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THE CRYSTAL STRUCTURE OF NICKEL ETHYLENEDIBIGUANIDE 
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The Noyes Laboratory of Chemical Physics, California Instit ute 
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(Abstract) 

The crystal structure of nickel ethylenedibiguanide has 

been determined from three-dimensional, x-ray diffractometer data 

(3087'reflections). The compound, Ni(C6H16N1o)Cl2•H20, crystallizes 

in the centrosymmetric monoclinic space group P21/c. The unit cell 

contains four molecules and has dimensions: 

a=6.911t0.001, b=11.678+0.001, c=18.055!0.002 A, ~=101.39+0.01° 

An initial structure was obtained from the nickel-nickel, nickel­

chlorine, and chlorine-chlorine vectors on a three-dimensional 

Patterson map. The trial structure was refined by the method of 

least squares until a reliability factor of R=4.85% and a goodness­

of-fit of 1.11 was obtained. Hydrogen positions and isotropic 

temperature factors as well as positions and anisotropic tempera-

ture factors of the heavy atoms were allowed to refine in the final 

stages. 

The organic ligand molecule complexes in a square planar 

array about the central nickel atom. The entire molecule is planar, 

except for the two ethylene carbons, and has point group symmetry 

c2 . The chemically equivalent bonds differ in length by the order 

of magnitude of the standard deviations of the positions of the bond­

ing atoms. All bond distances have been correlated with both mole­

cular orbital and valence bond descriptions of the molecule, with 

very satisfactory results. 

The hydrogen atoms on the nitrogens all participate in 

hydrogen bonding t o the chlorines and to the oxygen of t he wa ter 



molecule. Likewise, the hydrogens on the oxygen are hydrogen­

bonded to chlorines. It appears that, because of hydrogen bonding 

to chlorines, the animo hydrogens are distorted from s~-planarity 

with the nitrogen, so that the nitrogen is almost tetrahedral. 

Nevertheless, the carbon-nitrogen bond distance clearly reflects 

double-bond character. 

Introduction 

Interest in the structure of nickel ethylenedibiguanide 

{henceforth abbreviated Ni EDG) centers primarily upon three 

structural aspects: the nature of the chelation of the organic 

ligand with the nickel, the valence-bond and molecular-orbital 

descriptions of the bonding within the molecule, and the packing 

and hydrogen bonding that occur in the crystal. The first aspect 

is important in understanding the nature of nickel-nitrogen square 

planar metal-to-ligand bonding. The second is important because 

of the alternating carbon-nitrogen bonding as exemplified in the 

EDG organic chelate. (The study of carbon-nitrogen bonds is 

fundamental to the understanding of peptide linkages, for example.) 

The third aspect 1s interesting because of the stacking phenomenon 

observed in this crystal. Furthermore, the effect of the ionic 

forces, hydrogen bonds, and van der Waals forces between molecules 

and between the nickel chelate cation and its associated hydrogen 

bond acceptors {chlorides and waters) can be correlated with 

structural details, such as distortions in the EDG chelate and 

packing considerations. 



Cotton and Wilkinson<i>review the properties of a silver 

analog of Ni EDG. The chelation in Ag EDG is reportedly thought 

to be tetradentate about the silver, but apparently the true nature 

of the EDG chelate itself is not known. This paper will clarify 

the nature of both these structural aspects, insofar as the nickel 

compound is concerned. 

Experimental 

Ni EDG chloride monohydrate crystallizes in orange monoclinic 

needles (the needle axis was designated the a-axis), which do not 
Q 0 melt below 350 c. At about 150 c., the crystals begin to shatter 

and turn 9paque as the water of hydration is driven out . At 

260°C., the crystals start to darken and at 330°c. begin to turn 

dark brown. At 350°c., decomposition is evidenced by the black­

ness of the crystals, but they remain solid, nevertheless, indicat­

ing a high degree of ionic bonding in the crystal. The crystals 

(obtained from Dr. B.D. Sharma*) remained stable to the atmosphere 

and exposure to x-rays over the period of investigation (four years). 

Apparently dehydration occurs to a very small degree at room 

temperature since only a few crystals in the original sample were 

observed to have become opaque (characteristic of dehydration). 

One such crystal was compared in a flotation density measurement 

with a clear, intact crystal, and was found to have a lower 

density, as expected. 

From a crystal mounted for rotation about the needle (a) 

*Presently at Oregon State University, Corvallis, Oregon. 



axis, oscillation, rotation, and equi-inclination Weissenberg 

photographs were taken of the O, 1, and 2 layers. Reflections 

OkO with k odd and hOl with 1 odd were absent, indicating that 

the crystal belongs to the centrosymmetri c spa ce group, P21/c. 

Unit cell dimensions (see Table 1e) were obtained from 

precision Weissenberg photographs of two crystals: one mounted 

for rotation about the a-axis and one about the b-axis9 (Copper 

radiation was used; wavelengths are given in Table 1.) Bragg 

angles were measured for 30 Okl and 39 hOl reflections and entered 

into a unit cell least squares calculation of the unit cell param= 

eters. There were two hOl films and one Okl film which were 

correlated pairwise, in order to obtain two complete sets of unit 

cell dimensions. All of the results were then weighted, according 

to to the relative standard deviations of each parameter, giving 

preference to single-film calculations and to the better of the 

two hOl films. Least squares calculations including absorption 

and eccentricity corrections were also done, but the corrections 

were found to be insignificant. 

The density was calculated assuming four Ni(C6H16N10 )Clz • 

•H2o (MWa375.9) per unit cell (see Table 1.). The density was 

also measured by the method of flotation in a mixture of chloro­

form and dibromoethane. The observed and calculated densities 

differed by less than one part per hundred (or about two hydrogens 

per unit cell)e 

Visual data was collected from a crystal mounted along the 

needle axis. The diameter of the crystal for an irregularhex~ 



agonal cross-section~ O.O6 mm., was roughly one-third of the length 

of the crystal, so that for the purposes of preliminary structural 

determination, no absorption correction was needed. Reflections 

of the type Okl through 2kl were collected on multiple-film equi~ 

inclination Weissenberg photographs (using copper radiation). The 

intensities of 266 zero layer reflections were visually estimated 

using a graduated intensity strip. Lorentz and polarization cor­

rections were applied, and the intensities from the different films 

were placed on the same scale by a weighted least-squares method. 

An Okl Patterson projection was prepared, and vectors that were 

thought to be Ni-Ni, Ni-Cl, and Cl-Cl vectors were observed. The 

y and z coordinates of the nickel and chlorines were used to phase 

a structure factor calculation for an a-axis Fourier projection. 

The result did show new peaks, but they could not be correlated 

with any chemical model. (In retrospect, the projection failed to 

give any conclusive results because of inversion in the packing of 

molecules on top on one another along the a-direction, rather than 

because of poor or insufficient data.) 

Another crystal, to be used for collecting automatic dif­

fractometer data, was mounted so as to rotate about the a-axis. 

The crystal was nearly cubical, with sides of approximately o.lmm., 

which was small enough so that absorption errors were minimized 

4 -1 (the linear absorption coefficient was calculated to be 5 ,8 cme , 

so that fiR. for a sphere of radius 0.05 mm. was found to be less than 

0.3; consequently, the absorption correction factor could be ex­

pected to vary about 2% over all values of 20). 
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From this crystal, the intensities of 3246 reflections were meas~ 

ured on the General Electric automatic diffractometer, using 

nickel-filtered copper radiation. In the initial data processing, 

Wilson statistics were done to determine an overall temperature 

factor and an overall scaling factor, which was then applied to 

the counter data. The dispersion correction for nickel was also 

included in the data preparation. Reflections for which the back­

ground count was larger than the scan count were given zero weight. 

Determination and Refinement of the Structure. 

The coordinates of the nickel and chlorines were determined 

from the Ni-Ni, Ni-Cl, and Cl=Cl vectors of a three-dimensional 

Patterson map. Enough of the phases of the observed structure 

factors were determined from the Fcalc's so that the lighter carbon, 

nitrogen, and oxygen atoms could be resolved in a three-dimensional 

Fourier electron density map. In the projection calculated from 

the visual data, it was impossible to decide whether the chelation 

of the organic with the nickel was tetradentate onto one nickel 

or bidentate onto two nickels (the organic part then being stret­

ched out into a linear array). From the three-dimensional dif= 

fractometer data it was possible to determine that the chelation 

was tetradentate, with the ligand organic molecule wrapped around 

a single nickel atom. From the trial structure thus obtained, a 

structure factor calculation was carried out, resulting in a 

reliability factor of R=49.55%. 

Refinement of the trial structure was begun with two least 



squares cycles (minimizing Z:w(k2 IF b \2 - \F \2 )2 ) in which the o s calc • 
coordinates of the 20 heavier atoms in the asymmetric unit were 

allowed to shift. The isotropic temperature factors were fixed at 
02 2.5 A and not allowed to vary. The resulting R index was 18.53~. 

Reflections for which systematic space group extinctions occur 

were edited from the data, after which two more least squares cycles 

we·re performed, in which anisotropi·c temperature factors for nickel 

and chlorine were introduced and allowed to refine (the isotropic 

temperature factors for the other atoms were still fixed); also;·: t .he 

a tomic coordinates were allowed to refine. The R index dropped to 

11.06%. Bond distances and angles and a least squares plane of the 

molecule were calculated$ Planes in which the hydrogens on the amino 

nitrogens and ethylene carbons might be expected were calculated for 

difference Fourier maps; unfortunately, the resulting peaks were 

doughnut-shaped, so that the orientations of the hydrogens could not 

be determined. Thersefore, hydrogen atom coordinates for NH, NH2, 

and CH2 groups were calculated from the expected geometries, assuming 

coplanarity of all NH and NHz groups with the rest of the molecule, 

and tetrahedral CH2 groups. The hydrogen parameters were not allowed 

to vary in the next two least squares cycles; anisotropic temperature 

factors -were introduced for the other atoms and allowed to vary along 

with their coordinates. The resulting R value was 6.09%e ~F•s 

were derived from structure factors calculated without the hydrogen 

coordinates (R=?. 04%), using the signs of the final Fcalc's for the 

Fobs's in order to prepare difference maps. This time, the hydrogens 

were clearly resolvede 



For the final stages of refinement, the water hydrogen 

positions were calculated by determining the positions of the 

two nearest chlorines to the oxygen and assuming hydrogen bonding 

to them. In the final stages, all parameters including atomic 

coordinates, heavy atom (Ni, Cl, o, N, C) anisotropic temperature 

factors, hydrogen isotropic temperature factors, the scale factor 

for Fobs' and the secondary extinction factor were allowed to re­

fine until their full shifts were no larger than one-fifth of their 

standard deviations, until the actual goodness of fit approached 

1.0, and until the reliability factor R approached minimum; then 

the refinement would have to be considered complete. Four cycles 

of least squares were performed with one matrix containing all 

coordinates and isotropic temperature factors and another contain­

ing anisotropic temperature factors, the scale factor, and the 

secondary extinction factor. R dropped to 4.86%. The shifts of 

the parameters of some of the atoms (one of the CH2 groups and all 

of the NH2 groups) were still large compared to their standard 

deviations. In the final two least squares cycles, these param­

eters were all put into one matrix. A second matrix contained all 

other heavy atom coordinates and associated hydrogen parameters, 

except for the wat er molecule. The anisotropic temperature fac= 

tors for the second matrix, plus the water molecule parameters, 

plus the scale factor and secondary extinction coefficient were 

all put into a third matrix. By dividing the parameters up in 

this manner, it was hoped that the interactions of the shifts of 

t he parameters would be maximized so that the refinement would be 



hastened. The final R value reached a minimum at 4.85%. The 

actual goodness-of-fit reached a minimum (approaching 1.0) at 

1.1111. And finally most of the parameter shifts settled down to 

less than one fifth of their standard deviations, the largest shift 

being 0.23 times its standard deviation (the x coordinate of a 

water hydrogen). Refinement was considered complete. 3087 re­

flections were included in the final structure factor calculation, 

of which 2879 contributed to the least squares sums (and to the 

R index). Tables 2, 3, 4, and 5 give the final atomic parameters 

and their deviations. Table 14 lists the observed and calculated 

structure factors. The final electron d~nsity map is shown in 

Fig. 1. as the section in the final least squares plane of the 

molecule; the final difference map for the same section is shown 

in Fig. 2. 

Discussion of the Structure 

Molecular Dimensions and Geom~_try 
The bond distances and angles are iilustrated in Fig. 3 

and summarized in Tables 6 and 10. The standard deviations of 

bond lengths (calculated from the positional standard deviations) 

are given in Table 7. A two-fold rotation axis, in a line from 

the nic·kel atom to the center of the bond between the ethylene 

carbons, is observed in the Ni EDG cation, strongly suggesting 

c2point group symmetry. This can be tested by comparing bond 

distances between equivalent atoms and bond angles between equiv­

alent bonds across the line of this two-fold axis. For the heavy 

atoms shown in Fig. 3., the equivalent bond distances differ from 



each other by one or two calculated standard deviations, at most$ 

The equivalent bond angles, perhaps the most sensitive test of c
2 

symmetry, differ by one-half of a degree, at most. 

The bond distances to hydrogen atoms and their associated 

bond angles do not reflect the c2 symmetry as well as the heavier 

atoms dot primarily because of distortions caused by hydrogen bond­

ing to the acceptors shown in Fig. 3. The stereoscopic drawing 

(Fig. 4.) shows quite dramatically the effect of the hydrogen bond 

acceptors on the animo hydrogens as well as the obvious c2 symmetry 

of the ethylene hydrogens. One can also see that the molecule is 

planar except for the ethylene carbons, which are in the staggered 

configuration so as to minimize the steric hindrance of their 

associated hydrogens. Comparing the amino groups related by the 

two-fold axis, one can see that the tilts of the two hydrogens on 

N(,2) and N(4) relative to the plane of the molecule are parallel-­

likewise for N(4) and N(7). That is, both H(2) and H(14) are 

11 up11 relative to H(3) and H(15), and both H(6) and H(12) are " up" 

relative to H(5) and H(11), as is required for c2 symmetry. 

In the bonding treatment, the symmetry of the pi-bonding 

system of the Ni EDG cation (namely, all the heavier atoms except 

the two tetrahedral ethylene carbons ) ,was taken to be D2:h, because 

of the hypothetical existence of a mirror plane 1n the plane of the 

molecule, and two perpendicular to the plane of the molecule (and 

to each other) along the line of the c2 two-fold axis and along the 

line formed by N(J), Ni, and N(8). (See Fig. 5 for illustration 
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of the Pi=system .) However, the bond distances I-IV (see Table 6) 

do not demonstrate D2h symmetry nearly as well as c2 symmetry. For 

example, the maximum discrepancy in the group of type I bonds is 

four times the calculated standard deviation of the N-C bond. 

A similar result is obtained for type II and III bonds. For the 

Ni-ligand N bond. however, the difference (7½ standard deviations) 

between the two different pairs of C2-related bonds indicates that 

actually two distinct kinds of ligand-metal bonds occur in the 

molecule. Nevertheless, these discrepancies are small enough to 

allow a D ·2h approximation · ·ro:r .the valence-bond and molecular orbital 

calculations of the bonding. (It must be borne in mind that this 

can be only a very rough first approximations) As can be seen from 

the shortness of the bonds, the three types of N-C bonds are 
0 0 0 

I> II > III (1.29 A.< 1.35 A.< 1 ~37 A. )in order of double bond char-

acter. 

A quantitative description of the planarity of the molecule 

is given in Table 11. (In order to compare the deviations from 

planarity in this table with the stereoscopic drawing of Fig. 4, 

one must interpret a positive deviation as being away from the 

observer, i.e., down into the page; a negative deviation 1s above 

the page.) A least squares plane calculation was carried out 

giving pi-system atoms weights inversely proportional to the 

standard deviations of their x-coordinates relative to nickel. 

