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Summary 

X - r a y d i f f r a c t i o n techniques have been employed to determine the 

c rys t a l s t ruc tu res of s ix main group metal complexes containing 

methyleneamino and cyclopentadienyl l igands. The s t ruc tu res were 

solved through the use of the heavy atom and symbolic addit ion 

techniques, and r e f i n e d by the method of least - squares using 

d i f f r ac tomete r data. 

( P l ^ C : NMg B r ) g . 3 T H F c rys t a l I ises in a monoci inic eel I w i th space 

group C 2 / c » The molecule is d imer ic and contains two M g B r ( T H F ) 

units br idged not only by two diphenyImethyleneamino groups , but also 

by one t e t r ahydro fu ran molecule, the la t ter being si tuated on the 

molecular (and c rys ta l lographic) 2 - f o l d ax i s , symmetr ica l ly l ink ing 
o 

both metal atoms by unusually long bonds, 2. 45A. 

o - Sn C l 3 - p - Me C 6 H 3 C ( : N H ) p - C 6 H^Me c rys t a l I ises in a 
monoci inic ce l l wi th space group P 2 i / C . The c rys t a l s t ruc tu re 
consists of chains of d i scre te molecular units l inked through 
N - H . . . . CI hydrogen bonding. The in t ramolecular co -o rd ina t ion 
which gives r i s e to orthometal I a t ion , r e su l t s in an almost planar 

o 

5 - membered t in metal locyc le , inc l ined at 6.5 to the mean plane of 
the adjacent phenyl r i n g wi th which it shares a common edge. 

+ 2— 
( P h g C r N H ^ ^ S n C l g c ry s t a l I ises in a monoci inic eel I w i th space 
group P2 i / c . The c rys t a l s t r uc tu r e is i on ic , consis t ing of 
diphenylmethyleneammonium cations and hexachlorostannate anions. 
S t rong N - H . . . . CI hydrogen bonding between the ions produces a 
s l ight d i s t o r t i on of the anion geometry r e su l t i ng in v a r i a t i o n of the 
t i n - c h l o r i n e distances. 

(Bu 'g C : N l _ i ) g c r y s t a l l i s e s in a monocl inic ce l l w i th space group 
P 2 i / c . The molecule is hexameric and contains a 6 - membered r i n g 
of l i th ium atoms in the chair con f igu ra t i on . Because of d i sorder in 
the pos i t ion of one of the l i th ium atoms, two al ternate or ienta t ions 
exist f o r the l i th ium r i n g . The p e r i p h a r y of the molecule is made up 
of the s ix di - t - butylmethyleneamino groups which br idge across s ix 
of the t r i angu la r faces fo rmed by the l i th ium co re . The bonding in 
this reg ion of the molecule can the re fo re be descr ibed as e lec t ron 
de f ic ien t . 



Na ( C 5 H j ) ( M e 2 N C H 2 C H 2 N M e 2 ) c r y s t a l l i s e s in an or thorhombic 

ce l l wi th space group Pcca . The s t ruc tu re consists of puckered 

chains of sodium atoms, each wi th a chelat ing T M E D molecule 

attached, and l inked by pentahapto cyclopentadienyl r i n g s . 

Z n ( C ^ H J J C H J c r y s t a l l i s e s in an or thorhombic ce l l wi th space group 

Cmcm. In the c r y s t a l , cyclopentadienylzinc methyl adopts a 

puckered - Z n (C^ H^) Z n (C^ H^) Z n (C^ H^) - chain s t ruc tu re in which 

the b r idg ing cyclopentadienyl groups co-ord ina te di - or t r ihap to to 

the br idged zinc atoms, apparently func t ion ing as 5 - e l e c t r o n l igands. 
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C H A P T E R O N E 

S T R U C T U R E D E T E R M I N A T I O N 

T H E O R E T I C A L A S P E C T S 



Crys ta l S t r u c t u r e Determinat ion - Theore t ica l Aspects 
The c r y s t a l l i n e state may be defined as a state of matter possessing 

a high degree of in ternal th ree -d imens iona l o r d e r . A c rys t a l can then 
be regarded as a t h ree -d imens iona l r epe t i t ion of a basic unit of pa t t e rn , 
the pa t te rn cons is t ing of ions , atoms or molecules. 

If the uni t of pa t t e rn be represented by a single po in t , then the 
repe t i t ion in the c rys t a l can be represented by a t h ree -d imens iona l 
network of points known as the c rys t a l l a t t ice . Th i s point network can 
be imagined to extend inde f in i t e ly in a l l d i rec t ions in space and each 
point has exact ly the same environment as every other po in t . The 
distance between the points in any d i r ec t ion is equal to the repeat 
distance f o r the unit of pa t te rn in the same d i r ec t i on w i t h i n the c r y s t a l . 

A p a r t i c u l a r la t t ice can be spec i f ied by drawing f r o m one of the 
la t t ice points as o r i g i n , non coplanar vec tors to three neighbouring 
points . The la t t ice is then spec i f i ed by the lengths a, b and c of these 
vec tors and by the angles a , /J , and y between the v e c t o r s . The 
para l le lep iped def ined by the vec tors is cal led the unit c e l l , and 
repe t i t i on of this cel l by repeated t ransla t ions comprises the l a t t i ce . 
When a la t t i ce point occurs only at the corners of the unit c e l l , then the 
cel l is def ined as p r i m i t i v e . In general there are elements of symmetry 
associated w i t h the unit c e l l , and these elements inc luding those of 
t rans la t ional symmetry, in conjunct ion wi th the B r a v a i s l a t t i ce type, 
define the space group of the c r y s t a l . 

The faces and planes w i t h i n a c rys t a l may be indexed according to 
their re la t ionsh ip wi th the vec tors a, b and c. A se r ies of pa ra l l e l 
planes which d ivide the vector a into h p a r t s , b into k p a r t s and c into 
I p a r t s , is given the indices h k l and these are known as M i l l e r indices. 
Crys t a l faces normal ly contain a high concentrat ion of la t t ice points 
and consequently have small values of h , k and I . 

D i f f r a c t i o n of X - r a y s 
X - r a y s are e lectromagnet ic waves, and as such are accompanied 

by a p e r i o d i c a l l y changing e l e c t r i c f i e l d as they proceed outward f r o m 
their source . An e lec t ron in the path of such a wave is exc i ted to 
pe r iod ic o s c i l l a t i o n by the changing f i e l d and i t se l f becomes a source 
of e lectromagnet ic r ad ia t ion of the same frequency and wavelength. 
There a r i ses f r o m this i n t e r ac t ion , a new spher ica l wavef ron t of X - r a y s , 
wi th the e l ec t ron as i t s o r i g i n , d e r i v i n g i t s energy f r o m the impinging 
beam. By this process the e lec t ron is said to scat ter the o r ig ina l beam. 

6 



F o r an atom in an X - r a y beam, each of the orb i ta l e l e c t r o n s wil l 

sca t te r the incident beam in this manner . S i n c e the ef fect ive c r o s s -

sect ional a r e a of an atom is comparable in magnitude to the wavelength 

of the X - r a y s , w a v e s s c a t t e r e d in a p a r t i c u l a r d i rec t ion undergo 

both c o n s t r u c t i v e and des t ruc t i ve i n t e r f e r e n c e and thus give r i s e to 

d i f f ract ion e f fec ts . Although the phenomenon of d i f f ract ion r e s u l t s 

from a coherent s c a t t e r i n g p r o c e s s , a d i f f rac ted beam is produced by 

s u c h s c a t t e r i n g only when c e r t a i n geometr ica l condit ions a r e s a t i s f i e d . 

T h e s e condit ions w e r e d e r i v e d mathemat ical ly by Max von L a u e who in 

conjunction with W. F r i e d r i c k and P . K n i p p i n g , r e c o r d e d the f i r s t 

observa t ion of X - r a y d i f f ract ion by c r y s t a l s in 1912. 

Von L a u e in terpre ted the r e s u l t s in terms of d i f f ract ion from a t h r e e -

dimensional a r r a y of s c a t t e r i n g c e n t r e s a c c o r d i n g to the r e l a t i o n s h i p s 

a ( c o s a — c o s a 0 ) = hA 

b ( c o s / J - cos /}„) = kA 

c ( c o s ]' — cos )'0) = IA 

where each e x p r e s s i o n r e p r e s e n t s the condi t ions n e c e s s a r y for d i f f ract ion 

to occur from a l ine of s c a t t e r i n g c e n t r e s p a r a l l e l to the axial d i r e c t i o n . 
ao t fio a r>d y0 r e p r e s e n t the angles of the incident rad ia t ion to the 

d i rec t ions a , b and c , w h e r e a s a , /5 and y r e p r e s e n t the angles of 

d i f f ract ion . 

T h e geometr ica l condit ions n e c e s s a r y for the o c c u r r e n c e of d i f f ract ion 

maxima, as indicated by the L a u e cond i t ions , a r e dif f icult to v i s u a l i s e 

p h y s i c a l l y . W. L . B r a g g in terpre ted the d i f f ract ion pat terns as being 

the r e s u l t of the re f lec t ion of X - r a y s from pi anes wi thin the c r y s t a l , 

and showed that for a set of p lanes with s p a c i n g d ( h k l ) , the n e c e s s a r y 

condition for d i f f ract ion i s 

n A = 2 d ( h k I) s in 6 

where 0 is the angle of the incident and d i f f rac ted radia t ion to the p l a n e s . 

T h i s approach is e a s i e r to understand but d e s c r i b e s di f f ract ion ef fects 

in terms of r e f l e c t i o n s . 

T h e L a u e and B r a g g approach to d i f f ract ion geometry involves the 

use of the d i rec t c r y s t a l l a t t i ce , r e s u l t i n g in prob lems in the subsequent 

interpretat ion of d i f f ract ion pa t te rns . S i n c e the angle 6 is i n v e r s e l y 

re la ted to the in terp lanar s p a c i n g , a unit ce l l with l a rge spac ing would 

r e s u l t in a c o m p r e s s e d d i f f ract ion pat te rn . 



T h i s dif f iculty can be overcome by the use of the r e c i p r o c a l la t t ice 

in which the in terp lanar s p a c i n g vector d ( h k I) normal to the p lanes 

( h k l ) , i s r e p l a c e d by a vec to r having the same d i r e c t i o n , but a 

magnitude equal to the r e c i p r o c a l , namely 1 

d ( h k l ) 

T h e r e c i p r o c a l lat t ice can then be defined by the three v e c t o r s 

a * , b* , and c * such that a . a * = b. b* = c . c * =1 

a * , b = a * , c = b*. a = b*. c = c * . a = c * . b = 0 

T h e d i f f ract ion pat tern of a c r y s t a l i s a fundamental p h y s i c a l p roper ty 

of the substance and can lead to the complete e luc idat ion of the c r y s t a l 

s t r u c t u r e . A n a l y s i s of the posi t ion of the d i f f ract ion ef fects leads to a 

knowledge of the unit ce l l geometry , w h e r e a s to locate the individual 

atomic posi t ions within the c e l l , the in tens i t ies must be m e a s u r e d and 

a n a l y s e d . 

D i f f rac t ion Amplitude And T h e S t r u c t u r e F a c t o r 

In g e n e r a l , c r y s t a l s t r u c t u r e s a r e c h a r a c t e r i s e d by a number of 

atoms per unit c e l l . If the c e l l conta ins N a toms, then the c r y s t a l 

s t r u c t u r e can be r e g a r d e d as N in terpenetrat ing l a t t i c e s , each c e n t r e d 

on the posit ion of one atom. T h e o v e r a l l d i f f ract ion by the c r y s t a l can 

then be expla ined in terms of the sum of the d i f f ract ion from the individual 

l a t t i ces . T h e s c a t t e r i n g from these la t t ices wi l l d i f fer in phase a c c o r d i n g 

to their s e p a r a t i o n . 

T h e resu l tant of the s c a t t e r e d w a v e s in the d i rec t ion of the r e f l e c t i o n 

h k l by all of the atoms in the unit ce l l i s known as the s t r u c t u r e factor 

F ( h k l ) . E a c h of the individual w a v e s has an amplitude given by fn , the 

s c a t t e r i n g factor of the atom, and a phase angle 0 with r e s p e c t to the 

wave s c a t t e r e d by a hypothet ical e l e c t r o n at the o r ig in of the unit c e l l . 

S u c h a wave can be r e p r e s e n t e d in complex notation by the e x p r e s s i o n 

f n exp. i 0 where exp. i 0 i s an operator rotat ing the vector f through 

the angle 0. T h e resu l tan t of s e v e r a l such w a v e s c o r r e s p o n d i n g to the 

N atoms, can be e x p r e s s e d a s 
N 

F = f exp . i 0 
n=l 

T h e phase angle 0 for an atom with f ract ional c o - o r d i n a t e s x n , y n , z n 

with r e s p e c t to the o r i g i n , can be e x p r e s s e d as 

0 = 2 n ( h x n + k y n + l z n ) 

T h e s t r u c t u r e factor c a n then be e x p r e s s e d a s 

N 
F ( h k l ) = Y, f n

e x P - 2 7r i (h x + k y + | z ) 
n = l n n n 
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and this may be e x p r e s s e d in terms of its r e a l and imaginary p a r t s : -

F ( h k I ) = A ( h k I) + i B ( hk I) 
N 

w h e r e A ( h k l ) = Y f c o s 2w(hx + k y + I z ) 
t=\ n n n n 

N 
B ( h k l ) = Y f s i n 2 7 r ( h x + k y + I z ) 

T h e s t r u c t u r e amp I itude or modulus | F (h k l ) | is g iven by 

| R (h k I) | 2 = A ( h k l ) 2 + B ( h k l ) 2 

and the p h a s e angle for the s c a t t e r e d rad ia t ion i s given by 

0 ( h k I) = t a n - 1 B_ 
A 

T h e p r e s e n c e of symmetry in the unit ce l l and lat t ice enab les the 

s t r u c t u r e fac tor ca lcu la t ion to be s impl i f ied . T h e most important 

element i s the c e n t r e of symmetry , s i n c e this c a u s e s the B ( h k l ) terms 

to v a n i s h , and for e v e r y atom at x , y , z there is a c o r r e s p o n d i n g one 

at x , y , z.- T h e s t r u c t u r e factor can then be e x p r e s s e d a s 
N/2 

F ( h k I) = 2 Y f c o s 2 7r(hx + k y + I z ) 
n n n n 

In the c e n t r o s y m m e t r i c c a s e , the s t r u c t u r e factor is a l w a y s r e a l and 

the phase angle c a n only take the v a l u e s 0 or n , thus making the 

s t r u c t u r e f a c t o r s pos i t i ve or negat ive. If fur ther e lements of symmetry 

a r e p r e s e n t then the s t r u c t u r e factor may be s impl i f ied by co l lec t ing 

together al l the te rms a r i s i n g from the equivalent pos i t ions and combining 

them tr ignometr ica l ly. H o w e v e r , when atoms a r e v ib ra t ing 

an iso t rop ica l l y , the s c a t t e r i n g f a c t o r s may not be the same for atoms 

in di f ferent equivalent pos i t ions and may not contr ibute equal ly to the 

s t r u c t u r e f a c t o r . In these c a s e s the genera l e x p r e s s i o n has to be u s e d . 

An a l te rna te and more g e n e r a l i s e d e x p r e s s i o n can be d e r i v e d in 

which the s t r u c t u r e factor is c o n s i d e r e d a s the sum of the w a v e s 

s c a t t e r e d from al l the inf ini tesimal e lements of e l e c t r o n densi ty within 

the unit c e l l , with no assumpt ions being made about the d is t r ibut ion of 

this dens i ty . 
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S i n c e e l e c t r o n densi ty p is defined a s the number of e l e c t r o n s per 

unit volume, then the number of e l e c t r o n s in any volume element d v i s : -

p(x,y,z) dv 

In exponential form the wave s c a t t e r e d by this element is 

p ( x , y , z ) exp. 2 n i ( h x + k y + I z ) d v 

Summation over al l the elements in the unit ce l l g i v e s the s t r u c t u r e 

factor 

F ( h k l ) = / p ( x , y , z ) exp. 2 T H (h X + k y + I z) dv 

T e m p e r a t u r e F a c t o r 

T h e v a l u e s of the atomic s c a t t e r i n g factor f, for use in the s t r u c t u r e 

factor e x p r e s s i o n , a r e obtained from the normal s c a t t e r i n g factor c u r v e s 

c a l c u l a t e d on the b a s i s of the e l e c t r o n d is t r ibut ion in a s ta t ionary atom. 

In p r a c t i c e , the atoms in a c r y s t a l a r e v ib ra t ing about equi l ibr ium 

p o s i t i o n s , the magnitude of such v ibrat ion being a function of tempera ture , 

atomic m a s s and st rength of bonding. 

T h e effect of s u c h thermal motion is to s p r e a d the e l e c t r o n cloud 

over a l a r g e r volume and thus c a u s e a more r a p i d fal l - off of s c a t t e r i n g 

power of the atom. T h i s reduct ion in s c a t t e r i n g power can be accounted 

for by the i n c l u s i o n of a temperature factor into the normal s c a t t e r i n g 

factor e x p r e s s i o n , and may be introduced at s e v e r a l l e v e l s of 

approximat ion. 

T h e s imples t of t h e s e , that of over - al I i s o t r o p i c v i b r a t i o n , a s s u m e s 

that al l of the atoms a r e v ibrat ing with the same ampli tude, and that 

their motions a r e s p h e r i c a l l y s y m m e t r i c a l . 

Individual i s o t r o p i c v ibrat ion permi ts a s s i g n i n g a temperature factor 

to each atom, but r e t a i n s the concept of s p h e r i c a l symmetry . 

Individual a n i s o t r o p i c v ibra t ions of the atoms can be d e s c r i b e d in 

terms of s i x p a r a m e t e r s which spec i fy the s i z e and or ientat ion of the 

v ibrat ion e l l i p s o i d which r e p l a c e s the concept of s p h e r i c a l v ib ra t ion . 

F o r the c a s e of i so t rop ic v i b r a t i o n , the temperature factor can be 

shown theore t i ca l l y to be given by the Debye - W a l l e r e x p r e s s i o n : -

X 

T 
- K J ] 

2 smf l h k exp 

[ 4 (d(hkl ) ) 1 
exp. 
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where B is r e l a t e d to the mean s q u a r e amplitude of atomic v ibrat ion 
\ u f by B = 8 T T ^ | U J and 1 i s the length of the r e c i p r o c a l la t t ice 
1 ' ( ' d(hkl) 
vec tor from the or ig in to the point h k I. 

T h u s the c o r r e c t e d s c a t t e r i n g fac tor b e c o m e s : -

2 f = fo exp. -r - - B ( _ ! _ n 2 

[ 4 V d(hkl) / 
w h e r e fo r e f e r s to an atom at r e s t . 

An e x p r e s s i o n for the c a s e of a n i s o t r o p i c v ibrat ion can be obtained 

by expanding the r e c i p r o c a l la t t ice v e c t o r in terms of the r e c i p r o c a l 

ce l l d imens ions . T h u s for the genera l c a s e , the length of this vec tor 

is given by : -

_ J = [ h 2 a * 2 + k 2 b * 2 + l 2 c * 2 + 2 h k a * b * c o s V * + 2 h I a * c * c o s / i * 
d(hkl) L , . * * 

+ 2 k I b e c o s a 2 

and the temperature factor must have a parameter for e v e r y term in this 

e x p r e s s i o n . T h e genera l temperature fac tor thus becomes: -
exp. [ - { ( B 1 1 h 2 a * 2 + B 2 2 k 2 b * 2 + B 3 3 l 2 c * 2 + 2 B ] 3 h I a * c * 

+ 2 B | 2 h k a * b * + 2 B ^ k I b * c * ) ] 

An equivalent and p r e f e r a b l e e x p r e s s i o n for the genera l temperature 

factor is the fo l lowing: -

exp. [ - 2 7T2 ( U n h 2 a * 2 + U 2 2 k 2 b * 2 + U 3 3 l 2 c * 2 + 2 U | 2 h k a * b * 

+ 2 U | 3 h l a * c * + 2 U 2 3 k l b * c * ) ] 

where the U .. a r e now the thermal p a r a m e t e r s e x p r e s s e d in terms of 

m e a n - s q u a r e amplitudes of v i b r a t i o n . 

It is often of va lue to have an est imate of the overa l l temperature 

factor and s c a l e factor before the s t r u c t u r e is known, and these can 

be est imated by a method due to W i l s o n (1942) . He showed that the 

average of the s q u a r e of the s t r u c t u r e amplitude over a range of 

(s in 6 / A ) tends to be given by 

| F | = £ f^ w h e r e f n r e p r e s e n t s the sum of the s q u a r e s of the 

atomic s c a t t e r i n g f a c t o r s for the atoms in the c e l l , and a re c a l c u l a t e d 
2 2 

for the c e n t r e of the (s in 9/A) r a n g e . | F o | i s usua l ly known as an 
a r b i t r a r y s c a l e , so that 

_ 2 __ 2 
| F o I = K | F | and there fore 

|2 v - . 2 
n 1 1 

1 1 



If the Debye - W a l l e r c o r r e c t i o n is a s s u m e d , then 

K = | F O | 2 

2]fo exp. - ( 2 B s i n 2 0 ) 
n n T5 

T a k i n g logari thms g i v e s : -

ln \ | F O | 2 |= I n K - 2 B s in 2 f l 

n is plotted against s in 0 f 
I I f ° n 2 

n 

a s t ra ight l ine graph is obtained from which B can be obta ined, and a 

va lue of K obtained from the in tercept on the v e r t i c a l a x i s . 

Anomolous S c a t t e r i n g 

In the treatment of the s t r u c t u r e f a c t o r , it has been assumed that the 

s c a t t e r i n g f a c t o r s a r e r e p r e s e n t e d by r e a l numbers . T h i s assumption 

is normal ly jus t i f i ed s i n c e the wavelength of the incident rad ia t ion 

normal ly d i f f e r s widely from that of any natural absorpt ion wavelength 

of the atoms. If the wavelength of the incident rad ia t ion is s l ight ly l e s s 

than that of an absorpt ion edge , an anomolous phase change o c c u r s 

dur ing s c a t t e r i n g by the e l e c t r o n s a s s o c i a t e d with the absorpt ion edge. 

T h i s effect c a u s e s the s c a t t e r i n g factor to be complex and it can then 

be r e p r e s e n t e d by 

f = fo + f + i f " 

w h e r e fo is the s c a t t e r i n g factor for wavelengths far removed from the 

absorpt ion edge. 

f and f" a r e the r e a l and imaginary p a r t s of the additional s c a t t e r i n g 

that depend upon wavelength. 

T h e phase lag of the resu l tan t wave which is normal ly n , d imin ishes 

as the wavelength of the incident rad ia t ion approaches that of an 

absorpt ion edge , from the shor t wavelength s i d e . T h e resu l tan t p h a s e 

shift is r e d u c e d to 

A d i rec t consequence of anomolous s c a t t e r i n g a r i s e s in the c a s e of 

a non - cen t rosymmet r ic s t r u c t u r e , w h e r e due to the l o s s of conjugate 

symmetry , the r e c i p r o c a l la t t ice symmetry becomes degraded to that of 

the point group. T h i s amounts to the n o n - o b s e r v a n c e of F r i e d e l ' s law 

and can prov ide a means of determining absolute conf igurat ion. 

-0 w h e r e = tan f" 

fo + f 



In the c a s e of a c e n t r o s y m m e t r i c s t r u c t u r e , F r i e d e l ' s law r e m a i n s 

v a l i d , but the contr ibut ion of anomolous s c a t t e r i n g r e d u c e s the magnitude 

of the s t r u c t u r e f a c t o r s , and an appropr ia te a l lowance must be made 

for this effect in the ca lcu la t ion of s t r u c t u r e f a c t o r s . 

