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The Crystal Structure of Bis-(2,2'-dipyridyliminato)palladium(II), Pd(C10HsN3)2 
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The structure of bis-(2,2'-dipyridyliminato)palladium(II) has been solved and has been refined by 
three-dimensional least-squares methods. The complex is centrosymmetrical. The coordination of the 
palladium is square-planar. Strong inter-ligand repulsions are accommodated by a folding of each 
ligand so that the normals to the planes of its two pyridyl rings meet at an angle of 38.2 °. The pyridyl 
rings themselves are distorted from planarity. The structural type, in which a resonating system is 
deformed by inter-ligand repulsions, is novel among chelate compounds, but is characteristic of over- 
crowded aromatic molecules like bianthronyl. 

The bond-lengths in the pyridyl rings parallel those in pyridine, although the carbon-nitrogen 
bonds appear to be an average of 0.026/~ longer. The imino-nitrogen-carbon bond-length is similar 
to those found in aromatic nitrogen compounds. The palladium-nitrogen bonds are of normal length, 
2-02/~. 

Introduction 

Square planar coordination of palladium(II) is well es- 
tablished. In bis-(2,2'-dipyridyliminato)palladium(II)t 
a planar arrangement should result in considerable 
inter-ligand repulsions between hydrogen atoms. The 
structure analysis of this complex was undertaken to 
determine the way in which these repulsions are ac- 
commodated. The complex was originally prepared by 
Geldard & Lions (1963); the crystal structure analysis 
has been briefly reported previously (Freeman, Gel- 
dard, Lions & Snow, 1964). 

Experimental 

Crystals were prepared by cooling saturated solutions 
of the complex in ethylene glycol monomethylether/n- 
hexane mixtures. The small pale yellow needles of 
rhombic cross-section often appeared as interpenetra- 
tion twins. The unit-cell data (with the maximum errors 
in their last decimal places) are: 

C20H 16N6Pd F.W. = 446" 7 
Monoclinic, a =  15-405(6), b=  12-770(3), 

c=9"046(1) A, fl=96"75(8), 
U= 1767(2) A 3, Dm= 1"70 (by flotation), 
Z = 4 ,  Dx= 1.68 g.cm -3, 
/t Cu Ke=91.5 cm-1. 

Space-group, C2/e or Cc by systematic absences, 
C2/c by structure analysis. 

The fl angle was found from an hOl Weissenberg 
photograph, allowance being made for film-shrinkage 
by measuring the separations of a number of pairs of 
reflexions separated by fl and by 180 °, respectively. The 
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t Formula (I), p.850. 

other unit-cell dimensions were fitted by least-squares 
to 18 reflexions on Weissenberg photographs (hkO, Okl) 
calibrated with platinum powder lines (a=3.9231 A, 
Cu Kcq, ~2 radiation). A variant of Cohen's analytical 
extrapolation procedure (Buerger, 1942) was used, pa- 
rameters being introduced to correct for systematic 
absorption and eccentricity errors (Freeman & Taylor, 
1965). The inclusion of these two corrections in the 
least-squares calculation affected the resultant cell- 
dimensions by 0.01 to 0.02/~, and eliminated 0-depen- 
dent systematic errors. 

A crystal 0" 12 mm long and having an approximately 
square cross-section (0.04 mm 2) was rotated about its 
needle c axis to obtain multiple-film, equi-inclination 
Weissenberg data for hkL (Cu Kc~ radiation for 
0 <_ L_< 7, Cu Kfl for L--  8). The reflexions with 1 odd 
were much weaker than those with I even. Exposures 
of up to 25 days were required to record the layers 
with L odd, compared with 2 to 3 days for the layers 
with L even. Exposures of 7 days were made to record 
Hkl data ( 0 < H < 2 ,  Cu Ka) from a similar small cry- 
stal. 

The intensities were estimated visually and corrected 
for Lorentz-polarization and Tunell effects, but not 
for absorption. For the crystal used, the maximum 
variation of the transmission factor with 0 was 4% 
within the zero level and 9% within the seventh level. 
The 195 reflexions recorded independently twice were 
used to correlate 1515 non-symmetry-related reflexions 
of which 161 (all with odd I indices) were too weak to 
observe. 

Solution and refinement 

The conditions limiting possible reflexions (hkh h + k = 
2n, hOl: l=2n) combined with the relative weakness of 
the reflexions with odd l suggested that the palladium 
was at the origin in space group Cc or C2/c. A Fourier 
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synthesis in which the Fo with l=  2n were given positive 
signs revealed only one unique image of the ligand 
atoms. The deduction that the molecule was centro- 
symmetrical in space group C2/c rather than non- 
centrosymmetrical in space group Cc (which would 
require two unique ligand images) was confirmed by 
the subsequent refinement. 

The structure was refined on an IBM 7090 computer 
with the full-matrix least-squares program of Busing 
& Levy (1961). Ten cycles of calculations were carried 
out in five stages. A synopsis is given in Table 1. Stage 
1 represents the trial structure. 

In Table 1, R(all) is the conventional reliability factor 
summed over all reflexions. [ZwAZ/(M-N)] ~ is 
[Xw(Fo-G,Fc)Z/(N-M)] ~, where w is the weight 
given to the observed structure factors Fo, G, is the 
scale factor to place the calculated structure factors Fc 
on the scale of Fo and ( N - M )  is the excess of reflexions 
N over the number M of parameters refined. In addi- 
tion to the general scale-factor G1, a separate scale 
Gz was needed for the hk7 reflexions. These reflexions 
were too weak to appear on any of the Hkl films which 
had provided the correlation between the other L 
layers. 

The refinement weights w of the Fo were equated to 
1/a2(F), the population standard deviations a(F) of 
the Fo being estimated from the 195 reflexions for 
which scaled structure factors F1 and F2 were available 
from two independent observations (Davies & Pearson, 
1934). Here a(F) was taken to be AFo/]/2=F1-Fz/V 2, 
where AFo is the mean discrepancy over a range of 
Fo values. The variation of AFo with Fo is shown in 
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Fig. 1. Variation of ,dFo (mean difference between scaled 

amplitudes in an 17o range) with Fo. 

For the unobserved reflexions Fu, the relations of 
Hamilton (1955) for centrosymmetrical space groups 
(Fu=Fmtn/f3, a(Fu)=Fmin/V15) were used. Fm~n va- 
lues were not recorded beyond values of 0 for which 
observed values occurred. 

The scattering factors of Berghuis, Haanappel, Pot- 
ters, Loopstra, MacGillavry & Veenendaal (1955) were 
used for carbon and nitrogen, and that of Thomas & 
Umeda (1957) for singly ionized palladium was used 
for palladium(II). The real part of the anomalous scat- 
tering by palladium [0.5 electron (Dauben & Temple- 
ton, 1955)] was subtracted over the whole sin 0 range. 
The error due to neglecting the imaginary part of the 
anomalous scattering was calculated to be less than 
1% by the method of Patterson (1963). 

After stage 3, a few gross errors in the reflexion data 
and an incorrect extrapolation of Fig. 1 to the origin 
were corrected. The refinement was resumed with scale 
and isotropic temperature factors from stage 2 and the 
positional parameters from stage 3. Convergence was 
reached in stage 5, the final r.m.s, shifts in the coordin- 
ates (&x, 0.0006/~; &y, 0-0012/~,; 6z, 0.0012/~) all being 
less than one-eighth of the corresponding r.m.s, stan- 
dard deviations. The final changes in the thermal para- 
meters were negligible. The firial value of [SwAa/(M- 
N)]* - -  which should be unity for correctly weighted 
data - -  lies within the range of values found with the 
use of weighting schemes based on Fo discrepancies 
[e.g. 4.07 for heavy ice (Peterson & Levy, 1957), 2.0 
for N-acetylglycine (Donohue & Marsh, 1962), 2.14 
for bisglycinocopper(II) monohydrate (Freeman, Snow, 
Nitta & Tomita, 1964)]. 

The final positional parameters for the asymmetric 

unlt at (~, 1, 03 are glven in ]'a]3le ~, ~ana] temperature 
parameters in Table 3 and the final observed and calcu- 
lated structure factors are compared in Table 4. 