This weighting scheme was chosen because the normal to the plane 

is approocimately parallel to the a-axis. Clearly, the Ni EDG 

cation is planar, except for the ethylene portion and the amino 
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hydrogens. An edge-on view is given in the molecular pac.king 

drawing, Fig. 9, which demonstrates more dramatically the degree 

of planarity. 

Temperature Parameters 
The magnitudes (B's) and orientations (direction cosines) 

of the principal axes of the thermal ellipsoids of the 20 heavier 

atoms were calculated; and from the B's, thermal displacements 

(U' s) in 1. were calculated according to the formula U·= (B/8-n2 ) ½. 

These values are tabulated in Table 1J. Fig. 4 gives a three-dimen­

sional, stereoscopic depiction of the thermal motion. The prin­

cipal motion is along the a-axis, indicating a lattice or packing 

"vibration" along the direction of stacking of the planar molecules~ 

A secondary motion can be described as a libration, or twisting, 

of the molecule about the nickel atom, along the direction of 

bonds in the three rings. Thus , the secondary motion is emphasized 

in the stereoscopic view, since the motion normal to the plane of 

the molecule is viewed head-on. The libration can also be seen in 

the electron density map of Fig. 1. 

Description of the Bonding in the."Ni EDG+2 Cation 
The bonding in the Ni EDG~cation has been investigated 

through two approaches: the valence bond theory and the molecular 

orbital theory. The input structure for both approaches is shown 

in Fig. 6. In this state, the organic chelate (in its most 

probable valence-bond form) has combined with a Ni+2 by forming 

dative bonds to the nickel, utilizing the electron pairs of the 

ligand nitrogens. Thus, the nitrogens become positively charged 

and the nickel charged -2e In other words, the nickel starts out 

in a d8 ground configuration and then forms a square-planar, 



tetradentate dsp2 complex, with room in its orbitals for two more 

electrons in pi-bonding to the ligands. {The pi-bonding sys tem 

has been described in Fig. 5.) Since the molecule is planar and 

the pi-system has D2h symmetry, the molecular-orbital Httckel cal­

culation is simplified considerably. 

The assumptions used in the Httckel calculation are listed in 

Table 12. The coulomb integrals of nickel and nitrogen relative 

to carbon are dependent on the electronegativities relative to 

carbon; that is, the more electronegative an atom is, the more 

negative its coulomb integral becomes (and usually its resonance 

integral to another atom) . Since the electronegativities of the 

three atoms are in the order N>C>Ni, the coulomb integrals are in 

the order A(N)<A(C)=A<A(Ni). (In interpreting the assumptions, of 

Table 12, one must remember that the coulomb and resonsmce integrals 

of carbon are negative qualities.) Since the ligand nitrogen, in 

forming a dative sigma-bond to the nickel, becomes more pbsiti:vely 

charged ·; -, the coulomb integral of ligand N is even more negative 

than that of the terminal and ring nitrogens. To the ring carbon, 

the ligand N appears to be more electronegative than the other 

neighboring nitrogens; consequently, the ligand N-C resonance 

integral is more negative than for the other N-C bonds. These 

other resonanc e integrals were determined empirically from the 

observed bond distances. Due to the electroneutrality principle, 

the nickel will not readily accept more electrons from the terminal 

and ring nitrogens, which have free electron pairs for donation as 

mobile pi-electrons .. Therefore, only a small amount of Pi=bonding 

is allowed, which is reflected by t he small resonance integral 



between ligand N's and nickel. 

The results of a Httckel calculation are given in Table 12e 

In order to convert calculated pi-bond orders to bond distances, 

a graph of N-C bond distance versus pi-bond order was made by 

drawing a straight line through the single-bond value of 1.47 i 
(PBO=O), the partial double-bond value of 1.31 A (PB0=2/J), and 

the theoretical double-bond value of 1.24 A (PBO=l). The partial 

double-bond value 1s the bond distance of symmetric triazine (C-N 

analog of benzene)()). The double-bond value was calculated ac~ 

cording to the formula given by Pauling< 4 >: 

D(A-B) = rA + rB - o.09lxA - xBI A., 
where x = Pauling's electronegativity, re 1s given as 0.667 1 

0 
and rN as 0.62 A. The electronegativity correction was not applied 

0 

in the case of the nickel (rNi =1.15 A) and ligand nitrogen bond, 

because it is doubtful that the correction 1s valid for bonds be­

tween transition metals and the first row elements. Pauling has 

given a formula(5) for calculating the increase in length (relative 

to the single bond length) of a bond whose total bond order n is 

less than one (primarily for metal-ligand bonds): 

D(n<l) = D(l) - 0.60 log n . 

This can also be applied to a bond whose total bond order is greater 

than one. The result for the Ni-ligand N bond (n=PBO + 1, n=1e176) 

is 1~85 A, a reduction of 0.04 A from the single bond value of 1.89 A. 
The molecular orbital theory explains the bonding quite well; 

the predicted bond lengths match the ~haverage bond lengths with-

0 

in O .01 A. The theory perhaps overestimates the ·a.mount ct pi-bonding 



to the nickel, in effect necessitating the reduction of B(Ni-lig.N). 

A bigger fault lies in the theory's prediction of a significant 

positive charge on the ring carbon, which ought to be neutral. 

The first step in correcting the model would be to remove the n2h 

symmetry of the pi-system. The non-planarity of the ethylene 

carbons destroys this hypothetical symmetry anyway, by forcing a 

more tetrahedral nature on the bridged ligand nitrogens. One can 

see (Fig. 3) that the bond distances from these nitrogens to carbons 

and to nickel reflect less double-bond character than the D2h-re­

lated distances for the other ligand nitrogens, which have non­

restrictive, planar hydrogen atoms bonded to them. Although the 

puclrering of the ethylene-bridged ring reduces the strain caused 

by the steric hinderance of the tetrahedral ethylene hydrogens, 

the reduction of the single C-C bond length from a predicted 1.54 

to the observed 1.51 A demonstrates that there is probably still 

residual strain in the bridge. The molecular orbital results are 

summarized in Fig. 7. 

The valence bond approach, although its quantitative bond 

length results are not as good as the molecular orbital approach 

0 
A 

(see Table 12 ~ ), is, in other ways, a better theory and is arrived 

at much more easily. The valence bond number and bond length 

correlation for N-C bonds is similar to the molecular orbital case,, ;· 

except that the partial double bond is given a bond number of 1.5, 

and a smooth curve is drawn through the three points. This curve 

can be obtained from the pi bond order straight-line relationship 

in a more reproducible manner by fitting the three known points 

by a quadratic approximation, which yields the following relation-



ship between the valence bond theory {valence bond number= n•) 

and the molecular orbital theory (pi bond order= p ): 
l. 

n • = ¼ (9 - (25 - 24p) 2 ). 

It was assumed that no pi bonding to nickel occurs, thereby ,: 

confining the resonance to the biguanide portions of the cation 

and still maintaining D2h symmetry in the pi-system. The three 

contributing canonical structures are shown in Fig . 6. The input 

structure was considered to be five times more important than 

either of t he other two forms shown, although the second form is 

actually four times as probable as the third, because the second 

form can be written three other equivalent ways (for the bonds 

equivalent by D2h symmetry) . Consequently, the percent contribu-

tions of the three structures are 50%, 40%, and 10%, respectively. 

The results of this straightforward treatment are given in Table 

12. The less closely fit bond distances are compensated by the 

more reasonable charge distributions . For example, the carbon is 

neutral, as would be expected; but another interesting correla­

tion is to be noticed. X-ray crystallographic methods determine 

the centers of electron clouds surrounding the nuclei of atoms; 

if an easily polarized hydrogen is bonded to an electronegative 

atom, a significant fraction of the electron density about the 

hydrogen will be drawn toward that atom, and the bond will appear 

to be shortened in an x-ray experiment~ Interestingly enough, 

the average observed N-H bond distances for the three kinds of 

nitrogens exhibit this tendency relative to the valence bond cal­

culated charges--the more positive a nitrogen is, the closer its 



hydrogen appears to be. The results of the valence bond treatment 

are shown pictorially in Fig. 8. 

Both the molecular orbital and the valence bond treatment 

give quite satigfactory explanations of the bonding, as first 

approximations. Both have limitations due to input assumptions, 

but the discrepancies of both theories can be traced directly to 

errors in these assumptions, thus paving the way to better ap­

proximations. 

Hydrogen Bonding and Molecular Packing in the Crystal 
The melting point data of the crystal demonstrate that a 

great deal of ionic bond and hydrogen bond packing energy is in­

volved in the crystal structure, just as the high temperature of 

decomposition indicates that the Ni EDG+2 complex itself is very 

stable. Figs. 3 and 4 show the locations of chloride ions and water 

molecules about the Ni EDG cation. These positions maximize 

both ionic contact with positively charged nitrogens and hydrogen 

bonding of NH' s and NH2' s to chlorides. Meanwhile, the hydrogen 

bond acceptors have positioned themselves so as to stay as far 

apart as possible. Thus, they do not all lie in the plane of the 

molecule, causing the amino hydrogens to be distorted from sp2 

planarity. For example, one can see in Fig. 4 that the hydrogens 

on the amino nitrogen N(2} are pointed down toward acceptors be­

low the plane of the molecule, as are the hydrogens of N(7}. 

N(9) and N(4) each have one hydrogen pointing toward an acceptor 

in the plane and one pointing out of the plane. Moreover, H(6) and 

H(1) are pointing 11 up 11 and "down11 , respectively, because of steric 

hindrance .. with the ethylene hydrogens. In effect, the plane of 
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the amino hydrogens is tilted so that H(6) points between H(7) 

and H(8) (the 11 up 11 CH2 hydrogen pair) and H(ll) points between 

H(9) and H(10) (the "down" pair). (This effect, 1ncidently, 

confirms the basic c2 symmetry of the molecule.) The ring and 

two ligand nitrogens that have single hydrogens are hydrogen­

bonded to two chlorides and a water, which are in the plane of 

the molecule (see Fig.1). These three acceptors are in the plane 

of the molecule because they are bonded to the molecule by two 

hydrogen bonds each. In spite of the numbering scheme that was 

adopted early in the structure determination procedures, the two 

planar chlorides, Cl(1)• and Cl(2)''', clearly "belong" to the 

molecule more than the ones initially chosen . 

The hydrogen bond distances from donor to acceptor are given 

in Table 8. Clearly, all available hydrogens participate in 

hydrogen bonding. The shorter distances are for N to O hydrogen 

bonds, principally because of the larger electronegativity dif­

ference. As can be seen quite convincingly in Fig* 4, the water 

hydrogens are pointed toward chlorides almost on line, jus t as 

predicted before the least squares refinement* 

The packing of cations and anions in the crystal is prin= 

cipally in layers parallel to the planes of the cations. A 

view of the packing is presented in Fig. 9. Packing distances 

between the parent molecule and the ones above and below it re­

lated by inversion centers are given in Table 9. This inversion 

1s necessary to minimize the contact of the ethylene hydrogenso 

In addition, the cation has a dipole moment along its C2 axis; 
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the dipole-dipole interaction tends to make the molecules stack 

with dipoles opposed. The nickels are slightly staggered so that 

they rest with their negative charges on top of the positively 

charged ligand nitrogens. Other van der Waals repulsions are 

minimized if the molecules are stacked in a parallel fashion, 

which requires a center of symmetry between layers. 

The layers lie at roughly one-fourth and three-fourth along 

the a-axis, but the layer at -¼,(-x, -y, -z)1 is slightly closer 

to the layer at¼, (x, y, z), than the one at ¼,(1 , - x, -y, -z). 

The molecules stacked in the a-direction are linked by hydrogen­

bond bridges between the cation and its associated water molecule, 

to the chloride acceptor, which is hydrogen-bonded to the cation 

above the first. (See Fig. 9) There are two such bridges between 

x, y, z and -x, -y, -z. There are similiar H20-crbridges between 

x, y, z and 1 - x, -y, -z. Chloride ions are direct hydrogen-

bond bridges in the lateral direction along the be diagonals. The 

number of ionic interactions such as these makesthis a very stable, 

high melting-point crystal. 

The distortions caused by the ionic and hydrogen bonding are 

relatively m.inor so that one could expect roughly the same struc­

ture for other anions or for other metal analogs of the cation. 

The distinguishing structural distortion by hydrogen bonding is 

the non-planarity of the )C:;:NH2 system, so that the nitrogen 

appears to be tetrahedral (i.e., pyramidal NH2) in spite of the 

double-bond character of the C-N bond. 



TABLE 1. 

SPACE GROUP P21/C MONOCLINIC 
UNIT CELL PARAMETERS AND THEIR STANDARD DEVIATIONS 

A= 6.911(.001) A. 
B = 11.678(.001) A. 
C = 18e055(.002) A. 
~ = 101.39(.01) DEG. 
A<CU Kal = 1.5418 A. 
A(CU Ka1> = 1.5405 A. 

DENSITY (CALC) = le748 GRAMS/CM3 FOR 4 MOLECULES/UNIT CELL 
DENSITY (OBS) = 1.735 GRAMS/CM3 



TABLE 2. 

FINAL ATOMIC COORDINATES AND THEIR CALCULATED 
STANDARD DEVIATIONS (ALL VALUES MULTIPLIED 
BY 10 4 ) 

NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

ATOM 

NI 
Cl(l) 
Cl(2) 
N ( 1 ) 
C ( 1) 

N ( 2) 
N ( 3 ) 
C ( 2) 
N(4) 
N ( 5) 
C(3) 
C ( Ld 
N(6) 
C ( 5) 
N(7) 

N ( 8) 
C(6) 
N(9) 

N ( 1 O > 

0 
H ( 1 ) 
H(2) 
H(3) 

H(4) 
H(5) 
H(6) 
H(7) 
H ( 8) 
H(9) 

H ( 10) 
H(ll) 

H ( 12) 
H ( 13) 
H ( l 4) 
H ( 15) 
H ( 16) 
H ( 17) 
H ( 18) 

X 

2573(.6) 
2472(1) 
3339(1) 
2895(3) 
3377(3) 
3601(4) 
3635(3) 
3318(3) 
3483(4) 
2968(3) 
2588(5) 
2695(Ld 
2259(3) 
1909(3) 
1752(4) 
1637(3) 
1813(3) 
1523(4) 
2173(3) 
1242(5) 
2805(32) 
3679(47) 
4441(37) 
3699(37) 
3534(41) 
3075(40) 
3523(36) 
1290(36) 
1787(35) 
4055(39) 
2190(39) 
1680(39) 
1426(35) 
1527(38) 
1967(43) 
2168(34) 
1591(54) 

68(51) 

TABLE 3., 

y 

391(.3) 
-3615(.5) 
-290(.5) 

788(2) 
1751(2) 
1937(2) 
2708 ( 2) 
2798(2) 
3875(2) 
1907(1) 
2112(2) 

994(2) 
40 ( l) 

-948(2 ·) 
-1137(2) 
-1921(2) 
-2008(2) 
-3075(2) 
-112 1+(2) 
-4492(2) 

294(18) 
1379(25) 
2509(23) 
3299(20) 
4384(22) 
4049(22) 
2651(22) 
2464(21) 
1005(20) 
878(21) 

-652(22) 
-1835(22) 
-2564(21) 
-3610(21) 
-3265 ( 2L,) 

-1290 ( 18 l 
-4424(32) 
-4689(30) 

POSITIONAL STANDARD DEVIATIONS 

KIND OF A.TOM 

NI 
Cl 
C 
N 
0 
H Of\! N 
HON 0 

0.0003 
0.0006 
0.002 
0.002 
0 • 003 
0.03 
0 .04 

z 

88(.2) 
-2755(.3) 
-3463(.3) 

1102(1) 
1428(1) 
2182(1) 
1020(1) 

244(1) 
0 ( 1 l 

-186(1) 
-1007(1) 
-1417(1) 