F o u r i e r S e r i e s 

T h e nature of a c r y s t a l r e q u i r e s the s t r u c t u r e to be e s s e n t i a l l y 

per iod ic in three d imensions with a pe r iod defined by a , b and c of the 

unit c e l l . Hence the e l e c t r o n densi ty p (xyz ) at any point can be 

r e p r e s e n t e d by a three dimensional F o u r i e r s e r i e s . T h i s concept can 

be e x p r e s s e d by a l lot ing to e a c h F o u r i e r coef f ic ient C , three integral 

ind ices h 1 k' and 11 whose v a l u e s range from - oo to + » 

T h u s f ( x y z ) = Z I Z C h i u n e x P - 2 7ri (h 1 x + k' y + I 'z) 
h' k» I' n K ' 

T h i s value for the e l e c t r o n densi ty can be i n s e r t e d into the s t r u c t u r e 

factor equation 

(h k I) = j p(x y z) exp. 27r i (hx + k y + I z ) F 

such that:-

F ( h k I) = / X £ X C h i n ii e x P - 2 7ri (h' x + k 1 y + 11 z ) exp. 2n\ 
(h x + k y + I z ) d v 

T h e exponential i s p e r i o d i c and the integral over one p e r i o d is z e r o for 

all terms except when h 1 = - h , k' = - k and I1 = - 1. In this c a s e the 

per iod ic i ty d i s a p p e a r s and 

F ( h k l ) = y C ( h k T ) d v = V C ( h k T ) 

and C(hkT) = J _ . F (h k I) 
V 

09 00 09 

T h u s p ( x y z ) = J _ £ X Z p ( n k I) exp. - 2TM (h X + k y + I z) 
\j -oo -oo -oo 

R e s o l v i n g the above e x p r e s s i o n into r e a l and imaginary p a r t s and 

expanding g i v e s : -

p ( x y z ) = J _ X X A ( h k ! ) c o s 2 7r(hx + k y + I z) + B ( h k I) 
V -oo -oo -oo 

s i n 27r(h x + k y + I z) 
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S i n c e A ( h k l ) = A ( h k l ) and B ( h k T ) = - B ( h k l ) and F (000) is i ts 

own con juga te : -

I oo oo oo 
F ( 0 0 0) + 2£ £ X A ( h k I) c o s 27r(hx + k y + I z) 

0 -oo -os 

+ B ( h k I) s i n 2 7r(hx + k y + I z) 

!

09 00 OB j -

F ( 0 O 0 ) + 2% X Z | F ( h k l ) | c o s 2 * ( h x + k y + I z ) - a ( h k l ) 
O - o o - o o L 

T h i s e x p r e s s i o n for the e l e c t r o n densi ty i s genera l for all c r y s t a l s , 

although some s impl i f ica t ion in its appl icat ion may be obtained by 

u t i l i s ing any symmetry p r e s e n t in the c r y s t a l . 

In the c a s e of a c r y s t a l with a cen t re of symmetry at the o r i g i n , 

F ( h k l ) = F ( h k l ) and the s t r u c t u r e f a c t o r s a r e al l r e a l . 

T h u s the e l e c t r o n density p is given by : -

1 00 09 00 \ 

F ( 0 0 0) + 2£ X Z ^ ( h k I) c o s 27r(hx + k y + I z)( 
O - o o - o o \ 

Deduction of T h e Atomic Arrangement 

T h e atomic ar rangement within a ce l l c a n be r e g a r d e d a s a cont inuous 

dist r ibut ion of d i f f rac t ing matter (e lec t ron d e n s i t y ) , within the c e l l , 

with atomic c e n t r e s co inc id ing with r e g i o n s of high e l e c t r o n densi ty . 

A c r y s t a l s t r u c t u r e determination is there fore e s s e n t i a l l y a determination 

of the d is t r ibut ion of such e lec t ron densi ty within the unit c e l l . T h e 

F o u r i e r summation for the evaluat ion of e l e c t r o n densi ty inc ludes the 

phase component of the s t r u c t u r e fac tor . T h i s component cannot be 

obtained by exper imenta l observa t ion and must there fore be obtained 

or deduced by some a l te rna t ive means. S i n c e al l other measurements 

can be made by o b s e r v a t i o n , then phase determinat ion becomes the 

e s s e n t i a l problem of s t r u c t u r e determinat ion. 

S e v e r a l methods of phase determinat ion a r e ava i l ab le depending on 

the type of s t r u c t u r e and on the p r e s e n c e or a b s e n c e of r e l a t i v e l y heavy 

atoms in the molecu la r s t r u c t u r e . It can be shown that if a unit ce l l 

contains a uniform distr ibut ion of light atoms and a l s o a heavy atom, 

then the phase of the resu l tant wave s c a t t e r e d in a p a r t i c u l a r d i r e c t i o n , 

approximates to the p h a s e of the heavy atom contr ibut ion in the same 

d i rec t ion . 
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T h e heavy atom method which is based upon this re la t ion invo lves 

locating and identifying the heavy atom pos i t ion . T h i s can be ach ieved 

by the use of the P a t t e r s o n funct ion. 

T h e P a t t e r s o n F u n c t i o n 

P a t t e r s o n (1935) showed that a F o u r i e r s e r i e s whose coef f ic ien ts 

a r e the s q u a r e s of the s t r u c t u r e ampli tudes could prov ide useful 

information about the c r y s t a l s t r u c t u r e . 

He defined a function P ( u v w ) s u c h that : -

1 1 1 

P (u v w) = ^J'J'Jp^ y z ) / > ( x + u , y + v , z + w) d x d y d z 
0 0 0 

If the v a l u e s of the e l e c t r o n densi ty a r e subst i tuted into the equat ion , 

the conventional form of the P a t t e r s o n funct ion can be d e r i v e d : -

P ( u v w ) = 1 j _ § j ] | F ( h k l ) | 2 exp. 2n \ (h u + k v + Iw) 
\ J - O D - C O - O B 

T h i s function is r e a l for all v a l u e s of u , v and w , and may be 

expanded to g i v e : -

P ( u v w ) = ± _ X Z X l F ^ h k ' H 2 c o s 2 7 I ( h u + k v + 1 w ) 
V h k I 

T h e magnitude of the P a t t e r s o n funct ion , P (u v w) for a point u , v , w 

in the P a t t e r s o n vec tor map r e p r e s e n t s the summation of the product of 

the e l e c t r o n densi ty at a point x , y , z , and at a point x + u , y + v , z + w 

over the en t i re c e l l . Hence la rge p e a k s wi l l be found in the vector map 

c o r r e s p o n d i n g to the v e c t o r s between a toms, and their magnitude wi l l 

be r e l a t e d to the product of their atomic numbers . T h e r e is a l w a y s a 

large peak at the or ig in c o r r e s p o n d i n g to the vec tor between each atom 

and i tse l f . 

Interpretat ion of these vec tor maps i s great ly s impl i f ied by the 

p r e s e n c e of symmetry in the unit c e l l . In c e r t a i n c a s e s peaks between 

atoms in equivalent pos i t ions a r e o b s e r v e d whose posi t ions in the vec tor 

map a r e r e s t r i c t e d to c e r t a i n s e c t i o n s or l i n e s . T h e s e w e r e f i r s t 

d i s c o v e r e d by H a r k e r (1936) and bear h i s name. F o r example , if a 

ce l l conta ins a 2 - f o l d a x i s p a r a l l e l to b, then for an atom at x , y , z , 

there wil l be a symmetry re la ted atom at x , y , z , and a maximum wi l l 

o c c u r in the vec tor map at u = 2 x , v = 0 , w = 2 z . With this knowledge, 

it is often p o s s i b l e to locate d i r e c t l y the pos i t ion of an atom in the unit 

eel I. 
15 



T h e Heavy Atom Method 

T h e P a t t e r s o n function of a heavy atom compound r e v e a l s l a r g e p e a k s 

due to the v e c t o r s between the heavy atoms, and a l lows these v e c t o r s 

to be d is t ingu ished from the remain ing v e c t o r s . C a r e must be e x e r c i s e d 

in the cho ice of the heavy atom, s i n c e if this contr ibutes too h e a v i l y 

to the o v e r a l l s c a t t e r i n g , compar ison between the o b s e r v e d and 

ca lcu la ted s t r u c t u r e f a c t o r s becomes i n s e n s i t i v e to the pos i t ions of 

the light atoms. An empi r i ca l and useful guide in the se lec t ion of the 

heavy atoms i s : -

£ ( Z 2 heavy) — £ ( Z 2 light) 

Once the c o - o r d i n a t e s of the heavy atom have been determined , an 

e lec t ron densi ty map can be computed us ing as F o u r i e r c o e f f i c i e n t s , 

| F o | , and the phase ang les obtained from s t r u c t u r e factor c a l c u l a t i o n s 

based upon the heavy atom cont r ibut ions . F r o m this e lec t ron densi ty 

map, improved pos i t ions for the heavy atom wi l l be found, and the 

posi t ions of some or al l of the l ighter atoms may be found. 

D i r e c t Methods In T h e So lu t ion Of T h e P h a s e P r o b l e m 

In recen t y e a r s s e v e r a l r e l a t i o n s h i p s have been proposed s o a s to 

produce a set of p h a s e s from a set of exper imenta l ly determined 

magnitudes. 

One of the e a r l i e s t attempts to r e l a t e p h a s e s to in tens i t ies led to the 

development of the H a r k e r - K a s p e r inequal i t ies ( 1 9 4 8 ) . T h e s e e x p r e s s i o n s 

resu l t ing from the combination of s t r u c t u r e factor e x p r e s s i o n s with 

c e r t a i n c l a s s i c a l i n e q u a l i t i e s , p rov ided the f i r s t means of determining 

the phase of one re f l ec t ion in terms of its magnitude and those of o t h e r s . 

T h e method w a s l imited in appl icat ion and useful r e s u l t s could only be 

obtained for l a rge s t r u c t u r e ampli tudes and for small numbers of atoms 

in the uni t eel I. 

In 1 9 5 2 , S a y r e showed that for a cen t rosymmet r ic s t r u c t u r e conta in ing 

equal r e s o l v e d a toms, the s ign S H of a re f lec t ion H could be d e r i v e d 

from a s imple product of the s i g n s of a l g e b r a i c a l l y re la ted r e f l e c t i o n s , 

s u c h that 

S H S K • S H - K 

T h i s e x p r e s s i o n has a high probabi l i ty of being c o r r e c t if the 

magnitude of the three s t r u c t u r e f a c t o r s F H , F ^ and F H _ K a r e 

all l a r g e . 
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Hauptman and K a r l e (1953) d e v i s e d a s t a t i s t i c a l approach in which 

they used a n o r m a l i s e d s t r u c t u r e factor given by 

where 6 is a factor introduced to 
N 2 

£ ^ f n (H) accommodate s p a c e group ex t inc t ions . 
n = | n 

They a l s o d e r i v e d the ZJ 2 r e l a t i o n s h i p , e x p r e s s e d as 

S H «--» S £ X E K . E 

T h i s i s s i m i l a r to that introduced by S a y r e except that the re la t ionsh ip 

involves more than one in terac t ion . T h e probabi l i ty that a s ign wi l l be 

posi t ive is given by C o c h r a n and Wool fson , 1955, 

P ( E H ) + - l _ + l t a n h ( a 3 a ^ l E j j E ^ E „ _ K ) 

where 
N 

*. - Z z j n 

i = i J 

T h i s shows that if the three r e f l e c t i o n s involved in a t r ip le re la t ionsh ip 

have la rge E - v a l u e s then the probabi l i ty that the s ign re la t ionsh ip wil l 

be c o r r e c t wi l l be l a r g e . S o that by us ing probabi l i ty r e l a t i o n s h i p s it 

is p o s s i b l e to s t a r t the assignment of s i g n s from a few s t rong p l a n e s 

whose p h a s e s a r e e i ther known or r e p r e s e n t e d by s y m b o l s , and this i s 

known a s the symbol ic addition p r o c e d u r e . 

A s t ra tegy for us ing this method outl ined by K a r l e and K a r l e (1966) 

f i rs t invo lves est imat ing a set of n o r m a l i s e d s t r u c t u r e f a c t o r s and 

finding the t r ip le r e l a t i o n s h i p s which ex is t amongst the s t ronger 

r e f l e c t i o n s . T h e o r ig in is s p e c i f i e d by choosing n l i n e a r l y independent 

r e f l e c t i o n s and a r b i t r a r i l y f ix ing their s i g n s where n has a maximum 

value of three and depends upon the s p a c e group. T h e s e r e f l e c t i o n s 

a r e used to define the s i g n s of fur ther r e f l e c t i o n s us ing the X 2 

re la t ionsh ip . Subsequent ly s e v e r a l s t rong p lanes a r e given symbol ic 

p h a s e s a s n e c e s s a r y in o r d e r to phase all of the r e f l e c t i o n s . S i g n s 

a r e only accepted when the total probabi l i ty for a p r e d i c t e d s ign e x c e e d s 

a spec i f i ed v a l u e . T h e accep tance limit d e c r e a s e s a s the p r o c e d u r e 

continues but high v a l u e s in i t ia l ly r e d u c e the number of i n c o r r e c t s ign 

a l loca t ions . At the end of this p r o c e d u r e e a c h re f l ec t ion may have i ts 

s ign determined or r e p r e s e n t e d by more than one symbol or 

combination of s y m b o l s , and us ing these it i s p o s s i b l e to p red ic t the 

most l ike ly s i g n s for the symbols u s e d . 

• 
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An a l te rna te s t ra tegy for us ing the X 2

 r e ' a t i o n s h i p invo lves the 

cho ice of a number of s t rong r e f l e c t i o n s whose s i g n s a r e s y s t e m a t i c a l l y 

v a r i e d . E a c h of the p o s s i b l e s ign combinat ions for these r e f l e c t i o n s 

together with the or ig in determining r e f l e c t i o n s a s before is used as 

a s ta r t ing set for r e i t e r a t i v e appl icat ion of S a y r e ' s r e l a t i o n s h i p . T h i s 

g ives a s e r i e s of so lut ions and is known a s the mult isolut ion method. 

In a program d e s c r i b e d by L o n g (1968) the s i g n s determined from the 

s ta r t ing s e t , a r e used to pred ic t more s i g n s and redetermine those 

pred ic ted be fore . T h e s i g n s of the s t a r t i n g set a r e ca lcu la ted at the 

end of e a c h c y c l e but a r e not a l lowed to change. 

A m e a s u r e of the s e l f c o n s i s t e n c y of the p r e d i c t e d s i g n s i s given by 

< | E A £ E B E C | > 
C = A=B+C 

< | E A | X | E B | | E C | > 
A=B-K: 

where ^ ^ means averaged over al l v a l u e s of A . T h e e x p r e s s i o n 

compares the o b s e r v e d X2 s u m t o that 'which would be o b s e r v e d if all 

the in te rac t ions w e r e c o n s i s t e n t . U s u a l l y the set with the highest 

c o n s i s t e n c y index r e p r e s e n t s the c o r r e c t so lut ion . 

When the number of p o s s i b l e phase s e t s becomes v e r y l a r g e , additional 

re jec t ion tes ts a r e r e q u i r e d . A r e j e c t i o n test d e s c r i b e d by G e r m a i n , 

Main and W o o l f s o n , 1970, eva lua tes e a c h p h a s e set in terms of an absolute 

f igure of m e r i t , M A B S where t 

z - I O H 2 > / 2 

MABS = 

x<"h

2>t2-x<*h2:>? 
T h i s test i s based upon the s t a t i s t i c s of a a s d e r i v e d by G e r m a i n , 

Main and W o o l f s o n , 1970 and compares the expected value of a h

2 

with that expected for a random set of p h a s e s . 

A fur ther test d e s c r i b e d by G i a c o v a z z o , 1974, invo lves the use of 

quartet r e l a t i o n s h i p s 

P - = M t a n h 2 k l ' E 3 E 4 l ( 2 E 1 2 E 2 2 - E 1 2 - E 2 2 ) 

where E , = E h , E 2 = E k , E 3 = E h _ k and E 4 = E h + | < 

L a r g e v a l u e s of P - a r e obtained if | E ^ | , | E ^ | and | E ^ | a r e la rge 

and | E 2 I i s smal I. 
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T h e X re la t ion can be extended to non - c e n t r i c s t r u c t u r e s ( K a r l e 

and K a r l e , 1966) and in i ts genera l form r e f e r s to the addition of 

p h a s e s so that 

O H > ' ' < V > K + <PH-K > K 

where K r a n g e s over r e f l e c t i o n s with la rge E - v a l u e s . 

T h e most probable phase is g iven by 

Z I E K E H - K l s i n ( <Pk * ^ H - K ) 
tan </>H = K 

E K E H _ K | c o s ( ^ K + </> H-K) 

which is known a s the tangent formula and r e p r e s e n t s the combination 

of the v e c t o r s by summation of their components p a r a l l e l to the r e a l and 

imaginary a x e s . 

S t r u c t u r e Ref inement 

D u r i n g the c o u r s e of a s u c c e s s f u l s t r u c t u r e determinat ion, a stage 

is r e a c h e d when all of the atoms p r e s e n t a r e p laced in approximate but 

e s s e n t i a l l y c o r r e c t p o s i t i o n s . T h e p r o c e s s of ref inement invo lves 

re f in ing the approximate s t r u c t u r e to any degree of p r e c i s i o n which the 

o b s e r v e d data p e r m i t s , and is commonly fol lowed by noting the va lue of 

the d i s c r e p e n c y index 

„ Z l l F o l - |Fc | | 
J l F o l 

T h i s i s a c rude m e a s u r e of how much the model depar ts from the 

actual s t r u c t u r e , as e x p r e s s e d by the d i f fe rence in their d i f f ract ion 

ampl i tudes. 

Hamilton (1965) h a s defined a weighted index R w , given b y : -

R w = I w ( | F o | - | F c | ) 2 

£ w | F o | 2 

T h i s index is useful in that it e n a b l e s a s t a t i s t i c a l compar ison to be 

made on two ref inements from di f ferent models of the same s t r u c t u r e . 

An ana ly t ica l method of ref inement of great power and genera l i ty is 

that based on L e g e n d r e ' s p r i n c i p l e of least s q u a r e s . 

An outl ine of this method wi l l now be g iven . L e t p. , p „ , . . . p be 

the n p a r a m e t e r s in the F c whose v a l u e s a r e to be determined. | F c | 

can be wr i t ten a s a function of these p a r a m e t e r s 

| F c | = f (p 1 , p 2 , . . . , p n ) 



Incorporat ing 6 . , 6 9 . . . , 6 , the sh i f ts r e q u i r e d to give the t rue 

s t ruc tu ra l p a r a m e t e r s , a s i m i l a r e x p r e s s i o n may be wr i t ten for the 

observed ampl i tudes : -

| F o | = f ( P l + € V P 2 + ^ 2 , P n + £ n ) 

F o r a t r i a l set of p^ c l o s e to the c o r r e c t v a l u e s , F o may be expanded 

as a function of the p a r a m e t e r s by a T a y l o r s s e r i e s of the f i r s t o r d e r . 

T a y l o r s theorem g i v e s : -

f (b) = f ( a ) + ( b - a ) f ' ( a ) + ( b - a ) 2 f " (a) + 
2 ! 

Set t ing b = p^ + 6 j , 

a = p j , . . . » , 

and taking the s e r i e s to the f i r s t d e r i v a t i v e g i v e s : -

| F o | = f (p 1 , p 2 , . . . . , p n ) + n 3f (p 1 , p 2 , P n ) ^ _ 

T V , " ^ 

i . e . I F o l = I F c l + y 3 | F c | £ . 
^ ?>P- ' I=I ^ , 

An equation of this type may be d e r i v e d for each r e f l e c t i o n . E a c h 

F o is subject to random e r r o r s and su i tab le v a l u e s of €'\ have to be 

found to give the most acceptab le fit between F o and F c . T h e theory 

of e r r o r s p r e d i c t s that the most acceptab le set of €'\ is that wh ich 

minimises the sum of the weighted s q u a r e s of the d i f f e rences between 

the o b s e r v e d and c a l c u l a t e d quant i t ies . T h e function most commonly 

used i s : -
R = Z w ( l F o l - I F c l ) 2 

hkl 
where the sum is over the c r y s t a l lographica l ly independent p l a n e s and 

w is the weight of the o b s e r v a t i o n . 

F o r R to be a minimum 

= 0 (j = 1 n) where p. is the j t h pa rameter 
a P j J 

Hence 

w A S l F c l 
hkl ? p . 

J 
Remember ing that 

= 0 , w h e r e A = | F o | - | F c | 

A =EW^£> leads to a set of 

s imultaneous equa t ions , the normal equat ions 

tC\ / hki \ ^ 3 P j / fir, 3 P i 
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T h e r e a r e n of these normal equat ions for j = 1 n, to determine 

the n unknown p a r a m e t e r s 

2 2 

A l t e r n a t i v e l y these n equations may be e x p r e s s e d in matr ix notat ion: -

V a . . . € . = b. 
• 1J I J 

v a iFc i . aiFci . , v A a iFci 
£ w " d p — w~ a n d b j = £ w

 A
 " a F -

hkl H | K J J hkl K j 

In a s t r u c t u r e with a large number of atomic p a r a m e t e r s , it may be 

impract icab le to c a l c u l a t e all the terms of the normal equation matr ix 
a i j > p a r t i c u l a r l y dur ing the e a r l y s tages of ref inement. A useful 

approximation is the block - diagonal technique which neg lec ts al l o f f -

diagonal e lements r e l a t i n g to in te rac t ions between di f ferent atoms.., so 

that a 9 x 9 mat r ix i s used for the posi t ional and a n i s o t r o p i c thermal 

p a r a m e t e r s for e a c h atom, or a 4 x 4 matr ix if the atom is re f ined with 

an i so t rop ic temperature fac to r . A 2 x 2 matr ix is used for the s c a l e 

and o v e r a l l i s o t r o p i c temperature p a r a m e t e r . 

A more modern approach is the blocked full - matr ix technique. In 

this s y s t e m , the atoms a r e re f ined in groups or b locks us ing the b l o c k -

diagonal approx imat ion , but a l lowing for in teract ions between the atoms 

in any one group. 

Weighting F u n c t i o n s 

T h e funct ions minimised in the least - s q u a r e s method, c a r r y a 

weighting factor for e a c h o b s e r v a t i o n . T h e weighting should be a 

measure of the r e l i a b i l i t y of the o b s e r v a t i o n s , and from s t a t i s t i c a l 

c o n s i d e r a t i o n s , it can be shown that the best weight i s equal to the 

square of the r e c i p r o c a l of the s tandard deviat ion of the o b s e r v a t i o n . 

1 w = — 9 •-a« F o 
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CTFO can be der ived from the re la t ionsh ip 

where k is the s c a l e factor and L p is the L o r e n t z - po la r isat ion fac to r . 

D i f fe rent ia t ing this equation g ives 

, , _ _ 1 k . d N 
d l ~ ° " 2 (Lp)V 2 T f c 

from which 
d F o = 1 dJN 
F o 2 N 

Making the approximation d F o = a F o , and d N = a N , 

r- 1 , - ffN 

a F o = - F o . — 

T h e s tandard deviat ion in N is given by counting s t a t i s t i c s a s 

a N = [ T + B . G ] 1 ' 2 

w h e r e B is the ra t io between the total background count G and the total 

peak count T . 

T h e term [ T + B . G ] / 2 underes t imates the e r r o r in the v e r y intense 
2 

r e f l e c t i o n s , so a term ( P . N) i s in t roduced to down weight these 

r e f l e c t i o n s . 
T h u s a-N = [T + B . G + ( P . N ) 2 ] V z 

and = 1 [ T + B . G + ( P . N ) 2 ] ' ' 2 

a l ~ 2 °' N 

T h e A c c u r a c y of P a r a m e t e r s D e r i v e d F r o m L e a s t S q u a r e s Methods 

In o r d e r to obtain a r e l i a b l e est imate of the a c c u r a c y of the atomic 

p a r a m e t e r s , the weighting scheme used in the ref inement should 

c o r r e s p o n d to 

w = — > where cr2(Fo) i s the v a r i a n c e for the 

o b s e r v a t i o n . In this c a s e the v a r i a n c e of the parameter p. i s given by 

p 2 (p . ) = ( s - 1 ) - where ( a _ 1 ) j j i s the i t n diagonal element of 

the i n v e r s e matr ix to the normal equation matr ix . G e n e r a l l y a ( F o ) i s 
not known exact ly and r e l a t i v e weights of the form _ k 

W ~ a^FoT 
a r e u s e d , in which c a s e the est imated s tandard deviat ion is given by 

a 2 ( p ) = ( a - 1 } ( I w A F 2 ) 
i n m - n 

w h e r e m is the number of o b s e r v a t i o n s and n is the number of p a r a m e t e r s . 
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T h e a c c u r a c y of interatomic d i s t a n c e s and angles depends upon the 

est imated s tandard dev ia t ions of the atomic c o - o r d i n a t e s involved 

( C r u i c k s h a n k and R o b e r t s o n , 1953). S o that for a bond I between two 

uncorre la tec 

of the bond, 

2 2 
u n c o r r e l a t e d atoms having v a r i a n c e s a (a) and o (b) in the d i rec t ion 

a 2 ( l ) = a 2 ( a ) + o 2 (b) 

F o r an angle 0 between two bonds A B and A C , the est imated 

s tandard deviat ion of the bond angle is given by 

a { & ) ~ ( A B ) * + ( A B ) 2 ( A C ) 2 ( A C ) 5 

Measurement of In tens i t ies 

Two genera l methods a r e ava i l ab le for measur ing the in tens i t ies of 

d i f f racted beams. E i t h e r the beams may be detected by some type of 

quantum counting dev ice which m e a s u r e s the number of photons d i r e c t l y 

(di f f ractometer or counter methods) , or e l s e the degree of b lackening 

of spots on d i f f ract ion photographs may be m e a s u r e d and taken as 

proport ional to the beam intensi ty (photographic methods). 