A difference synthesis calculated from the final struc- 
ture factors contained a hole of 4.7 e./~x -3 at the pallad- 
ium site with smaller holes varying between 0 and 
0.5 e. /~ -3 at the light atom positions. Peaks of between 
0.4 and 0.6 e.~ -3 appeared in positions where hydrogen 
atoms were expected, but no claim to have located them 
unambiguously is made. The presence of considerable 
holes in the final difference synthesis and the obser- 
vation from Table 4 that, for large F, Fc exceeds Fo 
by amounts up to and exceeding 3a(Fo) suggested the 
presence of an extinction effect. A plot of 1clio against 
Ie (Pinnock, Taylor & Lipson, 1956) for the hkO data 
was indeed linear. In the absence of absorption cor- 
rections to the original data, a correction for extinction 
was not applied at this stage. 

Table 1. Synopsis 
Thermal 

Stage Cycles parameters R(all) 
1 0 - -  0.141 
2 1-3 isotropic 0.114 
3 4-5 anisotropic 0.095 
4 6 isotropic 0.110 
5 7-10 anisotropic 0.085 

of the refinement 

[Z,w A2/(M - N)] ~ GI G2 
4"63 1"91 2-31 
3"25 1"94 2"35 
2"60 1-98 2"52 
2"39 1"91 2"46 
1"88 1-94 2-60 
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Table 2. Final positional parameters, their standard de- 
viations (in parentheses) and shifts in the final least- 

squares cycle 
The standard deviations and shifts correspond to the least 

significant digits in the coordinates. 

Atom x(az) y(au) z(az) Estimated 
s.d. 

Pd 0-5000 0-5000 0"0000 
N(1) 0.4771(4)0 0.3475(4)1 0.0412(07)1 0.009 A, 
N(2) 0.6163(5)0 0-4777(5)0 0.1247(09)2 0"011 
N(3) 0"6290(4)0 0-3011 (5)1 0.0413(08)0 0.011 
C(1) 0.5420(6)0 0.2759(5)1 0-0348(09)0 0.012 
C(2)  0.5213(7)0 0.1693(8)1 0-0281(12)1 0"016 
C(3) 0.4357(7)1 0.1379(7)2 0.0477(12)2 0.015 
C(4) 0.3709(6)0 0"2119(7)2 0"0655(11)1 0.014 
C(5) 0.3948(5)0 0"3158(6)0 0"0613(10)2 0"013 
C(6) 0"6631(5)0 0"3882(5)0 0"1035(08)1 0"011 
C(7) 0"7529(5)0 0.3854(7)0 0-1551(09)0 0.013 
C(8) 0"7915(7)1 0"4686(9)0 0"2393(11)2 0"016 
C(9) 0.7387(6)0 0.5540(8)1 0.2736(10)1 0.014 
C(10) 0"6528(5)0 0-5555(7)0 0"2149(08)1 0-012 

The standard deviations of the coordinates of the 
light atoms, as calculated from the final least-squares 
cycle, were 0.01/~ or less (Table 2). These standard 
deviations seemed to be too small, in view of (1) the 
presence of a heavy atom (even though 25% of the 
reflexions contain no contribution from it) and (2) the 
known existence of extinction errors. An internal check 
was possible because the ligand molecule contains 
pairs of bonds which are chemically identical but 
crystallographically non-equivalent. Although the ra- 
tios (l.4 -le)/[aZ(lA)+ a2(lB)] * were near unity or smaller 
for all but one of such bond pairs, an apparent under- 
estimate of a(l) did occur for the bonds C(1)-N(3) 
and N(3)-C(6). The difference between their lengths 
was 0.046 A. The standard deviation of this difference 
(calculated from the least-squares s.d.'s of the atomic 
coordinates and taking into account that N(3) was 
common to both bonds) was 0.017 A. 

To be conservative the standard deviations of the 
atomic positions, averaged over the three axial direct- 
ions, were therefore multiplied by an arbitrary factor 

of 1"5 (last column of Table 2). These adjusted values 
were used in calculating the bond-length s.d.'s of 
Table 5. 

Description of the structure 

Table 5 contains the bond lengths and angles with 
their estimated standard deviations. A trimetric pro- 
jection of the molecule is shown in Fig. 2. Planes were 
fitted by least-squares to the pyridyl rings A (plane 1) 
and B (plane 2) and to the atoms N(1), N(2), C(1) and 
C(6) (plane 3). Details of these planes are listed in 
Table 6. 

The molecule is centrosymmetrical with approximate 
symmetry 2/m. It may be visualized by starting with a 
planar configuration. The upper ligand in Fig. 2 is fol- 
ded upwards (say) about the line P d .  •. N(3) until the 
angle between the normals to the pyridyl rings is 38.2 °. 
The chelate ring - -  PdN(1)C(1)N(3)C(6)N(2) - -  thus 
achieves a boat configuration and the atoms Pd and 
N(3) lie on the same side of plane 3 ('below' it in the 
present description). The two C-N(3) bonds are shor- 
ter than the two N-Pd  bonds, so that the deviation of 
N(3) from plane 3 (0.21 A) is smaller than that of the 
palladium atom (0.89 A). Part of the difference be- 

C'~7) C(2) 

C(8) C'~6) - -  C~.) C(3) 

I Nfl 

Fig. 2. Trimetric projection 
of bis-(2,2'-dipyridylinimato)palladium(II). 

Table 3. The final vibrational parameters from the isotropie (B) and anisotropic (B~j) refinements and their estim- 
ated standard deviations (in parentheses) 

Anisotropic temperature factor: exp { - (B11 h2 + B22 k2 + B33l 2 + 2B~ 2hk + 2B13hl + 2Bz3kl) }. (B~8o values are in/~2. The anisotro- 
pie temperature parameters have been multiplied by 104). 

Atom B Bll B22 B33 Ba2 B13 B23 
Pd 2.48(-03) 28(0) 31(1) 96(1) 0(0) 12(0) 0(0) 
N(1) 2.68(.12) 34(3) 26(3)  116(9) - 6(2) 16(4) 4(4) 
N(2) 2.81(-13) 34(3) 40(4)  114(11) 1(3) 9(4) - 5(5) 
N(3) 3.57(.16) 36(3) 46(4)  143(11) 4(3) 16(4) -- 8(5) 
C ( 1 )  3.09(.16) 38(4) 30(4)  136(11) 4(3) 15(5) 3(5) 
C ( 2 )  4.30(.21) 50(1) 40(5)  190(16) 1(4) 2(7) - 12(7) 
C ( 3 )  4.66(.19) 56(5) 52(6) 200(17) - 13(5) - 14(7) - 2(8) 
C ( 4 )  4.60(.24) 54(5) 56(6) 172(I 5) - 14(4) 11 (6) 14(7) 
C ( 5 )  3-51(.16) 42(4) 50(5) 116(12) - 8(4) 19(5) 16(6) 
C ( 6 )  2-84(.15) 33(3) 40(4) 99(10) 9(3) 17(4) 7(5) 
C(7) 3.75(. 18) 34(4) 68(6)  128(12) 0(4) 9(5) 21 (6) 
C ( 8 )  4.09(.19) 41(5) 74(6)  132(14) - 4(5) 5(6) 16(8) 
C ( 9 )  4.06(.20) 41(4) 72(7)  124(13) - 9(4) 9(1) 2(7) 
C(10) 3.30(.18) 45(4) 63(6) 71(10) - 15(4) 5(5) 2(5) 
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T a b l e  4 .  Observed and calculated structure amplitudes for bis-(2,2'-dipyridyliminato)palladium(H) 
Each group is headed  by h and k. Subsequent  lines conta in  l, F~ and Fo. The F~ values have been scaled by a factor o f  1.94. 

The Fu values have been tagged with an X. 
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4.34 3 .56x 

88.14 73.23 
3 16.64 16.37 

85.?7 72.61 
-21.95 2 1 . 7 0  

7 5?.66 49.64 
14,07 13.79 
5~.02 57.71 

Io 2 

:~ 46.76 ,6.23 
.52 3.66x 

-,6 44.99 47.74 
- 17 ,~.6 19 .95  

-4 75.62 73.33 
:~ 1.28 3.83, 

I07.79 I05.60 
-1 -30.46 32,? 