-941{ ll 
-1265(1) 
-2007(1) 
-863(1) 
-97(1) 
146 ( 1) 

335(1) 
-1257(1) 

1411(12) 
2442(17) 
2369(14') 
1233(14) 

318(15) 
- 474(15) 

-1156(13) 
-1187(13) 
-1884(13) 
-1543(14) 
-2271(1L,) 
-2152(14) 
-1101(13) 

-165(14) 
610(15) 
756(13) 

- 1595(20) 
-1397(19) 



TABLE 4., 

fJNAL ANISOTROPIC TEMPERATURE FACTORS AND THEIR CALCULATED STANDARD DEV I AT IONS 
(All VALUES MULTIPLIED BY 104 ) , T =EXP- ( B 1 1 • H2 + B 2 2 • K 2 + B 3 3 • L 2 + 
+B12•HK+Rl3•HL+B23•KLJ 

NO• ATOM B11 B22 833 B12 B13 823 

1 NI 135(.9) 30 ( .. 3 J 13.2(.1) 0 ( C> 9 l 16 ( <> 5 l -l(e3) 

I Cl(ll 219( 2) 50 ( • 5 J 25.4(.2) -7(2) 23 ( 1) -22(.5) 

3 CL(2) 377(2) 46 ( • 5) 18.,5(.2) -47(2) 20 ( 1) 11(.5) 
4 N ( 1 ) 192(5) 37 ( 1 l 14 .. 9(.5) -3(4) 24 I 3) 6 ( 1) 

5 C ( 1 ) 137(6) Lf3 ( 2 l 15.1 ( .6) 10 ( 5) 18 ( 3) -3(2) 

6 N (?) 270(7) 57 ( 2 l 14.,5(.6) -28 (6) 2 0 ( 3 l -7(2) 

7 N(3l 207(6) 34 ( 1) 1606(06) -13(4) 19 ( 3 l -9 ( 1) 

8 C ( 2 l 146(6) 34(2) 19 .. 0(.7) -3 ( 5) 26 ( 3) 1 ( 2 ) 
9 N ( 4 l 299(7) 34 ( 1 l 19.9(.7) -31(5) 37(4) -4(2) 

10 N ( 5) 160 ( 5 l 3 7 ( 1 l l3o7(o5) 4(4) 14 ( 3 l 0 ( 1 l 
11 ((3) 256(8) 43(2) 17.1(.,7) -17(6) 28(4) 6(2) 

12 _c c 4, 190(7) 46(2) 15 "7 ( e 7) -0(6) 33(4) 2 ( 2 l 
13 N ( 6 l 1Lf7(5) 35 ( 1) 15.,5(.6) 3 ( 4) 20 ( 3 l -2(1) 

14 C(5) 140(6) 42(2) 18., 5 (. 7) 1 7 ( 5) 20 ( 3) -7(2) 

15 N ( 7 ) 307(8) 48(2) 17.9( .. 7) 1 ( 6) lf 3 ( 4) -15(2) 

16 N ( 8 l 193 ( 5) 3 2 ( 1 l 20 olf ( .,6) -1 ( 4) 22 ( 3 l -8 ( 1) 

17 C ( 6) 130(6) 37 ( 2 l 22e3(o7) 13 ( 5) 21 ( 3 l 1( 2) 

18 N(9) 266(7) 35 ( 2) 2807(08) 1 ( 5 J 25(4) 7 < 2 l 
19 N ( 10 J 180(5) 38 ( 1 l l6e7(o6) -6 ( Lf) 20 ( 3) 4 ( 1) 
20 0 373(9) 122(3) 27o0(.,8) -84(8) 54(4) -24(2) 

TARLE 5o 

FINAL ISOTROPIC T EM PER A TlJ R E FACTORS AND THEIR CALCULATED STANDARD DEVIATIONS , 
T=EXP-(B•( (SIN 8)//\)2) 

NO .. ATOM B 

?.l H ( 1 ) 2 ., 8 ( ., 5 l 
22 H (?) 6 .. 0 ( "9 J 
23 H ( '3 l 401 ( Cl 7) 
24 H ( Lf) 4 () 5 ( 0 6) 
25 H ( 5) Lf elf ( "7) 
26 H(6) 406 ( C> 7) 
27 H(7l 4.-6 ( e6) 
28 H(8) 4<>0 ( ,,6 l 
29 H(9) 3 o 3 ( o 6 l 
30 H(lO) 4o:>{c,7) 
31 H ( 11 l 3 e9 ( Cl 7) 
32 H ( 1?) l}c,?(c,7) 
33 H(l3) 3 o 9 ( C 6) 
31+ H ( 1 If J 5 C> 1 ( C 7 ) 
35 H ( 1 5 l 5o?(o8l 
36 H ( 1 6) 3.7(.,6) 
37 H ( 17) 6o8(lo2l 
38 H(l8) 7ol (1., 1 l 



TABLE 6c 

BOND DISTANCES (A • ) WITHIN THE MOLECULE 

FROM ATOM TO ATOM DISTANCE (A• ) AVERAGE (AC) DESCRIPTION 

N ( 1 ) C ( 1 l 1.283 
N ( 1 n l C < 6 l 1.289 
N ( 5) C ( 2 l 1.292 
N ( 6 l ((5) 1.295 

1.290 ( I l LIG. N - C 

N ( 2 l C ( 1 ) 1.356 
N ( 9 l C ( 6) 1.349 
N( 4) ((2) 1 • 3L~ 5 
N(7) ((5) lo3 1+1 

1.,348 < II l TER M. N - C 

N (3) ((1) 1.369 
N ( 8 l ((6) le 368' 
N ( 3 l C ( 2 l 1.379 
N ( 8) CC 5 l lc381 

1 .. 374 (III l RING N - C 

NI N ( 1 ) J.,858 
NI N(lOl 1 .. 858 
NI N ( 5 l 1.872 
NI N ( 6 l 1.873 

1.865 ( IV) NI - LJG., N 

C ( 3) N ( 5 l le473 
C ( 4) NC 6 l 1.474 
C ( 3 l ((4) lc510 

(CONTINUED> 



(TARLE 6" CONTINUED) 

FROM ATOf\-1 

H ( 1 ) 

TO ATOM 

N ( 1 l 

DISTANCE {A,,) 

H ( 16) 

H ( 2 ) 
H(3) 
H ( 15) 
H ( 1 t~ ) 

H(6) 
H ( 5) 
H ( 1 l ) 
H ( l?) 

H ( 4) 
H ( 13) 

H ( 7) 
H ( 8) 
H ( 1 0) 
H ( 9) 

H ( l 7) 
H ( 18) 

N ( 10) 

N ( 2) 
N ( 2 l 
N ( 9 l 
N (9 l 
N ( ld 
N ( 4) 
N ( 7) 
N ( 7) 

N ( 3) 
N ( 8) 

C ( 3 > 
C ( 3 l 
C ( Zi ) 
C ( 4 l 

0 
0 

TARLE 7. 

0.81 
Oo78 

o.so 
0.90 
o.86 
Oo84 
Oo87 
o.s2 
o .. s3 
o.s5 

0.19 
o.86 

Oe98 
Oo98 
1., 02 
0.,95 

Oo70 
o .. 83 

STANDARD DEVIATIONS OF BOND DISTANCES 

KIND OF BOND 

NI - N 
N - C 
C - C 
N - H 
0 - H 

STo DEVe (Aol 

o,,n02 
Oe003 
0"003 
0"03 
0 C, Q!+ 

AVERAGE (A,,) DESCRIPTION 

o.so H - LI G .. N 

Oc85 H - TERM., N 

Q.,83 H - RING N 

0 .. 98 

0.11 



TABLE 8. 

HYDROGEN BOND DISTANCES (A.) (ATOMS IN FIRST COLUMN BELONG TO REFERENCE 
MOLECULE AT X,Y,Z) 

FROM ATOM TO ATOM IN MOLECULE AT DISTANCE <A• l 

N ( 7 l CL ( 1 l X,Y,Z 3.272 
0 CL(ll X,Y,Z 3.161 
N ( 7 l CL(2l X,Y,Z 3.199 
N(8) 0 X,Y,Z 3.086 
N ( 9 l 0 X,Y,Z 3.ooo 
N ( 1 l CL(ll x, -1/2-Y, l/2+Z 3.321 
N(lOl CL(l) X' -1/2-Y, l/2+Z 3.427 
N ( 9) CL(2l X, -1/2-Y, l/2+Z 3.206 
N ( 2 ) CL(l) 1-x, -Y' -z 3.341 
N ( 2) CL(2l 1-X, -Y' -z 3.405 
N ( 3 l CL(2) X, 1/2-Y, l/2+Z 3.175 
NC 4 l CL(2) X, 1/2-Y, l/2+Z 3.247 
0 CL(2l -x, -l/2+Y, -1/2-Z 3.242 
N ( 4 l 0 X, l+Y, z 3.131 

TABLE 9. 

PACKING DISTANCES LESS THAN 3e5 Ao (ATOMS IN FIRST COLUMN BELONG TO 
REFERENCE MOLECULE AT X,Y,Zl 

FROM ATOM TO ATOM IN MOLECULE AT DISTANCE (A• l 

NI N ( 1 0) -x, -Y9 -z 3.330 
N ( l l C(5) -x' -Y, -z 3.396 
N ( 1 l NC8l -x' -Y, -z 3.348 
C ( 1 l N ( 8) -x, -Y, -z 3.420 
C ( 2 ) N { 9) -x, -Y, -z 3.295 
N ( 5) C(6) -x, -Y, -z 30443 
N ( 5 l N ( 9 l -x, -Y' -z 3.404 
C ( 1 ) C ( 5 l 1-x, -Y, -z 3.458 
C ( 1 ) N { 7 l 1-x, -Y, -z 3.,399 
N ( 2) N ( 7) 1-x, -Y, -z 3.418 
N ( 3 l N ( 8 l 1-x, -Y, -z 3.459 



TABLE 10. 

BOND ANGLES (DEG.) WITHIN THE MOLECULE 

ATOM ATOM ATOM ANGLE (DEG• ) 

N ( 1 ) NI N ( 5 ) 91.6 
N ( 1 0) NI N (6) 92.1 
N ( 1 ) NI N ( 1 Ol 89.7 
N ( 5 ) NI N(6) 86.5 

NI NC 1l C(l} 129.9 
NI N(lO) ((6) 129.6 
C ( 2 > N ( 5 ) NI 128.5 
C ( 5) NC 6 l NI 128.2 

N ( 1 ) C ( 1 l N(2) 124.7 
N(lO) C ( 6) N(9l 124.5 
N(4) C ( 2) N ( 5 l 125.1 
N ( 7 ) ((5) N(6l 124.7 

N ( 1 ) C(l) N ( 3) 121.1 
N ( 10 l C ( 6) N ( 8 l 121.3 
N ( 3) C ( 2 > N ( 5 l 121.5 
N ( 8) C < 5 ) N (6) 121.9 

N ( 2 ) C ( 1) N ( 3 l 114.1 
N ( 9 l ((6) N ( 8 l 114 .. 1 
N ( 3) C ( 2) N(4) 113.4 
N ( 8 l C ( 5) N(7J 113.4 

C ( 1 ) NC 3 l C ( 2 l 126.7 
C ( 6) N ( 8) C ( 5 l 126.8 

NI N ( 5 l C ( 3 l 114.4 
NI N ( 6) ((4) 11405 

C ( 2) N ( 5 l C(3J 116.6 
C ( 5) N ( 6) C(4) 116 .. 9 

N ( 5 l ((3) C (4 J 109.6 
NC 6) C ( 4 l C ( 3 l 109 • 4 

(CONTINUED) 



CT ARLE 10. CONTINUED) 

ATOM ATOM ATOM ANGLE <DEG•> 

NI N C 1 > H ( 1 ) 119.3 
H ( 1 ) N ( 1) C ( 1 ) 110 . 7 
NI N (10) H ( 16) 119.8 
H(l6) NClO) ((6) 110.5 

H ( 2) N. ( 2 ) C ( 1 ) 116.l 
H(2) NC 2) H( 3) 114.8 
H(3) N ( 2) C ( 1) 115.5 
H ( 1 5) NC 9) C(6) 120 . 4 
H ( 15) NC 9) H ( 14) 114 . 3 
H(14) N ( 9 > C(6) 116.7 
H ( 6) N ( 4) C ( 2) 120 . 5 
H ( 5) N (4. ) H(6) 118., 5 
H(5) NC 4) C ( 2 ) 116.3 
H ( 11) N{7) C { 5) 119 . 3 
H ( 12) N<7l . H( 11) 118.7 
H(l2l NC 7) C ( 5 l 116 . 8 

H ( ti.) N ( 3) C(l) 116.9 
H ( Ld N ( 3) C ( 2) 114 .. 4 
H ( l 3) NC 8 l ((6) llLi . 2 
H ( l 3) N ( 8) C ( 5) 118.7 

H ( 7 l CC 3) N ( 5) ll2e7 
H { 7) C { 3) H(S) 104 • 5 
H ( 7 l ((3) C(4) 108 . 8 
H(S) ((3) NC 5 l 111 . s 
H ( 8) C ( 3) ((4) 109 . 3 

H ( 1 0) ((4) NC6) 109 . 4 
H ( 1 0 ) C ( 4) H(9) 106.p 
H ( 1 () ) C ( 4) C ( 3 ) lllo2 
H ( 9) ((4) N ( 6 l 11() . 7 
H(9) CC 4) ((3) 109.7 

H ( 1 7 l 0 H ( 18) 104 . 4 



TABLE 11. 

LEAST SQUARES PLANE OF MOLECULE 

DIRECTION 
Cl = 
(2 = 
(3 = 

COSINES RELATIVE TO A, A, AND C* 

ORIGIN TO 

0.9788 
-0.1741 
-0.0883 
PLANE DISTANCE= 1•658 A. 