T h e modern trend a p p e a r s to be towards the use of automated 

computer cont ro l led d i f f rac tometers which permit i n c r e a s e d a c c u r a c y 

of measurement and can a l s o deal with la rge numbers of r e f l e c t i o n s . 

T h e b a s i c geometry for the r e f l e c t i o n of an X - r a y beam from a set of 

c r y s t a l l o g r a p h i c p lanes is s u m m a r i s e d in the fol lowing d i a g r a m : -

. S o 

In o rder that r e f l e c t i o n s from the plane may o c c u r , the incident 

beam S o , the r e f l e c t e d beam S and the plane normal d * , must be c o p l a n a r , 

and the incident beam must make an angle 8 with the plane in o r d e r to 

sa t i s fy the B r a g g equation. A l s o d* must b isec t the angle between S 

and S o . 
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The arrangement of the H i lger and Watts four - c i r c l e d i f f rac tomeler 

is shown in F i g u r e l a . F o r the purpose of intensity measurement the 

instrument normal ly u s e s b isec t ing geometry which p l a c e s the v e r t i c a l 

A " - c i r c l e so as to b isec t the angle between the incident and r e f l e c t e d 

X - r a y beams. T h i s means that the X-circle must contain the normal 

to the r e f l e c t i n g p l a n e s d * , and hence the angle a> must equal the angle 

0. With d * c o n s t r a i n e d to l ie in two mutually pe rpend icu la r p l a n e s 

there wi l l be s p e c i f i c v a l u e s of the angles X and f if the re f l ec t ion ( h k l ) 

is to be o b s e r v e d . 

At high v a l u e s of the angle 8 , when the A " - c i r c l e would tend to 

obstruct the p a s s a g e of the r e f l e c t e d beam to the de tec to r , the instrument 

s w i t c h e s to p e r p e n d i c u l a r geometry. In this posit ion the vector d * is 

perpend icu la r to the X-circle and the condit ion o> = 90 - 0 h o l d s . 

Intensity C o r r e c t i o n 

T h e X - r a y r e f l e c t i o n from a given set of c r y s t a l l o g r a p h i c p l a n e s 

does not o c c u r s h a r p l y , but takes p lace over a smal l angular range on 

ei ther s i d e of 0 as def ined by the B r a g g law. In o r d e r to accomodate 

this feature of c r y s t a l r e f l e c t i o n , the di f f ractometer sums the number 

of counts over th is angular range to produce an integrated intensi ty 

measurement . T o t ransform the m e a s u r e d integrated in tens i t i es into 

o b s e r v e d s t r u c t u r e ampl i tudes , they must be c o r r e c t e d for c e r t a i n 

phys ica l and geometr ica l f a c t o r s . 

P o l a r i s a t i o n F a c t o r 

When X - r a y s a r e r e f l e c t e d by a c r y s t a l p lane , they become par t l y 

plane p o l a r i s e d . A s the e lect romagnet ic wave of X - r a d i a t i o n is 

r e f l e c t e d , the component of the wave whose v ibrat ion is p a r a l l e l to the 

re f lec t ing plane does not suf fer r e d u c t i o n , but the component in the 

plane of the incident and r e f l e c t e d r a y s is reduced in intensi ty by an 

amount proport ional to c o s 2 20. A s a c o n s e q u e n c e , the intensi ty of the 

d i f f racted wave i s r e d u c e d by a factor c a l l e d the p o l a r i s a t i o n f a c t o r , 

amounting to:-

p = 1 + c o s 2 20 
2 
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L o r e n t z F a c t o r 

When a per fec t c r y s t a l moves through the re f l ec t ing pos i t ion , 

re f l ec t ion o c c u r s only over a range of a few s e c o n d s of a r c . Most 

c r y s t a l s a r e not per fect and due to their mosa ic n a t u r e , re f l ec t over a 

range of some minutes. T h e points of the r e c i p r o c a l lat t ice there fore 

have f inite s i z e , and spend a f inite time in p a s s i n g through the s u r f a c e 

of the s p h e r e of r e f l e c t i o n . T h i s fac tor v a r i e s with the d is tance of the 

r e c i p r o c a l lat t ice point from the o r i g i n , which is re la ted to the angle 

of r e f l e c t i o n , and a l s o depends on the mode of data co l lec t ion . T h e 

L o r e n t z f a c t o r , l_ for data co l l ec ted us ing a four - c i r c l e di f f ractometer 

is given b y : -

l_ = 1 
s in 2 9 

Absorpt ion 

Al l m a t e r i a l s absorb X - r a y s a c c o r d i n g to an exponential law 

I = I exp. ( - n t ) where I and l Q a r e r e s p e c t i v e l y , the t ransmit ted 

and incident i n t e n s i t i e s , fx is the l inear absorpt ion coe f f i c ien t , and 

t i s the path length through the m a t e r i a l . T h e extent of absorpt ion 

i n c r e a s e s with i n c r e a s e in the atomic number of the elements in the 

mater ia l . 

When the X - r a y s t ravel di f ferent path lengths through the c r y s t a l 

for di f ferent r e f l e c t i o n s , then these r e f l e c t i o n s wi l l suf fer to a v a r y i n g 

extent from a b s o r p t i o n , and a s y s t e m a t i c e r r o r wi l l be introduced into 

the o b s e r v e d in tens i t i es . 

If the d imensions of the c r y s t a l a r e a c c u r a t e l y known, the path lengths 

for each r e f l e c t i o n can be c a l c u l a t e d , and appropr ia te c o r r e c t i o n s can 

then be appl ied to the in tens i t i es . An a l te rna te approach is to minimise 

the e f fects of absorpt ion by sui table shaping of the c r y s t a l to a c h i e v e 

s i m i l a r path lengths for each r e f l e c t i o n , and to a l s o use a more 

penetrat ing rad ia t ion . 
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T h e Methyleneamino Group A s A Metal C o - o r d i n a t i n g L i g a n d 
C o n s i d e r a b l e in te res t has been shown in the methyleneamino group 

as a termina l ly c o - o r d i n a t e d substituent of metals and m e t a l l o i d s , 

s i n c e the shape of the C - N - M l inkage can be used to e s t a b l i s h the 

o c c u r r e n c e of p o s s i b l e N -*-M dative 7r-bonding. T h e methyleneamino 

group can act a s a one - or three e l e c t r o n donor , and there fore 

s e v e r a l s t r u c t u r a l p o s s i b i l i t i e s ex is t depending p r i m a r i l y upon whether 

the metal is c o - o r d i n a t i v e l y satura ted or unsatura ted . When the metal 

is s a t u r a t e d , the methyleneamino group a c t s as a o n e - e l e c t r o n donor , 
2 

with the n i t rogen atom formal ly sp h y b r i d i s e d , and the n i t rogen lone 

pa i r occupy ing one of the hybr id o r b i t a l s . Hence the C - N - M l inkage 

is bent with a theore t ica l angle at n i t rogen of 120° ( F i g u r e 2a) . Bent 

s t r u c t u r e s of th is type have been in fe r red from n. m. r. s t u d i e s on 

d i - t -buty lmethy leneamine i tse l f ( S n a i t h , S u m m e r f o r d , Wade and Wyat t , 

1970), and for a number of N - organomethyleneamines ( C u r t i n , G r u b b s 

and M c C a r t y , 1 966) . 

When the metal i s c o - o r d i n a t i v e l y unsatura ted h o w e v e r , donation of 

the ni t rogen lone p a i r may o c c u r , e i ther through br idging to a second 

metal atom ( F i g u r e 2b) , with the formation of a d imer ic or o l i g m e r i c 

s p e c i e s , or through N - » - M dative 7r-bonding ( F i g u r e 2c ) . In the latter 

c a s e , for maximum o v e r l a p of the ni t rogen and metal o r b i t a l s , a l inear 

arrangement at n i t rogen is r e q u i r e d , with modif ication of the ni t rogen 
2 

hybr id isa t ion from sp to s p . A shor tening of the metal - n i t rogen bond 

d is tance would there fore o c c u r , and t h i s , in conjunct ion with the angle 

at n i t rogen can be used as ev idence for N—*-M dat ives -bond ing . 

H o w e v e r , E b s w o r t h has shown from over lap integral c a l c u l a t i o n s , 

that in pyramida l s i I icon - ni trogen s y s t e m s where the-nitrogen lone 
3 

pai r o c c u p i e s an sp hybr id o r b i t a l , c o n s i d e r a b l e (p - d) 7t-bonding i s 

s t i l l p o s s i b l e . Maximum orbi ta l over lap would s t i l l h o w e v e r , r e q u i r e 

a l inear ar rangement ( E b s w o r t h , 1966). 

In addi t ion , c a t i o n i c s p e c i e s of the type ) C = N + ( , being i s o e l e c t r o n i c 

with t h e / C = C ( g r o u p , a r e able to function a s 7r -bonding donors to 

t ransi t ion meta ls ( F i g u r e 2d) ( A b e l , R o w l e y , Mason and T h o m a s , 1974). 

S e v e r a l techniques a r e ava i lab le for determining the extent of 

l inear i ty of the C - N - M l inkage , and hence the degree of N - * - M dat ive 

7r-bonding. Of t h e s e , X - r a y c r y s t a l l o g r a p h y is the most c o n c l u s i v e 

s i n c e it r e l i e s on the measurement of two d i r e c t l y o b s e r v a b l e p a r a m e t e r s , 

namely, the angle at n i t rogen , and the length of the ni trogen - metal bond. 

It should be e m p h a s i s e d that in this technique, the angle at n i t rogen is 

the fundamental o b s e r v a t i o n from which n-bonding is i n f e r r e d . 
28 



N N MX \ 
MX n 

Fig.2a Fig. 2c 

MX H n 

N N 

\ 1 \ MX H MX n n 

Fig.2b Fig.2d 



Main Group Metal C o - o r d i n a t e d Methyleneamines 

S e v e r a l methyleneamino - main group metal complexes have been 

studied c r y s t a l lographica l I y , e s t a b l i s h i n g v a r y i n g degrees of N—+~M 

dative 7r -bonding . T h e complex b is d i - t -buty lmethyleneaminobery l I ium 

( S h e a r e r and S o w e r b y , 1971) , h a s been shown to be d imer ic and to 

contain both br idging and terminal methyleneamino groups. T h e terminal 

subst i tuents w e r e found to have C - N - B e angles of 1 61° , and a 
2 0 

B e ( s p ) - N(sp) d is tance of 1. 50A. T h i s va lue can be compared with 
2 2 0 

the B e ( s p ) - N ( s p ) d is tance of 1. 57A found in (Be ( N M e _ ) „ ) , (Atwood 

and S t u c k y , 1 969 ) , and the Be (sp ) - N(sp ) d is tance of 1. 56A found in 

[ ( M e 3 S i ) 2 N ] 2 B e ( C l a r k and H a a l a n d , 1970). 

In both of these latter s t r u c t u r e s , the B e - N d i s t a n c e s w e r e 

c o n s i d e r e d cons is ten t with a degree of multiple B e - N bonding. T h e 

d is tance of 1. 50A in (Bu 2 C : N B e ) 2 is s imi lar l y thought to be 

cons is ten t with multiple B e - N bonding, and this is p a r t i c u l a r l y apparent 

when compared with the br idging s ing le bond B e - N d i s t a n c e s of 1.67 

and 1. 68A. 

A boron complex, d iphenylmethyleneaminodimesi ty lborane ( B u l l e n , 

1973) , h a s been r e p o r t e d , which i s shown to p o s s e s s a v i r t u a l l y l inear 
o 0 

C - N - B I inkage of 1 73 and a boron - ni trogen d is tance of 1. 38A. 
o 

T h i s va lue can be compared with the v a l u e s of 1.40(4) and 1 .43(4)A 
o 

observed- in M e 2 N B M e 2 (Bui I en and C l a r k , 1 970) and 1. 39 and 1. 41 A 

in ( M e g N B C H g l j ( H e s s , 1969) , substant ia l B - N multiple bonding being 

implied in al l c a s e s . 

An aluminium d e r i v a t i v e h a s been r e p o r t e d , namely, lithium t e t r a k i s 

(d i - t -butylmethyleneamino) a lane ( S h e a r e r , S n a i t h , S o w e r b y and Wade , 

1971), and this s t r u c t u r e conta ins both terminal and bridging 

methyleneamino groups (br idging to lithium in this ins tance) . T h e 
o 

terminal methyleneamino groups have C - N - Al angles of 167 and a 
o 

mean Al - N d is tance of 1. 778(7)A. T h i s va lue is comparable with the 

Al - N d is tance of 1. 78A found in [ (Me 3 S i ) 2 N ] 3 Al ( S h e l d r i c k and 

S h e l d r i c k , 1969) , and which is thought to be consis tent with a degree 

of multiple Al - N bonding. 

Both of these can be compared with r e p o r t e d br idging Al - N s ing le 

bond d i s t a n c e s of 1. 94A in (Bu 2 M e C : N Al M e 2 ) 2 (W i l l i s and S h e a r e r , 

1966) , 1.91 A in ( P h A I N P h ) 4 (McDonald and McDonald, 1972) , 1. 9 5 A 

in ( M e 2 A l N H M e ) 3 ( G o s l i n g , M c L a u g h l i n , S i m s and S m i t h , 1970) and 

1 . 9 2 A i n [ C 6 H 4 B r ( P h ) C : N A l P h 2 ] 2 (McDonald, 1969). 
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S e v e r a l s t r u c t u r e s have been repor ted involving group I V 

e lements . A s e r i e s of the type M ( N : C P h 2 ) ^ where M r e p r e s e n t s 

S i , Ge and Sn(iv)has been studied by A l c o c k , P i e r c e - B u t l e r , W i l l ey 

and Wade , 1975). T h e angles at n i t rogen show a marked reduct ion 
O O 

from s i l i c o n to germanium to t in , 134 .7 and 139.5 (mean) for s i l i c o n , 

127.0 for germanium and 1 2 1 . 3 ° (mean) for t in , suggest ing c o n s i d e r a b l y 

reduced metal - n i t rogen 7r-bonding in germanium, and v e r y l i t t le in tin. 

T h i s in terpreta t ion is supported by the metal - n i t rogen bond d i s t a n c e s . 
o 

S i l i c o n shows a substant ia l s h o r t e n i n g , 1. 71 7(1 0)A (mean) compared 
o 

with a c a l c u l a t e d S i - N s ing le bond d is tance of 1. 879A. F o r germanium, 
o 

the o b s e r v e d G e - N d is tance is 1. 872(5)A compared with a c a l c u l a t e d 
o 

single bond va lue of 1. 928A. F o r t in , the o b s e r v e d S n - N d i s t a n c e is 
o 

2. 06(4)A, a negl igable shor ten ing compared to a c a l c u l a t e d va lue of 

2. 1 1 A . 

T w o fur ther s t r u c t u r e s have been repor ted involving tin(n) c o m p l e x e s , 

( P h 2 C : N S n ( D ) C l ) 2 and P h 2 C : N H ( P h 2 C : N S n ( D , C l ) 2 . C ? H Q (Mahmoud, 

1976). Both of these s t r u c t u r e s contain only br idging methyleneamino 

groups. 

A t r is(diphenylmethyleneamino) phosphine complex h a s been r e p o r t e d , 

( S h e a r e r , 1976). T h i s s t r u c t u r e h a s terminal methyleneamino g r o u p s , 
o 

with a mean angle at ni trogen-of 123 , showing l i tt le e v i d e n c e of N - * - P 

dative ^-bonding. 

On the b a s i s of the ava i l ab le c r y s t a l lographic da ta , substant ia l 

dative 7r-bonding a p p e a r s in the e a r l y members of groups II and I I I , and 

to a l e s s e r extent in group I V , a s indicated from the use of the 

methyleneamino group. 
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T H E C R Y S T A L S T R U C T U R E 
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( P h 2 C : N M g B r ) 2 . 3 T H F 



Introduction 

C o n s i d e r a b l e interest has been at tached to the nature of the 

bonding between methyleneamino groups and m e t a l s , e s p e c i a l l y 

where there is a p o s s i b i l i t y of dat ive 7r-bonding between ni t rogen 

and the metal . P r e v i o u s s t r u c t u r a l work on the methyleneamino 

d e r i v a t i v e s of Group II metals h a s been mainly c o n c e r n e d with 

bery l l ium and z i n c , with magnesium d e r i v a t i v e s being r e l a t i v e l y 

neg lec ted . 

A diphenylmethyleneaminomagnesium compound was s y n t h e s i s e d , 

which on the b a s i s of s p e c t r o s c o p i c e v i d e n c e , was thought to 

p o s e s s a terminal ly c o - o r d i n a t e d methyleneamino group. Subsequent 

c r y s t a l lographic work establ i shed the compound as being d i m e r i c 

with br idging methyleneamino g r o u p s , and with an unusual br idging 

te t rahydrofuran molecule . 

E x p e r imental 

T h e compound was p r e p a r e d from the low temperature r e a c t i o n 

in diethyl e t h e r , of phenylmagnesium bromide and benzon i t r i l e . 

T h e mixture was warmed to room temperature and s t i r r e d overn igh t , 

after which the solvent was removed from the yel low s u s p e n s i o n . 

T h e pa le yel low so l id remain ing w a s then r e c r y s t a l I i s e d from 

te t rahydro furan . 

T h e prepara t ion and s p e c t r o s c o p i c c h a r a c t e r i s a t i o n of the compound 

was undertaken by P e t c h and W a d e , 1976. 

C r y s t a l Data 

T h e compound r e c r y s t a l I ised from te t rahydrofuran a s pale y e l l o w , 

a i r s e n s i t i v e c r y s t a l s , and w e r e s e a l e d in quar tz c a p i l l a r y tubes 

for the purpose of data c o l l e c t i o n . T h e c r y s t a l s e l e c t e d had 

d imensions of 0. 3 x 0. 3 x 0. 5 mm with elongation along the 

d i rec t ion of the c - a x i s . 

P r e l i m i n a r y s tud ies us ing the p r e c e s s i o n method showed the 

unit c e l l to be monocl in ic . T h e condi t ions l imiting r e f l e c t i o n s 

w e r e : -

hkl h + k 2n 

hOI I = 2n , (h= 2n) 

OkO (k = 2n) 

and these e s t a b l i s h e d the s p a c e group a s e i ther C 2 / c or C c , with 

the former found to be c o r r e c t from the subsequent s t r u c t u r e 
determinat ion. 33 



More r e l i a b l e unit ce l l d imensions w e r e obtained from a l e a s t -

s q u a r e s treatment of the pos i t ions of twelve high o r d e r r e f l e c t i o n s , 

m e a s u r e d on a f o u r - c i r c l e d i f f ractometer . 

( P h 2 C : N M g B r ) 2 . 3 T H F 

M = 784 .97 

a = 17. 819(2)A 

b = 10. 647(2) A 

c = 22. 0£1 (2 )A 

/} = 1 1 2. 86° 

Z = 4 

D c 1 . 48g. c m " ' 

Absorpt ion coef f ic ient p for MoKo rad ia t ion = 23 .01cm 

T h e c r y s t a l density w a s not m e a s u r e d owing to the l imited 

ava i lab i l i ty of c r y s t a l s . 

Data C o l lect ion 

T h e intensity data w e r e c o l l e c t e d on a H i lger and Watts f o u r -

c i r c l e di f f ractometer us ing MoKa , Z r - f i l t e red rad ia t ion . 

A26 - G scanning technique w a s employed c o n s i s t i n g of eighty s teps 

of 0.01°. A counting time of two s e c o n d s per step w a s c h o s e n 

together with a background count of forty seconds m e a s u r e d at the 

beginning and end of each s c a n . T h r e e r e f l e c t i o n s w e r e c h o s e n a s 

s tandards and m e a s u r e d after e v e r y forty r e f l e c t i o n s . T h e s e 

r e f l e c t i o n s w e r e used to p l a c e the data on a common s c a l e . 

T w o non - equivalent octants hkl and h k - l of r e c i p r o c a l s p a c e 

w e r e scanned to cover the requ i rements of the monocl in ic s y s t e m . 

A total of 3408 r e f l e c t i o n s w e r e m e a s u r e d to a limit of 0 = 23° , and 

of t h e s e , 2029 w e r e c l a s s e d as o b s e r v e d r e f l e c t i o n s , having net 

counts g rea te r than 2 a . 

T h e in tens i t ies w e r e c o r r e c t e d for L o r e n t z and p o l a r i s a t i o n e f f e c t s , 

but no c o r r e c t i o n s w e r e made for absorpt ion . 
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Solut ion and Ref inement 

T h e posi t ion of the magnesium and bromine atoms w e r e obtained from 

the P a t t e r s o n function which for the s p a c e groups C 2 / c and C c 

takes the f o r m : -

weighted by (l_p)~ for each r e f l e c t i o n . 

F o r the s p a c e group C 2 / c , peaks due to double weight B r - B r 

v e c t o r s would be expected on the H a r k e r plane at the pos i t ions - 2 x , 

0 , 0 . 5 - 2 z , and on the H a r k e r I ine at 0 , 2y , 0. 5. 

T h e r e w e r e two l a rge peaks in the vector map at (0. 066 , 0. 0 , 0. 31 8) 

and (0. 0 , 0 . 4 6 8 , 0. 50) with peak heights of 1 83 and 168 with r e s p e c t 

to the or ig in peak of 500. T h e s e peaks w e r e c o n s i d e r e d due to B r - B r 

double weight v e c t o r s and a r e cons is tent with a bromine atom at ( - 0 . 0 3 3 , 

0 . 2 3 4 , 0 . 0 9 1 ) . T h e c o r r e s p o n d i n g s ingle weight B r - B r vector w a s 

found at (0. 4 3 3 , 0. 031 , 0. 1 81) with a peak height of 92 . 

Two fur ther p e a k s w e r e found at (0. 033 , 0. 0 , 0. 1 51) and (0. 0 , 0. 1 56 , 

0. 50) with peak heights of 44 and 45. T h e s e peaks w e r e c o n s i d e r e d 

due to Mg - Mg double weight v e c t o r s and a r e cons is tent with a 

magnesium atom at ( - 0 . 1 6, 0 . 0 7 8 , 0 .181 ) . A s ing le weight Mg - Mg 

vector was found at the appropr ia te posi t ion of (0. 466 , 0. 343 , 0. 363) 

and of peak height 1 3. 

F o u r fur ther p e a k s w e r e found at , or c l o s e to the pos i t ions 

ca lcu la ted for the B r - Mg v e c t o r s , namely , ( 0 . 0 1 7 , 0 . 1 5 6 , 0 . 0 9 ) , 

( 0 . 4 5 1 , 0 . 1 8 8 , 0 . 2 7 2 ) , ( 0 . 0 4 9 , 0 . 1 5 6 , 0 . 2 2 8 ) , and ( 0 . 4 8 3 , 0 . 1 8 8 , 0 . 4 1 0 ) , 

and with peak heights of 6 3 , 5 7 , 55 and 56. It was there fore p o s s i b l e 

to interpret the P a t t e r s o n function in terms of the s p a c e group C 2 / . 

T h e pos i t ions of the bromine and magnesium atoms w e r e re f ined 

using least - s q u a r e s methods with the block - diagonal approximat ion. 

In i t i a l l y , both atoms w e r e g iven iso t rop ic temperature f a c t o r s , and 

af ter two c y c l e s of ref inement the R - va lue was 0. 45 . T h e set of 

s t r u c t u r e f a c t o r s b a s e d on the posi t ions of the heavy atoms w e r e then 

used to compute an e l e c t r o n densi ty map. F r o m this it w a s p o s s i b l e 

to identify twenty two addit ional peaks of heights v a r y i n g from 2 . 9 to 
o _3 o _3 

7. 5e A , against a background of the o r d e r 0 . 3 to 0. 5e A 

S B W W / 

I Z Z { | F ( h k l ) | 
0 0 0 1 

cos 27r( h u + I w ) P ( u , v , w) 
V 

> + I F ( h k I ) I c o s 2TT( h u c o s 2nk v w 

The function was c a l c u l a t e d over one eighth of the unit ce l l from 
0 to 0. 5 along each ax ia l d i r e c t i o n . T h e coef f ic ien ts used w e r e | F o | 
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The c l o s e proximity of the two magnesium atoms r e l a t e d by the 

2 - f o l d a x i s , suggested that the molecule w a s d i m e r i c . On this 

assumpt ion , ninteen of the peaks were a s s i g n e d to the atoms of a 

br idging diphenylmethyleneamino group and a te t rahydro furan 

molecule termina l ly at tached to the magnesium atom. An e lec t ron 

density d i f f e rence map computed on the b a s i s of al l located atoms 

showed the pos i t ions of the three remaining p e a k s more c l e a r l y . 

