.594(13) —0.028(11) 0.000(11) —0.007(10)
0.442(9) 0.613(10) —0.044(8) 0.023(9) —0.029(8)
0.476(11) 0.634(11) —0.042(9) 0.035(9) —0.014(9)
0.481(14) 0.649(13) —0.040(11) 0.034(10) —0.026(11)
0.510(12) 0.819(13) —0.008(13) 0.128(13) —0.070(10)
0.501(9) 0.798(11) —-0.004(11) 0.128(12) —0.098(8)
0.530(10) 0.828(12) 0.009(11) 0.123(12) —0.084(9)
0.550(13) 0.841(14) 0.006(14) 0.121(14) —0.072(11)
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Table 4. Bond distances (A) and angles (°) for non-hydrogen atoms obtained from refinements I, Ill and IV,

and from the room temperature study.

Atoms | 1} v Room temp.?
Cu-0Ot 1.9755(4) 1.9761(4) 1.9760(5) 1.967(1)
Cu-04 2.5007(5) 2.5018(6) 2.5013(7) 2.545(1)
Cu-N 1.9790(5) 1.9826(6) 1.9826(6) 1.978(1)
01-C1 1.2927(7) 1.2893(7) 1.2886(10) 1.286(1)
02-C1 1.2371(8) 1.2378(8) 1.2371(10) 1.234(1)
c1-C2 1.5197(9) 1.5243(10) 1.5248(11) 1.516(1)
C2-03 1.4275(7) 1.4233(8) 1.4239(10) 1.423(1)
O3-N 1.4345(7) 1.4302(8) 1.4295(8) 1.435(1)
0O1-Cu-N 94.32(2) 94.28(3) 94.26(3) 94.28(3)
01-Cu-04 84.87(2) 84.91(2) 84.92(3) 84.65(3)
N-Cu-04 89.23(2) 89.29(2) 89.31(2) 89.12(3)
Cu-01-C1 124.54(4) 124.57(4) 124.64(4) 124.86(5)
01-C1-02 122.69(5) 122.74(6) 122.81(7) 122.72(7)
01-C1-C2 118.14(5) 118.16(5) 118.11(6) 118.26(7)
02-C1-C2 119.16(5) 119.09(5) 119.07(7) 119.02(7)
C1-C2-03 114.20(5) 114.06(5) 114.02(7) 114.28(8)
C2-03-N 111.25(4) 111.54(5) 111.56(5) 111.11(8)
0O3-N-Cu 116.26(4) 116.10(4) 116.08(4) 116.19(6)
“Ref. 6.

finement III) gave the best goodness-of-fit pa-
rameter (S = 1.08) and the lowest R-values (R =
0.0186, R, = 0.0197). When data with sin6/
A>1.25 A! are included in the refinement, S
increases, and the thermal parameters are signi-
ficantly changed as compared to the high-angle
refinements with (sinb/A),,,,,<1.25 A~ The ther-
mal parameters increase, indicating underestima-
tion of the truncation correction,'* and/or a scale
factor difference. However, other factors also

seem to be involved, since the B,,, B,, and Bg;
values are affected differently for the various
atoms (see Table 3 and compare results of refine-
ments IV and V with those of refinement III).
Whether this anisotropic effect is caused by an-
harmonicity of thermal vibrations, or contains
information on the aspherical electron distribu-
tion, or is an artefact due to errors in the high-
angle data measurements, is not clear. The selec-
tion of symmetry-related reflections collected did

Table 5. Bond distances (A) and angles (°) involving hydrogen atoms, from the full-angle refinement I.

Distance

C2-H21 0.99(1)
N-H11 0.86(1)
04-H41 0.80(1)
0O5-H51 0.78(1)
Angle

C1-C2-H21 109.4(6)
03-C2-H21 104.1(6)
H21-C2-H22 110.3(9)
Cu-N-H11 108.4(8)
O3-N-H11 101.4(8)
Cu-04-H41 108.4(1.0)
H41-04-H42 104.6(1.4)

Distance

C2-H22 0.98(1)
N-H12 0.84(1)
04-H42 0.76(1)
05-H52 0.80(1)
Angle

C1-C2-H22 109.6(6)
03-C2-H22 109.1(6)
H11-N-H12 111.9(1.0)
Cu-N-H12 110.5(7)
03-N-H12 108.2(7)
Cu-04-H42 101.1(1.1)
H51-05-H52 105.4(1.3)
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not indicate larger discrepancy in the high-order
region, although the sample may have been too
small to reveal the problem. Without more exten-
sive data we do not find it justified to attempt a
chemical interpretation of the observed changes.