0 9?.OO 8O.65 
-16.38 2 0 . 8 6  

84.61 113.19 
3 - 2 1 . 7  1 21.12 

61.85 59.66 
19.47 19.30 

61.63 5 5 , 9 0  
8 3?.38 3O.95 

# 12 2 

-1; 28.99 33.26 
-7  10 .95  14. 15 
.:~ 49.43 5 3 . 3 1  

-4 ql.31 7b.73 
2 -32.59 31.02 

: I00.89 9 8 . 5 8  
- l  -31.56 29.62 

90.08 I;4,33 
I -29.22 2~.83 
2 74.40 71.64 

-I0.39 12.05 
57.37 58,11 

- 1 4 . 3 I  14.09 
6 41.62 37.116 

14 2 

:~ 29.18 3o.12 
48.10 54.67 

-5 -~.70 IO,Sa 
-4 67.25 65.09 
:~ -.1~ 3.84~ 

57.25 62.69 
62.66 59.58 

-27.04 28.95 
54.67 56.72 

-23.95 19.32 
4 49.92 49.43 

21.83 16.36 

4 16 2 

-8 2 5 , 7 1  23.41 
:~ , , 8 8  42.55 

34.34 3~. ,1 
- 2  43.00 43.4~ 

43.57 4 6 , 1 8  
4 5 . 9 8  4~$. 54 
2 9 . 6 8  2 9 . 4  1 

18 2 

:~ 23.65 16.o3 
31.53 34.39 

-2 3 9 . 2 9  44.32 
0 40.25 39.15 
2 32.23 33.85 

-8 57 .411 69.27 
7 15.18 1~ - 
-6 82.61 81122 
-5 7.33 10.53 
:~ 79.62 74.9, 

- 5 1 , 2 4  6 5 . 3 2  
- 2  102 .96  9 ? . 6 9  
-~ 54.59 55.67 

152.25 136.11 
I 15 .85 14.79 

1 2 7 . 9 9  124.39 
-35.63 36.14 

4 109.28 93.46 
-45.58 45.75 

6 g0.16 95.q4 
-9.28 lO.14 

8 6R.21 51;.65 
109 1 .42  6.95x 

35 .2 . )  3 7 . 7 2  

# 3 3 

-~ 54.85 $5.27 
4 . 1 4  6 . 1 5  

_-~ 62.23 62.6° 
-59.34 68.42 

:~ 111.87 95.74 
30.1;0 37.88 

-2 189.06 157.75 
-o ~ -?2.50 75.81 

156,76 137.43 
2~ -6.611 8.25 

113.55 102.62 
3 -24.55 23. t'. 

143.04 II0.85 
- .53 3.23x 

6 81.39 78.42 
7 11.80 12 .90  
11 52.12 49.35 

5 3 

: ~  45.35 57.62 
-12.28 14.55 

: )  90,33 :8 
23.34 ~ . 1 9  

:~ 163.43 132.57 
-73.03 80.33 

-2  137.57 133.32 
- 1  -22.45 23.11 

o 101.95 106.90 
- 5 3 . 6 4  47.65 
142.23 136.07 

3 -7.97 11 .60  
90.52 66.311 

5 32 .411  34.22 
6 67,97 6 1 , ~ 0  
? 1,84 3.46~ 

30.71 211.99 

~' 7 3 

-8 61.65 7 5 . 1 1  
-7 14.28 15 .14  
: ,  88.92 8 9 : 6  

-¢ ,38 ~ .?*~ 
-4 93.94 1;5.18 
:~ 13.42 14.23 

77.89 69,65 
-~ -42.75 48.67 

116 .54  9 2 . 1 2  
- 2 8 . 9 2  3 4 . 9 3  

8 9 . 2 7  73.82 
3 -1 .65 8 . 0 0  

87.63 7 9 . 1 5  
65 - 2 1 , 1 0  22.60 

35.96 34.30 
7 -7 .80  3.68x 
8 3 9 , 4 7  3 9 . 1 9  

9 3 

:? 56.% 69.34 
- .86  3.62x 

-6 6~.63 65.10 
-5 - . 52  4.25~ 
-~ 59.24 61.16 

- I 1.05 14.65 
-2 q7.40 92.45 

"o' 9; . . . . . . . .  .60 8O .1111 
- 1 5 . 9 7  20.29 

8 6 , P 5  81.34 
3 -26 .42  23.70 

42.86 37.52 
- 16.1;3 21.05 

52.96 47.97 
7 8.87 11 ,1a  
8 4C.18 37.05 

p II 3 

-8  4 3 . 6 8  50.57 
-7 - 9 . 2 7  10.11 
-6 6 0 , 3 8  56.90 
:~ 1o .76  1o.99 

9 1 . 5 5  86.40 
:~ 2 . 7 ,  4 1 5 ,  

118.47 109.93 
-o[ -25.54 26.72 

74.42 77.90 
9.41 4.47x 

45.96 48.02 
4~ 4,114 4.33x 

49.70 411.59 
18 .95  14 .08  
43.59 3 5 . 3 5  

.~ 24.4 I 22 .7~  

# 13 3 

8 34.41 39.03 
-6 61.16 71.46 
5 6 . . . . .  6 ~  
-4 100.41  % . 7 5  
:32 -21 .52  26.91 

74.66 75.31 
- o  t 18.72 22.35 

73.06 65.81 
51.03 46.4~ 
10.42 9.26 

4 38.66 3 8 . 2 1  
18.55 17.07 

~' 1, 3 

-8 ~ 38 3o :3  
-6  47.37 50,66 
-4 41.57 4~.71 
-3 18,04 19.2~ 
-2 64.58 66.54 

o 53.72 57.64 
53.97 56.37 
29.36 25.7~ 
13 .15  7.94 

17 3 

:~ 23.711 23911 
34.91; 39.16 

-2 32.q4 36.92 
o 49.6o 50.67 

36,81 40.44 
4 26,07 24. 011 

4 19 3 

-2 36.3~ 37.30 
25.71 25.22 

0 4 

0 133.25 106.99 
-22.97 24.26 

93.60 84.16 
3 9.92 10 .68  

1 3 0 . 4 ,  I 0 6 . 3 1  
5 -42.84 46.57 
6 66.89 66.45 

-19.97 19 .37  
8 59.24 64.98 

.91 5.65x 
I0 3 1 . 3 1  34.49 

2 4 

-10 40 .6 ,  43.80 
:~ 66.73 69.28 

18.12 19.97 
.-; 98.22 97.9~ 

-23.67 24.14 
:~ 8o.62 67.58 

9.83 10.33 
:2  139.93 127 .75  

-22.05 25.89 
o 121.41 111.57 

-10.83 10.67 
% .78 88.53 

3 -38.92 45.21 
67.76 50.99 

-27.00 29.36 
79,34 78,34 

7 . 9 7  6.11 
8 41.10 3 9 , ~ a  
9 -4 .43  7.112x 
I0 28.29 2~,J6 

4 4 

:~ 54.~1 66.30 
-21.17 22.55 

.~ 71.19 71.24 
-4 .19  13.64 

:~ 162.69 138.74 
g.~::* I I  .~)9 

?,  139.77 128.96 
17.59 25.67 

0 66.37 61.81 
1 16.63 18.33 

5 0 . 8 9  53.44 
3 -3 .30  2.99x 

88.39 73.74 
5 20.98 22.50 
6 47.16 47.43 

4.24 3.44x 
45.67 44.511 

6 4 

: ;  50.68 65.82 
- 1 . 9 2  3.32x 

:~ 100.19 105.02 
7.39 3.72x 

: ,  12, 05 i o 7 . ~  
16",43 16.18 

-2 106.71 96.0~ 
-o] 24.49 24.69 

106.54 lO0. l l  
I 23.32 27.59 
2 102.29 87.85 

23.29 24.39 
4 63.35 5~,~3 
5 20 .7  1 2 3 . 6 4  

54.84 48.50 
-11.91 13.63 

8 28.45 27 . ,0  

8 4 

-8 53.45 67.55 
14.44 14.41 

73.39 75.65 
:~ 19.42 22.20 

73.73 72.75 
-3 2.19 3.60x 
-2 1o .... 1o,.67 
-I 9.47 5.61 

i0 122.33 97.36 
- 16.60 15.81 

2 1 1 5 . 1 2  1 0 1 , 1 3  
3 1 9 . 5 2  18.41 

62.64 61.25 
5 -23.76 23.41 

25,66 21.78 
8 30.79 31.42 

# IO 4 

-1; 4 9 . 0 8  6 1 . 3 1  

L H K Fo 
-7 5.05 3.70x 
-6 47.94 48.59 
:~ - 2 ,  4.57~ 

61.38 62.72 
-3 19.90 19.21 
:~ 89.27 94.23 

-16.13 19.30 
l l O l . 9 g  9 7 . 5 8  

22.16 22.25 
48.69 50.80 

-22.112 20.75 
41.52 36.46 
12 .09  12.91 
49 .% 45.20 
32.86 35.74 

¢ 12 4 

:~ 27.88 31.2o 
-15.82 18.59 

-6 46.95 50.17 
-5 1. '7 4.71x 
:~ 73.11 75.0, 

-5 .42  8.45 
:~ 6soo  63.97 

39.83 39.90 
30.23 31.q6 
16.90 14.65 
50.44 50.43 
24.59 21.78 
55.83 5 4 . ~  

2.34 4.44x 
6 41.61 34.04 

# 14 4 

:~ 29.56 33.45 
44.80 56.50 

:~ -9.14 12.21 
43,33 48,14 

:~ 13.44 14.59 
38.72 43.16 

- I  18 .85 22.34 
57.75 56.04 

1 22.22 24.87 
2 50.66 54.20 

14.84 14.119 
4 3 . 9 8  46.34 
12.17 14.31 

6 25.14 17 .15  

16 4 

-R 2 1 . 8 4  1~,91 
-6 26.91 29.68 
:~ ~ .38  39.17 

45.86 49.26 
0 45.33 46.94 
2 4 6 , 1 2  5 1 . 3 5  

2 6 , 2 6  26.2~ 

e 18 4 

-4 29.13 36,99 
-2 36.39 40.02 

2 36 . ,6  33.90 
23.79 2~,15 

# I 5 

:~ 48 .~  58.o, 
1 0 , 3 2  10.69 

-6 88.22 85.56 
:~ 37.49 4 o . ,  

129.79 108.17 
-3 21.84 23.~6 
-9  147.9~ l t ~ J 4  
-1 40. II 4 2 . 5 1  
o 17,.72 158.9, 