DEVIATION FROM PLANARITY 
(THE WEIGHT FOR AN ATOM IS INVERSELY 
PROPORTIONAL TO THE STANDARD DEVIATION OF 
ITS X COORDINATE, RELATIVE TO THAT OF NICKEL) 

ATOM DEVIATION ( ti . • ) WEIGHT 

NI -0.011 1.00 
N ( 1 ) -0.035 0.11 
N ( 1 0) -0.012 0.20 
N ( 5 ) -0.008 0.20 
N(6) 0.012 0.20 

C ( 1 l 0.043 Ocl7 
C ( 6) -0.008 0.17 
C(2) -0.021 0.17 
C ( 5) 0.02s 0 .. 17 

N(2) 0.036 0 • 14 
N ( 9) -0.026 0., 14 
N(4) -0.090 0.14 
N ( 7) 0.079 0014 

N ( 3) o.088 0.17 
NC 8) -0.022 0., 1 7 

((3) -0.176 o.oo (TETRAHEDRAL 
C ( 4) 0.189 o.oo PLANAR 

CARBONS NOT INCLUDED 
p I SYSTEM) 

H ( 1 ) -0.046 o.oo ( ALL HYDROGENS GIVEN ZERO WEIGHT) 
H ( 16) -0.049 o.oo 

H(2) 0.161 o.oo 
H(3) 0.459 OoOO 
H ( 15 l 0.239 o.oo 
H ( 14) 0.,136 o.oo 
H C 6 l -00326 o.oo 
H(5) -0.209 o.oo 
H ( 11) 0.318 o.oo 
H ( 12) 0.195 o.oo 

H(4l -0.023 o.oo 
H(l3) 0.004 o.oo 

H ( 7 l 0.371 o.oo 
H ( 8) -1.097 o.,oo 
H ( 1 n) 1.153 o .. oo 
H(9) -00353 OoOO 

IN 



TABLE l2o 

ALENCE BOND.(VB) AND MOLECULAR ORBITAL (MO) TREATMENTS OF BONDING IN NICKEL 
V ETHYLENEDIBIGUANIDE DIPOSITIVE CATION 

suMMARY OF ASSUMPTIONS IN HUCKEL CALCULATION (MOLECULAR ORBITAL THEORY) 

A(J) = COULOMB INTEGRAL ON ATOM J 
B(IJ) = RESONANCE INTEGRAL BETWEEN ATOMS I AND J 
B(IJ) = 0 FOR ATOMS I,J NOT DIRECTLY BONDED 
S(!Jl = OVERLAP INTEGRAL BETWEEN ATOMS I AND J 
S(JJ) = 1, S(IJ) = 0 IF I DIFFERENT FROM J 
LET A= A(CARBONl AND B = B(CAR80N-CARAONI 

A(NI) = A - 0.7B CX = PAULING'S ELECTRONEGATIVITY, 
X(NIJ - XCC) = -Oo71 

A(C) = A 
A(TERM. N) = A(RING Nl =A+ 0.58 
A(LIG. N) =A+ B 

BCL!Go N-C) = 2o28 
8(TFRMe N-Cl = lo38 
B(RING N-C) = R 
B(NI-LIGo N) = Oo25R 

CX(N) - X(Cl = +0.5) 

(1.) PREDICTED BOND LENGTHS CR) FROM VALENCE BOND NUMBERS (VBN) AND MOLECULAR 
ORBITAL (HUCKEL CALCULATION) MOBILE PI BOND ORDERS <PBO) 

KIND OF BOND AVER., R<OBS) VBN R(VB) PBO R(MO) 

I o LIGo N - C 1.,29 Ao 1 • 5 1 ., 3 1 Ao 0.,745 1.,30 Ao 
II• TERMo N - C 1.35 1.3 lo36 00526 1., 3 5 

I II• RING N - C 1.37 1.2 1., 39 00374 1.,38 
rv. NI - LIG~ N 1087 100 lo89 0 .. 176 1.,85 

SINGLF RO!\ID N - C 1.,47 1 0 0 lo47 0 .. 000 104 7 
1 

SINGLF. ROf\lD C - C 1.51 1 • 0 1.54 OoOOO 1.,54 

( 2. ) PREDICTED CHARGES (Q) ON ATOMS 

KIND OF ATOM Q(VBl Q(MO) AVER., OBSERVED N-H DISTANCE 

LI G ., N +Oo5 +0.,51 o.80 Ao 
RING N +Oo4 +Oo25 0 .. 83 
TERM., N +Do 3 +OQ?5 0.,85 
C 0 c 0 +O.,J5 
NI -2., 0 -2d0 



TABLE 13. 

PRINCIPAL AXES OF THERMAL ELLIPSOIDS 

U(Jl = ROOT MEAN SQUARE DISPLACEMENT (A• ) ALONG AXIS J, 
DIRECTJON COSINES ARE RELATIVE TO A, B, C AXES OF CRYSTAL 

ATOM AXIS j UCJ) CA• > COS ACJ) COS B(J) COS CCJ) 

NI 1 0.11s -0.998 -0. 001 0.129 
2 o.146 -0.040 -0.750 o.655 
3 0.144 -0.056 o.661 o.744 

CL(l) 1 0.229 -0.920 -0.245 o.482 
2 0.221 0 .393 -0.561 0.637 
3 0.160 -0.006 0 .190 0.602 

CL< 2) 1 0 .303 -0.984 0.11a 0.204 
2 o.1aa 0.136 o. 714 o.646 
3 o.155 -0.115 -0.677 o.735 

NC 1) 1 0.212 -0.992 Q.050 o.os4 
2 0.16 7 -o. 022 Q.828 o.554 
3 o.146 -0.123 -0.559 o.a2a 

CC 1> 1 o.1s3 -0.824 -0.566 0.194 
2 0.110 0 .546 -0.776 0.202 
3 0.153 -0.155 0.21a o.960 

NC2) 1 0.254 -0.978 0.200 0.13s 
2 0.19s -0 .. 201 -0.960 0.228 
3 0.149 -0.016 0.19s o.964 

N ( 3 > 1 0.221 -0.997 0.074 Oel63 
2 0.112 - o . 072 -0.585 o.ao6 
3 0.142 0.040 a.sos o.569 

CC2> 1 o.1a5 0.895 -0. 032 0.259 
2 0.111 -0.437 0.127 0 .959 
3 0.152 -0.085 -0.991 0.115 

NC4) 1 0.265 -0.981 0.132 0.057 
2 o.176 -0.159 -0.152 o .988 
3 o.1so 0.101 o.9ao 0.145 

N(5) 1 0.195 -0.998 -0.057 0.201 
2 0.159 -0.056 o.998 0.050 
3 0.1,ia 0.013 -0.039 0.-977 

CC 3) 1 0.246 - 0 .988 0.124 0.110 
2 0.11s 0 .048 o.so1 o.575 
3 0.156 -0.144 -0 .. 586 o.a10 

C ( 4) 1 0.210 0.964 0.003 0.069 
2 0.119 -0.036 o.992 0.126 
3 0.153 -0.262 -0.126 0.990 

(CONTI NUED) 



<TABLE 13. CONTINUED) 

ATOM AXIS j UCJY (A • l cos A(Jl cos B( J l COS C(Jl 

N(6) 1 o.185 -0.990 -0 . 061 0.013 
2 0.159 -0.062 -0.609 o.788 
3 0.152 -0.124 0.191 Oo612 

CC 5 l 1 0.190 -0.713 -0.618 o.466 
2 o.176 0.594 -0.279 o.623 
3 0.155 -0.374 o.735 o.628 

NC 7) 1 o.267 -0.986 -0.011 0.029 
2 0.197 -0.087 -0.825 o.565 
3 0.147 -0.146 o.566 . 0.824 

NC8) 1 0.213 -1.000 -0.028 0.186 
2 o.184 -0.001 -0.349 0.919 
3 o.144 -0.031 o.937 o.348 

CC 6) 1 0.188 -0.103 0.021 0.995 
2 0.111 -0.905 -Oo417 0.095 
3 o.156 -0.413 o.9o9 0.021 

NC9) 1 0.251 -0.995 0.024 o.289 
2 0.215 0.097 0.161 o.944 
3 o.153 -0.009 -0.987 0.162 

N ( 10 l 1 0.206 -0.995 0.090 o.156 
2 0.168 0.027 o.651 o.738 
3 0.155 -00095 -Oc754 o .. 657 

0 1 0.321 o.677 -0.696 0 .101 
2 o.266 -0.730 -0.677 0.237 
3 0.197 -0.096 Oo239 o .966 



TABLE 14. 

OBSERVED AND CALCULATED STRUCTURE FACTORS 

(THE FOUR COLUMNS WITHIN EACH GROUP CONTAIN THE VALUES 
OF L, lO•F(OBS), l0°~(F(OBS)), AND lO•F(CALC). 
REFLECTIONS INDICATED BY ASTERISKS(**) WERE GIVEN 
ZERO WEIGHT IN LEAST SQUARES CALCULATIONS.) 



600 •-601 
" •216 l II •JI 17 ''' •1 J l II 

412 1 41• U 
Ill I 11' 1l ::: :.!:: 

Ill 1 166 
JU '-J6" lJ II ! 1:! : I~ ~: ~= ~ :~ 

I ,1 6 • ., 
u u2 1 -116 u 
14 45 • Jl t5 

6• II -~, 10 
20 21 - ~I II 
t• IC •tl ll 

1>0 J •1)) l J 
-- u I I• 

61 n, , J'>O 14 214 1 lU :~ ; :;i~ 2]} J-2)1 1, 
241 6-2U II 
-- •• tJ '' 
1n 1-n, 20 
ll'S I -1>4 21 
)69 • -1, .. 
10111-101 

2 212 1 Ill 
J 44 12 l6 

~ .,;~ ,: ";! 0 lZ L " " u 

•I 1 L 
O :H 14 
1 10111 

l " 11 J U5 IC 
.. 2J JO 

' u• • • u u 
7 ,. 14 
• <II 11 
t 17 10 

io ••10 
ll U 10 
u u. 

... ' ' • "u 
1 Ul I 
z zt• 1 
J 42 U 
4 zo, f 
, u u . "". 1 2' U 
• n 11 ... u 

u u• 1 
U U Zl u u• , 

-f J L 
t UJ 1• 
a 201., 
, u u , ,., ., 
4 ., u 
, u u ,-·· 
f Uf f 
I U 1, 
t 10 lt 

10 .19 It 
U 110 S .... ' ... u 

' I : 
-1 I L J 

0 1111 •Ill 6 
I -- •• -l 1 ; ~ .:-~::.: 

:!:;.;:II 
,. I' u 
45 U --

.... ' 
6. zc -41 

))6 • -111 
., l2 .. 

Ill ••I)) 
167 I -160 
lU 1-IU 
•• u -•t 

o~. !
0 

/ 
I U 10 
l n • 
! z~: 1! 
1 lZll 
6 17) I 
1 ,. l2 
• u, J 

40 t• _..,. ·1 O L 

12 210 1-211 1, 
Z1 244 J 10 16 

--<11 JI ll •46 tr 
116 6 111 l u, II 

H 1 91 12 -16 1" 
14 I Zl2 l 211 lO 
40 " 47 1" )I 

:~ ~1 ~! .! z:: 
O IZ 1rs • 270 

10 :! 1:~ I; -:g 
1J 7" II •JI 
16 Jl I] 61 

-11 11 l27 6 -u, ' . 
'" 
" "' _,, ,. 
"' 1:; .. ... 
_., 10 

;: u 
229 ll 
•21 16 
16J U 
6) ,. 

"' 

' -SIL I 
126 10 126 • 
66 u .a to 
to 12 ,a II 

)61 l llZ 12 
129 t-1 .. 9 ll 
121 t IU '" 
IZ'f 9 11 • 15 
1)9 • us 16 

5J 11 2 11 
16'1 l 161 U 
114 1 Ill l'f 
Ill I 102 O 
••• 6-111 

:; :: .;! 
z!! ! ~! ' I 

' ' -S t L 
0 6•1· 

. 
lU 6 -UO ! 2~; i! ·Z~~ ! ::; : 

J 16 Jl 
4 17 ll 
S 66 IJ 
6 lll I 
1 212, 
I 11 ll 
9 •• 1l 

.. ' 10 6 
10 l 

". ,. . ... I L • 166 f Ill 
10 H -,o • lll 6•319 

616 J-<110 10 ))l I 321 
276 1-10 12 14 H Jl 

2:: 1! -!:; :: -;: :: :! 
lU r-zu ,, 210 6 ZIO 
UI ••ll6 lO tO I H 
l10 •-HO 
101 11 1't 

:~ !! ~: 

"" JJZ 11 

!!! ! -!~~ 17] 1-116 
,.11 -.a 

10 2,1 J-2'1 
II 260 • -lU 
\Z 110 • • 191 

11) t -111 
16 12 -11 

Ill 6 -U'I, 
uo I 16' 

-10 , 5tL-tl 
6110 64 
l1 l] -6 

101 6 20• 

!!: ; !!~ 
}IJ 6•)11 

13 )76 6•)14 I 
16 H ll 1 1 
lJ l6l 1•16) 10 
16 4110 -Jl 11 
ll 1J IJ 11 12 
ta 11) 10 US ll 
It >•' 6 -160 14 
20 lH 1•125 lJ 
21 160 6 -162 16 
Z2 J2 11 U 11 

-- •• )0 
tJI •-160 
156 1-\40 -- ... 
2'11 4-)06 

U II 106 
90 10 -n 

Ill 1 101 
lit s-20, 

U l JJ 
. . 

'}! 2~ !!! 
IJZ 1-ll2 
261 J l"l 
"22C JJ 
H21 -z 

)14 6 -)J] 
2126 61 
•ou -,, -•· ) 
14 II -JJ 
40 I• l6 
u, 1 -110 

. 
' . . 
" " u 

-4 6 L ll 
IJ II JJ 16 
-H ZllJ 

:: :: !! :; 
,z .... "11 

lJI 7-t•J It 
us t-uz zo 
lJI I He 21 
91 10 IJ ll 

lll - f-169 

"" l9 0 lll ,-lll ' ' ' . . , . 

-J 2 L 
112 , 11• 
Jo• S-)11 
! OJ 6 ... ,,. '-,o 
IU 5 -15' 
Ztt J l'19 
2"6 , ln 
)24 6-524 
2)9 ,-22, 
161 •-111 
4,z •-611 
Jl2 • -Ho 
-- •• •21 

''. " Zl l<I •JO 
lJ2 l -uo 
11) f-lJ) 
IHI Ill 
u, 1-126 

~:: ::: 
1:! ~ _,:! 

·J) L 
Zt• ,-)09 
266 , l .. 
6J. -9 
IU, lJ5 

~!·.! •lf~ 

" •) 10 L II 
0 129 'f-tU IZ 
l UJ 1·1'0 U 
2 11 IZ 16 1" 
) 112 1-111 l5 
4 JIU ]0 16 
J ti H ll II 
6 7" I) ,o 11 
1 )06 6-291 19 
, 15 u -n 20 
• Ill f-16' ll 

10 Ul J tU 
11 •• ll -11 
12 -- •• -, 

~! 1~: l! ,:~ 
U 211 J -21• 
16 Ill J Ill 

-) II I 
10110 ... 
21' 6 211 
•111 101 
IS U -u 10 

::! ~ -!:~ :! 
6 161 1-16' I] 
7 1612 'fl 14 
I--•• -Z4 IJ 
• IOI t 106 16 

IG l"'f 7-1'1 ll 

!! u; ·; -1:~ :: 

4 -- ... _ , 
5 JI I._ -l2 

-l SL 

!!! : -!~i 
4:: : -~~! : 
}:! : .}!~ :; 
'!: 1; ~~: :: 
u, • -110 ti 
111 , -ltZ lo 

!!! ; -!~! 22 
JOZ 6 l n 

!!: I~ -!!! 
1'0 1-110 
6l u -60 

100 10 -u 
U4 6 lZJ 
., • -a, 

270 'S 26" 

ll IJ " 

o -:oJ' / t06 
I "o I -JI 

~ :g ! .::! 
" JH J·l"O 
JIOOl II lOOl 
• )91 J )'fl 
l ll ll ·JJ 
• ) .. ) Ju, 
• 171 J 110 

-z I l 10 :kt J J61 
201 ,-2 u 11 610 1 ,o, 
26' J lJJ ll Ill 1 16' 
-·· 11 tJ 261 6 262 

n • ... u 49 16 -n 
., 10 -10 IJ lZ 11 -u 
•• 14 11 l6 --- 0 
6J lJ -7 17 46 ll J4 

4 11 -21 
69 12 •61 1• 661 1 •11 

4-41 6 "' ZO lJl l 1'5 
0 11 11 21 ll 21 U 
12 ll JU •ll 
'8 u Jl 

!!: ::!:: 
J-4]. J-40 

'!; ,! 1~; 
60 U U 

16 IJ " 
1210 54 

' ' ' . . 
' . 