One peak w a s found to l ie on a 2 - f o l d a x i s , the operat ion of which 

would generate a fur ther two p e a k s . T h e f ive p e a k s w e r e attr ibuted 

to an addit ional te t rahydrofuran molecule with the oxygen atom 

si tuated on the 2 - f o l d a x i s , and br idging the magnesium atoms. A l l 

twenty four atoms w e r e included in the subsequent ref inement and 

allotted a n i s o t r o p i c temperature f a c t o r s . T h i s produced a c o n s i d e r a b l e 

reduct ion in R - va lue to 0. 072. 

Hydrogen atom pos i t ions w e r e ca lcu la ted for the two phenyl r i n g s 

and for the br idg ing T H F molecu le , us ing C - H d i s t a n c e s of 1. 07 and 
o 

1, 09A r e s p e c t i v e l y . In the final ref inement us ing ful I - matr ix least -

s q u a r e s methods, the hydrogen atoms w e r e included in the s t r u c t u r e 

factor c a l c u l a t i o n s and given iso t rop ic temperature f a c t o r s of va lue 

1. 25 t imes that of the at tached carbon atom. No attempt w a s made to 

re f ine the posi t ional or thermal p a r a m e t e r s of the hydrogen atoms. A 

c o r r e c t i o n w a s a l s o appl ied to al low for the anomolous s c a t t e r i n g of 

the bromine atom. T h e R - va lue dropped to i ts f inal va lue of 0.061 , 

and dur ing the last c y c l e , all parameter sh i f ts w e r e l e s s than 0 . 3 of 

the c o r r e s p o n d i n g e. s . d. A final e l e c t r o n densi ty d i f f e rence map 
o _3 

r e v e a l e d no p e a k s of va lue g rea te r than 0. 3e. A 

An e m p i r i c a l weight ing scheme was used in the init ial s tages of 

re f inement , but was r e p l a c e d in the final s tages by one based on 

counting s t a t i s t i c s as d e s c r i b e d e a r l i e r . 
T h e optimum va lue for P w a s 0 .06 a s determined by an even 

2 
d is t r ibut ion of w A as a function of I F o l . T h e u n o b s e r v e d r e f l e c t i o n s 

w e r e not included in the ref inement. 

The weight ing a n a l y s i s i s given in T a b l e 3 . 8 and the f inal atomic 

and thermal p a r a m e t e r s a r e given in T a b l e s 3. 1 , and 3. 2. 

Atomic s c a t t e r i n g f a c t o r s and the anomolous contr ibut ion for the 

bromine atom, w e r e taken from International T a b l e s , V o l . I I I . 

S t r u c t u r e f a c t o r s a r e l i s ted in Tab le 3 . 9 . 
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D e s c r i p t i o n And D i s c u s s i o n of T h e S t r u c t u r e 

T h e molecule is d i m e r i c ( F i g u r e 3 a ) , and is s i tuated around a 

c r y s t a l l o g r a p h i c 2 - fold a x i s , so that it p o s s e s s e s molecu lar 2 - f o l d 

symmetry . T h e magnesium atoms a r e br idged by diphenylmethyleneamino 

groups and a l s o by a te t rahydrofuran m o l e c u l e , s i tuated on the 2 - f o l d 

a x i s . E a c h magnesium atom is a l s o c o - o r d i n a t e d to a terminal 

te t rahydrofuran molecule and a bromine atom, s o completing i ts 5 - f o l d 

c o - o r d i n a t i o n . 

The two diphenylmethyleneamino groups a r e folded away from the 

br idging T H F m o l e c u l e , c a u s i n g a s l ight folding of the 4 membered 

( M g - N ) „ r i n g along the M g - M g d i rec t ion (d ihedra l angle 154°) . T h e 
z o 

r e l a t i v e l y smal l c r o s s r i n g Mg . . . Mg d is tance of 2. 886(2)A is a common 
feature of molecu les involv ing smal l br idging atoms s u c h as c a r b o n , 

ni t rogen and oxygen , and can be compared with o b s e r v e d Mg . . . Mg 
o 

d i s t a n c e s in other m o l e c u l e s , namely 2. 93A in ( M e _ N ( C H 9 ) _ NMeMgMe) -
o t 

(Magnuson and S t u c k y , 1969) and 2. 85A in (Bu O M g B r O E t J (Moseley 
O o 

and S h e a r e r , 1968). S i m i l a r v a l u e s of 2. 67A and 2. 7 2 A have been 

o b s e r v e d in the p o l y m e r i c m o l e c u l e s , (Et_Mg) and (Me„Mg) ( W e i s s , 

1 9 6 4 - 6 5 ) . T h e s m a l l e r v a l u e s quoted involve e l e c t r o n - def icient a lkyl 

br idging s t r u c t u r e s , which by v i r tue of their inherent smal l br idging 

a n g l e s , r e q u i r e smal l m e t a l - m e t a l s e p a r a t i o n s . W h e r e br idging 

invo lves l a r g e r atoms s u c h as c h l o r i n e or bromine , c o r r e s p o n d i n g 
o 

l a r g e r metal - metal s e p a r a t i o n s - a r e o b s e r v e d namely , 3. 7 3 A in 

( E t M g 2 C I 3 ( T H F ) 3 ) 2 (Toney and S t u c k y , 1971) and 3. 20A in 

Mg^ B r g O ( E t 2 0 ) 4 ( S t u c k y and R u n d l e , 1964). 

T h e m e t a l - m e t a l d is tance is a determining fac tor in the o b s e r v e d 

r i n g angles of 87 .2 (2 ) ° at ni trogen and 89 .0 (2 ) ° at magnesium (Tab le 3 . 4 ) . 

When these angles a r e compared with the theoret ica l angle at n i t rogen 

of 120° , and 1 0 9 . 5 ° at magnesium, the extent of d is tor t ion is apparent , 

although s i m i l a r angles at n i t rogen and magnesium have been o b s e r v e d 
O O 

in other s t r u c t u r e s , namely 9 1 . 5 at magnesium and 8 8 . 5 at ni trogen 

in ( M e 2 N ( C H 2 ) 2 N M e M g M e ) 2 (Magnuson and S t u c k y , 1969). 

T h e magnesium has been d e s c r i b e d as formal ly 5 - c o - o r d i n a t e , 

although the o b s e r v e d angles a r e not those expected for 5 - f o l d 
o 

geometry. T h e magnesium - bromine d is tance of 2. 472(2)A (Tab le 3.3) 
0 

compares wel l with v a l u e s of 2 . 44(2)A in P h Mg B r ( E t 2 0 ) 2 (S tucky and 

R u n d l e , 1964) , and Mg B r „ ( T H F ) . ( S c h r o d e r and S p a n d a u , 1966). 
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F i g u r e 3a 

P e r s p e c t i v e V i e w of the Molecule 
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F i g u r e 3b 

C o - o r d i n a t i o n Around Magnesium 
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The magnesium - n i t rogen d i s t a n c e s of 2. 077(3)A and 2. 078(5) A 
o 

agree with other br idging Mg - N d i s t a n c e s , namely , 2. 1 04A in 

( M e 2 N ( C H 2 ) 2 N M e M g M e ) 2 (Magnuson and S t u c k y , 1969) and 2. 1 5 A 

in (E tMg B r N E t 3 ) 2 (Toney and S t u c k y , 1967). T h e terminal ly 
o 

c o - o r d i n a t e d magnesium - oxygen d i s t a n c e , M g ( l ) - 0 ( 1 ) 2. 066(5)A, 
o 

a g r e e s c l o s e l y with other r e c o r d e d Mg - O d i s t a n c e s , 2. 0 4 A in 

( E t M g 2 C I 3 ( T H F ) 3 ) 2 (Toney and S t u c k y , 1971) , 2. 06A in P h Mg B r ( E t 2 0 ) 2 

(Stucky a n d R u n d l e , 1964) , and 2. 06A in Me Mg B r ( T H F ) , (Val I ino, 1969). 

T h e br idg ing M g - O d is tance Mg(1 ) -0 (2 ) 2. 453(5)A is unusua l ly 

long, and intermediate in va lue between a terminal ly c o - o r d i n a t e d 
o 

M g - O d i s t a n c e and the minimum separa t ion of 3. 25A expected for a 

non - bonded Mg - O in teract ion (Bond i , 1964). It a p p e a r s s ign i f icant 

that this br idging i n t e r a c t i o n , in addition to being unusual ly long, is ' 

a lso v i r tua l ly co - I inear with the terminal Mg(l) - 0 (1 ) bond, 

0 ( 1 ) - M g ( l ) - 0 ( 2 ) 173 .3° (Tab le 3 . 4 ) , and may well be jus t i f i ca t ion 

for at tr ibut ing this in teract ion to the s e c o n d a r y bond c l a s s i f i c a t i o n 

( A l c o c k , 1972). A c l o s e r approach by this br idging T H F molecule i s 

presumably p r e v e n t e d by s t e r i c blocking due to the diphenylmethyleneamino 

groups. 
o 

T h e C = N bond d is tance of 1. 259(8)A l i e s within the range of v a l u e s 
normal ly found in c o - o r d i n a t e d methyleneamino groups w h e r e the 

2 ° nitrogen atom is in an sp hybr id isa t ion s t a t e , namely , 1 .279(14)A in 
| ( B u l

2 C : N ) 2 Bejg ( F a r m e r , S h e a r e r , S o w e r b y and Wade , 1976) , 

1. 270(1 0)A in L i A I (N : C B u l

2 ) 4 (Wade, S h e a r e r , S n a i t h and S o w e r b y , 

1 971) , and 1. 280(1 0 ) , 1. 273(1 1) and 1. 280(1 0)A in P ( N : C P h 2 ) 3 

( S h e a r e r , 1976). 

T h e two phenyl r i n g s a r e p lanar within exper imental e r r o r (Tab le 3 . 7 ) , 
o 

and inc l ined at 9 3 . 6 to each other . T h e mean phenyl ca rbon - ca rbon 

bond d i s t a n c e s C(2) to C(7) and C(8) to C(13) a r e both 1. 3 7 8 A , in good 
o 

agreement with the mean phenyl C - C d i s t a n c e s of 1. 386A in 

o - S n C I 3 - p - M e C 6 H 3 C ( : N h O p - C g H ^ M e ( F i t zs immons, Othen , S h e a r e r , 

Wade and Whi tehead , 1977) , a n d 1 . 3 8 5 A i n ( P h 2 C : N H ^ S n C l g 
(Othen, S h e a r e r , Wade and Whi tehead, 1978). T h e s ing le bond 

2 2 
C ( s p ) - C ( s p ) d i s t a n c e s C(1) - C(2) and C(1) - C(8) have a mean 

o 

of 1 .505A , a va lue which is in good agreement with the mean of 

1 .480A in o - S n C I 3 - p - M e C 6 H 3 C ( : N H ) p - C g H 4 M e ( F i t zs immons, 

Othen, S h e a r e r , Wade and Whi tehead, 1977) and 1.491 A found in 

( P h 2 C : N ) 2 S n C I 2 (Mahmoud and W a l l w o r k , 1974). 
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In the br idging T H F molecu le , the r i n g is n o n p l a n a r with carbon 

atoms C(1 8) and C(1 8 n ) ly ing 0. 1 2A above and below the mean plane of 

the molecu le . Numerous examples of c o - o r d i n a t e d n o n - p l a n a r T H F 

molecu les appear in the l i t e r a t u r e , for example , M g B r 2 . 4 T H F 

( P e r u c a u d and L e B i h a n , 1968) , Me Mg B r ( T H F ) ^ ( V a l l i n o , 1969) , and 

( E t M g 2 C I 3 ( T H F ) 3 ) 2 (Toney and S t u c k y , 1971). 
0 

T h e r i n g d i s t a n c e s range from 1. 448(9) to 1 . 462(1 2)A with a mean 
o 

value of 1 . 4 5 3 A , which is in c l o s e agreement with the mean v a l u e s of 

1 .462A found-in L i ^ C r 2 Me Q ( T H F ) 4 ( K r a u s s e , Marx and S c h o d e , 1970) , 

and 1 .490A in (Na ( T H F ) 2 ) (Al M e 2 T H F ) 2 ( B r a u e r and S t u c k y , 1970). 

T h e termina l ly c o - o r d i n a t e d T H F molecule a p p e a r s to be p l a n a r , 
o 

but the unusual ly short C(1 5) - C(1 6) d i s t a n c e of 1 . 338(22)A, compared 
o 

with v a l u e s of 1. 448(9) to 1. 488(1 0 )A for the remain ing r i n g d i s t a n c e s 

s u g g e s t s d i s o r d e r i n g of the molecule . High v a l u e s of U j ^ for atoms 

C(15) and C(16) (Tab le 3 . 2 ) , this d i rec t ion being approximately 

p e r p e n d i c u l a r to the plane of the r i n g , p r o v i d e s fur ther ev idence for 

r ing d i s o r d e r , R i n g d i s o r d e r is a l s o a common feature of c o - o r d i n a t e d 

T H F m o l e c u l e s , and numerous examples have been o b s e r v e d , namely , 

Me Mg B r ( T H F ) 3 ( V a l l i n o , 1969) , (Na ( T H F ) 2 > (Al M e 2 T H F ) 2 ( B r a u e r 

and S t u c k y , 1970) , and (Et M g 2 C I 3 ( T H F ) 3 ) 2 (Toney and S t u c k y , 1971). 

In t ramolecu lar Contac ts 
o 

S e l e c t e d in t ramolecular contac ts l e s s than 4 A a r e given in T a b l e 3 . 5 . 

S e v e r a l n o n - b o n d i n g in terac t ions o c c u r between bromine and the 
o 

br idging and terminal T H F m o l e c u l e s , namely , B r ( 1 ) . . . O ( l ) 3. 399A, 

B r ( l ) . . . 0 (2 ) 3 . 4 0 3 A , B r ( l ) . . . C(14) 3 . 4 9 6 A , B r ( D . . . C(18) 3. 761 A , 

and B r ( 1 ) . . . C(1 8 n ) 3. 831 A . T h e two ang les at magnesium, 

B R ( 1 ) -Mg(1) - O ( l ) 96. 5 ° , and B r ( 1 ) -Mg(1) - 0 (2 ) 87. 3 ° , a r e s i m i l a r 

and l e s s than the theoret ical B r ( 1 ) - Mg(1) - 0 (1 ) angle of 109 .5 ° which 

would be expected in the a b s e n c e of the br idging T H F molecule . T h e 

n o n - b o n d i n g in te rac t ions involv ing bromine a r e probably a consequence 

of these s m a l l e r angles at magnesium. 

N o n - b o n d i n g in teract ions between ni t rogen and the br idging T H F 
o o 

m o l e c u l e , namely , N(1) . . . 0 (2 ) 2. 739A and N(1) C(1 8) 3. 1 6 2 A , may 

be r e f l e c t e d in the ( M g - N ) 2 r i n g d ihedra l angle of 154°. 

S e v e r a l in te rac t ions between the phenyl r i n g s , and in p a r t i c u l a r 
o 

C(7) . . . C(8) 2. 889A, a r e a consequence of the r e d u c e d angle 
C(2) - C (1 ) - C(8 ) of 1 1 4. 5 ° , compared with the theoret ica l angle of 1 20°. 
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In termolecular C o n t a c t s 

In termolecu lar contacts a r e l i s ted in T a b l e 3 . 6 , and a r e all 
o 

grea te r than 3. 7 A . 

T h e s u p e r s c r i p t I I r e f e r s to the atom at ( - x , y , 0. 5 - z ) . 
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F i g u r e 3c 

P r o j e c t i o n on the 0 1 0 P l a n e 

(Ph„ C : N Mg B r ) „ . 3 T H F 



T a b l e 3. 1 ( P h 2 C : NMg B r ) 2 . 3 T H F 

F i n a l Atomic C o - o r d i n a t e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

Atom x / a y / b z / c 

B r ( l ) - 0 . 031 5( 1) 0. 2285( 1) 0. 0889(1) 

Mg(l) - 0 . 0156( 1) 0. 0835( 2) 0. 1 807(1) 

O ( l ) - 0 . 0401 ( 3) - 0 . 0798( 4) 0. 1 258(2) 

0 (2 ) 0. O(-) 0. 2697( 5) 0. 25( - ) 

N(1) 0. 0873( 3) 0. 0519( 4) 0. 2656(2) 

C(1) 0. 1604( 4) 0. 0353( 5) 0. 2733(3) 

C(2) 0. 231 4( 3) 0. 0339( 6) 0. 3386(3) 

C(3) 0. 2256( 4) 0. 0872( 7) 0. 3944(3) 

C(4) 0. 291 1( 5) 0. 0880( 7) 0. 4536(3) 

C(5) 0.3631( 5) 0. 0327( 8) 0 .4601(4) 

C(6) 0. 3698( 4) - 0 . 0207( 8) 0. 4069(4) 

C(7) 0. 3047( 4) - 0 . 0200( 7) 0. 3455(3) 
C(8) 0. 1831( 4) 0. 0192< 7) 0. 2145(3) 

C(9) 0. 2146( 6) 0. 1 1 88( 10) 0. 1 930(4) 

C(10) 0. 2328( 8) 0. 1 089( 16) 0. 1 368(7) 

C(11) 0. 2179( 10) -0 .0047 ( 23) 0. 1044(7) 

C(12) 0. 1 877( 9) - 0 . 1 065( 17) 0. 1261(7) 

C(1 3) 0. 1691( 6) - 0 . 0927( 9) 0. 1 803(4) 

C(1 4) - 0 . 0457( 7) - 0 . 0943( 9) 0. 0573(4) 

C(1 5) - 0 . 0686( 13) - 0 . 2250( 12) 0. 0432(6) 

C O 6) - 0 . 0844( 11) - 0 . 2825( 11) 0. 0908(7) 

C(1 7) - 0 . 061 5( 8) - 0 . 1 967( 8) 0. 1485(5) 
C O 8) 0.0710( 4) 0. 3478( 7) 0. 2623(4) 

C(1 9) 0. 04051 6) 0.4765( 8) 0. 2496(7) 

H(3) 0. 1693 0. 1 298 0 .3896 

H(4) 0 .2860 0. 1 302 0. 4958 

H(5) 0. 41 38 0 .3223 0. 5066 

H(6) 0 .4262 - 0 . 0 6 3 4 0. 41 1 9 
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T a b l e 3. 1 (cont. ) ( P h 2 C : NMg B r ) 2 . 3 T H F 

Atom 

H(7) 

H(9) 

H(10) 

H(11) 

H(12) 

H(13) 

H(18) 

H(19) 

H(20) 

H(21) 

x / a 

0. 3098 

0 .2255 

0 .2573 

0 .2308 

0. 1768 

0. 1446 

0 .1007 

0. 1 139 

0.0801 

0. 0383 

y / b 

- 0 . 0617 

0 .2067 

0. 1 862 

- 0 . 0155 

- 0 . 1951 

- 0 . 1706 

0 . 3 2 2 8 

0. 3379 

0. 5385 

0. 5080 

0.3031 

0. 2188 

0. 1 195 

0. 0617 

0. 1 004 

0. 1975 

0. 2292 

0. 31 31 

0. 2883 

0. 2022 



Tab le 3. 2 ( P h 2 C : NMg B r ) 2 . 3 T H F 

A n i s o t r o p i c T h e r m a l P a r a m e t e r s (A ) And T h e i r E s t i m a t e d S t a n d a r d 

Dev ia t ions (both x 10^) 

Atom U 1 1 U 2 2 U 3 3 U 2 3 U 3 U 2 

B r ( l ) 920! 6) 897( 6) 737( 6) 279( 4) 292( 4) - 175( 5) 

Mg(l) 51 1 ( 12) 706( 15) 433( 11) 46( 10) 173( 9) - 43( 11) 
O ( l ) 1021( 36) 791 ( 35) 485( 25) - 59( 23) 322( 25) - 86( 28) 

0 (2 ) 551 ( 37) 509( 37) 1095< 52) o( - ) 370( 36) 0( - ) 
N(1) 486( 31) 521 ( 32) 503( 29) - 24 ( 23) 1 88( 24) 55( 25) 

C ( l ) 506( 37 ) 480( 36) 516( 36) - 33( 29) 165( 30) 70( 31) 

C(2 ) 502( 37) 475( 38) 548( 37) 18( 29) 184( 30) 52( 30) 

C(3) 581 ( 39) 798( 49) 548( 40) - 64 ( 35) 1 97( 33) 541 35) 

C(4) 724( 49) 969( 58) 487( 41) - 65( 37) 1 16( 37) 8( 44) 

C(5) 757( 52) 825( 54) 583( 44) 16( 40) 32( 38) 89( 44) 

C(6) 661 ( 47) 958( 61) 91 81 58) - 9( 49) 99( 44) 305( 45) 

C(7) 608! 43) 779( 49) 652( 43) - 53( 37) 143( 36) 197( 39) 

C(8) 548( 38) 873( 52) 494( 37) - 5( 38) 178( 31) 1 83( 38) 

C(9) 1289( 77) 1 323( 81) 892( 60) 137( 57) 667( 59) 85 ( 65) 

C(10) 1 576< 109) 2477( 170) 1 320( 103) 637(1 12) 1 046( 96) 455< 116) 

C(11) 1301 ( 116) 3670( 340) 771 ( 84) - 327(1 32) 397( 74) 938( 166) 

C(12) 14751 119) 2292 [183) 1 186| 1 1 2 ) - 717(109) 5031 83) 520| 118) 

C(1 3) 1 216| 73) 1 203< 74) 782< 55) - 333( 53) 405{ 52) 1 89| 57) 

C{14) 19301 101) 1058< 72) 4991 44) - 173( 45) 550( 54) - 286| 67) 

C(15) 44801 [276) 1 143 [ 93) 10731 88) - 423( 73) 1403( 1 33) - 834 124) 

C(16) 3801 < 222) 12241 
k 91) 15771 ,111) - 720( 84) 1 873< 141) - 999< [116) 

C(17) 2227I 1 1 8) 707 [ 60) 957 [ 66) - 99 ( 48) 866< 72) - 357| 65) 

C(1 8) 683| 48) 603 [ 50) 1321 [ 69) - 102( 46) 405( 46) - 142< 41 ) 

C O 9) 1 1 00 [ 72) 720 [ 62) 2422 ,1 22) - 130( 74) 826( 83) - 1081 54) 
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T a b l e 3. 2 (cont. ) ( P h 2 C : NMg B r ) 2 . 3 T H F 

Atom U n U 2 2 U 3 3 U , 

H(3) 71 8 

H(4) 829 

H(5) 975 

H(6) 941 

H(7) 814 

H(9) 1 239 

H(10) 1750 

H(11) 1 753 

H(12) 1600 

H(13) 1 168 

H(18) 1 009 

H(19) 1009 

H(20) 1441 

H(21) 1441 



T a b l e 3. 3 ( P h 2 C : NMg B r ) 2 . 3 T H F 

F i n a l Bond D i s t a n c e s (A) And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

(A x 1 0 3 ) 

Mg(D — B r ( l ) 2. 473(2) 

Mg(D - N(1) 2. 084(5) 

Mg(l ) - N ( 1 D ) 2. 078(5) 

Mg(l) - O ( l ) 2. 058(5) 

Mg(D - 0 (2 ) 2. 459(5) 

N(1) - C(1) 1. 259(8) 

C ( l ) - C(2) 1. 502(8) 

C(1 ) - C(8) 1. 509(9) 

C(2) C(3) 1. 397(9) C(8) C(9 ) 1. 369(12) 

C(2) C(7) 1. 371(9) C(8) C(1 3) 1. 402(19) 

C(3) C(4) 1. 369(12) C(9 ) C(10) 1. 376(28) 

C(4) C(5) 1. 349(1 1) C(10) C(11) 1. 375(27) 

C(5) C(6 ) 1. 401(10) C(11) - C(1 2) 1. 368(1 8) 

C(6) C(7 ) 1. 379(10) C(1 2) C(1 3) 1. 380(1 1) 

o(i) C ( l 4) 1. 483(9) 0 (2 ) C(1 8) 1. 448(9) 

o(i) C(17) 1. 448(10) C(1 6) C(1 7) 1. 488(16) 

C(14) C(15) 1. 449(16) C(1 8) C(19) 1. 462(12) 

C(15) C(16) 1. 338(22) C(19) C(19 ) 1. 449(16) 



T a b l e 3. A ( P h 2 C : N Mg B r ) 2 . 3 T H F 

F i n a l Bond A n g l e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

Mg( 

N( l 

N(1 

N(1 

B r ( 

B r ( 

B r ( 

00 
Mg( 

NO 

N(1 

C ( 2 

C O 

C(1 

C ( 2 

C ( 2 

C ( 3 

C ( 3 

C ( 4 

C ( 5 

C(1 

C O 

c(e) 
C(8) 

C(9) 