-14.21 1 6 . 1 5  
2 160.1;4 142.58 

- 4 . 7 1  2 . 9 3 x  
9 9 . 9 1  8 1 . 3 5  

-34.46 34.45 
64.81 62.7n 

- 15 .09  1 6 . 1 3  
8 4 2 . 1 6  4 3 . 7 4  

190 - .86 6 , 5 3  
19.33 20.12 

t 3 5 

:~ 60.99 71.27 
24 . ,0  23.93 

-6 51.32 51.~3 
: ~ - 1 4 . 4 o  19.,6 

105.110 91.20 
:~ 62.02 59.,7 

139.21 137.74 
- 1  26.06 26,07 

o 1 3 7 . 7 ,  139 .64  
70.24 6 9 . 2 1  
70.64 69.22 

3 -29.20 33.62 
96.03 80.~6 

5 - 14.20 16.54 
62.43 58.89 
-3.24 3 . ,2~ 
37.05 41.90 

5 5 

-~ 30.65 35.40 
-7 -26.84 25.18 
:~ 72.97 69.73 

29.60 37.54 
:~ ~.66 81.44 

12.44 13.~ 
-2 83.60 73.57 
-~ 74.15 73.42 

~19.20 52.30 
1 4.95 3.38~ 
2 124.05 104.01 
3 13 .49  1 3 . 3 0  

90. I 1 8 2 . 2 4  
6.40 4.18x 

72.93 67.0'~ 
I - 1 ~ . 8 2  18.17 

49.00 44.67 

@ 7 5 

-8 55.47 63.BI 
:~ 14.68 15.57 

73.88 77.53 
-5 3.48 4.19X 
-~ 80.55 74.11 

27.32 35.49 
-2 81.37 75.89 

- I  - . 26  3.71x 
0 107.73 90.35 

11.% 13.80 
96.78 8 9 . 6 2  

3 13.91 15.58 
9 1 . 6 1  78.L:~ 

6~ 4.58 4.53x 
49.95 44.00 

8 33.77 32.66 

9 5 

:?~ 43.82 53.88 
6.82  7.16 

:~ 62.42 64.76 
1 5 . 1 9  18.21 

-4 7 4 . 1 8  68.41 
-3 - .  18 3.98x 
-2 96.74 94.92 

-2 .33  4 . I ? v  
105.90 99.17 

2.67 4 .25x 
78.86 77.42 
15.80 14.82 
2 4 . 9 2  20.87 

- 1 2 . , 6  IO.OO 
35.17 39.18 
32.04 27.4 I 

4 11 5 

-8 31.47 55.45 
-6  3 3 . 8 1  34 40 
-$ -3 .39  4171X 
-4 59.66 64.36 
-3 6.00 8.37 
2 83.83 8 . . . .  
-1 9.08 12.54 

I 18 .86  22.90 
32.20 2 9 , 7 5  

-23.60 19.10 
52.54 47.63 
41.10 37.36 

# 13 5 

23.64 18.82 
38.65 44.41 

:~ 4 2 . ~  , o 5 6  
2.56 4.40x 

-2  28.28 30.00 
- o  1 13.67 18 .35  

38.62 41.40 
1 - 13,7 I 12.91 

63.72 6 , . 60  
3 3.13 4.24x 

,5 .76  53.30 
39.08 26.62 

,~ 15 , 

:~ 27 .=  28.41 
32.23 34.03 

-4 3 1 . 3 8  3 6 . 9 1  
-O2 43.29 44.12 

46.81 311.91 
2 48.46 51.12 

38.07 41.46 

¢ 17 5 

.-6 27.58 23.86 
-4 40.24 44.89 
-2 39.37 44.47 

0 43.83 37.50 
2 28.47 30.118 

# o 6 

o 179,45 164 .05  
] - 19 .07  IT,36 

178.9, 149,85 
3 22.08 20.76 

108.55 sg . .R 
17.70 ~ .08 
67.33 6 2 . %  

7 9.2B 10.77 
8 43.56 47.12 

19 11 ,21  1 1 , 5 2  
20.50 20.83 

e 2 6 

- IO 28.96 30.10 
- 8 , 3 9  7 .,3, 
47.38 49.08 

7.59 3.44~ 
55.49 ~G,69 

:5 -1 .17  3.84, 
9 5 . 0 7  84.31 

-3 2.73 3.19x 
-2 1 4 0 . 6 9  124.70 
-~ -4 .12  6.24 

18 1 . 8 ,  166 .12  
1 5 8 . 3 ,  6 9 . 3 2  

151 .52  131 .69  
3 30.59 34.53 

109.0B 9T .25  
5 -7 .oo 3.99~< 
6 82.29 qO.Ol 

13 .98  1 3 . 0 9  
g 3 7 . 1 8  39.0S 
9 "T,54 7,14X 

10 24.29 17 ,58  

4 6 

:~ 36.51 41.13 
8.02 6.83 

-6 54.35 49.08 
:~ -3.12 3.79,, 

9 2 . 0 8  86.07 
:~ 8.40 3.36~ 

1 2 4 . 3 3  115.54 
- I  29.64 3 5 . 8 3  

0 1 1 5 , 8 9  105 .78  
1 - 6 . 6 2  8.30 

128.55 108.48 
3 -25.38 19.50 
4 116 .55  97.44 
5 6 .42  4 .26x 

73.22 67.22 
- I0.79 12.34 
48.02 47.71; 

e 6 6 

:~ 35.62 40.47 
-4 .59  3.62x 

-6 72.72 72.82 
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-5 25,37 28.42 
-~ 53.63 77.34 

27.46 35.47 
93.99 ,=;39 

-10.06 I t . 9 ~  
1 I13"6R 96.34 

*23.53 27.99 
2 113,76 I06,3a 
3 -23,24 20.3~ 

97.~'7 81.15 
-3 .52  10.76 
63.35 60,23 

8 43.3~ 42.16 

:~ 41.67 4 4 o ,  
3.50 3,79x 

-6 54.93 57,36 
-5 15.01 17.59 
-4 72.37 74,10 

~ i . . . . .  958 
95,76 9].12 

-1 27.1S 25 ,55  
I06.39 96,37 
-5 .o2 4 .25x  

I I I , 6 ~  99.14 
33.51 25.55 

4 59,03 56,58 
48,69 45,85 
31.32 28.92 

# IO 6 

:~ 31.49 37 . , ,  
6.57 3,62~ 

-6 37.54 45. I I 
- ,  , o5  4 7 : ~  
- 4  62.72  64.15 :~ ,4 2, , 4 4  

82:97 81.15 
-I 9.61 4.55x 

105.56 90.77 
9 69 04 62,40 

58:20 55.74 
3 -2 .43  4.39x 
4 57.54 53.76 
6 41.89 41,80 
8 29,30 25.41 

# 12 6 

:~ ~,.22 23.32 
-1 .34 3.2=~x 

:~ 35.51 4 2 7 ,  
1,35 4.40x 

-2 63.95 63.05 
-~ 30.68 34,17 

45.71 46.64 
I - 2 0 . 1 5  23.39 
2 61.01 61.90 

-3,60 4.29~ 
4 54.75 56.54 
6 39,69 38.23 

13 6 

-4 -45.13 ~)5.7~ 

# 14 6 

8 27.4,  2 9 , ,  
-6 35.57 40.36 
-4 41.12 44.99 
- 2  38.05 41.51 
-1  -18,83 24,08 
0 46,64 45.52 
I -7.75 6,~6 

45.00 47,90 
41.24 41.79 

6 2~.16 15.76 

# 16 6 

27.93 . . . . .  
37.44 43.37 

-2 38.03 38.54 
39.00 37.49 

2 34.23 34.69 
20.~9 15.46 

# 18 6 

28. ' ; I  25.01 

-R 44 74 45,62 
:~ -9"39 8.58 

45;64 43.15 
:~ -1.31 4.16. 