-l l L 
16 <I II 

-I IL 
,, u -o ' 

169 IC 191 • 
141 l·IO 1 
SH 1 no 1 

11 U I] • 
25 2 • 2Jt to 

!~: : }~ :~ 
I Ill t -Ila 1l 
• 117 6 199 16 

10 6 , 11 ZJ 1' 
II 262 • 2'2 16 
lZ 221 •-HG lJ 
IJ 211 I lll II 
16 Ill • 112 11 
u zu • nt 20 

:; '!! t! -I~! 21 
11 2021 I 
t• JO• JI o 

- 1 • L ! 
0 161 1•126 J 
l Ull -51 • 
Z )89 f JH S 
J lH f -111 • 
4 01 • 436 1 
S IU f n• I 
6 z u 6 ZZJ -, 
J ll2 • Ill 10 
• 1612 54 11 

.: ~~ : u~ :! 
11 114 J-116 16 

!i ::~ : .:f! !! 
16 _ .. -u 17 
lJ Ill 1-IZO U 
11 )20 1 HJ 19 
ll '7 • -72 ZO 
u n 12 11 21 

-110 L 
lJ 12 1J I 
,o 10 n 2 

2)) ,-261 J 
21 lJ ll 

-- •• -21 J 

-·· -u 6 l 41 20 

! 1~ ~ 
;~!! 

lH l-21J o 
109 10-111 1 
20" l-196 l 
IJ IZ H J 

32J 1 -ua 4 _ .. _,.. J 

-~•••L·l9 
UJ 6 221 
20, l 20" 
20, •-106 
ll ll •16 

114. 117 
IJJ J 156 

IZ 150 J 
13 7610 
16 126 6 

U 12 
Jl I) 
•2 14 
u u 
2Z 16 

IH lf 
-11 U 
Ill It 

UO IC -111 
112 l 11• 
10) 10 IJ 

"' II -6,0 
1"21 ZI 

100 • -fl 
u n --..o , .. _.,, ' ' . 

0 ·Sr~°i,L '2 ~J-•L -53 :~ 

....... , 
,1, 1-JZO 
l1l ,-111 
Z• lO 21 

151 l -10 
1111 Tl 

ll flt Jt 20 
14 35 1J -JI ' 0 -1,,1 / •• : -> tZ L 

0 3720 

4"l J <142 0 
2110 ·ll I 
" s -JI z 
62 I Jl ) 

6•6 1-,os 4 
269 4•212 J 
M6 10 • ., 6 
111 I 716 f 
'56. ¾I • 

126 I 110 • 
IJl 6 lJ6 10 
-- •• •ll 11 
,216 l tz 

l'II 6 296 IJ 
111 • tn 16 

n z" -n , 
))6 • ))I I 
1l 13 .. • 
1112 -1<1 10 

Ill 1-161 II 

• 6. 1' 
• ., 14 

1• 10<1 f 

·ISL •-·· 
' . 
' .. , . 
' ' 

>• u 
z,16 
JS 1• 
UIZ 
u 1J 

,, 
" _,. . 
' .... -• , ... 

,. ! 

-H 26. :~ :~ =~~ ! 
•• , .. 9 

lJJ '.i,, :~ 

•6 2 L 

!!! ~ =~~ 
691 7-501 
J• 11 l 

J6Z 1-)61 
-••-14 
194 1-111 

" .. .. 
!! 
:: 
" .. 

•1 o l • 

1)1 -<ll 
uo ,-uo 
UI 1-UJ. 
lll I •lzt 

56 ll 27 
ZIO 1-zu 
199 1 191 
Ul 7-ln 
tZ 11 -10) 

10'1 t -11 
•JO •• 
J]) 26 

JJ • 6l 

: ;: ~; ;1 :~ ' ' ' . • l,O l•UI 12 
I 160 t 144 1J 

10 ti 11 -10) l'o 
U 10 3' -u U 
1• 1, U _., U 
I• Zf It H lf 

. 
' . 
' . 

•7 1 L 
0 SJlO 
I 40 Z, 
Z 14 U 
J n at 
4 1'" 
S ZlJI 
• u •• 
1 l1 2' •-·· 

" " .. 
•l6 10 
-56 ➔ J t. ll 
-14 111 I -ln II 
•• Jlt f•lU ll 
65 -- •• U l" 
-1 UJ 10 -HS 15 

-40 11•5 I 116 16 
;U UO •-lll 11 

l -- •• 10 U 

';! ,; 1;: 
147 I HZ 
lOZ t(I IOJ 
., " 6" 

161 I l)J 
10 I ll9 
Hz,, -JII 

2!! l~ Z!~ 

U 11 :!~ 
Uf 6 t'SJ 
70 10 '°' 

-S l I. 
Ill •-121 
111 1 174 
-- •• 11 
)16 6 11, 
152 l 1'6 

J.<I 15 II 
)1 22 ,, 

1 111 1 lJI 161 I -I .. 1l 

~ 2~~ ]~ 21: ,:: :~ -1!~ :! 
:: :: !! :!~ ~ :~ :: 
9 • 10 -n t49 1-159 11 

111 1 11" Z6l 6 -ZlJ U 
)tlt 6] ZOI 1-ZO) l'I 

I., 6 UC t 10 1J 12 20 
10 95 t -10, 10 -- H -.u 21 
ll 142 • 144' 11 In I -130 l2 
12 -M -IZ U -. -N •] 

U 1'10 l 201 
-JU L H lU J•UO 
Ul 7 UT IJ 66 U •66 
IH f•tZJ 16 14 lO •fl 
nu .,.4 u n lt u 
6J 16 6) U H 1 ·12 

' ' ' . . 
JllO 16 
,. I) -1) 

ll4 1 UO 
JJ l2 -4) 

a 6111 J6 
9 19 I •16 

10 4. 11 Jt 

' -<I• L • 
UO t ll4 7 
116 1 167 I 
26' 6-259 • 
1112 -12 10 ~~~-::u 

l:; !~ 2~ ~ -~y !! L -l: 

. 
' . 
' ' 

160 1-t•l U 
n 22 11 16 
651" _,. lJ 

UJ 1-1•0 16 
lH f-16 l ll 
IZO t -U• II 
H 16 •<12 l'f 
-•• 1120 

5" IJ 40 ll 
,o 10 -u 

lJO 6 ZJO 
U• 6 lJO 
lU 1 Zl9 

:~ !~ -~~ 
'!: I~ I~! 
66 14 _., 

l 1124 l t 
6 ZJ If -H 10 

" -6 0 L ll 
Ill 1094'11l 
"4 6 6U 16 
141 6-IH 1' 

H 10 611 10 
146 6-146 
256 J-254 

... , 
_,. I UO 6 116 10 

!!: : :!!; I 15 II 
2 4111 .. ! 1~; ,! -1)~ g . 209 f •215 

--•• - • 4 
130 t •Ill 1 
167 •-121 • 
1"<1 l•l4l 7 
164 7•ll0 I 
u, 1-129 • 
206 J-2u 10 

l4o U 9 11 

" " 61 12 -n 
lJ 11 ,z 
60 I) .... 

-- •• 10 t 
Ur l •lJI 10 
16<1 6 lJJ 11 
161 I 141 ll -•• _,,!! 

·l 6 L 
)U 5 JlJ 
516 6 •JZ2 
111c 6., 

·:: : -!!i 
Ml I -Ill 
34•, n• 
>JJ •-ne 
,.. 1-,,1 
J61 7-)'4 
-- •JO 
Jt• ,-Joe 
190 7•1'10 
6'6 •-•u 
tl 11 •2 

,...o 6-n• 
42] 1 -<126 
174 l·16' 
1,0 7-161 
116 ,-no 
JI'" -•2 
'" S -111 

u 
-JU L U 

., II -66 16 
n tz -ll 11 

IU 6 IU II 
4) ,. -26 19 

I.ZS l·l19 ZO 
fJZ 33 

l02l "0 
10, l 107 
l5 H lZ 

-2 o L 

! •;:: ·; !!!~ 
6 11111 <l•IU 
I 166 10-IH 

10 ,12 1c-n2 
12 20, 6-206 t 
U 502 f•6H IO 
11 -- ... 53 II 
ll n 22 -t IZ 
20 166 1-ua 11 
ll Ul 6-1'1 14 

" -z IL 16 

2622 •lt ll 
IJ6 I •146 H 
34• 6 HI IJ 
)96 t l96 16 
.410 90 11 
JO l2 _., II 
H lt 17 \9 

156 1 hJ 20 
10, IC 106 Zl 
10310-101 ll 
161 1 1•11 

z:: I;::::! 
1311 14 

119 I 12) 

1;; 1: 1:; 1 
l16 1 ll5 

266 J 161 l . . -l SL 

..!~ !: ': 
ltJ , 19' 
lH • IU 
lll S IH 

0 ,. .. ,-,J> 
l 6lt f-6J Z 
2 511 6 JU 
l 50-l 6 JIZ 
6 702 I 10'1 
5 616 J 416 

-2 IL • 617 I 616 
nu , J 119 , 112 

110 I -u .. I 29) J 295 
... 1 616. JI f -Jl 
HO 6 217 10 l1l J lO 
'9 14 U 11 6lJ • 631 

l<IZ 1·151 12 '51 1 5'1 

' . 
' . . 
" " " u .. 
" 

UO l IIJ ll J'l'I 7 •o• o 
,a U U 1" ZJO 221 I 

114 1 Ill lS Ill -n Z 
JU • J96 U U6 JU l 
ZZI • 116 11 41• 621 4 

U 11 •19 ii 14' UI S 
-t lt ll6 ll1 6 

6) 11 '9 lO Ill 111 1 
2, 21 117 lU I 

f;: ~ ~!~ 22 It 65 1: 

:: !~ ~~ ~~ 
uz 6 179 14 
212 J-21• u 
US t IJZ 16 
116 J -lJI :: 

-t 11 L t• 
•J"' -Jo 20 

ZIO 6-211 ll 

:;!: !! 
Z66 6 261 G 
lU •·lJI I 

;::: .:i ! 
JOU 66 " 

106 t -" J 
266 6 240 6 
llJ •-11, 1 
ll 10 68 I 

;: 1: -I~~ 1~ 
162 J -161 II 

u .. .. •l 12 L 
,, 2<I )I 

111 1 u .. 
u II ·Jl 

101 •- 11<1 
ll l6 -1 

UO I IZO 
•J. •92 
•z • 61 

" " " u 

" .. 

ltO 6 •191 
50 I 61 

lU 4 211 
41'. 61J 
6l ll II 

126 J 2H 
11] ,-112 

104 t '" 
JOO l•50l 
Ill l -120 
20, 6 211 
2)6 6 2)4 
126 I -UI 
16] 6 164 
211 1-zn 
-- •• ZI 
117 ,-112 
". 16 

'.' Ill 4 111 
tlO "·171 
796 t 101 
145 <I -144 
"' 6-411 

7 n -II 

~:; : -U~ 
226 J u , 
zn 1 -nz 
l'fl 5 215 
266 J - Z6J 
J01 1 ,06 
JU 1•32' 

U U -61 
17" l-174 
•l I"-•• 

-- - l) 
-- •• lZ 
111 6-16S 
1'19 5 lO l 
lJl 5·163 

411 7-41) 
U2 6 -H• 

~~ .: -2;! 
62" 6 •4)2 
•• 12 11 

6 Ztl 6-JOI 
1 11 21 21 
I 2U , -2IS 
• 2' 1C -20 

10 161 6 -HI 
II 1221 -26 
l2 171 J -11) 

01) L 
221 6 -212 
-- u ll 
291 •-JOl 

6 l tz n 
21) 1-201 
-- •• -)0 

1 11. _,, 
I 2D 1 ll6 
• ll'f 6-IJO 

to 91 6 -102 

·• . 
" 

014 L 
206 ,-211 

H ll •H 
212 ,-201 
6J 10 44 
IJ I ·lJ 
II I 11 

,., 5-)61 
211) lO 

' ' ' 3"6 6-)51 
66 5 -JI 

JU J ll'f 
962 10-w.o 

:!: !:!~ 
!::5 :L_::~ H lt II H 

•n 1-u2 
l)Z I 161 

" :·\ \-11 1 H 
2,, J-29' U 
201 5-l,S It 
.. ,, t-6'1 zo 
"' 10 .. , 

111, -1n 
261 5 -25 ~ 

H II -16 
JO II 5l 

I JOI 6-JOr 
t llO I •116 

10 ZH 6•26J 1 
II IH J -15' 6 
U h 16 20 f 

:: 1!; 1!-1!! : 
IJ lU l•ll4 10 
16 126 1•126 11 

:: :: :: :: H 
Io' 
1l 10 -o 

..... J-4'1'9 
IH J•ll2 
ZS, t •261 

6 II le -II 
J 692 7-<i•J 
6 1'4 1-10 
, ,u , - • 12 

! --;; ;; -!~ 
10 10) 10 ·ll5 
II 169 6 •Zif 
ll ll l1 l4 

!! :!: ! ::~! 
IS 6ltl •16 

" .. 
" " " .. 

16 13 I 71 t 
1l -- .. l 10 
II Zt 14 -0 11 

'.' 1]1 I Jl9 U 
)60 J -)SJ 20 
102 • ltt 

lZI I •Ill 0 
JJJ 6•JJ6 I 

140 J 124 
640 6 442 
J)l • -J2> 
Zl6 I 20 
112 f -110 
50 " _,, 

117 1-11• 
Jlll S 

" " .. 
" " " " " 

6,.I .... ,. 
<1• 11 -42 

Zll 5 20" 
HO J JU 
696 1•6'1 
'SOO 1 691 
)40 ••)67 

!f~ : -:~! 
IJl 7 154 
4) 11 -zz 9 
J,.12 10 10 

J/16 •-Hf 1l 
6216 U 12 

I~~ ! -1:~ l! 
" 0 6 L 11 

n z " zn. tJ 
· 510 1-'SIZ 11 

91 6•104 It 
201 5 ltl ZO 
2'fJ 5 290 21 
lH s-221 
Jl t H 

)ll J -JU 
., 11 -19 

<111 6--465 
-- •• ~zo 
IOI 1 9" 
DI 6 234 
6• ll -16 

Zl6 • 231 
1<1l 1-s..o • 

~.:-2!!.: 
Ht• n II 

U2 J -111 U 
-- •• ·J ll 

' ' ' 107 J ·106 
J4S <I JH 
J'S0 6•JJJ 
)ZO " JU 
)JO ' lll u, 7-634 
"" <1-149 
... 9 21 

,,1 ,_n., 
641 6-.. o 
6110 ... 9 

<116 6•6\4 
JJ 14 -•o 

-- .. 0 
162 I 122 

' ! 
' . 
' ' . 
" g 
:! 
" .. 

-- "-J9 0 
ll6 t -n I 
220 1-20, Z 
65 If •U l 

z;~ : •!:,! ; 
JI II JO ~ 

I•' 
II 4 II 

"' <1-16" 
26) <1•261 
,. ' -SJ 

I'll 6•1'16 
100 J 10, 
Hf J-HJ 
96) 10-96, 
,u 6 -S16 
211 J 206 
110 7 109 
J)J •-12, 
]96 6-)89 

!!1 ::!!! 
ISi J•ISJ 
11, 1-16• 
60 l<1 -4J 

' . 
" g 
" .. 
" 

ZZl 6·2l1 
1001(1 10) 
349 6•34. 
Zl6 6 U6 
lll I-Ill 
1116 JZ 
•• 11 -n , 

l"l 6 llJ l 
lit 5-216 : 

110 L 
011 lJ 

,;!'! ;;; 
66 ll -1• 
-- •• -21 
JJ" -41 
6116 59 

z!; ,! -!:~ 
117 1 Ul 
111 1 11' 

" " u 

" " :: 
" " " 

1'8 6-255 o 
U 16 11 l 

14• 6 -HZ Z 
zoz, 20) l 

J6 IC -49 ; 

l ll L . 
' ' . 
" " " u .. 
" 

166 6 -15' 
1'i II -10 

!:! : -:~: 
t41 • -tu 

65 U •"1 
U 10 -12 
14 ll 11 
H • -101 
3111 z, 
" • -lJ 

''' 63 l ·60 
JU I •U6 
4). -26 

n 1 , -111 

"' 1 16) 
ZJJ J 261 

4~: : -:!! 
6J ll 61 

264 6 -lei 
101 • Ill 
1"J • -)4) 

210 I 2ll 
IS2 I"'' 
52 16 -20 

)J'f •-)59 
217 6 2(1) 
Ill l•lOJ 

1!! 1! :~: 
lJO J 12' 

'.' z,u )0 
))6 5 )41 
)61 '_,.., 
10• 6 104 
202, 201 

.;; !.4;: 
260 J Z,9 
l'f24 t 
, .. 10 16 

201 6•Zll 
ltl 6 ll6 
<IQ) 6•400 
161 J 110 

'!: 1! 1r, 
57 lJ _., 

92 •• !f 
261 5 z.,, . '' 120 6-121 
ZJI J-1"6 
l"• J ZJ9 
J04 , -,oJ 
61 • 61 

Ill S 110 
201 S ZOJ 
at 9 -16 
t6Z,, ll 

240 6 •Ut 
650 I uz 
402 6 -601 
-- •• 6. 