C(9 ) 

coo) 
c ( i i ) 

) -

) -

) -

) -

N O ) 

MgO 

MgO 

MgO 

MgO 

Mg(1 

MgO 

Mg(l 

0 (2 ) 

C(1) 

C O ) 

C(1) 

C(2 ) 

C(2) 

C(3) 

C(7) 

C(2) 

C(4) 

C(5) 

C(6) 

C(8) 

C(8) 

C (9 ) 

C(1 3) 

C(8) 

C O O ) 

C(11) 

C(1 2) 

D 

Mg(l 

N ( l n 

OO 
0 ( 2 

OO 
0 ( 2 

N(1 

0 ( 2 

Mg( 

C(2 

C ( 8 

C ( 8 

C ( 3 

C(7 

C(4 

C(6 

C(7 

C ( 5 

C(6 

C(7 

C(9) 

C(1 3) 

C(10) 

C O 2) 

C(1 3) 

C O D 

C O 2) 

C(1 3) 

87. 9(2 

89. 0(2 

107. 6(2 

73 . 9(2 

96. 5(2 

87. 3(1 

128. 3(2 

173. 3(3 

72 . 1(1 

124.9(5 

1 20. 6(6 

1 14. 5(5 

1 21. 2(5 

121. 3(6 

121. 0(6 

1 20. 2(6 

117. 5(6 

120.9(7 

1 19. 1(7 

1 21. 2(7 

1 19. 6(7) 

121. 0(6) 

121. 1(10) 

121. 1(9) 

119. 3(7) 

117. 3(14) 

122.4(17) 

1 1 8. 6(15) 



T a b l e 3. 4 (cont. ) ( P h 2 C : N M g B r ) 2 . 3 T H F 

Mg(l) - 0(1) C(14) 126.9(5) 

Mg(1) - O ( l ) C(17) 123. 0(5) 

O ( l ) - C(14) C(15) 102.7(9) 

0(1) - C(17) C(16) 104.7(9) 

C(14) - C(15) C(16) 1 13. 5(1 3) 

C(14) - O ( l ) C (17 ) 109.9(6) 

C(15) - C(16) C(17) 108. 6(13) 

Mg(l) - 0(2) C(18) 1 17.4(4) 
0(2) - C(18) C(19) 105. 6(7) 

C(18) - C(19) C ( 1 9 D ) 107. 2(9) 
C(18) - 0(2) C ( l 8 n ) 109. 9(6) 



T a b l e 3. 5 ( P h 2 C : NMg B r ) 2 . 3 T H F 

o 
S e l e c t e d In t ramolecu la r C o n t a c t s (<4. OA) 

B r ( l ) O ( l ) 3 .399 

B r ( l ) 0 (2 ) 3 .403 

B r ( l ) C (14) 3 .496 

B r ( l ) C (18) 3.761 

B r ( l ) C ( 1 8 D ) 3. 831 

Mg(l) C(18) 3. 374 

N(1) 0 (2 ) 2 .739 

N(1) C(18) 3. 162 

C(2) C(13) 3 .494 

C(2) C(9 ) 3 .234 

C(7) C(8 ) 2. 889 

C(7) C(13) 3 .586 

T h e s u p e r s c r i p t I I r e f e r s to the atom at - x , y , 0 . 5 - z 
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T a b l e 3. 6 ( P h 2 C : N M g B r ) 2 . 3 T H F 

In te rmolecu lar Contac ts ( < 4. OA) 

Atom A Atom B Equ iva len t A - B(A) 

B r ( l ) C{15) 2 3. 960 

B r ( l ) C(4) 7 3. 923 

B r ( l ) C(5) 7 3. 731 

B r ( l ) C(6) 8 3. 902 

C(3) C(12) 8 3.71 1 

C(4) C(12) 8 3. 785 

C(5) C(15) 7 3. 720 

C(5) C(16) 7 3. 767 

C(6) C(15) 7 3. 872 

C(7) C(9) 8 3. 924 

C(10) C(1 6) 5 3. 941 

C(11) C(1 4) 2 3. 839 

The in te rmolecu la r contacts r e f e r to the posi t ion of atom A in the 

or ig ina l c o - o r d i n a t e s l i s t , and atom B a s obtained from t h i s , u s i n g 

the symmetry opera t ions g iven. 

Equ iva len t P o s i t i o n 

1 X , y , z 

2 - X , - y , - z 

3 X , - y , z - 0 . 5 

4 - X , y , 0. 5 - z 

5 0 . 5 + x , 0 . 5 + y , z 

6 - 0 . 5 - x , - 0 . 5 - y , - z 

7 0 . 5 + x , 0. 5 - y , 0. 5+ z 

8 - 0 . 5 - x , y - 0 . 5 , - 0 . 5 - z 
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T a b l e 3 .7 ( Ph> 2 C : NMg B r ) 2 . 3 T H F 

Mean P l a n e s 

P l a n e 1 

7. 7024 X + 9. 3012 Y - 8. 2540 Z = - 0 . 6937 

Atom C(2) C(3) C(4) C(5) C(6) C(7 ) C ( l ) * N (1 ) * 

P 0.001 - 0 . 0 1 2 0 .010 0 .003 - 0 . 0 1 5 0 . 0 1 2 0 .0007 - 0 . 3 4 0 

P l a n e 2 

13. 5941 X - 3. 2283 Y + 5. 0669 Z = 3 .5128 

Atom C(8) C(9 ) C(10) C(11) C(12) C(13) C ( l ) * N ( l ) * 

P - 0 . 0 0 2 0 .006 - 0 . 0 0 3 - 0 . 0 0 5 0 .009 - 0 . 0 0 6 - 0 . 0 6 7 - 1 . 15 

P l a n e 3 

15. 7624 X - 3. 1834 Y - 0. 3049 Z = - 0 . 4 0 9 4 

Atom 0 (1 ) C(14) C(15) C(16) C(17) M g ( l ) * 

P - 0 . 0 0 8 - 0 . 0 1 8 0.041 - 0 . 0 4 5 0 .029 - 0 . 1 5 7 

P l a n e 4 

- 2 . 561 O X - 0. 0 Y + 21. 3392 Z = 5 .3348 

Atom 0(2) C(18) C(19) C ( l 8 n ) C 0 9 1 1 ) M g ( l ) * 

P 0 . 0 0 0 .074 - 0 . 1 2 4 - 0 . 0 7 4 0 .124 - 1 . 4 3 8 

Ang les B e t w e e n P l a n e s 

P l a n e 1 P l a n e 2 9 3 . 6 ° 

S u p e r s c r i p t H r e f e r s to the equivalent posi t ion ( - * , y , 0. 5 - z ) 

X , Y , Z r e f e r to f rac t iona l c o - o r d i n a t e s along the unit ce l l e d g e s , and 
o 

P r e f e r s to the d i s t a n c e of an atom in A , from the mean p lane . 

Atoms marked * a r e not included in the mean plane c a l c u l a t i o n s . 
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T a b l e 3. 8 ( P h „ C : NMg B r ) 2 . 3 T H F 

A n a l y s i s of V a r i a n c e 

I F O | R a n g e s N Z w A 2 / N R 

0 - 15 178 3. 35 0. 233 
15 - 20 371 3. 90 0. 1 84 
20 - 25 314 2. 53 0. 089 
25 - 40 503 3. 23 0. 055 
40 - 40 441 2. 94 0. 037 
80 - 300 21 8 4. 00 0. 041 



T a b l e 3. 9 

( P h 2 C : N Mg B r ) 2 . 3 T H F 

F i n a l V a l u e s of T h e O b s e r v e d and C a l c u l a t e d S t r u c t u r e F a c t o r s 



II » I K>f0 M K t 

0 0 2 1 0 1 . 1 - I J 4 . 6 10 0 - I B 
0 0 4 2 M . 7 - 7 . ' i ' . 3 I I I 0 - 1 6 
0 0 6 24 1.8 - 7 1 1 . 2 10 n - 1 4 
n 0 s 4 9 . 1 - I B . * 10 0 - 1 2 
0 0 l l ) b 6 . J 6 1 . 1 10 0 - I J 
0 0 12 8 1 . 1 B 7 . 4 10 0 - B 
0 0 I * 1 1 , 0 - 6 1 . 0 10 0 - 6 
0 0 16 4 3 . 9 - 4 1 . 4 10 0 - 4 

0 0 IB 1 1 . 1 - 1 6 . ) 10 0 - 7 
a a 20 - 4 . 0 I . I 10 0 0 
o 0 22 4 2 . 5 6 1 . 7 10 0 2 

0 2 * - 4 . 6 1 . 7 10 0 4 
2 0 - 2 4 - l . f l 6 . 6 10 0 6 
2 0 - 2 2 3 7 . t 3 6 . 1 10 ' 0 II 
2 0 - 2 0 0 . 0 - 3 . 1 10 0 10 
2 0 - I B 7 7 . 9 - 7 1 . 6 10 0 12 
2 0 - l b - 9 • 5 1 2 . 3 10 0 16 
2 0 - 1 4 * ? . « - H 4 . 0 10 0 16 
» 0 - 1 2 1 6 " . 7 1 6 9 . 9 I 2 0 - 2 4 
2 0 - 1 0 5 6 . 7 1 7 . 1 1 2 0 - 2 2 
2 0 - B 1 5 . 1 1 3 . 6 12 0 - 2 0 
2 0 - b 2 1 7 . 8 - 2 1 ' . 6 12 0 - I B 
2 0 - 4 ( 9 . 2 - 4 1 . B 12 0 - 1 6 
2 0 - 2 2 1 . 7 - 1 1 . 9 12 0 - 1 4 
2 0 0 2 2 3 . 1 2 0 1 . 1 12 0 - 1 2 
} 0 2 9 7 . 2 B 4 . S 17 0 - 1 0 
2 0 4 5 2 . 6 1 7 . 0 12 0 - 8 
2 0 b 2 1 1 . 1 - 7 2 4 . 1 12 0 - 6 
2 0 B 1 1 2 . 0 - 1 1 8 . 9 J 2 0 - 4 
2 0 10 5 5 . 0 1 1 . 1 12 a - 2 
2 0 12 S t . 2 8 7 . 4 12 0 0 
2 0 1 * 2 1 . » 7 2 . B 12 0 2 
2 0 16 - 6 . 6 1 . 4 12 0 4 
2 0 I B 2 ' i . B - 2 1 . 7 12 0 6 
2 0 20 3 0 . b - 2 9 . 4 12 0 B 
2 0 22 3 3 . 1 1 3 . 1 12 0 10 
6 0 - 2 * - 1 0 . 5 - 1 1 . 0 12 0 12 
4 0 - 2 2 2 4 . 1 2 3 . 7 12 0 14 
4 0 - 2 0 6 9 , o 5 0 . 0 14 0 - 7 6 
4 0 - I B l l . l - 1 0 . 8 14 0 - 7 7 
4 0 - 1 6 - 1 . 4 - 9 . 4 14 0 - 2 0 
4 0 b b . 1 - b b . 6 14 0 - I B 
4 0 - 1 2 6 4 . b 6 9 . 4 14 0 - 1 6 
4 0 - 1 0 9 * . » 1 0 2 . 6 14 0 - 1 4 
4 0 - B 4 * . 7 1 3 . 0 14 0 - 1 2 
4 0 - 6 7 1 . 1 - 7 7 . 7 1 4 0 ' 1 0 
4 0 - 4 2 » 4 . 4 - 2 9 U . 7 14 0 - B 
4 a - 2 4 4 1 . 0 - 4 1 4 . B 14 0 - 6 
4 0 0 2 ' 2 . 1 3 0 1 . 1 14 0 - 4 
4 0 2 > ? 1 . 0 3 8 9 . f l | 4 0 - 2 
4 0 4 1 2 7 . B - 1 1 1 . 6 14 0 n 
4 0 6 1 ' . * - 1 6 . 9 14 0 7 
4 0 B 9 b . B - 1 0 2 . 4 14 0 4 
4 0 10 2 7 . 0 2 8 . 1 14 0 6 
4 0 12 7 7 . 1 7 5 . 6 14 0 8 
4 0 14 - 1 . 7 - - 8 . 0 14 0 10 
4 0 16 0 . 0 3 . 2 16 0 - 2 2 
4 0 1G 1 8 . 7 - 1 0 . 9 16 0 - 2 0 
4 0 20 1 6 . 1 - 2 0 . B 16 0 - I B 
6 0 - 2 * - 1 2 . 1 - 1 8 . 2 16 0 - 1 4 
6 0 - 1 2 4 0 . 1 3 B . 6 16 0 - 1 2 
Ik 0 - 2 0 1 9 . 0 1 6 . 4 16 0 - 1 0 
t 0 - I B - 9 . 4 - 4 . 3 • 6 0 - B 
A 0 - 1 4 - 7 . 6 7 . 1 16 0 - 4 
6 n - 1 6 101 . 0 - 1 0 T . \ 16 0 - 4 
4 0 - 1 2 7 U . 4 - 2 3 . 7 16 0 - 2 
6 0 - l i l 1 / 1 . 6 1 8 1 . 2 16 0 0 
4 0 -fl 1 1 . 0 2 7 . 2 16 0 2 
b 0 - 6 b 3 . 2 7 7 . 0 16 0 4 
4 0 - 4 1 6 1 . 7 - 1 9 1 . 7 1 6 0 6 
b 0 - 2 2 1 9 . 4 - 2 2 8 . 7 16 0 B 
4 0 0 n.« S6 .T IB 0 - 2 0 
6 0 2 i I O . O 1 5 S . 5 IB 0 - I B 
6 0 4 9 7 . 4 l o j . n 1 B 0 - 1 6 
6 0 b 4 1 . 4 - 4 0 . 2 1 B 0 - 1 4 
4 0 B 1 7 9 . 1 - 1 3 1 . 4 IB 0 - 1 2 
4 0 10 7 4 . 4 - 2 7 . 1 1 B 0 - 1 0 
6 0 12 1 H . 0 1 9 . 4 1 B 0 - 8 
6 0 14 7 7 . 1 2 7 . 0 1 B 0 - 6 
b 0 l b - B . 7 1 . 7 1 8 0 - 4 
4 0 1 II - 1 0 . 7 - 9 . 6 1 8 0 - 2 
b 0 70 7 1 . 1 - 2 1 . 0 I B 0 0 
0 0 - 2 b - 1 0 . 4 - 1 0 . 8 IB 0 7 
II 0 - 2 4 3 1 . 4 - 1 3 . 8 1 8 0 4 

fl n - 2 2 l « , 7 1 1 . 6 70 0 - 1 6 
B 0 - 2 0 3 1 . 1 3 4 . 9 20 0 - 1 4 
R 0 - I B - 1 1 . 3 - B. fl 70 0 - 1 7 
8 0 - l b 7 0 . 7 - 1 9 . 2 70 0 - 1 0 
R 0 - 1 4 6 4 . 4 - 6 R . 1 20 0 - 8 
B 0 - 1 2 1 0 . B -H . 4 20 0 - 6 
A 0 - 1 J 9 7 . 4 1 0 0 . 4 20 0 - 4 
II 0 -1 H . 7 1 9 . 9 20 0 - 7 
B 0 - 6 1 7 . 2 i a . 7 1 1 - 7 4 
8 0 - 4 1 0 ° . 3 - I o n . - * 1 1 - 2 1 
B 0 - 2 1 3 9 . 8 - 1 1 0 . 9 I 1 - 7 2 
B 0 0 3 J . I - 2 3 . 9 I 1 - 2 1 
II 0 2 1 6 1 . 4 1 4 4 . 7 I 1 - 7 0 
A 0 4 4 b . 9 1 M . 4 1 - 1 9 
B 0 6 - 4 . 1 1 . 1 1 1 - I B 
B 0 B Ml. 3 - B l . 1 1 1 - 1 7 
II 0 10 1 - . 7 - 3 J . 3 I 1 - 1 6 
B 0 12 y.\ 4 0 . 1 1 1 - 1 1 
1 0 14 1 4 . 6 - l i . 2 I 1 - 1 4 
B 0 l b 1 1.0 1 3 . 9 1 - 1 1 
B 0 i n •>.o -4 . 9 1 1 - 1 7 

10 0 - 7 b - 9 . 0 1 . « | 1 - 1 1 
10 0 - 7 4 2 9 . B - 1 1 . 7 1 1 - 1 0 
10 0 - 2 2 7 7 . b 1 9 . 2 1 1 - 9 
10 0 - 2 0 1 3 . 2 1 1 . 4 1 1 - 8 

10 r o 10 F t II a I 10 r o IOPC H K I M F O K IFC 

- n . i 1 1 . 6 1 1 - 7 7 I 7 . . - " - 1 9 1 . 9 1 1 6 - ' • . 2 - 1 . 9 
1 3 . 2 I I . 0 1 1 - 6 - 1 . » 7 . 4 5 1 7 V . . ' - l l . . 9 
6 r . . i - l i l . B 1 1 - 1 7 ' . . 1 > 6 . 9 1 1 fl n . n •7 . - . . 7 
7 7 . 7 -110. B 1 1 - 4 | B 7 . . . - 1 7 1 . 9 1 1 9 e - . *. • : • . . ! ) 
9 1 . 9 1 0 1 . f l 1 1 - 1 1 1 . 1 4 4 ' .4 1 1 i n M . n l l . l 
3 1 . 7 1 6 . 1 1 1 - 7 1 7 1 . b - 1 7 7 . 6 1 1 1 1 1 * . .•• R ' - . l 
9 1 . 4 98 . 1 1 1 - 1 2 0 1 . 2 271 . 4 1 1 17 1 1 . 1 1 ? . 1 
2 9 . 1 3 0 . 1 1 1 0 2 J 2 . 1 1 1 4 . 6 1 1 1 1 1 1 . 1 . - 1 2 . 1 

1 1 7 . 7 - 1 6 1 . 0 1 1 1 1 3 6 . 7 - 1 . ' " . 9 1 1 1 - 7 - . 6 - 7 1 1 , 6 
- 1 . 9 - 1 7 . 1 1 1 2 - 4 . 7 • B . O 1 1 1 1 1 9 . ! - » 1 . 2 
6 0 . 0 6 0 . 4 1 1 1 711.1 - 1 1 . 7 1 1 16 C 1 7 . 9 
2 9 . 6 3 1 . 0 1 1 6 8 . R - 1 1 . 6 1 1 1 7 7 1 . 0 - 2 4 , B 
1 6 . 1 1 1 . 7 1 1 *• 1 1 4 . 6 - 1 1 1 . 1 1 1 l « 1 6 . 1 1 7 . 9 
1 4 . 0 - 1 1 . 6 1 1 6 6 6 . 1 6 0 . 6 1 1 I " - 1 .6 4 . 1 
1 6 . 6 - I B . 2 1 1 7 I I 9 . B I I ' . 2 1 1 70 -1 1 . 0 - T . 0 
2 2 . 1 2 * . 1 1 1 R 1 1 . 6 1 0 . 6 7 1 - 7 6 0 . 0 - 7 . 1 

n . o 7 . 8 1 1 9 | 4 ' l . 1 I 6 B . 6 7 1 - 7 1 - 6 . I I 6 . 1 
2 0 . 9 1 1 . 7 1 1 10 1 7 . 9 1 9 . 4 7 1 - 7 4 - • 1 . 4 - V . 0 
3 6 . 1 - 1 1 . 9 1 I I I 49.11 1 7 . 1 7 1 - 2 3 . I S . 1 3 B , 9 

0 . 0 2 . 4 1 1 12 7 7 . 4 - 7 1 . 7 7 1 - 7 2 2 1 . 6 1 9 . 6 
2 7 . 4 7 8 . 9 1 1 1 I 1 0 4 . 2 - 1 1 0 . 1 7 I - 7 1 I * . 5 1 6 . 1 

1 . 0 9 . 1 1 1 1 4 7 1 . 7 I B . 8 7 1 - 7 0 0 . 0 - 3 . 8 
1 6 . 2 1 3. 6 1 1 1 1 4 1 . 4 - 6 1 . a 7 1 - 1 9 41 , 4 - 4 t , 6 
l « . l - I B . 2 1 1 16 0 . 0 1 .1 7 1 - l « 7 1 . 1 - 2 1 . 4 
6 1 . 1 - 4 4 . 4 1 1 1 7 0 . 0 - 1 . 2 7 1 - I I 6 7 . 1 - 6 4 . 4 
1R .B 2 3 . 8 1 1 IB 0 . 0 - 1 . 9 7 1 - 1 6 - 1 .1 1 . 7 
1 1 . 0 1 7 . 9 1 1 | 9 7 1 . 1 2 8 . 1 7 1 - 1 1 4 7 . 1 - 4 1 . | 
4 3 . 1 4 1 . fl 1 1 20 3 0 . 1 - 2 9 . 7 T 1 - | 4 1 « . 3 7 0 . 2 
1 1 . 0 3 1 . 9 1 1 21 2 8 . 7 2 9 . 1 7 I - 1 1 6 ' . . 6 6 7 . 6 

1 7 7 . 1 - 1 2 2 . 2 1 1 22 - 1 4 . 1 1 8 . 2 1 1 - 1 2 3 8 . 9 ? 6 . 2 
1 " . 6 • 4 0 . 1 1 1 2 1 0 . 0 • 1 . 0 7 I - 1 1 11 fl. 2 1 2 1 . 1 
3 ' . 2 - 3 0 . 1 3 1 - 2 1 IB . • 1 6 , 7 7 | - 1 0 0 . 0 1 1 . 1 
7 4 . 4 74 . B 3 1 - 7 4 0 . 0 0 . 7 7 | - 9 7 K . 4 2 1 . 1 
3 7 . 1 3 3 . 1 3 1 - 7 1 I B . 4 2 0 . 0 I 1 - S 1 7 . 6 - 7 9 , 6 
- 3 . 6 - 1 . 1 3 1 - 7 7 1 8 . 9 1 7 . 9 7 1 - 7 1 0 4 . 1 - 1 0 7 . 6 
3 6 . 9 - 1 6 . 9 3 1 - 7 1 l f l . l - 1 fl.9 7 1 - » 6 4 . 7 6 1 . 1 
1 6 . 9 1 0 . 1 3 1 - 7 0 1 9 . 0 1 6 . 8 7 1 - 1 1 1 7 . 1 - 1 1 7 , 9 
- 9 . 1 2 . 3 3 1 - 1 9 6 0 . 2 - 6 7 . 6 7 1 - 6 6 7 . 7 6 1 . 6 
2 0 . 4 - 7 1 . 2 3 I - I B 4 6 . 4 - 4 4 . 9 7 1 - 1 1 9 . 1 1 l . b 

0 . 0 - 1 1 . 6 3 1 - 1 7 2 2 . B - 7 3 . 1 7 I - 2 7 I - . 9 - B l . I 
i t . I 2 1 . 0 3 1 - 1 1 7 1 . 6 2 1 . B 7 1 - I 1 6 1 . 6 1 1 0 . J 
- 6 . 9 1 6 . 4 3 1 - 1 1 1 4 . 7 1 1 .9 7 1 0 7 7 . 3 - 2 6 . 0 
1 7 . 3 1 4 . 9 3 1 - 1 4 • 5 . 1 - 1 , 9 7 1 1 1 0 1 . 9 1 0 1 . 4 
6 1 . 9 - 6 D . | 3 1 - 1 3 1 5 * . 1 1 1 4 . 7 7 1 2 - « . 2 6 . 8 
4 1 . 0 -111 .9 1 1 - 1 7 7 7 . 5 7 7 . 8 7 1 1 6 1 . 2 - 6 7 . 0 
1 9 . 3 - 1 1 . 9 1 1 - I I 6 0 . 0 1 9 . 1 7 1 4 l l . l 3 1 . 0 
2 6 . 6 2 9 . 1 3 1 - 1 0 R 4 . 7 - 7 6 , 1 7 I 9 8 9 , B - 9 0 . 2 
1 9 . 6 1 1 . 3 3 1 - 9 R l . « - B 1 . 2 7 1 6 2 B . 0 2 7 . 9 
1 " . 7 l f l . O 3 1 -R 3 0 . 7 - 7 7 . 6 7 1 7 6 7 . 1 - 6 9 . 6 
71 . 9 - 7 4 . f l 3 1 - 7 IB7 . 1 - l " 0 . 1 7 1 B 1 1 . 1 - I B . 1 
2 2 . 2 - 1 9 . 0 1 1 - 6 4 1 . 9 4 R , 7 7 1 9 2 6 . 6 2 7 . 6 
3 6 . 6 3 9 . 1 3 1 - 1 6 1 . 3 6 4 , 9 1 1 10 2 1 . 2 - 2 1 . 3 
- 8 . 4 • 1.1 3 1 - 4 1 0 2 . 8 - 1 0 3 . 6 7 1 11 7 0 . 3 7 3 . 9 
7 9 . 0 2 7 . 4 3 1 - 3 8 4 . 6 1 9 . 0 7 1 12 I l . f l 1 1 . 2 
- 2 . 6 - 4 . 7 3 1 - 2 6 7 . 1 6 1 . 2 7 1 13 1 4 . 1 9 . 7 
2 3 . 6 - 2 1 . 6 3 1 — * 1 2 8 . 9 I 6 B . 0 7 1 1 6 0 . 0 - 7 . 1 
2 1 . 2 - l f l . 1 ' 1 1 0 1 7 . 9 | 6 . | 7 1 11 - 1 3 . 2 - 1 4 . 0 
1 8 . 9 1 7 . 9 3 1 1 1 2« . 9 - 1 1 1 . 6 7 1 16 1 1 . 1 1 2 . 2 
1 6 . 2 - 1 4 . 3 3 1 2 2 1 2 . 1 2 1 2 . 6 7 1 1 7 1 1 . 1 - 2 1 . 6 