51.5O 5O.5O 
-3 -20,26 21 .~a 
-2  109.32 90.47 
-01 -15.51 2O.28 

103.94 90.39 
[ - 6 ,02  5,11 

105.44 89.36 
3 37,77 35.96 
4 75.38 64.45 
6~ 16.20 17,92 

74.20 68,B0 
11.36 t0 ,13  
47.08 45.09 

19 o 8 78 5.7: ix  
26"57 25,02 

• 3 7 

:~ 37.63 44.48 
2~.80 25.72 

-6 45.00 46,37 
-5 -15.37 18,29 
:~ , , 9 5  86.4o 

-.69 3.55x 
-2  ~7,45 78 .46  
-1  -12.10 20.37 

0 122.72 107.55 
! 27.52 31.59 
2 IOI,q4 54,13 
3 -24.4~ 24.73 

100.97 79,50 
6~ 3.40 4 .53x 

76,28 69.43 
1o,15 IO,1~ 
39,95 39,40 

5 7 

:~ 26.32 3o.78 
-25.03 25.40 

_~ 71.34 71,05 
7,8O 4.38~ :~ 79.,9 79.94 
5.48 3.7~x 

-2 123.07 117.17 
- /  25,13 31.7"3 

I05.45 $4.21 
1 -34.17 39.90 

100.08 84.95 
3 -F.43 7.63 

58.74 75.64 
-5 .92  4,58w 
47.32 46,6 ] 
3~ • 37 36.11 

~, 7 7 

-~ 33.46 3,.05 
-4 .22  3.7')Y 

-6 40.94 41.04 
5 , 9  . . . .  5 .  
-4 67.95 69.92 
:~ 5o9  7 0 ,  

qi.63 75.56 
-01 - 15.27 17.9`) 

105.57 94,7A 
I 3.o9 4.29x 

108,16 59.21 
3 6,66 4.21x 

64.13 56.73 
18.00 20,41 
50,14 4~.69 

8 35.67 33,74 

9 7 

:g 25.66 3o68 
27.87 33.67 

-5 - 4 . 5 2  4 . 7 I x  

-21.54 21,25 
-2  67,57 66.33 
-1 -12,71 14,72 

90,19 77 .4 ]  
I 17.76 22.a3 
2 91.95 78.14 

39.9=; 34.26 
77,1'}  6q.25 
61.42 56.41 

5 32.54 27.5') 

# 11 7 

-~ 23.96 25.99 
32.65 4').13 

:~ -9.93 ,o.97 
48.25 51 .~ I  

-3 -10.61 14. ¢~ 
-2 53 .65  53,69 

1 75.6~ 71.66 
14.83 17.90 
67.12 62.33 
-I=;,36 16,3 ~. 

4 71.05 64.65 
6 45,9"~ 42.76 

# 13 7 

-~ 22.53 2,.14 
38.91 47.92 

-4 45.35 50.52 
:23 ,1.9, ,29o 

63.18 65.70 
0 44.16 41,63 

-23.77 26,05 
51.7r~ 50.16 
-3.50 3.93,' 
40.90 36.71 
30.61 22.24 

# t5 7 

-~ 22.~9 19.67 
-6 2?,90 26.16 3990 49.12 

31 .19  31.16 
0 40.40 43.29 

37,07 36,90 
4 2"/.25 22.27 

# I? ? 

:~ ,9 .79 ~,.54 
25.62 29.35 

2 29.61 25.36 
26.91 22.59 

92.99 51.19 
4.44 3.56x 

99.9~ 92.28 
- I .05 3.82~( 
43.27 47.49 
-3.15 4,47v 

6 66,75 65.54 
7 - 1 0 . 7 0  11,77 

49.31 51.41 
.92 4.37y 

IO 26.10 21.21 

2 8 

-!0 21, 22:6 
5.64 6 .37x  

357~ 4022 
13.34 13.59 

:~ 36.29 39.95 
4.92 4,47Y 

4 ,04 ,5 93.39 
-3 -24.99 23.65 
-2 99.97 94,q5 
- /  -31.58 34.38 

I08.45 98.65 
-23.45 24,07 

73 .19  70.29 
3 - 14 ,62  16,53 

53.55 75.77 
5 -16 .04  18.45 

65,2R 64.17 
11,50 11.54 
40.47 38.64 

Table 4 (cont.) 

L H ~o ~o 
4 5 

-~ 25.06 31,29 
-7 -5 .55  3,70x 
:~ 63.71 65.56 

-20 .22  25.53 :~ 73.60 76:1  
-? .55  13.54 
9°.,3 99.09 

1.21 4.25~r 
o 115.59 1oo. v) 

- 19.02 20.73 
I05.10 84.4 ° 
-29.21 22 ?2 

84.31 7Z.74 
52.59 51.5~ 

, 25,38 19.82 

6 8 

35.74 37.1~ 
" i  -1~ .9  ~' !8.41 
• .6 4?.57 45.90 
:~ -11.49 13.36 

55.17 55.64 
-3 -1.51 4.15~ 
-2  72.62 75.51 
-1 -16.48 20.01 
I0 79,91 63.08 

-15 55 16.96 
2 89:57 80.64 
5 -4.61 4.26~r 

72.27 63,94 
6 51,20 30.15 
5 35.16 30,55 

5 8 

-~ =1.57 , 6 2 2  
-7 .90 3.55v 
-6 42.75 44.83 
5 .... i 4.70. 
-4 44.56 42.22 
-~ -35 ~9 32.~3 
-2 50.00 41.29 
-1 -39.34 39.01 

50,77 49.83 
1 -31.10 30.64 

5~.16 53.41 
3 IO. 15 IO .75 

39.61 39.65 
62.71 62.39 

5 31.65 27,a~ 

# lO 5 

:~ 3c.47 3~84 
6.57 3.26~ 

-6 42.31 45.65 
-5 -16.21 20.95 
- ;  ,8.65 61.49 

-29 .72  31.23 
-~ 45.4° 38.74 

-4 1.87 44,03 
54.23 47.66 
-3 .29  4 .75x  
43.22 43.03 
-20.59 21.77 

4 60 .n l  61.43 
6 34.17 29.6C 

# 12 

-~ ~ .26  29.94 
-6 41.43 46.46 
5 . . . . .  i . . . .  
-4 43.37 50.37 
-2  67,01 68.48 

60.19 53.99 
I -24.34 27.86 
2 49.1~ 45.93 

31,03 27,92 
6 26.2¢3 23.4=; 

# 14 5 

:~ ,879  ,745 
26.54 30.37 

:~ 45.93 5o.75 
47,80 51,25 

0 39.05 45.91 
2 39,93 40,92 

30,2R 29.01 

,~ 16 B 

-4 23.q2 26,82 
-2 22.15 22.40 

o 34.69 34.95 
2 32,67 27 .~2 

t 1 9 

:78 47.57 5o.67 
.2~ 3.64",( 

57.23 57.55 
"~ .1.61 4 . 6 .  
:~ 85.05 7~.33 

-22 ,23  20.64 
-2 129.3~ 117.95 
-~ -2 .41 4.21~ 

97,93 94.83 
1 7 . 5 9  4.23~ 

67.13 70.50 
5 -6 .56  4.11x 

55.94 53.34 
5 -11 .96  14.R7 
6 61.42 59.19 

-.65 3,63x 
5 40,66 59.56 

# 3 9 

:~ 37.58 42.,3 
- 9 . 1 3  5 .00x  

-6 65,49 65,72 
- - 4 ~ - 3 6 . 6 5  42.38 

118.96 103.32 
-3  -22 .90  27,20 
-~ 91.32 ~6.22 

- 14.04 16,69 
98.24 90:43 

5,02 4 .32x 
2 72.12 65.51 
3 - 3 . 0 6  4.21~ 

57.14 54.27 
5 13,26 15.26 

46,12 46,99 
7 11.35 11.29 
5 25.21 2?.75 

* 5 9 

:~ 41.70 41.96 
-12.61 16.32 

-6 69.31 66.91 
5 9 8 .  15 5o  
- 4  56.20 55.43 
-3 - 17.95 19,5~ 
:~ , 303  , . 1 7  