Hydrogen parameters were refined with iso-
tropic temperature factors with the full data set,
and in some refinements with data in the sin6/A
range 0.60-1.25 A-'. Previous investigations
have demonstrated the successful determination
of hydrogen positions in light-atom structures by
high-angle refinements.> In the refinement of
the present heavy atom structure, a refinement
with 0.60<sin8/A<1.15 A-! gave C-H bond
lengths of 1.10(5) and 1.14(4) A, while the low
cut-off had to be raised to sin/A = 0.70 A~! to
yield reasonable N-H distances, viz. 1.00(4) and
1.06(8) A (0.70<sin6/A>1.25 A'), in good
agreement with results from light-atom struc-
tures. The O-H distances remained too short
even at this cut-off, and the increased standard
deviations in hydrogen positional parameters did
not warrant further refinements. In all refine-
ments with (sinf/A),,;,>0.70 A~', hydrogen atoms
were kept fixed at idealized bond distances (C-H
=1.09A, N-H = 1.03 A, O-H = 0.98 A) and
with bond angles as obtained from the full angle
refinement. Further tests will have to be made to
establish whether hydrogen positions can be ade-
quately determined from high-angle refinements
in heavy-atom structures.

The function minimized in all refinements was
Sw(F~K|F.))* where w = 1/0? (F,) and only data
with |F,|>30(F,) were used. For non-hydrogen
atoms, neutral atom scattering factors'® corrected
for anomalous dispersion'” were used, and for
hydrogen atoms, contracted spherical scattering
factors.'”® A summary of selected refinement re-
sults is given in Table 2, atomic parameters in
Table 3, and bond distances and angles in Tables
4 and 5. Lists of structure factors may be ob-
tained from one of the authors (J.S.) on request.

Comparison of the various refinement results
shows that the atomic positions do not change
significantly when sin®/h is varied within
0.6<sinB/A<1.39 A~! (see coordinates and bond
distances and angles from refinements III and
IV). The irregularity in thermal parameters ob-
served when data with sin®/A>1.25 A~ are in-
cluded is not reflected in positional parameters.
When low-angle data are included (refinement I)
some of the positional parameters are, as ex-

DEFORMATION DENSITY DISTRIBUTION

pected, significantly affected. N and O3 are
slightly displaced toward their lone-pairs, and C2
and C1 towards each other, resulting in longer
0O3-N and O3-C2 bonds, and shorter Cu-N and
C2-C1 bonds, as well as small, but significant
changes in bond angles at N and O3 (Fig. 1, Table
4). Comparison with the room-temperature low-
angle refinement shows generally good agree-
ment between the two structure determinations.
The large deviation in the Cu-0O4 distances prob-
ably arises because this weak bond is easily com-
pressed as the cell volume decreases at lower
temperatures.

Deformation density maps. Deformation effects
become progressively smaller with increasing
sinB/A. The best estimates of nuclear positions
and atomic thermal parameters are accordingly
to be expected from very high-angle refinement.
In our case, refinements including data with sin6/
A>1.25 A-! had caused unexpected changes in
thermal parameters as compared to other refine-
ments. Thus, it was decided to prepare deforma-
tion density maps based on parameters deter-
mined both from refinements III (0.80<sin6/
A<1.25 A~")y and IV (0.85<sin6/A<1.39 A~). In
each case the deformation density Ap was de-
fined as Qyys— ZQpherical atoms- 1he€ deformation den-
sity maps presented in Figs. 2 and 3 are based on
parameters from refinement III, and include data
up to sinB/A = 1.00 A" in the calculations of Ag.
The scale factor for the calculated density was
obtained by one cycle of refinement on full data,
sinB/A<1.25 A~! and with fixed atomic para-
meters from refinement III.