- 1 2 . 6 T . 9 3 1 6 6 3 . 9 - 6 T . 1 T | 19 1 1 . 7 - 7 . 3 
3 6 . B • - 3 3 . 1 3 1 9 9 2 . 6 - • 9 . 1 9 | - 2 b - | 6 . » * . i 
1 B . 0 - 1 7 . 6 3 1 6 6 0 . B 5 8 . 9 9 1 - 2 5 - 1 0 . 6 - B . B 

- 1 1 . 1 1 0 . 7 3 1 7 I B . O - 1 6 . 2 9 1 - 2 6 2 1 . 5 - 2 2 . a 
| 9 . l I B . 4 3 1 B 1 1 0 . 9 - 1 1 7 . 0 9 1 - 2 3 3 0 . 9 31 . 6 
4 6 . 0 4 1 . 0 3 1 9 1 2 1 . 2 1 1 4 . 1 • 1 - 2 2 1 7 . 9 1 1 . 9 

- 1 2 . 3 - 7 . 9 3 1 10 0 . 0 -M . 0 * 1 - 2 1 2 1 . 7 3 0 . 2 
2 B . 8 - 7 B . 9 3 1 1 1 76 ' . 1 A 7 . 9 9 1 - 2 0 - 1 3 . 1 1 1 . 6 

- 1 1 . " - 1 2 . 1 3 1 12 1 7 .2 1 7 , 0 9 1 - 1 9 1 1 . 7 - 1 2 . » 
0 . 0 - 7 . 6 1 1 1 1 4 0 . 9 - 4 4 , 9 9 1 - I B 2 2 . 7 - 2 2 . 9 

2 6 . 1 7 4 . 7 1 1 14 3 0 . 9 - 1 3 . 0 9 1 - 1 7 4 B . 1 - 6 B . I 
- 9 . 6 - 4 , 1 1 1 1 1 1 3 . 3 - 3 7 , 1 9 1 - 1 6 - 9 . 4 9 . 0 

0 . 0 1 .4 1 1 16 1 4 . 9 1 1 . 9 9 1 - 1 5 7 7 . 0 - 7 7 . 0 
- 6 . 0 4 . 1 1 1 W 2 7 . 6 - 7 6 . 2 9 1 - 1 4 2 V . 0 - 2 1 . 9 
2 6 . 6 2 6 . " 3 1 IB - 1 . 1 4 . 0 9 1 - 1 3 2 9 . 1 2 8 . 7 

- I I . 1 1 . 7 3 1 | 9 - 1 . 1 8 . 4 9 1 - 1 2 1 1 . 4 - » . 7 
3 0 . fl - 2 B . 9 3 1 70 1 6 . 1 - 1 4 . 9 9 1 - 1 1 1 3 0 . 1 1 1 6 . 4 

- 1 1 .2 9 . 4 1 1 7 1 3 1 . 2 2 B . I 9 1 - 1 0 3 9 . 1 4 4 . 0 
- 1 1 . 4 - 1 6 . 1 3 1 22 - 7 . B B .7 9 1 - 9 2 H . 1 2 6 . a 

- 9 . 8 7 . 1 1 1 - 2 1 - 1 . 2 B . I 9 1 - f l 2 6 . 8 2 6 . 1 
2 9 . 4 2 » . 9 1 1 - 7 4 0 . 0 - B . l 9 1 - 7 1 6 . 2 - b l . 7 

0 . 0 - 9 . 3 1 1 - 2 1 2 7 . 4 2 6 . 4 9 1 - 6 -11.6 4 . 7 
1 ' . 4 - 1 6 . 0 1 1 - 7 ? 1 7 . a 1 8 . 9 9 I - 1 l l f l . 9 - 1 2 4 . b 

0 . 0 - 3 . 0 1 1 - 7 1 - 7 . 4 - 1 . 2 9 1 - 4 2 7 . 7 - 7 0 . 2 
- 1 4 . 1 - 5 . 1 1 1 - 7 0 7 1 . 1 • 7 1 . 7 9 1 - 1 4 6 , 4 - 4 8 . b 

o . o 1 1 . 4 1 1 - 1 9 1 0 . 0 - 1 0 . B 9 1 - 2 1 0 0 . 7 - 1 0 1 . 7 
I B . B 1 3 . 1 1 1 - l « 7 3 . 7 - 2 7 . 7 9 1 - 1 1 2 1 . 1 I 2 B . 4 

- 1 1 . B - 1 0 . 6 1 1 - 1 7 4 1 . B - 4 1 . 1 9 | 0 1 1 . 6 I B . 4 
l '1 .6 - 1 6 . 2 1 1 - 1 6 7 3 . 1 7 1 . 9 9 1 1 4 6 . 2 4 B . 4 
0 . 0 - 1 . 0 1 1 - 1 5 7 6 . 3 - 7 0 . 9 9 1 2 < 0 . 6 6 1 . 2 
0 . 0 - 3 . 2 5 1 - 1 4 1 7 . 0 - 1 6 . 1 9 1 1 n . i - l . B 

2 B . 4 2 3 . I 1 1 - 1 1 1 3 7 . 7 1 1 6 . 6 9 1 6 2 6 . 9 - 2 1 . 6 
0 . 0 - 0 . 7 1 1 - 1! - 7 . 1 - 4 . 0 9 1 9 7 6 . 0 - 7 A . 1 
0 . 0 - 1 . 1 1 1 - I I 1 3M.4 1 1 6 . 2 9 1 6 2 7 . 1 3 0 . 1 

11.1) 1 1 . 1 1 1 - 10 l l b . O 1 1 6 . 1 9 1 7 1 7 . 1 - 1 A . 1 
- 7 . 2 1 1 . 9 1 1 - 9 1 H . 7 - 6 0 . 6 9 1 a 2 0 . 2 - 1 9 . 6 
2 > . 2 - 2 2 . B 1 1 - 1 7 7 . 0 - 7 1 . 0 9 1 9 - 1 . 0 - 1 . 7 
2 6 . B - 7 4 . 0 1 1 - 7 1 7 7 . 7 - 1 7 1 . 2 9 1 10 - 4 . 1 - 4 . 4 
3 1 . 0 - 1 6 . 6 1 1 - 6 1 4 . 4 2 1 . 7 9 1 1 1 5 1 . 1 1 0 . 7 
1 1 . 4 1 7 . 4 1 I - 1 1 1 1 . 7 - l O B . a 9 1 1 2 1.1.0 I B . 6 
- 9 . 1 B.7 1 1 - 6 6 9 . 1 - 6 0 . 1 9 1 1 3 0 . 0 9 . 7 
6 2 . 0 6 1 . 1 1 1 - 1 1 7 1 . 1 1 7 6 . 6 9 1 1 4 1 9 . 4 - l a . u 
7 9 . 0 7 9 . | 1 1 - 7 1 1 1 . 1 - 1 1 6 . 6 9 I 11 0 . 0 - 7 . 0 
4 1 . 4 - 4 4 . 9 1 1 - 1 1 7 4 . 1 1 7 7 , 6 9 1 1 6 - 1 7 . 9 2 . 5 

1 1 0 . 7 1 17 . 1 5 1 0 l " 7 . l l 1 7 8 . 1 9 1 1 7 7 1 . 1 - 1 7 . 7 
3 1 . 9 3 9 . 0 1 1 1 7 7 . 9 - 7 4 . 4 I I 1 - 7 1 0 . 0 - 1 0 . B 
- 7 . 0 - 1 . 7 1 1 7 ' I .1 6 1 . B I I I - 2 4 - I . I - 1 2 . S 
| 7 . 4 7 0 . 7 1 1 3 7 U . 1 - 6 1 . 1 I I 1 - 2 3 I r . B I B . B 

1 4 7 . 6 - I 4 B . 0 V 1 4 1 1 t.F - 1 1 7 . 6 I I 1 - 7 2 1 9 . 1 2 3 . B 
1 0 9 . 3 - 9 | . 6 1 1 1 1 0 0 . 0 - 1 0 4 . 2 I I 1 - 2 1 3 1 . 0 9 1 . 6 



M • I 1II f C H a l I n r r 

11 i - ; o - 6 . 1 2 . 7 17 1 - 2 0 1 1 . 5 1 7 . 6 
I I 1 - I " I - - .9 1 6 . 2 17 1 - 19 - 9 . 1 4 . 7 
1 1 1 - 1 8 - 1 2 . 2 - 1 2 . 7 1 1 1 * l a - 7 . 4 7 . 4 
I I 1 - 1 » 7 7 . B - I I . I 17 l - 1 1 - 1 1 .0 17 . 1 
I I 1 - 1 6 0 . 0 2 . 6 17 1 - 1 6 0 . 0 - S . 7 

I I 1 - I S 6 4 . 4 - 6 1 . . S 17 1 - I S l » . 0 - I S . 7 
I I 1 - n 1 i . » - 1 7 . 6 17 l - 1 4 - • . 2 4 . 4 
I I 1 - 1 1 • i n . 6 - 1 1 . 6 17 1 - 1 3 2 7 . 7 - 7 S . S 
1 1 1 - w a • 2 J . 6 17 1 - 1 2 7 6 . 5 - 2 7 . 1 
I I 1 - I I 5 1 . 2 6 3 . 1 17 1 - 1 1 0 . 0 - 0 . 5 
1 1 1 - 1 0 4 4 . 6 4 6 . 1 17 1 - 1 0 7 0 . 5 7 1 . 5 
1 1 1 - 9 6 0 . 0 6 0 . 2 17 1 - 9 7 2 . a 2 2 . a 
1 1 1 - > VI. 1 - 1 9 . 6 17 i - a 7 1 . 1 - I B . 9 
I I 1 - 1 1 1 . 6 - 5 . 1 17 i - 1 7 0 . 5 I S . 9 
1 1 1 - 6 7 4 . S - 2 6 . 1 17 1 - 6 - a . 7 1 0 . 6 
I I 1 - 5 S B . 9 - 6 2 . 4 17 1 - 5 - a . s 9 . 0 
1 1 1 - 4 71 . 1 1 0 . 6 17 1 - 6 0 . 0 1 .5 
I I 1 - 3 ( 5 . 6 - 8 0 . 6 17 1 - 3 7 8 . 6 - 2 6 . 5 
11 1 - 2 6 * . o - 6 8 . 2 17 1 - 2 n . o - 5 . 1 
1 1 1 - 1 5 3 . 7 5 7 . 3 1 7 1 - 1 - i i . i - 1 0 . 1 
I I 1 0 I P . * 1 l . » 17 1 0 - 1 0 . 4 1 . 1 
1 1 1 1 6 3 . 4 6 5 . 6 11 1 1 - 6 . 6 4 . 7 
I I 1 7 1 2 . 6 I S . 7 17 I 2 - 7 . 9 1 0 . 5 
1 1 1 3 4 1 . 0 4 1 . 0 I T I 1 - 9 . 7 9 . 1 
11 1 * i n . 4 i i . a 17 I 4 0 . 0 - 7 . 1 
11 1 5 3 3 . S - 1 7 . 7 I T 1 5 - 1 0 . 9 9 . 2 
1 1 1 6 1 4 . 1 - 4 . 6 17 1 6 - 1 0 . | a . a 
1 1 1 T 4 2 . 1 - 4 7 . 1 19 1 - 1 9 I B . 5 6 . 2 
I I I e - 2 . 1 1 .5 19 1 - I B - 1 - . 2 - 7 . 4 
1 1 1 9 2 1 . a - 2 4 . " l » 1 - 1 7 I S . ? 16 . 1 
I I 1 10 I I . B - 1 9 . 2 19 1 - 1 6 0 . 0 6 . 7 
1 1 1 11 7 * . 1 2 a . a 19 1 - 1 5 - 1 1 . 7 - a . 6 
1 1 1 12 - a . 7 6 . 6 19 1 - 1 4 0 . 0 o . a 
1 1 1 1 3 1 4 . 1 1 1 . 6 19 1 - 1 1 2 0 . 5 - 1 7 . 7 
I I 1 I S - 1 4 . I - a . 2 19 1 - 1 2 I B . 7 - 1 7 . 6 
11 1 I S 0 . 0 6 . 0 19 1 - 1 I 0 . 0 - 2 . 1 
1 1 1 - 2 5 I S . a - 1 4 . 6 19 1 - 1 0 - 1 1 . 9 l « . 0 
1 1 1 - 2 * 1 7 . 3 - 1 1 . 7 19 1 - 9 - 9 . 8 9 . 6 
1 J 1 - 2 1 - 1 1 . 9 5 . 6 19 i - a - 7 . 1 1 . 6 
1 ) 1 - 2 2 - 1 0 . 1 - 0 . 8 19 1 - 7 i s . a 1 1 . 5 
1 ) I - 2 1 2 7 . a 2 6 . 6 19 1 - 6 0 . 0 - 1 . 9 
1 > 1 - 2 0 2 1 . 2 7 1 . 0 19 1 - 5 1 5 . 7 a . 6 
11 1 - 1 9 - 6 . 0 a . i 19 1 - 4 - l > . 5 7. 1 
1 1 1 - i a | 4 . | - l a . a 19 1 - 1 1 7 . 4 - l a . a 
13 1 - 1 7 0 . 0 - 2 . 5 19 1 - 2 0 . 0 - 1 . 5 
1 1 1 - 1 6 0 . 0 - 1 . 1 19 1 ' - 1 - 7 . 3 - a . 6 
1 ) 1 - I S « 5 . 2 - 5 4 . 7 19 1 0 - 7 . 7 - 5 . 2 
11 1 - I t 2 9 . 0 - 2 ° . ' 19 1 | 1 5 . 1 4 . 1 
1 ) 1 - 1 3 2 5 . 1 - 2 2 . 1 2 1 1 - 1 2 - 7 . 1 - 5 . 6 
1 ) 1 - 1 2 - 4 . a 9 . ) 7 1 1 - 1 1 - 1 . 9 - 6 . 4 
1 ) 1 - 1 1 4 1 . 4 4 7 . 5 2 1 1 - 1 0 0 . 0 0 . 1 
11 1 - 1 0 1 2 . 7 a . i 2 1 1 ••9 0 . 0 1 . 9 
1 ) 1 - 9 61 . 1 6 1 . 0 2 1 i - a 0 . 0 I . S 
1 1 I - a - I I . 5 1 1 . 7 0 2 0 1 1 5 . 6 1 1 6 . 6 
1 ) 1 - 7 0 . 0 - e . s 0 2 1 6 4 . 1 - 6 4 . 4 
1 1 1 - 6 0 . 0 i . i 0 2 2 2 7 7 . 6 - 2 0 3 . 1 
1 1 1 - 9 2 0 . 4 - 2 4 . 1 0 2 3 2 7 . 1 - 1 0 . 0 
11 1 - 4 1 2 . 1 1 2 . 1 0 2 4 1 1 6 . 7 I C 7 . 4 
l « 1 - 1 T A . T - 7 9 . 6 0 2 5 3 4 . 1 - 1 2 . 6 
1» 1 - 4 5U .U - * l a f t w 4 6 i O I . o 
11 1 - 1 2 9 . 6 2 9 . 1 0 2 7 3 5 . 1 - 4 0 . a 
1 1 I 0 1 0 . 4 1 0 . 5 0 7 8 7 a . 4 2 0 , 1 
11 1 1 2 3 . 6 2 3 . T 0 7 9 9 7 . 5 9 B . 1 
1 1 1 2 1 1 . 7 - 1 2 . 7 0 7 10 9 7 . 7 - a s . i 
11 1 1 1 0 . 6 I B . I 0 7 11 - 4 . 4 1 .9 
11 1 4 3 2 . 4 - 2 9 . 7 0 2 12 9 6 . 6 - 9 7 . 8 
1 1 1 5 0 . 0 - 2 . 0 0 2 11 5 4 . 7 - 5 3 . a 
11 1 6 - 6 . S 1 0 . 4 0 2 14 2 5 . 3 - 7 4 . T 
1 1 1 7 1 9 . 1 - 1 9 . a 0 2 15 - 7 . 1 ) - 5 . 9 
1 1 I a - 9 . 2 - 4 . 8 0 2 16 3 9 . 5 4 1 . 6 
11 1 9 2 3 . 2 - 1 9 . 4 0 2 17 - 7 . 1 9 . 1 
1 1 1 10 I S . 4 - 1 4 . 1 0 2 l a s a . i 4 9 . 5 
13 1 1 1 - 1 1 . 7 1 4 . 4 0 2 | 9 - 1 0 . 5 9 . 4 
11 1 12 1 5 . 4 11 . 6 0 2 20 1 4 . 6 - 1 7 . 0 
11 1 - 2 4 - 4 . 1 - 1 1 . 2 0 2 21 2 0 . 0 1 9 . 2 
IS 1 - 2 1 0 . 0 - 2 . 8 0 2 72 - 9 . 9 - 1 1 . 1 
1 * 1 - 2 2 - 1 0 . 2 0 . 4 o 2 2 1 - 7 . 6 - B . 0 
IS 1 - 2 1 1 1 . 1 1 5 . 1 2 2 - 2 4 - I I . I - 5 . 8 
I S 1 - 2 0 O . u i o . a 7 2 - 2 1 0 . 0 1 .2 
IS 1 - 1 9 - 1 1 . 1 1 5 . 7 2 2 - 2 2 1 6 . 4 - 1 9 . 7 
I S 1 - 1 1 | 9 . 6 - 1 6 . 4 2 2 - 2 1 25 .7 - 2 7 . 6 
I S 1 - l > I I . 1 1 9 . 2 2 2 - 7 0 1 9 . 4 - 1 9 . 8 
I S 1 - 1 6 2 1 . 1 3 2 . 0 2 2 - 1 9 I I . 5 - 1 7 . 9 
IS 1 - 1 5 4 4 . 6 - 4 1 . 6 2 2 - 1 a 7 1 . 7 - 7 1 . 3 
IS 1 - 1 4 n . o - I I . I 2 2 - 1 7 7 S . 1 7 1 . 9 
IS 1 - 1 3 2 2 . S - 2 0 . 9 2 2 - 1 6 1 I I . . 4 1 1 4 . a 
IS 1 - 1 2 . a - 9 . 7 2 2 - I S - 1 0 . | - •> . 3 
i s 1 - I I - 9 . 4 7 . 0 2 7 - 1 4 2 6 . 0 7 S . 0 
IS I - 1 0 | 4 . 9 1 1 . 7 2 2 - 1 1 • I I . 6 B 9 . 7 
IS 1 - 9 1 1 . 6 1 9 . 4 2 2 - 1 2 5 1 . 2 - 5 7 . 1 
i s i - a 0 . 0 4 . 0 2 2 - 1 1 11 . 4 7 7 . o 
IS 1 - 7 - 1 2 . a 1 1 .5 2 7 - 1 0 1 1 9 . 6 - 1 7 1 . S 
I S 1 - 6 1 5 . 1 - l a . s 2 7 - 9 6 7 . 1 - 0 0 . 2 
IS 1 - S 0 . 0 - 5 . 4 2 2 - a 1 1 . 0 - 1 0 . 7 
IS 1 - 4 1 0 . 1 3 0 . 6 2 2 - 7 1 2 . 6 7 . 1 
I S 1 - 3 5» . 0 - 5 7 . 0 2 2 - 6 1 6 0 . 3 1 6 6 . S 
IS 1 - 2 | 4 . 6 - 1 6 . 1 2 2 - 5 6 4 . 0 - 4 6 . 7 
IS I - 1 - 4 . 1 1 . 9 2 2 - 4 3 1 ' . 5 3 1 0 . 3 
IS 1 0 41) .0 - 4 0 . a 2 2 - 1 "4 . 7 - 9 7 . 9 
I S 1 1 21 . a 2 7 . 6 2 2 - 2 1 0 5 . 0 9 0 . 7 
IS 1 2 1 7 . 1 i a . i 2 2 - 1 6 4 . a -S 1.8 
1 s 1 3 2 1 . 1 2 2 . 4 2 7 n 361 . a - 1 4 0 . 9 
IS 1 4 i e . 9 - a . a 2 7 | 5 3 . 9 4 0 . 0 
1 s 1 S 0 . 0 a . 5 2 2 7 7 m . a - 7 1 7 . a 
IS 1 6 7 7 . H 2 1 . 2 7 2 3 4«».9 - 4 H . 5 
IS 1 7 - 1 3 . a - 1 1 .6 2 7 6 1 6 . 6 7B . 0 
I S I a c . o - S . 6 2 7 5 - 6 . 3 7 . 7 
IS 1 4 - 1 0 . 1 - 1 2 . 7 2 7 6 1 6 7 . 6 1 6 0 . a 
1 1 1 - 2 2 - i i . i - 1 . 7 2 7 7 S 2 . a - S 6 . 0 
11 1 - 2 1 - 3 . 6 1 1 . 5 2 2 8 4 1 . 9 6 7 . 4 