122 •-uo 
1) U 11 
J22Z l1 

119 6 1 .... 
--•• lJ 

2;: I~ ~;: 

.. ' 
ZOJ J ·2ll 
611 • Ul 
II I n 

147 • •Ul 
101 J-zn 
l6l I )JI -- .. -• 
312 I )10 

'fO 10 •> 
l1• • lU 
112 l•\10 
10410 .6 
ll2 6-114 
113 • HZ 
lJl6 - JO 

ll2 • ]21 
t 1114 

IO 1" U 
II 47 U 
IZ 7' U 
U U If 
14 )5 1• 
u n 10 
t• U II 

:;! ~T ,; -1~~ ~: 
-51 9 ,4 n -n 
_,., to -- u -21 

61 16 "'6 12 
l'I I H 14 

" •S J L 11 

271 6 266 U 
3"0 6 )36 11 
Ill l 111 
llJ 1 2ll 
161 • 161 
., ,, JI ' 

-6-, L ~.:-2•: 
o -:,.'1c"'-n5 
l 1•<1 5 1'4 
2 101 J -12 
l 231 5 2)4 
• 1u •-no 
5 64l I U:l 
• 44'1 1 -6Jo 
1 11} 1-116 
, 242 ,-261 
t 1411 ., 

10 u, 6-nz 

0 1622 11-11>"1 11 
l ll'M 1J-U1'f 11 
2 "31 7-641 19 
l 2111 6-259 

ZJO 5 UI ·l 4 L II 
64 I) -1 246 <1•240 12 

11" J-111 194 10 61" ll 

116 1-116 
7111 'lZ I 

IU • -uo z 
16) 6-IJ'I l 
6l lO 61 " 

Ill 4 119 5 

,,.. o,/ ,,L ••1 i: 
69 t 6" l1 
12 7 -7> II 

239 J-240 l9 
96 7 16 2C 

232 J-226 21 
)5) __ ,., 

108 9•105 t 
114 1•119 10 
211 S•ZIJ II 

U l -oo 12 

u 2l ,0 

Jl IJ '" llJ 6 -lll 
ll 2l ·2' 

16• l·l6Z 
110 1 172 
,z It "' 
H ll •"6 

12' 1-121 

IJ 11 " 
152 l•IJO 
113 6 16" 

H ll lJ 

U 110 • 164 
11 -- •• ll 
U Ill • ·Ill 

J 11 217 1-lU 
t• ll 220 1 lll 

-•• ll 20a 1-tn 
-25 U 171 f '" 

•1 2 L 
0 10 <II U 
l lU H •lltl 
l 10 It J7 
J 151 t -uo 
• l6)0 •16 
510012•105 
•-•• -l4 
1 uo •-110 
f 50 U -u 
t 25 l1 -t 

10 5J U -6) 

U 212 f•ZU 
U 165 ••Hl 
1J u u -5> 
14 J O 21 l 
U U t -100 
t• u n -n 

•1 J L 
0 40 '9 -•9 
I 1114 •J 
l ZOJ I -1% 
J , .. U •16 
• n U•IOJ 
5 lll J 260 

~ ~~ .! •Zl: 
I lOJ ll•lOI 
t 16 U -u 

!! ri! :-!1: 
If-•• l4 
ll 22 lit U 

. 
' . 
' . 

... ,,.21L 26 1: 
52 1't 10 II 

216 1-uo 12 
10611 ., U 

6 10 U -61 H 
J no • 161 u 
• ur 1-1•6 16 
1 lt 26 -Z5 l7 
I 166 'i-l]J U 
t 611, •41 11 

10 Ztl 1-22' 20 
11 204 1 t,J 
ll U l2 -'lO 
1l 126 t Ill 
H Ill t •tJ 
15 ,o 10 n 
16 UJ • ·ll4 
11 .4 11 .... 
II 60 12 1' 

. 
' . 

... , L 7 

10 122 9 -110 6 
11 ZtH •l-6 S 
l2 1)6 ,-us 6 
u u .n tt 1 
H 161 1•l"l • 
lJ 6614 ll 9 
,. 64 U •61 10 

21 32 ·H I 
67 II -4'1-, 
•• ,. ,, 10 
1111 -6<1 11 

140 ,-,,o 12 
__ .. -311) 

,, n o 14 
100 11 -u n 
10]1 -11 16 

-- •• -z 1' 
l)J " IJJ II 
69 II -51 11 

Ill t-126 

ZJJ t Z6J 20 
1611 -86 

llJ 1 llJ 

!! !! ·:i 
n, ,-n1 
))I 6 117 
ZH 6 lJ.4 
Ul I ISi 
114 • 121 
16' l U2 
,111 -•9 

1:: 2~ 1:: I~ 
lU 1 111 ti 
-- •• ll l2 
)12) 11 ll 
JJ 16 "1 I" 
)6 It 1l 1J 

l'I 16 
U6 • Ul 11 

u 
·J 6 L 1• 

U6 1•12t zo 
21) 1 ll6 ll 
lll J-lll 
no • 121 
-- •• -ll 
S,4 l S<IJ 
2H 6•20 
)0) 6 ]00 
21'1 1 zzo 
,,, 6 l4' 
-- •• -1<1 

::: : ::: 
)6' 1 lU 'J 
100 11 -11) 10 
H'I 6 ]01 11 
161 l 154 12 
tll I 12' IJ 
166 6 Ill 14 
IZJ I 12'5 15 .. •J 6 L 

0-H I 
l 117 10 •lll 
l 101 ll llJ 
J U '" -11 
4 66 Zl 4l 
J U5 l·U5 
7 160 I •IJI 

" " " .. -- u JO 
111 9 112 -- .. -) 
ll 10 •1 
39 14 ll 

· .,SL 

" " " .. 
I U U -II 
t l•l l•IU 

10 -- •• 61 
II 19 U • H 
U It lJ -90 
U n 10-10) 

" .. 
" 

' I 
' . . 

-• 6 L ' 6116 -11 6 
ll H -ll 1 

1!1 1
:-1,! ! 

14 U U 1, 6 
lJ Ul 6 -Ill : 

ll6 •-01 10 
UI I 16' 11 

U l 'f 71 U 
,r H -u u 
'1 II -ti l4 
IZ lJ 30 15 
12 II -,, II• 
64 H ll 17 
S6 U 2 , LI 

-1 J L 
o UO J •HJ 
I 66 21 H 
l 10112 •91 
J JJ 2J ll 
" lU t•l<16 
S 19 ll -s 
• 11 l• -<tO 
1 U• • •10~ 
I 210 1 ·Zll 
t to• •-10, 

:1 ~~ !~ -:1: 
u u • -66 
IJ ll'f 1·124 
16 n• ,_ ,., 

•1 IL 
Jl H -U 

u• • - 1u 
II U •3 

2)9 l-2J2 
H" n 

11, 1-lU 
,., lJ -41 

-- •• -11 

. 
" " " " .. 
" " 

JI 14 21 1, 
"l3 -I 
,, 12 "1 
ll 1' -Zl 

-6 1 I, 
-- .. 5 
4122 21 
J5 11 -u 

lllll 110 
120 10 -uo 

61 20 -•1 
111l 3 
., 11 9l 

12) 1 IIJ ll 
" 6J 14 -h ll 

10 -- .. ,o lJ 
II 106 t 110 14 
11 32 ll -s5 n 
ll 114 1-12) l• 
14 14 1 n 11 
IJ 26 tr -20 II 

JH 1 Jll 
us 10 -95 
Jl 14 'fl 
'SO II JZ 
no, JH 
ll6 'I-Ill 
2,,, 21' 
IU t IJJ 
>14 J HI 
120 10 115 
141 I 1'2 
JJ 11 21 

zu 1 2'6 
lU l lll 
U6 6 zn 

6J 11 70 
57 14 )6 

II) I Ill 
225 5 Zll 
,1 1 61 

-! 6 L 
ti u 

)4~ 4~ 
) 44 1 

., 1, 
2126 
zt n 
•s ll -u 

Jll 6 )26 
U6 • 11, 
Ill t 126 
HU 29 
,1 U " 

" 

0 10 
H 20 

IOS I 
,01c 

" ' -12 r 
-21 I 
107 9 
Jl 10 

lJ II 54 : 
-;Ht .,L 
.,,, u 
n o 9 
]97 6 
16) 6 
Jll l 
216 1 

z::: 
:!: 

. . 
!:! ! 
,., 1 ,. .. 
IJ2. 
522 10 
21111 
HI ll 
·18 ll 
40116 
"65 IJ 

<Ill t 40' 16 
1]9 1-126 

ll • I0-114 
11' 1-116 
J2 II St 

ZH 1·lll 
JIii -<II 

IH 1-16) 
151 •-349 

1;! 1:-1!; 

6015 -,o 
no ,-119 
IOI 9-107 
UJ J-ll4 
U5 , -110 
100 1-1()6 

•<I 10 L )J6 •->51 
lJI I 164 0 , •• 1-111 

-;; ;~ :!! 
2)l 1 12' 
1H ,-us 
114 I Ill 
n • -n 
., • u 

-<I Z L 

1 6} 15 H 
Z H 2J -22 
l 12 , •-tu 

600 1-)(IJ 
U 11 11 

16' J-160 
.. 220 _,. 

2'6 •-z,s 
ll2 1•136 
220 6-201 
112 • -111 
1' II -II 

:~ .:; I~ .;!! 
ll -- - -• 
14 lJI 6·255 
IS 11• J IU 
16 19]0 -9 
11 121 t - 111 

:: 2~! ,: -!r! 
10 -- - -n 
21 ,t 1 -11 

-J • L 
-- lO 
Ill t •110 
zzo 6•226 
uo • -u• 
112 I lOJ 
-•• -)I 
IH J 122 
ll ll •M 
6" -) 

52• l•JU 

l'U 6•200 
96611-911 "°~ J -40) 
•t ..... 
"" 'S-154 

• 6"] 1-6)4 
10 Ill J-602 
ll JtO 7-'Sll 
u 2H , zz~ 
ll 242 6•245 
H 220 6-lll t 
l J 611) -52 10 
l6 19._ 1 1'1 II 
17 l"l 6 -2"9 lZ 
11 JI 12 17 ll 
It 6214 -f6 14 
20 JI 15 U 1, 
21 ,1 H .. . 16 
ll ll 26 10 ll 

·Z l L 

· l • I. 
4U • <Ill 

115 <I 215 
.. , • 665 
zoJ •-201 

59 I 61 
222 4-llr 
Jll S<IO 

·l ll L 
0 -- •• )S 
l H 12 10 
2 121 1-121 
) Hit l 

10) IC """ J 
IJ6 1 •141 6 
llO 6 )32 7 
'". UJ • 
3)6 ])9 • 

201 201 10 

i~: ~;: ~~ 

191 111 144 f ll9 
Ill I -120 

-<16 6 Jl 10 -u 
]54 J )4 U .4 .. 

61'5 617 
46 ... 

)'SO 6 
160 l ... ' 
111 1 
635 • 
Ill -, 
J•21 

113 6 
121 l 
1"0 • 

164 I JO If ZI 
U6 Ill ll ,6.. • 9 
112 -•z 14 U 10 1• •• I 
1)6 10 IJ 
)7~ )15 16 
211 2Jl 11 
1"1 1)0 U 

'!: ,! '!~ !: 
61 IJ 10 Zl 

-210 L -I J L 

"' ... 
'" .. 
'" m ... 

~; :; -5~ ~ ;:: 1: _;:; 
U 12 -H l J)l J ll6 

10 4 10 IOI l 1'1 1 'f -111 
J41 6 HJ <I 1161 12 ll12 
lJO f•ll2 J l!ol 1•'16 

62 1' 1Z • 161 5 IJ7 
1'9 I 112 J 11 • 19 
zn , 271 9 tJl 5 Ill 

•1 l<I L 

54 II ~! 
JI II •63 

112 l -11, 
., 1 -,, 
61 U •<17 

119 S Ill 
l2 12 J 

' ' ' z 11'6 n 11111 
518 7 ,., 10 
745 1 JU 11 
1l1 9 HI 12 
46I 6•461 ll 
)11 5 )IJ 14 
160 t 154 

20 2l -u 10 
210 J-220 11 ~.: -!~; 

0 61 6 l -626 
I )92 5-119 
Z '96 J _,., 
) 9)9 IC nt 
"1)6 'S 1)6 
J 641 6-0) 
6 ZlO 4•l1J 
1 191 4 206 
I 151 •-866 
'II ll I •4l 

10 1"2 S-1'11 
9 l)O 1 2ll 9 116 6-195 

l~ IU 9 106 10 614 I 611 

4 szr • ~z, 
610)6111060 
I 111'1 U l61J 

10 16010 ,41 
12 195 J )02 
1, '65 2 "' 
l6 259 6 -211 
11 200 1 119 
20 U6 7 1'1 
U 61 I 1) 

101 I 110 
67 lt 46 

4'6 1 411 

!:: ; !:! 
186 1-112 
2"9 6 2H 
205 l-1'2 
ll1 1 l1' 
202 l 106 
100 ti II• 
271 6 -216 10 

26 2' lO II 
51 ... -JZ 12 

15~ 1 1'6 
llJ 6 -IJO 

•<I II L 
10• 10 96 
100 1c-101 
162 f UJ 
-u )) 
24) 6 241 
249 6-ZS6 
-- .. u 
131 I -Ill 
'2 11 -6] 

ZI) 6-lll 
116 I 116 

•412 L 
0 104 1-IU 

" " " " " " u 

" " 

69"' 
J6 lt 

112 tC 
JI 11 
4 0ZO 

!! g 
'" J1 1C 

·l J L 

6'4 11 152 5 2JI 
40 12 228 6 -lH 

108 ll 10 11 '9 
lJ H ZJl 6-lJO 

-52 15 1910 -lZ 
•10 Ito IU 1•110 
..... , 17 ]89 6 399 
•IS U Ill 9 -11 0 
-nu-•• 10 

20 l4J 6-l•• 
21 Zl6 I 21" 
ll 15 • -91 

0 ,.. 7-JJJ 
l ll5 •·Ill 
Z )43 6-lJl 
J ,.1 6 366 

-z l l 
Jl I 10 

09 6 04 
60 l 46 

Ill ,-eH 
209 4 209 

g -;~ :: !; g i!! 1: ,!~ 
ll -H lJ 422 6 -426 

:; 
2:! 1: 

1!! :; 2!! 
1
: -2!~ 

16 11 • J6 16 ll 16 l• 
11 tn 1 161 
II 1'1 • 264 

-211 L 1, "J IJ "l 
10110 - '19 20 -•• -)7 
10210-10, 21 3912 - 21 
l'll 6-290 

' '' l 1111 U 110 1 
l 666 J-412 
> 6'6 J 6"0 
6 J• 1 •10 
5 651 l ,,a 

• 4 IJ H 
2U 6 -219 
09 r 640 
IH e 12, 

-I 6 L 6 J60 'S )6G 

.t: 1
:-1:! 

0 ,ZIC I J lOI 6 -JOO 
I lZll IJ IZJJ I 260 6 246 
2 360 5 l 6" t llOl 12 1100 
l JO I 15 10 Jf lO 66 

-6 J L 
1111 61 

IO'f I 10, 
tJl 6•\U 
U9 6 Ill 
196 6 -uo 
301 t 296 
2•20 20 

u• 6 HJ 

~ 1:: ! ~!~ 
J 19 10 90 
4 111 I -111 
' ,. u _,. 
; 1:~ ! -1:! 