Deformation density in the vicinity of the Cu
ion is depicted in Figs. 2a—e. Prominent features
are holes showing electron deficiencies, as com-
pared to the spherical atom model, in directions
towards the closest ligands, O1 and N, at dis-
tances of 0.57 and 0.67 A from Cu, respectively
(Figs. 2a,d,e). There is no corresponding hole
close to Cu on the long Cu-O4 bond. Corre-
sponding features have also been observed in
other studies of Jahn-Teller distorted copper
complexes.?® Furthermore, extended regions of
excess electron density are found in directions
not pointing towards the ligating atoms, peak
maxima being situated 0.40-0.55 A from Cu and
directed approximately into the faces of the elon-
gated octahedron defined by the ligands. Accord-
ing to simple crystal field theory a Cu®* ion with
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Fig. 2. Electron deformation density around Cu. Contour intervals are 0.07 e A~3; solid lines positive values,
dashed lines zero and negative. (a) N~Cu—O1 plane; (b) plane through Cu—O4 and intersecting ZN-Cu-0O1;
(O1 is pointing out of the paper plane); (c) plane through Cu-O4 and at 90° to the previous plane; (d) plane
N-Cu-04; (e) plane O1-Cu-04.

elongated octahedral surroundings has orbital
populations d;, &}, d, d2 d}2_2. The electron de-
formation density observed is in qualitative
agreement with such a picture. Results for other
octahedral complexes have also been interpreta-
ble in terms of simple crystal field theory."

To check how the features around Cu depend
upon the selection of data included in the Ag
calculations, additional maps were calculated.
When only structure factors up to sin6/A = 0.8
A" are included, peak heights are slightly lower
and troughs slightly shallower; otherwise the fea-
tures remain unchanged. With only high-angle
data in the range 0.8<sin6/A<1.25 A~ included
in the Ag calculation, lone-pair and bonding fea-
tures around light atoms virtually vanish, as ex-
pected, while there are still sharp features close
to Cu, in accordance with the expectation that
d-electron scattering extends far out in reciprocal
space. The general picture of holes in the Cu—-O1
and Cu-N regions, and peaks in directions be-
tween ligands is retained, while relative peak
heights change appreciably. Departure from two-
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fold symmetry around Cu-O4 in the electron
density close to Cu, noticeable in Fig. 2, becomes
more pronounced. In some previous cases
asymmetry has been related to second-nearest-
neighbour interaction.'? In the present case such
a discussion is not warranted.

As shown in Fig. 2, the lone-pair density of N
and O4 points directly towards Cu, while O1
lone-pair density is slightly displaced from the
Cu~O1 bond. In Fig. 3, deformation densities in
lone pairs and bonding regions of the remaining
light atoms are depicted. Peak heights and posi-
tions are generally consistent with findings in
light-atom structures.’*®* A notable feature is
the lack of deformation density in the N-O bond.
This is in agreement with findings for, e.g., p-
nitropyridine®" and N-phenyl-substituted syd-
none.* Surprisingly low densities have also been
observed in N-N, O~O and C-F bonds.*? Low
electron density in the bond region between elec-
tron-rich atoms thus seems to be a consistent
feature in experimental electron density studies.

Deformation density maps based on the struc-



Fig. 3. Electron deformation density in the ligand;
contour intervals as in Fig. 2. (a) Plane through
01-C1-02. C2 is only 0.02 A from this plane (the
Cu-O1 bond is indicated although Cu lies 0.38 A
below the plane depicted); (b) N-O3-C2 plane (Cu
lies 1.4 A above this plane); (c) section through
maximum of O3 lone-pair region and normal to plane
in (b).

ture model from refinement IV (0.85<sin6/A
<1.39 A7 included in refinement) show only

DEFORMATION DENSITY DISTRIBUTION

minor changes near the light atoms, bond peaks
being slightly more irregular than those pre-
sented in Fig. 3 (based on refinement III). In the
vicinity of Cu there are more pronounced chang-
es, the deviation from two-fold symmetry around
Cu-04 now becoming appreciable. Even so, the
features indicating electron deficiency in direc-
tions towards the closest ligands, as well as excess
electron density between ligands, remain.

Conclusions

High-angle refinements of data in shells of reci-
procal space show changes in thermal parameters
which might indicate anharmonicity. Electron de-
formation density maps based on atomic para-
meters from various shells show only small var-
iations around the light atoms, while changes
around Cu are appreciable. Despite these short-
comings, the general deformation density fea-
tures around copper may qualitatively be inter-
preted in terms of simple crystal field theory. The
data do not allow a more detailed evaluation of
charge distribution and orbital population. For
electron density studies of heavy-atom structures
it seems important to collect enough symmetry
related reflections to provide a solid basis for
pinpointing systematic errors in the data.
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