« I r n f r M « t i n I t 

7 9 11 ' • . l 1 1 1 .3 8 2 - 7 1 - 9 . 2 1 . 4 
7 10 7 U . 7 - | 6 . | 8 2 - # J I I . 6 - 7 1 . 4 
2 1 1 61 . « 61 . 2 a 2 - 1 9 7 . 4 - , ' i . . a 
7 17 111] .4 - 1 0 4 . 0 8 7 - 1 9 . 1 . 6 - 4 6 . I 
7 n I I . I - 1 ' . 9 a 2 - 1 7 - 6 . 0 - 2 . 2 
7 14 7 1 . . 1 - 7 1.4 a 7 - I S 7 0 . 1 7 0 . 8 
7 15 2 7 . 9 - 7 7 . 4 a 2 - I S 1 4 . 7 - 1 9 . 1 
7 16 5 1 1 . 1 5 7 . 7 a 2 - 1 4 1 1 . 1 1 1 . 3 
7 1 1 1 6 . 0 - 1 6 . 7 a 2 - 1 1 - 1 0 . 9 1 1 . 6 
7 14 4 1 .4 1 1 . 0 8 2 - 1 2 1 9 . 4 4 0 . 9 
7 19 1 7 . 1 , - 1 0 . 8 8 2 - I I 4 1 .0 4 6 . 1 
2 13 1 3 . 6 - 1 0 . 6 a 2 - 1 0 . 1 . - 5 1 . 4 
7 i: 1 9 . 4 7 1 . 5 a 2 - 9 ' 1 . 1 - 1 7 . 0 
7 77 - 1 0 . 9 - 7 . 9 a 2 - a 1 1 4 . 1 - 1 4 0 . 9 
2 - 2 5 - 1 1 . 7 4 . 9 8 2 - 1 1 4 , 1 - J 5 . 0 
7 - 2 4 0 . 0 - 1 . 1 a 2 - 6 I S . 1 1 1 .5 
7 - 7 1 I B . 7 1 7 .4 a 2 - 5 - 3 . 9 - 4 . 0 
7 - 7 2 71 . 6 - 7 1 . 9 8 2 - 4 5 1 . 5 S I . 1 
7 - 2 1 1 3 . 1 - 6 . 7 a 2 - 1 - 4 . 4 - 7 . 1 
7 - 7 0 4 3 . 1 - 6 0 . 4 8 2 - 7 1 4 ] . | 1 3 1 . 0 
7 - 1 " 7 6 . 7 - ? i . a 8 2 - 1 I C S . 9 1 0 6 . 0 
7 - I B - S . f l 0 . 7 8 2 0 1 7 . 1 - 9 . a 
7 - 1 7 - « . 6 - a . 5 a 7 1 1 0 . 0 - - 7 9 . 0 
7 - 1 4 9 7 . 6 « 0 . 5 8 2 2 3 5 . 1 - 1 6 . 1 
2 - I S 1 9 . 4 - 1 1.6 8 2 1 3 2 . 1 - 1 5 . 0 
7 - 1 4 7 0 . 6 6 6 . 9 8 2 4 1 0 1 . 1 - 1 0 1 . 1 
7 - 1 1 6 7 . 7 1 . 7 . 0 8 2 5 5 5 . 9 5 1 . 4 
7 - 1 7 ' 7 . 4 - 1 7 . i a 2 6 2 4 . 4 2 4 . 1 
7 - 1 1 ' . a . J 4 4 . S 8 2 7 4 0 . 6 - 4 1 . 6 
7 - 1 0 1 . 1 6 . 9 - 1 1 1 . 9 a 2 a 4 1 . 0 4 0 . 2 
7 - q 1 1 6 . 0 - 1 1 6 . 0 8 2 9 l a . 3 - 1 7 . 4 
7 - B 1 1 4 . 4 - 1 1 7 . 6 8 2 10 3 9 . 1 1 7 . 1 
7 - 7 7 0 . 5 - 1 9 . 4 8 2 11 3 0 . 1 1 0 . 4 
2 - 6 1 4 1 . | 1 4 5 . 1 a 2 12 0 . 0 - 4 . 6 
2 - 5 7 2 . - a - 7 0 . 7 a 2 11 - 7 . 0 - 1 1 . 6 
2 - 4 1 7 a . a 1 7 6 . 4 8 2 16 - . 4 . 6 - 4 9 . 6 
2 - 3 1 7 0 . 7 1 1 7 . a a 2 15 I B . O 1 0 . 0 
2 - 7 1 2 . 5 I 7 . a a 2 16 1 6 . 2 - a . i 
7 - 1 P.H.6 » 6 . 7 8 2 17 - 7 . 7 - 4 . 6 
2 0 1 0 6 . 6 - 1 0 4 . 7 a 2 IB - I I . I 1 0 . 9 
2 1 1 2 4 . S - 1 2 ' . 2 10 2 - 2 5 1 5 . 4 - 0 . 9 
2 2 1 1 6 . 7 - i i a . a 10 2 - 2 4 - 1 1 . 4 7 . » 
2 1 0 . 0 - 1 . 8 10 2 - 2 3 l a . a 1 6 . 6 
2 4 H " . a - I I 9 . 6 10 2 - 2 2 I B . 4 1 4 . 7 
7 S 7 1 . 1 7 1 . 5 10 2 - 2 1 - s . a - a . I 
7 6 l a s . 6 l a i . s 10 2 - 2 0 1 1 . 4 - 1 1 . 5 
2 7 9 7 . 7 - 9 2 . 8 10 2 - 1 9 - 7 . 7 - 1 . 4 
2 a l u . 2 7 1 . 4 10 2 - 1 8 3 5 . 9 - 1 3 . 8 
2 9 4 3 . 1 4 7 . 6 10 2 - 1 7 - 6 . 6 2 . 4 
2 10 I O . O 1 1 . 9 10 •2 - 1 6 - 9 . 1 - 6 . 2 
2- I I 1 1 . 6 1 2 . 4 10 2 - 1 5 5 5 . 2 - 9 6 . 6 
2 12 5 6 . 2 - 5 6 . 1 10 2 - 1 4 6 1 . 1 6 2 . 1 
2 13 2 8 . a - 1 0 . 1 10 2 - 1 1 2 0 . 7 2 1 . 4 
2 14 5 4 . a - S 5 . 5 10 2 - 1 2 6 1 . 9 4 6 . 4 
2 I S o . n 1 .1 10 2 - 1 1 6 4 . 4 6 1 . 6 
2 16 1 6 . 5 1 7 . 6 10 2 -1.0 1 6 . 7 1 8 . 4 
2 I T - 9 . 6 - 1 2 . T 10 2 - 9 7 8 . 1 - 2 9 . 0 
2 l a 1 3 . 0 1 1 . 1 10 2 - a 1 1 3 . 1 - 1 1 6 . 0 
2 19 - 1 . 0 - 4 . 5 10 2 - T 0 . 0 2 . 6 
4 «W W a l l • a J I V * - v • o . * - n i l 
2 21 - 1 4 . 2 1 2 . 9 10 2 - 1 0 . 0 - 6 . 3 
2 - 2 5 0 . 0 i . r 10 2 - 4 6 9 . 1 6 9 . 6 
2 - 2 4 - 1 3 . 6 T . 4 10 2 - 1 2 7 . 2 - 2 a . 2 
2 - 2 3 1 5 . 1 9 . 8 10 2 - 2 6 9 . 0 6 8 . 6 
7 - 2 7 - 1 0 . 4 6 . 4 10 2 - 1 4 4 . 9 6 7 . 2 
2 - 7 1 1 7 . 6 - 2 2 . 1 10 2 0 1 1 . 1 1 5 . 0 
7 - 7 0 4 7 . 0 - 4 4 . 5 10 2 1 - 1 0 . 5 - 9 . 1 
7 - 1 9 l a . i - 1 1 .0 10 2 2 1 2 . 5 - 1 4 . 9 
7 - l » 1 1 . 4 - i n . o 10 2 1 1 6 . 5 - 1 4 . 0 
7 - 1 7 - 6 . 1 - 7 . 9 10 2 4 1 0 B . 0 - l o a . T 
7 - 1 6 41 . 5 4 1 . 9 10 2 5 - S . 9 - 1 . 7 
7 - I S 3 7 . 7 - . 1 1 . 1 10 2 6 - 4 . 7 - 4 . 1 
7 - 1 4 9 j . a 9 1 . 1 10 2 7 1 7 . 7 - 7 4 . 2 
2 - 1 3 1 7 . 1 1 4 . 6 10 2 8 1 6 . 9 1 6 . 2 
2 - 1 2 1 8 . 0 - 1 7 . a 10 2 9 - 5 . 1 - 1 . 2 
2 - I I 7 0 . 0 6 9 . 2 10 2 10 1 9 . 6 1 9 . 2 
2 - 1 0 5 1 . F - M . a 10 2 11 2 4 . 0 2 6 . 1 
2 - 9 4 1 . 5 - 4 6 . 2 10 2 12 - 1 2 . 7 7 . 5 
2 - a 1 71 . 9 - 1 7 5 . 7 10 2 11 IS . -7 1 .4 
7 - 7 7 5 . 8 2 6 . 5 10 2 14 2 1 . 2 - 1 8 . 1 
7 - 6 6 8 . 8 6 1.6 10 2 15 - a . a 6 . 1 
7 - 5 - 6 . 0 5 . 1 10 2 16 0 . 0 - 7 . 8 
7 - 4 1 I B . | 1 1 4 . 3 12 2 - 2 5 o . o - 4 . 6 
7 - 1 1 6 . 4 - 1 4 . 7 12 2 - 2 4 - 9 . 8 5 . 1 
7 - 2 . B 7 . 5 8 4 . 6 12 2 - 2 1 1 8 . 1 1 5 . 9 
7 - 1 1 1 . 7 1 2 . 6 1 2 2 - 2 2 1 1 . 7 1 4 . 8 
7 0 1 3 . 0 - 1 0 . 3 12 2 - 7 1 - 1 2 . 8 1 7 . 1 
2 1 - 6 . 1 7 . 6 12 2 - 7 U - S . 7 - 1 0 . 0 
2 7 1 1 6 . 0 - 1 3 9 . 0 12 7 - 1 9 1 5 . 1 - 1 5 . 1 
7 3 - 6 . 6 - B . 0 12 7 - 1 8 1 9 . 6 - 4 0 . 1 
2 4 6 7 . 2 - 4 2 . 2 1 2 7 - l » 0 . 0 l . a 
2 5 3 7 . 9 - 1 5 . 4 12 7 - 1 6 1 4 . 9 - I I . I 
2 6 7 B . 6 ' 0 . 6 12 7 - 1 5 - 9 . 6 - 2 . 8 
7 7 « 6 . 7 - 3 1 . 9 12 7 - 1 4 5 5 . 2 5 1 . 8 
2 a 5 7 . 8 1 . 0 . 1 12 7 - 1 1 0 . 0 - 4 . 4 
2 9 1 6 . a 1 4 . B 12 2 - 1 2 1 1 . 0 1 7 . 8 
2 10 1 4 . 5 ' I B . O 12 7 - I I 2 0 . 6 2 1 . 2 
2 1 1 4 0 . 0 5 0 . 7 12 7 - 1 0 2 5 . 2 2 8 . 1 
7 17 7 9 . 1 - 3 1 . 1 12 2 - 9 0 . 0 - 2 . 2 
2 13 o . o - 7 . 6 12 7 - a 1 9 . 0 - 1 1 . 8 
2 14 4 U . S - l » . l 12 2 - 7 2 6 . 6 - 2 4 . 9 
7 I S - 5 . 7 - 9 . 2 12 2 - 6 4 5 . 4 - 4 7 . 9 
7 16 0 . 0 - 1 0 . 9 12 2 - 5 - 4 . 8 - 5 . 1 
7 1 7 o . o - 1 0 . 1 12 2 -4 J . O a . o 
7 I B 7 4 . 4 7 1.7 12 2 - 1 it..1 - 1 6 . 6 
7 19 - 1 . 7 - 7 . 8 12 2 - 2 4 1 .0 4 2 . 5 
7 - 7 5 - 4 . 0 - 1 .0 12 7 - 1 1 7 . 2 1 4 . 9 
2 - 7 * - 1 1 . 7 5 . 1 12 2 0 3 0 . 2 7 8 . 2 
2 - 7 1 7 4 . 6 7 5 . 9 12 2 1 - a . 4 9 . 9 
7 - 7 2 - 5 . 8 a . o 12 2 2 1 4 . 7 - 1 6 . 2 



9 t I r n i r . H • I 1 n it 

17 2 1 - 6 . 4 - b . 6 20 2 - 7 . 1 l . « 
u 7 t 7 3 . 9 - 1 9 . 1 20 7 - t n . n - B . B 
1 } 7 S 7 * . l 7 1 . t 70 7 - 5 0 . 0 B .B 
12 7 t 0 . 0 - 9 . t 20 7 - t - I I .1) - . . 1 
1? 7 7 0 . 0 - l . b 70 7 - 1 H . 7 - I I . 4 
I I 7 a l<>. J 1 7 . " I 1 - 7 1 - 4 . 5 l . t 
17 7 4 - 1 7 . 0 - I t . O I 1 - 7 7 - i n . a - i n . 7 
12 7 i n 2 1 . 9 1 9 . 2 1 1 - 7 1 n . o 4 . 4 
1 7 7 I I - 1 1 . t 9 . 7 I 1 - 7 0 n . n 4 . t 
1? 7 17 1 9 . 1 1 7 . 1 1 3 - 1 9 i f l . t 11 . 1 
17 2 1 1 0 . 0 - 7 . B 1 1 - I B 11 . 0 10. 1 
I t 7 - 7 t - 1 0 . 0 7 . 5 1 1 - I I 7 9 . 5 1 1 . 1 
I l 7 - 7 ] - 1 1 . t 1 0 . 9 1 1 - I t 2 t . O 7 5 . a 
I t 7 - 7 7 1 5 . 0 l b . ] I 1 - 1 5 1 9 . B - 7 « . t 
I t 7 - 2 1 0 . 0 b . 9 1 1 - I t 11 . t - 1 1 . t 
I * 7 - 7 0 - 9 . a 2 . 2 1 1 - 1 1 J t . l - 1 1 . 1 
I t 7 - 1 9 - 7 . 5 - B . 0 1 1 - 1 7 1 9 . 2 - I B . 1 
I t 7 - I B ? i . . t - 2 5 . 1 1 1 - 1 1 t o . 5 - t o . t 
I t 7 - I T I t . 7 1 9 . t 1 1 - I I I 1 5 . t - 1 ! . 1 
I t 7 - I t 1 1 . 7 - 1 0 . 0 I 1 - 9 4 1 . 0 t t . 5 
I t 7 - I S t t . B - t h . t 1 1 - B 7 5 . 2 7 t . 5 
I t 7 - I t 1 l . t - 1 9 . 2 1 1 - 7 1 5 4 . 1 l ' f . 7 
I t 2 - I J - B . 9 - 1 1 . 2 1 1 - b 0 . 0 1 2 . 3 
I t 7 - 1 2 4 6 . 7 4 4 . 1 1 1 - 5 2 1 . 6 - l « . t 
I t 2 - 1 1 1 > . S t l . 0 1 1 - t 1 5 5 . 0 1 5 1 . 1 
I t 2 - 1 0 3 1 . 9 3 1 . t I 3 - 3 7 * 6 . 7 - 2 1 7 . 0 
I t 7 ' 9 - t . O - I . I I 1 - 2 1 7 7 . 1 - 1 7 9 . 1 
I t 7 - 8 I B . b - 1 7 . 5 1 1 - 1 4 B . 7 4 1 . 3 
I t 2 - 7 - t . l - 1 . 2 1 1 0 1 I t . t - 1 1 0 . 5 
I t 7 - i 5 1 . ' - 5 7 , 8 1 1 1 4 6 . 7 K . I 
I t 2 - i 0 . 0 l . t | 3 2 1 0 . 9 - 1 1 . 1 
I t 7 - t - t . t - 4 . 9 I 3 3 7 5 9 . 4 7 W . 7 
I t 2 - J 2 2 . b - 2 1 . a I 3 4 ? " . 2 2 7 . 3 
I t 2 - 7 1 5 . 1 l a . i 1 3 5 1 0 0 . 9 8 1 . 1 
I t 2 - I 2 1 . 5 2 t . t 1 3 t 7 4 . 7 7 7 . 4 
I t 2 0 1 1 . 1 3 2 . t I 3 7 1 3 4 . 1 - 1 7 1 . 4 
I t 2 1 2 2 . 1 1 9 . 7 1 3 B ( 6 . 3 B 7 . 0 
I t 2 2 t 7 . « t 5 . 9 1 3 9 4 4 . 2 - 6 6 . 6 
I t 2 3 1 9 . B - 2 2 . 1 1 3 10 1 0 . 1 - i i . a 
I t ? * • 7 . a - t t . 9 I 3 11 1 1 . 7 - I B . t 
I t 7 5 I B . l 1 5 . 2 1 3 12 t « . 6 - 4 5 . 2 
I t 7 t 0 . 0 - a . i 1 3 11 - B . 0 6 . B 
I t 2 T - 9 . 2 - 1 7 . t 1 3 14 - B . 7 - 7 . t 
I t 2 B 0 . 0 - 2 . 7 I 3 15 l « . 4 7 0 . 2 
I t 2 9 0 . 0 - t . l 1 3 I t 0 . 0 1 . B 
I t 2 10 - 1 2 . 2 1 1 . 0 1 3 17 2 0 . 0 1 7 . t 
I t 2 - 2 1 - 5 . T 3 . 7 | 3 IB 2 7 . 2 2 4 . a 
l k 2 - 2 2 0 . 0 1 1 . 5 1 3 14 2 4 . 1 - 2 t . 3 
l b 2 - 2 1 1 5 . 0 6 . 7 I 3 70 - 7 . 3 - 7 . 4 
l b 7. - 2 0 I t . 9 1 1 . t 1 3 21 0 . 0 2 . t 
I k 2 - 1 « 0 . 0 - B . l 1 3 77 - 1 1 . 6 - I . J 
U 2 - 1 8 3 0 . 2 - 2 B . 9 3 1 - 7 4 - B . t - 7 . 9 
I t 2 - I 7 - 1 1 . 0 4 . 7 3 1 - 2 1 - 1 1 . t . - 4 . 4 
i t 2 - I t 2 2 . 1 - 2 b . 4 1 1 - 7 7 - l o . l - 1 7 . a 
I t 2 - I S 0 . 0 - 1 . 4 3 1 - 2 1 0 . 0 - » . 9 
I t 2 - l » - 1 0 . * 1 2 . t J 3 - 2 0 - 4 . B l o . a 
I t 2 - 1 3 l t . t - 1 1 . 4 3 3 - 1 9 I t . 2 I t . 4 
I t 2 - 1 2 - B . T 1 0 . 1 3 1 - 1 8 - 3 . 2 - 5 . 1 
I * 2 - 1 1 2 1 . 7 2 1 . 8 1 3 - I T 1 3 . 3 3 3 . 3 
i t 7 - 9 - f p . 9 - l . t 3 3 - 1 * 7 3 . 0 - 7 1 . 5 
i t 2 - a ! t . S - 1 4 . 2 3 3 - 1 4 2 4 . 1 - 7 » . B 
i t 2 - T 1 1 . S 1 2 . S 3 3 - 1 1 2 4 . 4 - 2 5 . 7 
t i  2 - t 2 6 . 7 - 2 t . l 3 3 - 1 2 S t . a - 5 2 . 0 
l t 2 - S - 7 . 7 - T . b 3 3 - 1 1 3 ? . a - 5 4 . 7 
i t 2 - t 1 7 . 9 - i a . 9 3 3 - 1 0 « 4 . | - « 0 . 1 
16 2 - J 1 7 . 5 - 1 H . 4 3 3 - 9 ? t . l 2 B . t 
ll> 2 - 2 2 b . t 2 b . 0 3 3 - a 91 . t 46 . 1 
I t 2 - I ] « . ! - 9 . 7 3 3 - 7 7 4 7 . 4 7 1 4 . a 
I t 2 0 1 7 . 7 1 5 . 7 3 1 - t 6 7 . 1 M . 4 
I t 2 1 I b . t I b . l ) 1 - 5 1 0 ) . 7 4 1 . 1 
I * 2 2 I t . 7 1 1 . 4 3 1 - 4 5 H . 7 - 5 1 . * 
I t 2 ) - 1 7 . 5 - B . t 3 1 - 3 1 * 2 . 0 - 1 4 7 . 1 
I t 2 t 2 1 . 0 - 2 3 . 2 3 J - 2 f . 1 6 7 . 1 
I t 2 S - 1 1 . * l o . o 3 3 - I I B 5 . B - 1 B t . O 
I t 2 t 0 . 0 - 4 . 0 3 3 • 0 4 4 . 7 - 5 6 . 1 
I t 2 7 - 7 . 7 - 5 . 9 3 3 1 2 1 . 7 • J i l . l 
IB 2 - 2 0 0 . 0 t . O 3 3 2 7 4 . 4 - 7 7 . 3 
I B 7 - 1 9 0 . 0 - i . e 3 3 3 1 2 2 . a 1 1 7 . 7 
IB 2 - I B - 7 . 1 - i . a 3 3 4 9 . 3 7 . a 
I " 7 - 1 7 - l . S 3 . 4 3 3 3 7 1 1 . 1 19B. 7 
I F 7 - I t - 1 7 . 4 - | 1 . 7 3 1 4 B" . » B t . 9 
I B 7 - 1 5 0 . 0 - 7 . 4 3 3 7 I t l . 9 - i i B . a 
I B 7 - I v - 7 . 1 - t . O 3 1 8 7 7 . 4 - 2 t . t 
IB 7 - 1 1 7 7 . 1 - 7 0 . t 3 3 9 b t . 4 - b t . 7 
IB 7 - 1 2 - 9 . 7 - 7 . 7 3 1 10 1 6 . 1 1 ? . a 
I B 7 - 1 1 I t . 7 7 1 . 1 3 1 I t t l . 7 - 1 9 . 3 
I f 2 - 1 0 4 4 . 3 41 . 9 3 1 17 1 3 . t - I t . l 
I t 2 - 9 - 7 . 9 - 7 . 4 3 1 11 11 . 1 1 1 . 2 
I B 2 - a 0 . 0 - 1 4 . 1 3 1 14 7 B . B - 1 1 . 1 
IB 2 - 7 n . o 0 . « 3 1 15 6 4 . 9 t l . 2 
18 7 - t 0 . 0 - a . t 1 1 I t 1 1 . 3 - 7 . 1 
IB 2 - S 0 . 0 - 1 . 9 3 1 17 - B . B 7 . a 
1 " 7 - t I B . 2 - I t . 4 3 1 IB O.U 4 . 5 
IB 7 - 1 - 1 1 . 2 . 7 . 7 3 3 14 2 4 . 5 - 2 4 . 0 
IB 7 - 7 - • " . B 0 . 2 3 1 70 - 1 0 . 7 4 . 6 
1 B 7 - 1 0 . 0 3 . 1 3 1 71 0 . 0 2 . 9 
I B 2 0 n . o 5 . 0 5 1 - 7 5 21 . 7 - 1 5 . 0 
IB 7 1 0 . 0 d . 9 3 1 - 2 4 0 . 0 2 . 2 
I " 7 7 - 7 . 1 1 2 . 5 5 1 - 7 1 - 1 1 . 4 - 1 4 . | 
I B 7 1 0 . 0 - a . 3 5 1 - 7 2 I t . a - 1 2 . 7 
70 7 - I t - 1 1 . 5 - 9 , t 3 1 - 7 1 o . o - t . 4 
70 2 - 1 5 0 . 0 1 .5 5 1 - 7 0 7 0 . 2 - I B . 0 
70 2 - I t n . o - 2 . 6 5 3 - 1 4 t b . f t t t . O 
70 2 - 1 1 l » . l . - 1 3 . 1 5 3 - H 2 1 . 2 7 1 . B 
70 » - 1 2 0 . 0 - 3 . 7 3 1 - 1 1 t b . n t t . 5 
70 2 - I I - I I . 0 5 . 4 5 3 - I t 7 1 . 5 I t . t 
70 2 - 1 0 - 9 . 2 9 . 6 5 1 - 1 5 1 5 . 0 - 1 6 . 1 
70 2 - 9 0 . 0 1 . 0 5 1 - I t n . o 7 .4 
70 2 - 8 - 1 0 . 7 9 . 4 5 1 - 1 1 1 9 . 4 - 4 0 . 2 

L i n r c H « I r n IC 

1 - 1 7 l i . i i - i s . n 9 1 B - 4 . 4 1 2 . 1 
- I I 7 t . | - 7 4 . 1 9 1 4 - 1 0 . 1 - B . 1 

t - 1 0 H . 4 - 1 1 . 7 9 1 I d - 1.4 1 . 7 
- n (.•1.6 - 6 I . I 9 1 I I - 1 1 . 1 - 1 l . S 

1 - 8 7 1 . 4 - 1 9 . 0 9 1 12 1 6 . 1 1 7 . 1 
1 - 1 I 1 U . 4 1 4 4 . 6 9 1 11 n . o - n . ' i 
1 - t t t . 0 4 1 .1 9 1 I t - 1 4 . 7 - I t . l 
1 - 4 2 4 . 4 7 7 . 1 9 1 15 o . o 1 1 . 9 
1 - 4 9 I . 5 1 0 1 . 7 9 1 16 - 1 . B - l . S 

- ) 4 | . 0 - B 6 . 7 I I J - 7 4 1 4 . t 4 . 1 
I - 2 9 L t • 4 . 7 11 1 - ? t 1 6 . 4 1 .4 
1 - I I 4 2 . 4 - I t t . t I I 1 - 7 1 n . o 1 . 1 
• 0 4 2 . 0 - t | . 4 1 1 1 - 7 7 0 . 0 1 .2 