J.61 ,-nz 
Ill f•IH 
611 t -u, 
ll 22 21 

zu 6 - 2, 1 
9 10, 1 -1 03 

to l'fO 6 -ll• 
11 '2 11 -10 
ll 20" 7•201 
U Ill t UO 
16 tl II 100 
15 J4 Ito -10 

. . .. 

lll '-HJ 10 
222 4-211 II 
404 ,-406 12 
161 5•\4'11 ll 
66 t _.., 14 

112 l 181 
tJ6 1-1n 
}l 21 " J 
l6 10 JJ I 

119 6 '" 9 
JJ 11 -Je 10 

JIZ f -512 11 lll 'S 31) 
J9J ·1 602 12 22• J-22" 
10) 7 -61 I) 116 I 111 
6H • 4,e 14 ll6 l 129 
t•J • '9'1 15 19 11 Ill 

~:! : ~:~ :; :;: ~ -::~ 

,o 15 14 
-- •• )I 

•5 10 u 
665 1 o, 
4J'l l-4]1 
2&6 6 lit 
215 1-201 
11) 10 1)0 
'Sl 11 o 
65 14 l) 

-- •• u 
, .. 1 lSI 
166 • - 161 
JI IJ 21 

I U6 5 -180 
9 1016 16 

10 •• I -61, .. 
•• I] L lJ 

o 24 n -29 n 
l llO 5 ·120 19 
l 52 IC ·l9 

! 1~: 1: -I~! 

' . . 
' - ) 0 L I 

Jl 12 6 l 

" -4 6 L l2 
109 1-101 t6 
IJZ 7-16' 16 
JJI 7 510 11 

IU 1-161 
"l) ,s 

116 , -lll 
1"6 5•1'6 

" " " .. 
" " " " " -) I l lo 

44 II •ll 21 
11• J•Jl4 ll 
111 1 169 

-- •• 21 
n o 1 -HI 
uo I eo 
161 1-162 
J4 15 -)l 

-- ..... 6 
162 1-IH 
!'Ill J•l'IS 
161 7 1"8 
16 11-10) 

ZH 6 2J6 
h IZ -ze 
61 I 61 

·l 4 L 611 ,-u, 
147 I 114 
IU I •142 
114 1-1u 
•11 1-4ll 

IS 12 0 
lei I •2U 

o Zl 16 JO 
I 26 6 4 268 
2 IOJO lt•IOH 

102 10-106 
219 J-ll5 

3 IH 5 ISi 
42 ti ·II 
h 6 n 

2'51 5 -26) 
In 5 -194 

- 2 ll L 
0 )21 6 
I 40 It 
2 241 I 
l ll II 

HJ 6 
1l 12 

21, 6 
6112 

24 0 6 

II 
u 

" JZ: :; 

22• 16 
10 11 

Ji:!: 
261 20 _,, 

"' 61 U I 
10 111 1 IIJ 
II 66 10 '9 
ll Ill 6 109' 

•J 1, -JJ U H 21 ·19 
146 6 - J60 It ·U 
ZH 6 2]6 20 )l 21 •)9 
Ill t-lOJ l l •> It '6 
9'f 10 •5 ll -- u ·ll ... 
60 l<I 6l 
-- •• 21 
166 6 IJ'I 
JI ll )J 

·1•6
1 

JL 2'" 
2)0, 211 
l'lll' l'f l 
216 J-201 

~ • ..2 ,t. 466 
)I. -16 

II• 4 ltJ 
l'f2 4-Z'f9 
620 S-409 
.. ,. S 6JJ 

6 611 I fOJ 
S "29 6 "" 

• 606 10 •110 
J 104 J-1 06 
I 424 1 641 
9 160 J IJO 

10 16• J-142 
-z IJ l 

61 ll S<I 
217, lll 

2!~ 
2

: z}! 

; ~1 2: ):~ 
II U ll ·61 
ll lll 6 Ht 
IJ ., t -,o 
14 2'6 6 zu 
15 7" 12 -92 

. 
' . . 

" II 
u 

26 22 • l 
101 1 10) 
2U: 6 ·262 
200 6•214 

JO 16 •61 
-- •• -u 

' '' 0 146 1 353 
I '46 6 549 
2 l'41 H-IJO 
J .,. 9-UJ 

u .. :; I~ .:: 
l
96

J
9
L_

16 
n ., " 
t2 • 99 
u, ' n, 
144 • n, 
lH 1-1"1 " .. 

" .. :!! :::i: . 
' ' . 

2;~ : -~;: 

>72 S·Jll 
145 J-lll 
)66 J-l71 
226 J-235 

!....:z •• L ll 

ti 10 -tl 
57 U fJ 
1, 10 IU -- .. " 

6 64 ll Jl 
1 l91 • 2'5 

" u 
IU I -Ill 
]) 1, _,, 

221 ,-2u 
H 1-106 

216 6 -210 

"" 1 166 
64 12 -u 

,,o 6 1)1 
ZI 20 -lll 

129 6 IH 
6210 66 
l114 0 

: 1:; 1! ~:: 

" " H 
o IL ll 
IU 6 ~IJJ I) 
7310 • 10 l" 

646 ...... 6 lJ 
]Jl ,_,,, 16 

U 11 ... 0 11 
19J • Ito II 
ZIS 6-210 It 
JH 6•)0 20 
ll9 6•lU ll 

503 6-JOJ I 
6'4 1•652 9 
)6& 6 -)15 10 
zu 6-2•0 11 
1111 1-11• 12 

ZI 26 -11 

10 301 6 JOI 
11 211 1 112 
12 69 14 6l 
1l 4) 19 -)) 

:; l!~ I; l ;: 

3110 6 -J60 111 L 
16 t6J 6 156 
ll 40 16 36 

• )H •·JU 
10 tz• 1-164 
11 10210 H 
12 10210 -n 
IJ HJ I •lOS 
1" Ill •-101 

JIJ l·SlO 
Jl lJ -'6 

IOS 1-104 
119 J-121 
166 1-lJJ 

' .' l"1 4•240 
)83 l•Jl6 
.. o tc H 

386 5 110 

l1 lZ ·lS 
6) I) -1, 

11 10 " 
14 IC 60 

10 .. I -100 
115 1 Ill 

~!! .:! ; 
67 t _.,.. 6 

'ill 1 tJ ! 
IJ 273 • •211 6 
16 112 1•119 S !:: : -:~~ 

!;! !.!!! 
I l4 L 
s, II 
"6 lJ 
31 15 

IJZ 6 

" . )) I) 

. 
0 10 
20 II 
)I 12 

l)J 13 
J6 16 
ll IJ 

!! !; :: -;! ! 
,,. 1-SS'f 
114 6•l90 
163 6 169 
Zl'f 6-219 
ll II -90 

U4 7-16' 
,on 11 
lJ2l -19 

ur , -111 
Jl 15 -5) 
21 22 _, 

142 ••ll6 
159 J -162 

~,/ .1'-111 
JJO 6 Hl 
)IJ 6•)11 
)4) 6•))) 

]O) 6 • )0" 
74 11 -u 

l6l • • Z6' 
I lJJ •-261 
, 181 7 ·IU 

10 -- •• -10 
11 ZOl J -215 
12 O'I 7 -u6 
U llO J -lll 
14 Sl IS ,9 
lJ II 10 ·61 
16 1'1 6-UJ 
11 102 1-1or 

010 l 
11 12 91 

llJ I llJ 
1ll I 115 

10 II 6' 
zoo 6-191 
2,0 6 2)6 

6 IOI t-11• 
1 )40 11-340 
• IH 9 -•9 
9 11) 9 -91 

10 Zll4 31 
11 124 I 1") 

12 "' 11 -4, 
1J 1617 •6 
14 1)9 6-I JO 
15 UI 6-111 
II JO I •'9 

Ott L 

. 
" II 

" " ,. 
" .. 
" " !~ 

'" 
'.' 

'" " 
o -- u-210 1 
l 'SH 6 JU 
6 I OU ll·IOO• 
6 ,1211-966 
I 1040 11-1019 

10 391 • - i,o 
12 332 6 •lJl 
14 117 1-221 
16 200 7 210 

92) IC-921 ll 212 6•276 

6 U : -~~: 20 40 1" -h l: 

471 • 644 l I L II 
F65 I -160 O l 6S I 11 l64f 12 
Ill • 6' l t)I) IJ-1)6' IJ 

I!! 1! ~!: ! ~! ; .::; :; 
1 '!~ ! -~!! ; :!: : -:~~ 

10 6U 1•614 6 129 'S•IH 

g :: :; 6I ! !;~ ! -!!! 
IJ 451 1 460 9 IIH ll•IIOI 

:; -2~ !! -g :1 ~~ .: 11! 
16 II 11 ·15 12 141 I 161 6 
11 2J1 ,-no u "' 1-1,, 1 
ii 176 6 -1116 16 J• l2 -U I 
19 -- u -I i, 166 I ~165 (I 
20 20 1" 40 t6 •,i 10 

ll -41 11 
II Zl 16 21 ll 

61 10 I 19 -- u 25 1l 
'!! : -I!! 20 ll 22 l~ U 

212 5-100 l l L 
4 ... 2 1 616 611 7 -626 
5 ll64 11-IISJ 12 I• -II 

' ' ' ll 2J • 
lJl , UO 
2U • l'll 
ltJ 6 1'111 

"' lJ 61 14 15 11 

!:! ; !:~ 
191 l It) 
15) I 157 
'9 11 106 
21 25 ll 

lU 1 224 
)Jl 6 362 
4, u 42 
91-, 11 

110 1 114 
"0 10 4) 

'.' 4\l 6 •412 
12' I 127 
207 •-100 
l'S' • 16~ 
219 6 284 
ZOO f 20l 
Ill • -II" 
115 l 192 
16) I 156 
61'6 ,.. 
Jl IJ ,. 

\0610 106 
204 6 1" 

16 29 H ·:: :-1:: . 
1611 1-111 
-- •• -)4 
9111-100 
u, 6 2•2 

H 11 -6 
161 I l6'1 

2:! ,: :;! 
97 10-112 
611<1 11 
66 13 •16-
66 16 56 

10) l tOl 
Ill 6 123 

Z ll L 
IOb 9 •• 

2;; 1: z!! i~: : -;;! ~~ 
l40 4 -HI 
)06 • JO~ 
1)1 1 161 

22, -54 l 
-- •• - 19 4 
,,. s ue , 
n, 1 -n1 • 
th J 164 J 
10 2 IC -ro I 
156 6-26' 9 
Uf I •164 10 

H 1' -JI II 
U 1 -•~ ll 

•l IL !! 
]2' • ))J 

1:; J~ -:!: I~ 

J25 J -Ht 
)9) 6 ) 9 '1 
2•9 5-JO-. 6 

39 11 -16 
3"7 6 )49 
IJ " h 

15) 6 1 .. , 
n, , -10 

H le 16 

I IJ._ 1 IJI 
'I lJ4 l 151 

10 401 6 400 
It •2 10 '1 
g )6 20 -:~ 

16 US 1 IIJ 6 
11 209 l-201 1 
U 104 10 Ill I 

15 J2 .. o 
204 l 200 
)62 1-)62 
U U -l 

•71 1-•11 
·ui , -216 

66 17 )) 
IFI l I'll 
209 •-20 .. 

41 II -21 
108 I_,, 
14. -,o 

; ~~! : :!:! ::: ; ::;~ 
I ISi 6 -1~11 }1' S •JJI 

,: '!! 1! -,~~ !!! ! :!:: 
:; ~! ~ -!~~ ~~ .: -!~ 

)61 6 )54 
llO t 221 
291 e zu 
128 I u, 
J5 H -Pl !!~ : -!!t 

)11. '" 

119 5 12t 1, 
)01 5 -312 IC> 

l 51' e -Uo 11 
) 01 • 431 11 

H, 6 •)6 9 II 
12' 1 Ill 12 

~=.!-I~! :! 
!!! !.!!: : 
26' C 266 1 
l'S6 1-Z5'1 10 ••• 11 

1! 1H '! ~H 
11 6., U 0 

t• -- U O 9 
io 10 
ll IL 
22 12 lJ JSI 1 -550 ,o U -u 2!~ l! ;~~ 



1C1 :OZ I l'J• U 
.11 10 • Tl l'J 
u n a• u 

Z UL 
a )Zl 6 JU 
1 JZ5 6 121 
J 1., l U2 
J Z..l 6-Zll 
♦ ,,._. 6 400 
, n n -11 
6 HI 6 l"" 
'_ .. 11 

: '!: 1! ~~: 
10 ll ♦ 6 124 

0 . ·, 
' . , . 
1 . . ,. 
" J 1!l • L -54 ~! 

191 6 116 16 
-- " •5 15 zn, 210 11 

U l5 -'1 17 
Ill 7 115 II 
u n ➔ 19 

,,. '179 
lll 5-lll 

116 L 
11 1 I 101 

U 11 27 
Ul 5 121 4 
10 1 -Ill 5 . 

1 0 L J' 
O 3'0 '151 I 
J 41 10 -o • : ~: ; -};: :~ 
I 101 4 )17 12 

10 111 J' 111 lJ 
U 124 9 11' 14 
14 2U • • zu U 
14 U2 <t -1]1 16 
11 266 . 6 27111 

l • L 
I IU 5-Ut 
1 171 5-lJO 

! 4n 1: 
4!! 

4 21, 5-224 
5 )OJ 5 )O'lo 
I 196 5 , .... 
J' lh I 192 
I 101 9 •2 
9 Jll 6 JU. 

.. 

10 52 ll -45 <t 
11 lH l 200 10 
U 120 9 l2<1o 11 
ll 50 11 ,z 12 
14 65 u -:u l) 

!! i!: ~ i!! :; 
ll "' J 157 1& 

u 11 -21 17 
ll2 5 IH II :1: :: 0 

' l 
J 5 L l 
HI IC 155 
14"- 1•149 5 
Jll 6 JM 6 
IZ4 7 llO 7 
)01 6 )0) I 
1)1 1 10 9 
9110 104 10 

:,a' 1" 119 
114 5 UJ 
2 .. 5 z .. 
410 I 609 
171 5 17• ,z u .. 
)16 I lH 
.... 1 
zzo. 

41) ltJ I uo 11 
210 ,u 1 ,,1 U 
-91 <t 2ll 1 zoo ll 
nz 10 zn 1 24> 14 
509 U U4 I -l'loO 15 
495 ll 140 1-U• 

10 10 
112 I 
514 7 
... 1 

z~! 1: 
10 U 14) I -tu 

111 I 
108 1 
1)9 1 
u, 6 
.. 1 

ZO 14 lZ4 I ZZ> 
14• 15 lH I 129 
101 16 6) U SJ 

. 
' l 

::i :: 1:!: 1:r ' . 
~o/ ,'- JO'J 
2u ,-221 
uo I 670 
.,o 6 "'"'" 
211 ,-210 
109 1-112 
211 6 21) 
., 10 n 

J6) 6 ]61 
)61 6 )65 
2a0 • 2•9 
211 6 219 
-- •• 'lo) 
6'tll 10 

g: : l~~ 
110 7 IU 
:,05 6 ]04 

-u 

~,.• ,l ])5 

21'1o 5 2tJ 
215 5 -2H 
"' 1 · -62 
76 10 -12 

411 6 441 -- .. -• 
HO • 114 
JIO 6 111 
t•s 1 U6 

. 
l IL • 

H II 20 1 

::~ : _n; : 
SH 1 529 10 
ZZ6 1-zz1 ll 

5 7'2 • 170 U 

~ :;: = f!~ !! 
I U 14 •)S 
9 :UO I HI 

10 i,o 1-u2 
11 109 6 296 
U 201 J -20'J 
ll lll I JU 
14 ll II I'll 
15 19 21 -,1 
11 --n J 
17 141 5 141 

0 . 
' ) . 
' . 
1 . 