-4.15 4.49~ 
o 59.10 ~1,45 

-22.02 23.09 
78.99 75 .15  
I ] .53 9.94 

4 71.49 59.95 
5 16.66 20,36 
6 23.99 25.00 

13.55 13.01 
5 23.69 26.91 

# 7 9 

:~ 44.72 47.64 
9.05 3.55~ 

-6 51.67 58.09 
:~ 11.4o 14.12 

71.41 73.34 
:~ 12.75 7 .7 ;  

69.57 62.74 
-01 -27 .12  29 .2 ]  

70.22 64.59 
-14 .43  19.00 
70.60 68.14 

3 -9.38 12.67 
30.87 31.66 

.39 4 .55v 
6 3=J,50 41.93 

26.57 25.12 

I 9 9 

-q 40.25 40.4D 
:~ 5.62 9.3o 

57.13 57.06 
:~ 11.48 16.98 

69,79 ~0.35 
-3 -7 .23  4 ,40x 
-2  69.50 67.56 

o 411.57 49.32 
1 - 10.29 11.95 

30,75 29.54 
3 -12.17 13,23 

35.75 37.57 
5 -19.20 20.95 

32.68 25.27 

¢ 11 9 

_-~ 31.73 29.51 
46.76 47.52 

-5 -5 .34  12.57 
:~ 55.15 65.31 

-6 .37  4 ,21x 
-2O 43.73 49.04 

55.57 55.35 
39.00 40.70 
-5.55 3.94"," 

4 29.07 30,6 1 
15.52 :5.02 

# 13 9 

:~ 22.49 17.43 
29.59 31.29 

-4 30.63 32,93 
-o 2 57.29 60.09 

35,62 35.18 
2 36.14 36,09 
4 25.52 25.25 

# 15 9 

:~ 39 :0  43.17 
23.59 24.6 ¢j 
33.58 32.09 
30.22 28.50 

# o IO 

0 77.10 74.99 
26,05 27.07 

2 91.03 55.05 
- 1 . ~  4.32w 

4 40.38 38.70 
5 -5 .40  4.71~ 
6 49.33 5 1 . 0 2  

-6.31 3.30x 
8 33.30 34.77 

# 2 IO 

:~ 42.49 41.95 
-11.35 12.26 

:~ 40.83 42-,, 
-14.43 19.38 :~ 80.07 76.63 

-6.01 7.50 
:~ 56.84 56.36 

51.45 47.51 
63.24 64.22 
25.05 25,15 
40.18 37.16 

8.93 8.43 
4 56.07 57.15 
5 -6 ,34  5.13 

44.16 46.16 
8 31.44 29.54 

# 4 1o 

- ;  "40.68 41.50 
-11.3~ 12.60 

-6 65.56 69.82 
:~ -8.4o 135o 

53.31 51.59 
-~ iO.Ol 5.46 

45.34 42.98 
-1 16.44 15.97 

o 37,22 39.49 
23.79 23.7~ 
43.77 39.43 
16.34 14,00 

4 47.40 45.00 
21.58 25.09 
44.50 46.71 

8 29.22 26. I.~ 

• " ~ ro 
# 6 10 

-~ 34.51 35.42 
4 .32  11.12 

45.37 50,44 
1 6 2  463~ 

- 4  56.39 55.60 
-2  7 0 . 0 4  63.04 
- I  2 ,33 4.71x 

o 63.90 59.93 
1 2.19 4.71x 

55.76 57.93 
3 26 .05 23.04 

45 =7 45.43 
9 19191 24,39 

25 .~0 29.12 
8 32.~7 27.75 

• 5 lO 

31.43 33.32 
41.67 48,79 

-5 15 .31  21.99 
- 4  65.94 77.55 
-2  77.73 74.76 
-ol 7.15 4.73w 

72.29 71.97 
1 18.11 15.52 

59.55 58.46 
4 31.17 31.12 
6 37,77 34 ,.';~ 

# 1o IO 

-q 28.19 27.09 
: ,  42.70 46.59 

52.90 62.23 
47.47 
15.28 17.66 

0 53.97 59.93 
9.14 7.77 

2 43.45 46.67 
45.14 44.75 

6 20.04 18.55 

12 1o 

:~ ~.14 23.53 
33.22 34.77 

31.29 29.62 
", 40.43 42.75 

0 39.31 37.38 
37.33 38.17 

4 28.93 2? .04 

# 14 1o 

:~ 37.36 3~., 
39.94 40.52 
32.57 25.75 
32,90 31,90 

I 11 

-5 25.74 25.18 
-7 11.08 10.05 
.~  31.91 30.87 

1 . 5 6  4 . 5 9 ~  
-4 43.34 43 .°~9 
-3 -17,40 17.09 
-2  59.15 57,40 
- I  8.58 12.~8 

67,65 67,04 
2~.07 30.59 
72.16 68.76 

5 -3 .51 4 ,40x  
53.50 57,59 

6 42.29 42,55 
8 26.92 26 .~6  

# 3 11 

:~ 3,.34 29.17 
2.72  3.27.~ 

-6 33.06 36.03 
-5 10.73 4 .57x  
:~ 40.20 45.22 

2q.50 30,09 
2 3303 . . . .  0 
-1 25.79 28.56 

48.72 45.42 
-9 .04  4 .71x  
55.53 52,00 

-22.49 22.56 
4 59.94 61.7.~ 

52.2'8 53,69 
8 , ~ . 0 1  27.75 

¢ 5 11 

25.60 25.49 
43.01 44.75 

:~ 1416 1777 
36.49 40.29 

- 3  16 . ~ 2  16.57 
-2  41 .57 35 .73  
-Of 5.39 4.73x 

43.34 45.85 
-16 ,~3 14.50 

45.17 42.98 
3 - 8 . 1 6  4 .35x  
4 56.24 57,1~ 
8 40.25 40.05 

38.57 34.55 

# 7 11 

:~ 27.10 27.09 
33.62 37,57 :~ 48.9, 52.69 
58.35 57.53 

-o [ -I 1,oo 14.33 
5 1 . 3 0  51.94 
12.50 9.01 
54,74 54.36 
37.31 34,73 
40.36 38.7'~ 