J 7 L 'I 
,11 1 ,u 10 
Ill l 119 11 
Ill I 10 9 12 
IH 1-119 
51) 1 ,01 
72 lJ .. 

211 7 219 
, ... 1, .,. 

oz 1 421 
U 1, ., 

ISi I -151 10 16) I 151 
2010 56 II 
J1 24 )) lZ 
75 lJ -19 U 
16 12-106 I"­

-- •• -I 15 
72 12 71 ,. 

, .. 16 41 
us 1 11) 
IJ6 I -1)9 
10 6 ,., 
101 I 12 10 
,Z 10 40 11 

S • L 

-·· -22 __ .. -20 

2:! 
1! 2:~ 

10110-10"-
45. 1 .,, 
214 l' 221 n•, ZJ6 
HU 11 

IO<t 10-11 ♦ 

1"'4 I IU 

~~ .: ~:: 
'lo4 16 40 
54 ll Jl 

-- •• -17 

> • L n n -tJ 
15"' • - JS4 
411 f "ll 
lU t-14' 
50 17 -'7 I 
41 20 -0 lO 

222 1 216 12 
10'110 -94 14 
U4 1 119 U 
10a • -tu 
'IZ 10 ,. 

u ... 1-10, 

Z1 19 .i; 
J'lo • 19 . . 

110 L • 
1'2 I -IU l 
12"' 9 IZJ I 
24"' 1-zo 1 
12"' 9 114 10 
- - •• 'lo9 11 
121 • 112 lZ 
IU • -tot 13 
104 10 '19 h 
4l II 'lo'I 15 
41 II -10 U 

221 •-zz, tJ 
212 5 zu 

U 7 -16 

J It L 
U ll H 

Ill 'J-123 
2"1 • n, 
2526 0 
U 21 -11 
, • ., -51 
22 ZS -41 
,. I) "' ' 
, ... 'I ' ' 10 

124 1-106 II 
H IC 46 lZ 

IU S•l45 IJ 

llZ L 14 
H 15 -•s 1' 

-- .. -• u 
66 12 -44 tJ 
)611 -z, 

---·· -26 
114 6 tJ] 
IU 7-131 
6) 10 -41 
11 I -61 

. . 
' ' JI) L ♦ 

,. IZ 64 5 
0 14 4. 6 
1' 16 -29 7 

IH 6-l31 I 
)'I 14 44. 
H 1 -60 10 

4 0 L :: 
444 • 427 U 

!!! : -:!~ :: 
210 6 ZH 1, 
Z'tl 6 295 11 
219 7 lll 
ll710 Ill 
4419 17 
1l 29 -10 

• • L 
150 '1-142 
101 'I 11) 

36 Zl ZS 
102 • .. O 
JJ U 60 l 
56 ll -61 2 

' . 
•:, L 5 

.!! I~ j~ ; 
75 11 -1• I 
1'110 •2 • 

121 1-nz 10 
116 l -IS• ll 
12 II 10 IZ 

n2 • 122 D 
lZZ 1-104 14 

]4 23 J2 15 
54 11 -so 
JO l ♦ 64 
'J9 lt -106 -- .. ,. 
•1 10 -100 

19), 6 197 
151 6 _.,, 

ZO l'J -Z'J 

0 . 
' ) . 
' . 
1 . 

107 1-101 'ii 
21,4 1-z.1 10 
295 6 2H t1 
5614 41 12 
76 IZ 59 lJ 

164 7 -u, h 
2:~ 

1! z½~ 6 190 7 1,0 
202 6-205 
HO t JO• 
)620 -21 

)76. ,., 

"'41 1-421 
S49 7 546 

-;~ ;: -!~ 

1 tlO • -Ill 
I '1 ta -Tl 
, n n -n 

10 212 7 ZIO 
11 ,,. 1-110 
tz 204 1 201 
ll IJ 14 -42 
14 10] 10 -11• 
15 12' 7-126 
" 1•0 6 1:u 

0 

' ' ) . . . 
1 . . U 13 -11, 

2H f Zll 
4120 41 
79 11 96 
JI 19 -11 

' 
0 . 

4 2 L 2 

.. 
4 5 L 11 
1610 •• 12 

211 6 2)9 IJ 
z..,4 6-241 

,u ' J 
14 11 41 4 

JS) It )50 5 
•>12 -46 6 

.,, 6 4)0 1 
US I 129 I 
214 I 21Z 9 
1u •-no 10 
19l 7 117 11 
4911 _,,, 12 

JU 6 121 ll 
-- •• 14 l4 
Ul J 175 lS 
126 •-111 16 

U9 I 146 
5111 42 

ll9 1-UZ 
190 7-lH 
l42 I 10 
10, 10 -lit 
9112 I] 

)H 6-14, 
2'2 I 254 
69 14 71 
4116 -JO 

l54 7 -ll• 10 
,1o 1J -•s 11 

161 ,-u, 12 

.. ' 
14 11 " 

211 1-ZJ• 
•1 II -•l 

410 L 
112 7-111 
IHI 121 
11"1 ,-121 
4• 11 -n 

1:!2: ,:: 4 '40 6-J•O 
261 t•2H 
17 h •H 

ll4 7-1.,. 
•1 12 -o 

u1 1-uo 
212 J 214 
26• •-2s, 
117 • Ul 
215 •-zu 
61 12 -n 
... 10 -•'J 

S lC2 10-101 5 
6 75 lZ -16 6 
7 U 10 -15 7 
I -- " 19 I 
• 54 12 IO ') 

10 1.U 6-112 10 

. '' IS 14 U 

;l~l / _.,. 
HZ 6 -lO'J 
u, ,-111 
14) 7 -141 
106 •-111 

" ~! 
" .. 

152 1 •148 o 
2120 •14 I 
lZ 11 ZS z 

110 6 -101 ] 

412 L 
101 • -u, 
102 1-uo 
l17 7-114 
171 6 IU 
226 5 - 22] 
•4 ' -n 

41] L 

. . . 
' . ·, ,. 
" ., 

n 11 -n 
210 1-211 
100 11 -·] 
207 1-202 

41 zo lJ 
u 12 -n 

261 1-20 
242 ,-u, 

75 t1 62 
222 6-ll• 
us e-ue 
145 7-tu 
'10. 'IQ 

16'1 ,-112 0 --•· 29 
u .. .. ' 

l)J • 12" 

1!~ ·~ - 1!! 
ll2 I0-100 
112, 5 

111 l-169 
zoo 1-1"1 6 
20<1 1-zto , 
5217 -s• lO __ .. _, u 
14 II •II 14 

112 I -I01 
126 1-121 
199 ,-20, ... 
Z'tl t 296 
-- •• -4 

640 1 
11 24 -,o 

14S I ·IH 
155 1•16'4 I 
103 10 ll'I 1 

U 16 -51 10 
125 I -Ill II 
2026 49 12 

-- u II 11 
4• I> -JS H 
ZS If •)I 15 

~-o••L-56 
6') I) 15 
-- •• -10 
.... 1-411 
-- •• -11 

.. 

125 IC -130 1 
126 •-111 I 
61 U -u 1: 

S I L U 
-- •• z, 12 
141 1-llJ ll 
110 6-)00 l'lo 
6412 -90 
1612 14 

t•9 1-115 
121 • -112 
22'1 l -ZU 

>225 . l 
215 7-21) 
., 12 -16 

145 •-155 
152 1-145 
11, • -11, 
-- •• -20" 
uo ,-111 10 

S Z t. 11 
117 1-121 12 

z~: z! -~;~ :! 
254 6-252 
111 10-111 
1124 "" O 

171 1-172 l 
208 7-20, 2 
IU •-lll l 
•on -'1 • 

Zll 7•219 5 
296 6-299 6 
2"-0 6 -z,.o 7 
ll 19 61 I 
1110 -•s 9 

IZJ 6-UZ 10 

n ll U 
z, 2] -21 
1• IS •ZI 

111 ,-119 

• o L 14 ,. _, 
261 1-211 
102, ,s 

Jll •-n, 
•111 -2• 

U1 6 -Jl'lo 
141 •-162 
'1 11 •ll 
1714 '8 

llO t•l05 
4617 14 

" :i ''. ~ .: -1;: 6 
267 6-Z.S 
,4 16 59 

120 9 -no 
UJ t•l2' I .. 

u • 1' 
192 1-IU 
171 7 162 

61 16 7S 
211 l-201 

4,tl 7-U6 
10 I] -16 

))4 6 -u, 
IU I 151 

2;: I~ -~:! 
291 6 -217 
4911 10 

2,, 6-2,2 
U 26 zo 

141 7 -10 

122 lC-109 4 
111 1-111 S 
215 1-212 6 

24 28 -11 7 
S417 29 I 
601' 64 1 
]) 20 -2 10 

-- •• -9 II 
10 7 -17 12 

•6 I 69 • 
211 ,-211 10 .. ' 

12• 1-129 
163 1-lJl 
164 I U,Z 

~Z! : ::;~ 
222 J -zzs 

9!1 -JS 
n 14 -u 

Ill 1-190 
UJ l·UO 
10910 ., 
•• 1• ,1 , n -21 
-- •• 22 

40 h 51 .. ' 
SH l-5J2 
5916 59 
1612 -80 

11, 1-110 
217 7-209 

l6, l1 -35 
201 7-197 
1ss 1-142 
260 1-na 

79 I J -9) 
•2 19 -2, 

.. ' 0 11710 124 
l 6116 14 
Z 19H 67 
.J 301 6 -29• 
4 126 • 124 
5 119 7 -191 
4 10"- 10-112 
, 20 ·21 •4S 
• 6,1 I) 61 
1 -- •• 29 

10 II ll -S) 

" u 

" 

11 UI 5 -111 : 

• • L 
40 zt -JI 

IOI 10 100 
108 10-us 
6)" ,. 

U ZJ 21 
>5 20 ,. 

1'2 J-161 
]) l9 l5 
ZS 2C -•1 -- ... 

510 L 
•4 IC 'JZ 

Ill 1 -10 

,. 
" " 

II 10 ')'5 10 
"' J -151 U 

!: !! :!! u 
14 I 'JI 
Tl I _,.. 0 • • L 

--" 26 
•I lZ 97 

Zl6 7 •UO 
SI t• -"• 
21 21 9 

101 11 ll 

5 It L 
11, 6 -167 
179 I 171 
101 1-101 

U tS -14 
. , • 66 . . ' 

10111 -•s 
., I) -12 

2,0 l-261 
4S21 -26 

1)2 9 -141 
141 l •165 _ ... _, 

• l < 
7l u <tO 

292 1-211 
10411 - 99 
•• U -79 
61 11 IZ 

104 , - zn 
JIU 24 

z.s , -z•o 
Ul I 151 
10 1-ue. 

'11 to -99 
5J IS •24 

1~! 
2

~ -1~! 

• l L 
>U l-Jlq 
ll ll ••4 

214 1 -2<1ol 
10, 11 120 
1u 1-202 -- .. " 
111 I -UI 
UJ I lH 
2,1 1 -ua 

95 10 n 
144 1-150 
60 U ZI 
4S 14 -)4 . '' 116 • 11' 

161 •-155 
'"' 19 64 -- •• -z• 
Sl 11 41 
)6 u 6, 

-- •• -6 
201 1-zo• 
146 I 1"'5 
50 ll h 

. 
: . . . 
1 . . .. 
" 

''" -19 -- .. 24 
__ .., ' 
1212 41 

lU 1-124 
56 IZ 44 .. ' 6' U ll 

114 10 -101 
151 • UJ 

!! ~: ~: 
S 2726 17 
4 162 J 147 
1 Sf 15 -Sl 
I •211 6'J 
• 25 2J -2"-

10 uo 1 u" 
11 99 1-102 

• • L )424 -16 
110 II 130 

11 JJ I~ 
7611 -,o 

161 1 166 
61 14 51 

l~~ ,: ll~ 
• n, , u, 

10 Ill "-uz 

~-'••l -5 
_,. 

'" 14' • 
1632 
11 12 

1:~ 

" _., 

g: ... 
-n .. ' 

8611 -95 
10410-114 
7912 ... 

~ .: :~: 
1~: : l~~ 

• • L 2)2' _,.,. 

" 4212 54 
•l 12 14 

ll6 7 UO 
10) l 'N 

6 10 L 
~, S 204 
45 IZ -J2 
u, 6 111 

'0 L 

12 14 41 
l] )l ,. 

ZO'J J 211 
_ .. -z4 

,. 
17' I 161 
U• • 10 .. _,, 
52 11 

11910 
67 14 

lH I 
2722 

101 1 

... 
" m .. 
'" 

1,,.z 25L U 

1•7 1 l)6 

1514 -:: 
5'116 6• 
6914 -6'9 
,e 16 11 

108 • 110 
105 I 105 

S4 ll 55 

!oo
3
ul " 

,111 -41 ,. .. _, 
_,. 

Ill t Ill 
•• 1 " 
52 tl U . 

"' _,. 

" '!! 

r~:~':t 2~~ 
2 -•• 2, 
l U ll U 
4 15 9 l 141 

! 1H 2; ln 

1.' 

202 6 ;!: 
14 )0 J.6 

144 1 116 
71 11 fl 

14> • tu 
•o 1 H 

1'' 
14' l lU 
12 JC -u 

lll 7 110 ,o 11 _., 
172 5 166 

1.' 
91 I •Ill 
SO II 25 

• 0' 
115 • lH ,z 11 n 
1) 12 ... 

0 l < 
Zl 21 2• 
11 U H 
4617 41 
71 12 ,2 _,. 

:1/ ... 
•t ll lG 
'Jl • ..., 
., 10 -11 
n 11 76 . '' Ill •-12• 
l9Zt w, 
JS ll -11 
6410 .0 

lu\/ )0 

•1u -
U 10 10 .. ' ... •1 14 _,, 



Figure 1 

Final electron density map in the least squares plane of the 
molecule. Contours are drawn at 2, 4, 6, ..• ,e. -38 





Figure 2 

Final difference map in the least squar~s plane of the molecule. 
Contours are drawa at 0.2 and o.4 e. j-J. 





Figure 3 
Bond angles (deg.) and bond distances (A.). (Dashed lines 
indicate hydrogen bonds.) 

Added hydrogen bond acceptors In molecule at 

o• = 0 (1) in Fig.4. x, 1 + y, z 
Cl(l)• Cl(11) 1. 1 + = x, -z - Y, 2 Z 
Cl ( 2)' = C1(12) x, -½ - Y, ½ + z 

Cl ( 1)' 9 = Cl (21) 1 - x, - Y, -z 
Cl ( 2) ' ' = Cl(22) 1 - x, - y'j =Z 

Cl(2)''' = Cl(32) 1 1 + z x, 2 - Y, 2 
C1(2)IV = C1(42) 1. 1. -x, -2 + Y, -2 CID z 





Figure 4 

s tereoscopic view<4 ) of molecule along the a-axis; for the 
l abelling of added hydrogen bond aoeptors, see Fig. 3. 





F1sure 5 
Sigma-bond and pi-bond systems. 





Figure 6 

canonical valence-bond structures of the Ni EDG+2 cation and per~ 
cent contributions of each to the overall bonding scheme. 



50% 
(input structure, non-degenerate) 

40% 
(four-fold degenerate) 

10% 
(non-degenerate) 



F'igure 7 

Molecular Orbital Results . 
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Figure 8 

Valence Bond Results . 
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Figure 9 

Molecular packing, viewed along b-axis. (Dashed lines indicate 
hydrogen bonds; hydrogens drawn in on parent molecule at xyz.) 

1 - x, -y, -z 
x, y, z 
-x, -Y, -z 

Molecules shown in drawing are at 
1 - x, ½ + y, ½ - z 

1. 1. + x, 2 - Y, 2 z 

• • 
1 - x, -y, 1 - z 
x, y, 1 + z 
-x, -y, 1 - z 
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