# 9 11 

-8 21.97 25,57 
4 34.64 36.96 

- 47.42 53.~3 
-2 52.52 49.96 

53.49 61.54 
9.33 ~.49 

2 48.54 45.14 
41.33 40.80 
26 .19  21.47 

L H ~c Fo 
11 11 

- ,  29.95 29.04 
40.35 46.01 

-2  43.55 42.69 
o 49,63 49.34 

4L,17 36.62 
4 35.72 31.23 

e 13 II  

:~ 32.14 3, o4 
45.14 49.56 
36,00 35.11 
38,11 29.65 

F 0 12 

40.64 44. ~! 
27. 13 31,37 

2 66.34 67.04 
3 4.40 4,32x 

52,91 52.54 
6 46.24 48.8~ 
7 o 1 1 . 4 4  1 1 , 4 5  

# 2 12 

:~ 7.71 2.66, 
38,55 38.85 

:~ 55.41 58.92 
-9.66 11.83 

-2 54.83 58.84 
-o I 13.93 20.44 

82.94 78.39 
1 -I I,O7 13.54 

63.15 61.23 
3 -14.21 I I . I ~  

55.56 56.55 
6 3~.52 38.35 

4 12 

l . . . .  2.53, 
36,34 34.37 

59.18 54.96 
:~, 2o.2, 19.34 
-2  78.79 86.13 

75.73 ?8.52 
-22.94 24.71 

2 71.32 69.5n 
3 - 2 , . 6 5  26.52 

49.61 51.60 
6 35.29 35.39 

# 6 12 

~ 42.89 45.73 
50.11 56.1~ 

-2 60.84 65.75 
62.63 62.60 

-13.97 14.62 
52.68 59.13 
45.0~ 4~.53 

6 34.47 31.16 

F ~ 12 

-6 30.20 34.07 
-4 45 3 5  50.92 
-02 45.96 53.46 

46.79 4~.96 
15.q~ 15.21 
52.61 50.70 

4 40.67 40.32 

# 10 12 

-6 25.37 21.9~ 
:~ 3 3 : 2  42.79 

47.65 53.63 
0 55.64 54.12 

42 .79  43.61 
4 34.73 2:J.09 

# 12 12 

:~ ~ . ~  31.38 
39.65 48.50 

0 38.02 39.18 
38.65 35.14 

1 13 

-64 4 1.49 36.03 
54,45 52,65 

-3 -1 .94 4 .03x  
46.9o 48.34 

1.83 4 . 5 ~  
0 56.82 58 .03  

66.86 65.73 
3 -7 .87 11.33 
4 52 ,38  52,  g2 

35.25 33.12 

# 3 13 

-6 33.09 32.33 
-4 44.16 46.95 
:~ 7 2 . ~  74.91 

13.62 13.67 
o 7 7 . 6 3  73.35 
2 64.50 64,73 
4 - 3 . 1 9  4.21x  

4 4 . 2 ~  4 6 . ~ ?  
6 29.95 25.S5 

# 5 13 

: ,  32.64 30.93 
54.72 55.5'3 

2 65.21 61.81 
"o 67.07 66.92 

51.89 54.50 
9.69 12.07 

40.81 41.90 
28,04 22.~9 

7 13 

-6 30.06 27.52 
:~ ~,.35 4o.31 

43.28 51 .88  
0 35,35 37,55 
2 46.21 42.61 

41,67 38.01 

L H ;c Fo 
# 9 13 

-4 24.91 29.41 
-2 25.97 38.27 

40.64 41.36 
2 40.12 40.47 

33.76 25.52 

o 11 13 

-2O 33.97 37.71 
30 ,12  26.16 

2 28.04 21.25 

i o 14 

0 45.29 52.56 
1 9,66 4.10~ 

57 .53  61.5.5 
3 -3 .37 3.54'* 

49.04 51.25 
4.33 3.00 't 

6 31.75 22.37 

e 2 14 

-6 33.? I 25.36 
-5 - 1 . 4 2  3.00",' 
• 3 . . . .  3 . . . .  
-3 -19 .53  19.63 
-2  42.35 45.41 
- /  - 1 .8o  4.05x 

62.67 65.4') 
56.16 56.52 

2.66 3.45). 
4 43.53 43.00 

# 4 14 

:~ -15.89 1 , : 9  
36.85 39.44 

-2 51 .48  57.q l  
-I 1.67 5.90x 

49.51 45.57 
2 46.05 47,11 

32.39 34.5') 

F 6 14 

-~ 33.38 33.94 
39.82 47,06 

-o I -1 .95 3..59~' 
42.12 39.58 

2 37.23 34.57 
.',6.73 28.35 

8 14 

25.~4 26.32 
27.53 33.57 

-1 -9,R7 12.65 
0 34.88 35.11 

38.64 38.39 

# 1o 14 

-2 o 28.64 2".59 
2~ .71 23.05 

# I 15 

:~ 42.06 37.02 
-4 .89  2 . , 3 x  

-2 36.89 39, ';'~ 
2 39.49 43.03 

39.08 43.51 
3 6 70 2 .77v  

54:32 30.30 

# 3 15 

-4 29.81 31,37 
:~  -1 , .0 ,  13.69 

42.01 50.45 
38.00 37.58 
36.56 37.94 

3 3.31 2.54~ 
23.38 16.94 

# 5 15 

_-~ 33.~ 27.~ 
35.2"/ 40.6q 

0 42.25 40.97 
2 32 .¢J7  34.94 

# 7 15 

-20 40,09 40.13 
35.52 35.05 

t o 16 

o 28.34 29.86 
26.50 25.87 

# 2 16 

-2 24.94 24.38 
o 24.49 25 .0 ,  
I 7 .99  2.28w 
2 2? .54 23.98 

e 4 16 

o 25.09 24.32 
2.64 1.67x 

A C  1 8 - - 2 "  
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T a b l e  5 (a ) .  Bond lengths in bis-(2,2'-dipyridyliminato)palladium(H). Comparison of  dimensions of  averagedpyridyl 
rings with corresponding bonds in pyridine. 

Pyr idyl  ring A Pyridyl  ring B Average  Pyridine1" 

B o n d  

N(1) -C(1)  
C(1) -C(2)  
C(2) -C(3)  
C(3) -C(4)  
C(4) -C(5)  
C(5) -N(1)  
C(1 ) -N(3)  
P d - - N ( 1 )  

^ ^ ^ 

Length  la tr(la) B o n d  Length  In tr(ln) "I= ½(la + In) tr(l)* • Bond  

1"361 ,~. 0.015 A N(2)-C(6)  1"377 A 0"016 A 1.369 ,h, 0"011 ,~, N - - C ( a )  
1"398 0"016 C(6)-C(7)  1"408 0"017 1"403 0.011 C(a) -C(b)  
1"409 0"020 C(7)-C(8)  1.399 0"021 1"404 0"014 C(b)-C(c)  
1.398 0.022 C(8)-C(9)  1"417 0"021 1-407 0.015 C(c) -C(b)  
1"379 0"020 C(9)-C(10)  1"367 0"018 1"373 0"013 C(b) -C(a)  
1"363 0-017 C(10)-N(2)  1"364 0"016 1"364 0.011 C ( a ) - N  
1"373 0"016 C(6) -N(3)  1"327 0"016 1"35 0"015 
2-022 0.009 P d - - N ( 2 )  2-022 0.011 2.022 0.007~ 

* tr2(l) = ½[tr2(/a) + tr2(/n)]. ~ tr2(/l-2, 2-3) = ¼[tr2(1) + tr2(3) + 4tr2(2) cos 2 ½#]. 
t Bak  et al. (1954). S.d. 's  o f  all bond- lengths  =0 .005  A. 

^ 

Length  1 

1.340 A 
1-390 
1.400 
1.400 
1.390 
1-340 

T a b l e  5(b) .  Bond angles in bis-(2,2'-dipyridyliminato) palladium(H) 

Pyridyl  ring A Pyridyl  ring B Pyridine 
^ ~ _ Average  ^ 

Angle  0a Angle 0n 0 = ½(0a + 0B) Angle 0 

Pd  - - N ( 1 ) - C ( 1 )  119-6 ° Pd - - N ( 2 ) - C ( 6 )  118.9 ° 119.3 ° 
Pd ~ N ( 1 ) - C ( 5 )  119.7 Pd - - N ( 2 ) - C ( 1 0 )  120.5 120.1 - -  
C ( 1 ) - N ( 1 ) - C ( 5 )  120.4 C ( 6 ) - N ( 2 ) - C ( I 0 )  120.1 120.3 C ( a ) - N  - - C ( a ' )  116"7 ° 
N ( 1 ) - C ( 1 ) - N ( 3 )  124.0 N ( 2 ) - C ( 6 ) - N ( 3 )  124-6 124"3 - -  
N ( 1 ) - C ( 1 ) - C ( 2 )  119"4 N ( 2 ) - C ( 6 ) - C ( 7 )  119"0 119"2 N - - C ( a ) - C ( b )  124.0 
N ( 3 ) - C ( 1 ) - C ( 2 )  116.5 N(3 ) -C(6 ) -C(7 )  116.4 116.5 
C ( 1 ) - C ( 2 ) - C ( 3 )  118.9 C ( 6 ) - C ( 7 ) - C ( 8 )  120.0 119.5 C(a)-C(b)-C(c) 118.6 
C(2) -C(3)  -C(4)  120-9 C(7) -C(8)  -C(9)  119.1 120.0 C(b ) -C(c ) -C(b ' )  118.1 
C ( 3 ) - C ( 4 ) - C ( 5 )  116.8 C(8 ) -C(9 ) -C(10 )  118.7 117.8 C(c)-C(b)-C(a) 118.6 
C ( 4 ) - C ( 5 ) - N ( 1 )  123.0 C(9 ) -C(10) -N(2)  122.3 122.7 C(b)-C(a)-N 124-0 

C ( 1 ) - N ( 3 ) - C ( 6 )  123.4 - -  123.4 
N ( I ) - P d  - - N ( 2 )  85"6 - -  85"6 

Es t imated  s tandard  deviations,  tr(0): Light  a tom- l igh t  a tom- l igh t  a tom,  1.2°; Pd- l ight  a tom- l igh t  a tom,  0.9°; 
light a t o m - P d - l i g h t  a tom,  0.6 °. 

T a b l e  6. Details of least-squares planes 
The planes Ix'+ my'+ nz'+ k = 0 are referred to o r thogona l  axes. The t rans format ion  f rom fract ional  cell coordina tes  (x, y, z) 
is x ' =  ax + cz cosp, y ' =  by, z'= cz sin ,8. The  weight  w of  an a t o m  in the calculat ion varies as its (coordinate  s.d.)-2. Starred values 

co r r e spond  to  deviat ions o f  a toms no t  included in the least-squares calculation.  

Plane l m n k 
1 + 0"11571 - 0"01039 + 0.99323 - 1-19085 
2 - 0.34527 - 0.44320 + 0.82726 + 4-96150 
3 - 0"14810 - 0"24133 + 0.95908 + 1.79118 

Est imated 
Devia t ion  f rom plane (A) coord ina te  

A t o m  1 2 3 s.d.(A) w 
Pd  - 0.3660* - 0.5278* - 0.8904* 0.000 - -  
N(1) - 0"0240 - -  - 0"0068 0"009 256 
N(2) - -  - 0"0477 + 0"0070 0"011 178 
N(3) + 0"2538* + 0.2339* - 0"2094* 0"011 - -  
C(1) + 0.0449 - -  + 0.0097 0.012 154 
C(2) - 0"0369 - -  m 0"016 89 
C(3) - 0.0128 - -  m 0"015 96 
C(4) + 0"0185 - -  - -  0"014 111 
C(5) + 0"0104 - -  - -  0"013 142 
C(6) - -  + 0"0446 - 0"0099 0-011 196 
C(7) - -  - 0 " 0 1 4 8  - -  0"013 135 
C(8) - -  - 0"0343 ~ 0"016 85 
C(9) - -  + 0"0306 ~ 0"014 111 
C(10) ~ +0"0213 ~ 0"012 158 

Angles be tween planes:  1 2 
2 38"2 ° 
3 20"3 ° 17"9 ° 
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tween these deviations is due to an additional defor- 
mation which bends the C-N(3) bonds 'up' and N-Pd 
bonds 'down' with respect to the pyridyl planes. This 
causes the deviations of N(3) from planes 1 and 2 to 
be +0.25 and +0.23/~ respectively, while the palla- 
dium lies at -0.37 and -0 .53/~ from these planes. 
The distortions in the bottom ligand of Fig. 3 are in 
the opposite senses to those described. 

The pyridyl rings themselves are not strictly planar. 
The maximum deviations A from planes 1 and 2 occur 
for the four atoms which are common to the pyridyl 
and chelate rings. For these atoms the ratios of d to 
their averaged coordinate s.d.'b lie between 2.6 and 4.3. 

Fig. 3 illustrates the arrangement of the complexes 
and the intermolecular contacts shorter than 3.7 A. 
All contacts shorter than 3.7/~ are listed in Table 7. 
The shortest approach between ligands of the same 
molecule (3.01/~) is C(5)-C(10'), indicating overcrow- 
ding of the attached hydrogen atoms. 

Table 7. Non-bonded contacts 
in b is-( 2,2'-dipyridyliminato) palladium( H) 

The superscripts refer to the asymmetric units as follows: 
-- x, y, z 

' 1 - x ,  1 - y ,  
" x, I --y, ½+z 
"" l - x ,  y,-)c-z 
i,. ~+x, ½+y, z 
v ½+x, ½-y, ½+z 
vi -~-x, ½--y, 

Intermolecular contacts Distance 
C(9) N(3") 3.62/~ 
C(9) 
C(9) 
C(10) 
C(10) 
N(2) 
N(3) 
C(5) 

C(9) 
C(8) 
C(8) 
C(7) 

C(6") 3.41 
C(7") 3.52 
N(3") 3"53 
C(6") 3"57 
C(5'") 3-53 
C(5'") 3-66 
C(6'") 3-39 
C(4 iv) 3.56 
C(3 iv) 3.68 
C(3") 3.62 
N(3 v~) 3.59 

Interligand contacts 
C(5). ' '  C(10') 3.01 /~ 
N(1). ' '  C(10') 3.13 
N(2) • • • C(5') 3.12 
N(1)-.. N(2') 2.97 

D i s c u s s i o n  o f  the  structure 
Molecular geometry 

The palladium-nitrogen bond length in this com- 
plex is 2.02 A, which is in agreement with the sum of 
the single-bond radii of palladium(II) and nitrogen, 
1.31 and 0.70/k (Pauling, 1960). Similar values of 2.01 
and 1.99 A respectively have been reported in bis-(N-n- 
butylsalicylaldimino)palladium(II) by Frasson, Panat- 
toni & Sacconi (1963) and in bis-(3-hydroxy-l,3-diphe- 
nyltriazine)paUadium(II) by Meyer & Simonsen (1963). 

The right-hand side of Table 5(a) contains compari- 
sons between the bond lengths in pyridine (Bak, Hau- 
sen & Rastrup-Anderson, 1954) and the averaged bond 
lengths in the pyridyl rings of this complex. As in 

. . . . . . . . . .  I  .oS\ ......... . .. . 

Fig. 3. Packing and contacts in the crystal of bis-(2,2-'dipyri- 
dyliminato)palladium(II). Atoms of the dotted complex are 
at ½+z. 

pyridine, the bond lengths in the averaged pyridyl ring 
increase with increasing distance from the nitrogen. 
The effect is not symmetrical, no doubt owing to the 
effect of the bond to the imide nitrogen on one side 
of the ring, The averaged pyridyl nitrogen-carbon 
bonds are 0.029 and 0.024/~ longer than the corres- 
ponding bond in pyridine. On the basis of the present 
conservative calculation of the bond-length s.d.'s, this 
lengthening is only at the threshold of statistical signi- 
ficance (to = 2.4, 2.0) (Cruickshank & Robertson, 1953). 

The correlation between the bond-angles in the pyri- 
dyl ring and pyridine is poor. This is to be expected in 
view of the unsymmetrical environment of the pyridyl 
rings. 

The averaged imino-nitrogen-carbon bond-length, 
1.35/k, is normal for C-N in aromatic compounds 
(cf. 1.346/~ in acridine (Phillips, Ahmed & Barnes, 
1960); 1.335, 1.355/~ in phenazine (Herbstein & 
Schmidt, 1955); 1.340 in pyridine (Bak et al., 1954)). 

Relation to similar overcrowded molecules 
The configuration of the title compound (I, below) 

is found also in (II) theft form of 9,9'-bixanthenylidene 
(Mills & Nyburg, 1963), in (III), bianthronyl (Harnik 
& Schmidt, 1954) and in (IV), 9,9'-bifluorenylidene 
(Nyburg, 1954). In each of these four compounds, 
repulsion between hydrogen atoms causes the folding 
of a system of three linearly fused rings. 

A comparison of (I) and (II) reveals a remarkable 
similarity of their space groups, unit-cell dimensions 
and atomic arrangements. The crystals are isomor- 
phous, the ethylenic bridge in (II) being replaced by the 
palladium in (II). The distance between the carbon 
atoms bearing the conflicting hydrogen atoms is 2.97 A 
in (II) (cf. 3.01 A in I). The angle between the normals 
to the benzene rings in (II) is calculated to be 40.5 ° 
from the coordinates listed by Mills & Nyburg (1963) 
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(cf. 38"2 ° in I). Finally, the angles in (II) corresponding 
to C(7)-C(6)-N(3) and C(2)-C(1)-N(3) in (I) are both 
116 ° (cf. 116.4 °, 116.5 °) indicating a similar combina- 
tion of 'crushing' and 'folding' distortions. 

The aromatics (II), (III) and (IV) are thermochro- 
mic. For example, 9,9'-bixanthenylidene is colourless 
at - 180 °C but hot solutions are deep blue-green (Day, 
1963). No such marked effect has been observed for 
compound (I). Its toluene solution at - 1 8 0 ° C  is pale 
yellow; the colour deepens on warming to a light 
orange. 

Relation to other chelate compounds 

A centrosymmetrical arrangement of donor atoms, 
approximately square with considerable ligand distor- 
tion, has also been found by Dale (1963) for bis- 
(3,3'-p-tolylformazylo)nickel(II). In this complex the 
chelate rings are boat-shaped in a similar way to that 
described for (I). 

This structural type seems to have been overlooked 
when structures for similar compounds have been pro- 
posed. Specifically, the claim by Porter (1938) that 
bis-(3,3,5,5-tetramethyl-4,4,dicarbethoxypyrromethe- 
neato)palladium(II) must be a sterically forced tetra- 
hedral structure is thrown into doubt. Here an c~-me- 
thyl-substituted pyrrole nucleus essentially replaces py- 
ridine in (I). Implicit in Porter's conclusion is the 
assumption that conjugated ligands of formal aroma- 
ticity remain planar in coordination compounds. The 
present work shows this assumption to be unnecessary; 
it can be shown geometrically that a centrosymmetrical 
configuration - -  involving no greater distortion and 
steric hindrance than in (I) N is feasible for the pyr- 
romethene complex. 
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