1 B 7 . 7 - f l 1 .0 I I 1 - 7 1 1 4 . » - 1 7 . 1 
1 2 3 5 . 9 - J 1.0 1 1 1 - 7 0 1 9 . 1 - 1 4 . 8 
1 1 4 6 . B B 2 . 1 I I 1 - 1 4 - 1 I . A - 7 . 5 
I t S I . 7 - 5 1 . 3 1 1 1 - l » 1 5 . 1 - 6 . 4 
1 5 1 4 « . r 1 » 7 .4 1 1 1 - 1 7 t o . 6 4 1.4 
1 6 I B . 6 l » . b 1 1 1 - I t - 1 0 . 7 - 7 . 1 
1 7 t o . 1 - 1 9 . a I I 1 - 1 3 1 2 . 4 l i . O 
1 B 7 1 . 2 2 7 . 0 1 1 1 - I t 1 6 . 2 1 5 . 1 
1 4 111.0 - 1 0 . 2 11 1 - 1 1 7 9 . » - 1 1 . 2 
1 10 1 7 . t 1 9 . a I I 1 - 1 7 0 . 0 - 1 . 2 
1 I I 1 0 . t - . 1 7 . 5 11 1 - 1 1 7 7 . 0 - 7 1 . 2 
) 12 2 t . T - 7 4 . 9 1 1 1 - 1 0 o . o - 1 . 0 
1 I ] - 9 . 7 - 1 0 . t 11 1 - 9 B r . 7 - B 5 . 0 
1 I t 1 9 . | - 1 4 . 7 11 1 - B t t . l - 4 B . B 
) 15 7 1 . t 2 1 . 4 I I 1 - 7 1 0 . 7 1 0 . 4 
1 14 - t . t - 9 . 1 1 1 1 - 6 3 3 . 4 - 1 2 . 6 
1 17 I t . b 1 7 . a I I 1 - 5 7 9 . 1 B 2 . 4 
> I B - « . l 1 1 . 4 I I 1 - 4 5 4 . 0 5 4 . 8 
> 19 - 1 7 . 1 - 7 . 1 11 1 - 1 1 7 . 1 1 6 . 1 
1 70 o . n l l . a 11 1 - 7 I b . l 1 0 . 1 
1 - 2 5 0 . 0 - B . J I I 3 - I U .O - 1 . 4 
] - 2 t 0 . 0 - 2 . 3 11 3 0 1 1 . 1 3 1 . 7 
1 - 7 1 o . n ' - 7 . 2 11 1 1 SO. 2 - 3 0 . 3 
1 - 2 2 1 7 . 6 - I b . t 11 3 2 7 1 . t - 2 t . 4 
1 - 7 1 7 H . 1 - 7 7 . 5 I I 3 3 2 2 . 9 - 2 1 . 7 
i - ? n - 1 1 . 5 - 1 l . S 11 3 4 - 7 . 9 B . t 
1 - 1 4 7 7 . 0 7 0 . 3 11 3 4 2 2 . t 7 7 . B 
1 - I B - 5 . a - 1 0 . 0 11 3 t 1 7 . 7 - J 4 . 4 
i - I r fct . t 6 7 . 1 I I > 7 2 1 . 0 1 7 . 7 
1 - 1 6 t o . o 1 6 . 5 11 3 a 1 B.O 1 7 . 2 
1 - 1 4 0 . 0 - 4 . 7 11 3 ° - » . 2 - 1 0 . S 
1 - 1 4 5 7 . t 3 b . 7 I t 3 10 - t . l 6 . 2 
1 - 1 1 6 9 . 5 - 7 1 . 9 I I 3 I I - 6 . 7 - 4 . 0 
1 - 1 2 7 5 . 1 - 7 3 . 4 11 1 17 0 . 0 - 0 . 4 
1 - I I 4 1 . 5 - 1 " . 4 I I 1 11 2 1 . 4 - 2 1 . 1 
1 - 1 0 6 1 . 1 - 6 7 . 0 1 1 J 14 - 1 0 . S - t . l 
1 - 9 91 . 6 - 9 1 . 4 13 1 . - 2 4 - | 4 . 4 3 . 4 
3 - a 4 1 . 0 - t 9 . 4 1 1 1 - 7 1 0 . 0 8 . 0 
3 - 7 1 3 6 . 1 1 4 5 . 3 1 1 1 - 2 2 - 1 0 . 4 - 6 . 0 
3 - 6 7 A . « 7 5 . 4 13 3 - 2 1 7 0 . S - 2 i . a 
J - 5 1 1 5 . 9 1 1 1 . 6 1 1 1 - 2 0 - i o . a - 1 1 . 8 
3 - 4 4 a . o t « . a 1 1 J - 1 4 1 2 . 5 - 3 t . 2 
1 - 1 - 7 . S - 9 . 8 13 3 - I B - 1 1 . t - 1 7 . 3 
1 - 2 1 0 . a 2 8 . 9 13 3 - 1 7 1 0 . 1 3 0 . 8 
1 - I 1 4 b . b - 1 4 2 . 2 13 1 - I t - 1 1 . » 7 . 8 
1 0 3 8 . 0 - » 7 . » 1 1 1 - I S 2 0 . 4 t o . i 
1 I 6 9 . 0 - 4 B . S i i i - i i 1 9 . a i t . i 
1 3 - 2 . B - 8 . J 13 1 - 1 7 4 6 . 4 t t . r 
3 4 2 4 . 7 - 2 b . 7 1 1 i - i i 1 9 . t 1 3 . 7 
3 3 1 2 2 . 7 1 7 4 . 4 t l 1 - t o 3 0 . 4 - 1 1 . t 
3 6 2 0 . 3 2 1 . 9 13 1 - 9 5 6 . 2 - 5 7 . 6 
3 T 0 . 0 4 . 9 13 i - a 1 3 . 0 - I I . 0 
3 • a 1 3 . 8 3 1 . 7 1 1 1 - 7 7 b . 4 - 2 8 . 6 
1 4 7 1 . 3 - 7 4 . 4 11 1 - t i a . i - I t . 7 
1 10 1 5 . 4 1 2 . 9 1 1 1 - S t a . 7 4 4 . 3 
1 I I ? n . j - 7 1 . 8 13 3 - 4 1 7 . 7 1 7 . 0 
3 12 - 1 1 . 7 - 7 . 3 1 1 1 - 1 7 1 . B 2 1 . a 
3 1 ! 7 0 . 3 - i a . a 11 1 - 7 i t . a 3 . 9 
3 14 - b . t - 4 . 6 13 1 - 1 1 2 . 1 2 9 . 3 
1 13 7 t . * 7 6 . 6 1 1 • 1 0 1 4 . 0 ( a . 7 
1 I t 0 . 0 - 1 . 1 13 3 1 t s . a - t t . a 
1 17 - 7 . 1 1 7 . 1 1 1 1 2 2 B . 0 - 2 1 . 7 
1 IB - b . 9 3 . 1 11 1 1 6 4 . S - t l . 3 
3 - 7 3 0 . 0 - 6 . 2 1 1 3 4 l o . l - I t . l 
3 - 2 4 - 5 . 6 - 1 . 6 1 1 3 3 2 7 . 4 2 6 . 8 
3 - i J - 1 1 . 7 - a . o 1 1 1 6 - S - . 6 - 1 2 . 4 
1 - 7 2 - i . a - t . a 13 3 7 2 0 . 4 2 1 . 4 
1 - 2 1 1 4 . 0 - 1 7 . 0 1 1 3 8 0 . 0 a . s 
1 - 7 1 2 0 . 6 - 1 6 . s 13 ) 4 0 . 0 1 .4 
1 - 1 4 I t . l 1 1 .4 1 1 3 10 - 1 . 0 - 1 . 6 
J - I B u . n 1 1 . 0 1 1 1 11 - a . o t . t 
1 - 1 7 511.1 5 l . b 13 1 - 7 1 - 1 0 . 2 a . i 
1 - 1 4 2 7 . ' . 7 4 . b 15 1 - 7 2 - a . a S . I 
1 - I S 1 1 . 7 a . a 13 3 - 2 1 - 1 2 . 4 - 1 1 . 2 
1 - I t 7 * . B 2 1 . 1 15 1 - 2 0 - 2 . 6 - A . 6 
1 - 1 1 - 9 . 7 - 1 1 . 2 15 1 - 1 9 2 4 . 5 - 2 4 . 5 
1 - 1 2 - 1 7 . 7 4 . 6 I S 1 - I B 2 1 . 5 - 2 1 . 3 
3 - 1 1 1 1 . > - I t . O 15 1 - 1 7 2 4 . 7 7 7 . 9 
3 - 1 0 4 B . 3 - s * . * I S 3 - I t I S . t 1 6 . 4 
1 - 9 l l t . 7 - M 4 . 0 15 1 - 1 5 - 1 2 . 0 1 1 . 6 
1 - B 7 9 . 7 • 1 1 . 0 I S 1 - 1 4 - I I . 0 I . I 
1 - 7 7 1 . 7 7 1 . 9 I S 1 - 1 1 I t . 7 1 1 . 1 
1 - t - 3 . B 6 . 2 15 3 - 1 2 7 1 . 6 7 1 . 8 
1 - 3 1 1 . 0 7 9 . 1 15 1 - I I 0 . 0 4 . 2 
1 - 4 - 5 . 2 t . 7 15 1 - 1 0 - 4 . 9 - 7 . 7 
1 - 1 4 0 . 4 I B . t I S 1 - 9 4 8 . 6 - 4 7 . 7 
1 - 2 1 2 . 7 1 1 . 7 I S I - B 0 . 0 l . t 
1 - 1 1 2 . 0 - 3 2 . 5 I S 1 - 7 2 U . 1 - 2 1 . 0 
3 0 - 4 . 0 l . i I S 1 - t 4 7 . 1 - 4 1 . 1 
1 1 I I I . 4 - 1 1 7 . 6 I S 1 - 5 1 l . t 1 6 . 4 
3 2 1 6 . 2 - 1 7 . 1 I S 1 - 4 I / . a | 4 . 9 
1 .1 5 4 . 0 - S t . 9 IS 1 - 1 2 0 . 9 1 1 . 4 
3 4 7 5 . 1 - 7 B . | I S 1 - 7 - t . l 4 . S 
3 S 1 7 4 . 7 1 7 1 . 1 I S 1 - 1 I K . ) 1 4 . 1 
3 6 7 0 . 4 7 7 . 3 I S 1 0 - 4 . 0 - 7 . 1 
1 7 7 1 . 9 7 4 . 7 I S 1 1 - s . e 3 . 9 
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M K i F * I r c 

IS J 2 0 . 0 - 1 . 9 
IS 3 J 3 4 . S - 3 1 . J 
IS 3 * - 6 . 7 - « . J 
15 3 J - I I . 1 I S . 3 
IS 3 6 0 . 0 I . I 
IS 3 > 0 . 0 1 . ? 
IS 3 • M . I - 1 . 0 
I I 3 - J . - I I . S 0 . R 
I T 3 - 7 J - J . O - U . T 
IT 3 - I T 3 ? . 9 - ? « . ! 
I T 3 - I H - 2 . 6 - S . T 
IT 3 - I T 0 . 0 - 3 . S 
IT 3 - I t - 6 . 4 - S . 0 
IT 3 - I S : o . 2 ! • > . « 
IT 3 - 1 4 0 . 0 2 . T 
IT 3 - 1 3 0 . 0 - 3 . 0 
IT 3 - 1 2 - 1 2 . S 1 2 . 2 
IT 3 - I I 2 6 . « 2 2 . 2 
IT 3 - 1 0 0 . 0 3 . 6 
IT 3 - 4 3 1 . 3 - 3 0 . • 
IT 3 - 0 - 1 1 . 4 - 1 4 . 4 
IT 3 - T I S . S - 1 0 . I 
IT 3 - 6 - S . S 2 . 2 
|T 3 - S - 1 0 . 1 1 4 . T 
IT 3 - 4 - 1 0 . 3 - 4 . 2 
IT 3 - 3 2 2 . 3 2 0 . J 
IT ] . - 2 0 . 0 - 2 . S 
IT 3 - I I S . S 1 0 . 9 
I I 3 0 - 1 0 . 9 1 2 . 3 
IT 3 1 - 6 . 4 1 . 4 
IT 3 2 - 1 1 . 5 2 . T 
IT 3 3 2 T . 2 - 2 5 . 0 
IT 3 4 - 1 2 . 5 1 . 2 
IT 3 5 - 9 . S 3 . 3 
19 3 - I B - I I . f t - e . s 
19 3 - 1 7 - 1 2 . 3 - 1 . 4 
19 1 - 1 6 0 . 0 - 4 . 4 
19 3 - I S - 3 . 0 4 . 4 
19 3 - 1 4 - 4 . 4 - 1 . 0 
19 3 - 1 3 - 6 . 3 - 2 . 0 
19 3 - 1 2 0 . 0 6 . 0 
19 3 - I I 2 6 . 3 2 4 . 1 
i 9 3 - 1 0 o . o a . 2 
19 J - 9 - 1 2 . 4 - 1 2 . T 
19 3 - 8 - 4 . 1 0 . 3 
19 1 - 7 - 1 4 . 1 - 1 1 . 5 
|9 ] - 6 0 . 0 - 9 . 2 
19 3 - 5 - I I . 8 - 1 . 2 
19 3 - 4 - 1 4 . 2 - S . B 
19 3 - 3 - 6 . 2 - S . 3 
19 I - 2 0 . 0 6 . 9 
19 3 - | 0 . 0 9 . 0 
0 4 0 2 0 2 . 9 1 8 1 . 3 
0 4 1 I T . 6 - 1 2 . 0 
0 4 2 S I . 3 4 8 . a 
0 4 } 1 9 3 . 4 1 7 1 . 9 
0 4 4 29 . 5 - 3 3 . 2 
0 4 5 1 1 . 7 . - a . 6 
0 4 6 1 7 7 . 2 - 1 7 5 . T 
0 4 0 1 6 . 0 1 0 . 1 
0 4 9 (11 . 5 - 7 4 . 0 
0 4 10 4 6 . T 4 6 . 0 
0 4 11 - 4 . 9 - 6 . R 
0 4 12 6 0 . 6 a o . 4 
0 • 13 - T . 2 - 6 . 0 
n 4 14 - s . a 1 1 . 5 
0 4 I S 4 T . 3 4 3 . S 
0 4 16 H 9 . 0 - 9 1 . 3 
0 4 I T 2 9 . 1 2 7 . 5 
a 4 i a 1 1 . 9 - 1 4 . 4 
0 4 19 - T . T - 1 0 . 3 
0 4 20 I T . 7 1 S . 0 
II 4 21 - 6 . 6 - 2 . 9 
n 4 22 - i i . a i n . 5 

o . o o . o 
- 1 1 . 3 1 6 . 0 
- I I . T 6 . 2 

38 3 3 6 . 1 
0 . 0 9 . T 

3 1 . 5 - 3 1 . 2 
2 6 . 2 2 4 . f t 
4 4 . 4 - 4 S . I 
11 .3 - 6 9 . 4 
3 5 . 6 - J " . . T 
1 1 . 3 1 1 . 6 
4 0 . 7 S K . T 
1 1 . 2 - 1 3 . T 
V . 5 9 3 . 0 
5 5 . 5 5 1 . R 
4 " . « 5 9 . 6 

1 0 0 . 3 9 6 . 6 
r . n . l - 1 4 1 . 2 

9 . 3 - 3 . a 
7 6 . 1 - 7 7 . S 

7 * 1 . 7 - 2 7 4 . 0 
2 9 . 4 ' 2 5 . 3 
4 2 . 1 - V I . I 

1 4 3 . 6 1 3 7 . 9 
- 5 . 7 -I.h 

1 0 1 . 2 9 1 . T 
' • 3 . 1 R t . S 
7 7 . 5 - 2 5 . T 

l l > . 9 P I 5 . 1 
I I I . ) - l i ' l . l 

C . l - 6 1 . 1 
20 .6 - J 1 . 3 
I T . 5 - 1 7 . 4 
V-.l 1 6 . 7 
1 0 . 2 - 6 . 4 

H r i r n r r 

4 17 4 5 . 9 4 4 . 1 
4 13 - T . 0 7 . 5 
4 | 4 1 1 . 9 9 . 2 
4 IS 1 7 . 2 1 6 . 4 
4 16 • 4 . 0 - 2 S . 6 
4 1 T - 4 . 9 ' . R 
4 14 2 4 . 1 - 7 1 . 9 
4 19 1 7 . 4 - 1 2 . 7 
4 20 0 . 0 4 . S 
4 71 - 6 . 6 7 . 1 
4 - 7 4 - B . 0 2 . 9 
4 - 7 3 0 . 0 7 . 4 
» - 7 2 - 4 . S 4 . 3 
» - 2 1 7 7 . 0 2 1 . 1 
I - 2 0 2 4 . 7 2 5 . a 
» - 1 9 7 0 . 0 1 4 . S 
\ - i a 3 0 . 5 3 1 . 1 
» - 1 T - • . 1 7 . 3 
4 - 1 6 5 5 . 1 - 5 4 . 3 
k - I S s r . o - 4 4 . a 
4 - 1 4 71 . 3 - 7 4 . 6 
I - I S 1 1 . T 1 1 . 4 
» - 1 2 41 . 2 3 4 . 4 
k - 1 1 41 . 6 - 3 H . 1 
k - 1 0 S T . 1 3 9 . 6 
k - 9 3 3 . 5 - 3 1 . 0 
k - 6 1 0 0 . 5 1 1 1 . 0 
k - 7 9 4 . 8 RR.O 
k - 6 4 4 . 4 - 4 7 . 6 
k - 5 1 4 . T 1 1 . 7 
I - 4 1 3 6 . 2 - 1 1 7 . 6 
k - 3 7 0 . T - 1 9 . 4 
k - 2 T l . 0 - 4 6 . 5 
k - I 7 6 . a - 7 0 . 3 
k 0 7 T . R 2 5 . 3 
k 1 3 7 . 2 - 4 7 . 0 
k 2 6 9 . 9 TO. 2 
k 3 4 6 . 5 4 6 . 4 
k 4 4 6 . 1 5 0 . S 
k S 1 5 1 . 9 1 4 5 . 6 
k 6 9 4 . T - 6 9 . ft 
k T 4 6 . 1 - 4 4 . | 
k a SO.9 - 4 9 . § 
k 9 - 4 . 9 - T . 2 
k 10 1 0 . 6 1 . 7 
k ' I I 31 . 5 - l o . a 
k 12 S T . a S T . 4 
I 13 3 7 . 1 - 3 1 . 4 
< 14 4 4 . T 4 4 . 9 
k IS 21 . 9 2 4 . 5 
L 16 - 6 . 7 - I I . 0 
k -IT I T . 3 I S . 1 

I * 3 4 . 1 • - 3 4 . 0 
19 - • . 2 - 6 . 0 

. 70 0 . 0 2 . 6 
- 2 4 0 . 0 - a . 5 
- 2 3 - 1 2 . 3 - 9 . 5 
- 2 2 0 . 0 2 . 2 
- 2 1 • l > . 0 - 4 . 0 

k - 1 9 3 3 . T 3 2 . 2 
k - i a 3 4 . | 1 5 . 9 
k - I T 3 2 . 9 2 4 . 6 
k - 1 6 5 3 . 2 - 5 1 . 6 
k - I S 4 9 . 0 - 5 0 . 0 
k - 1 4 3 4 . 9 - 3 7 . 4 
k - 1 3 4 1 . 3 - I T . 5 
k - 1 2 3 7 . 3 - 1 0 . 9 
k - I I 1 4 . 6 I T . a 
k - 1 0 5 4 . 4 5 1 . 0 
k - 9 1 9 . 9 - 1 9 . 4 
k - 6 9 1 . 2 1 0 1 . 2 
k - T 1 7 2 . 1 1 1 6 . 2 
k - 6 6 3 . 0 - 4 T . 6 
k - 5 6 9 . A 6 T . R 
k - 4 a i . s - 6 0 . 1 

- 1 6 0 . 4 • 1 4 . 3 
k - 2 1 0 1 . T - 4 k . 4 
k - 1 T 5 . 6 - 7 0 . 0 
k 0 4 9 . 5 4 3 . a 
k 1 2 7 . 2 - 7 1 . 6 

2 6 7 . 5 6 6 . a 
k 3 n . 0 H.7 
k 4 9 1 . 4 4 4 . 6 
• 5 6 9 . 9 6 6 . a 
k 6 6 7 . 3 - 6 4 . 7 
k 7 - 7 . 3 2 . 9 

a 7 6 . 3 - 7 4 . 9 
9 I R . 4 - 1 4 . 4 

10 7 7 . 4 - 7 1 . 4 
• 11 - 7 . 7 - 1 2 . 3 
k 12 2 1 . 1 2 1 . 6 
k 13 - 1 7 . « - 1 0 . 0 
k 14 1 4 . 5 14 . 7 

13 - P . 6 3 . 4 
k 16 - 6 . 0 - i o . a 
k 1 T - T . T 1.6 

l a 2 1 . 2 - I R . 0 
k - 2 4 1 1 . 1 - 6 . 7 
k - 2 1 1 4 . 6 2 . 2 

- 2 2 - 1 7 . a - T . 0 
- 2 1 - 1 3 . 0 - 1 . 7 
- 2 0 1 6 . 5 2 1 . 2 

k - 1 9 7 6 . 1 2 7 . 1 
- 1 4 1 4 . 2 3 1 . 0 

• - I T 1 6 . 6 1 5 . 7 
• - 1 6 - 7 . 2 4 . 6 
k - 1 4 I I . T - 1 1 . 1 
k - 1 4 6 0 . 7 - 1 - 5 . 0 
k - 1 1 2 1 . . 7 - 2 3 . 4 

M • I f n fC 

R 4 - 1 2 3 4 . 1 - . 1 4 . 0 
a 4 - I I o . n 5 . 4 
N 4 - 1 0 1 3 1 1 . 4 
a 4 - 9 W . 4 - 3 4 . 7 
a 4 - 6 1 1 9 . S 1 2 1 . 1 
4 4 - 7 4 1 .7 6 7 . 6 
a 4 - 6 1 6 . 9 14.11 
a 4 - 3 4 7 . 1 4 3 . a 
a 4 - 4 6 4 . S - 4 4 . | 
a 4 - 3 1 7 . 5 a . 3 
R 4 - 2 .16.T - 1 7 . 6 
a 4 - I 7 5 . 4 - 2 7 . 5 
a 4 0 0 . 0 - 0 . 6 
a I 7 0 . 3 - T O . 4 
a 4 2 5 9 . 6 SR .R 
a 4 3 0 . 0 - 4 . 3 
R 4 4 6 4 . a 6 7 . 9 
a 4 5 1 6 . 1 RO. 1 
a 4 6 4 6 . 5 - 4 6 . 1 
a 4 7 - 1 2 . 7 - 1 2 . 1 
a 4 a 4 B . 4 - 4 6 . 2 
a 4 9 I R . S - 1 4 . 0 
6 4 10 71 .R - 2 0 . a 
a 4 1 1 - R . 9 2 . 6 
6 4 17 - 9 . 4 1 1 . 1 
R 4 13 2 R . 5 - 7 7 . 2 
6 4 14 7 3 . 6 2 0 . 8 
a 4 1S 1 6 . 4 I S . 7 
a 4 16 - 1 4 . 5 6 . 7 
6 4 1T 0 . 0 R.2 

10 4 - 7 4 - R . 5 - 1 0 . 2 
10 4 - 7 3 - 1 7 . 3 - 6 . 4 
10 4 - 2 2 - 1 2 . 7 - 1 4 . a 
10 4 - 2 1 7 3 . 2 - 2 1 . a 
10 4 - 7 0 0 . 0 . 1 0 . 6 
10 4 - 1 9 3 1 . 0 2 6 . 2 
10 4 - 1 a 4 6 . 1 4 7 . 1 
10 4 - 1 7 3 4 . 2 3 7 . 7 
10 4 - 1 6 1 6 . a - I I . 0 
10 4 - I S 2 0 . a - 7 i . a 
i n 4 - 1 4 1 4 . 1 - 1 6 . 4 
10 4 - 1 1 7 R . 1 - 1 0 . T 
10 4 - 1 2 - 1 0 . A - 1 4 . 4 
t o 4 - I I - 1 0 . 5 1 2 . 6 
10 4 - 1 0 - 1 0 . 2 - T . 0 
10 4 - 9 3 6 . 2 - 1 4 . 3 
10 4 - 8 6 9 . R 4 9 . 1 
10 4 - T 3 R . 4 3 8 . 5 
10 4 - 6 1 0 . 5 3 0 . S 
10 4 - 5 S B . 3 s a . T 
10 4 - 4 I T . 3 - 1 9 . 6 
10 4 - 3 3 7 . 3 - 2 6 . 0 
10 ' 4 - 2 5 3 . 6 - 4 9 . 1 
10 4 - 1 0 . 0 4 . 2 
10 4 0 3 1 . 2 - 2 9 . 9 
10 4 1 4 9 . 7 - 5 1 . 1 
10 4 2 0 . 0 9 . 4 
10 4 3 - 1 2 . 3 - I T . T 
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6 b 2 4 7 . 1 - 6 7 . 6 12 6 - 3 - 1 1 . 7 - 1 7 . 6 1 7 | 1 - 1 0 . 1 - 2 . 2 7 7 6 0 . 0 - 1 0 . 1 
5 b 7 3 7 . 6 - 3 2 . 3 I ? 6 - 2 4 4 . 1 4 5 . 0 1 7 16- 0 . 0 9 . ) 7 7 7 2 1 . 5 7 1.9 
b b 4 0 . 0 - 1 . 0 12 6 - 1 ) 0 . 9 1 1 . 5 | 7 17 0 . 0 1 .6 7 7 8 4 -J . 2 4 1 . 6 
6 b 5 3 1 . 2 - 1 6 . 6 1 2 6 0 1 7 . ) 1 7 .4 1 7 IB 2 2 . 7 1 6 . 9 7 7 9 - 1 7 . 4 8 . 8 
b b b - 6 . 1 7 . 9 12 6 1 - 5 . 3 4. 0 I 1 19 1 9 . 5 - 2 2 . 9 7 7 10 - 1 0 . B 1 .9 
b b 7 2 7 . 9 - 2 1 . 8 12 b 2 - 9 . 6 - 6 . 7 3 7 - 7 1 0 . 0 2 . 3 7 7 11 7 4 . 4 - 7 6 . 0 
b b a 4|>. 7 4 5 . 2 17 6 3 2 5 . 1 7 6 . ) ) 7 - 7 0 0 . 0 - 2 . 8 7 7 12 0 . 0 - 1 7 . 4 
b b 9 - 6 . 9 1 .9 12 6 6 0 . 0 i i . 0 1 - 1 9 - 1 . 5 7 . 1 7 7 13 0 . 0 0 . 6 
b b 10 - 1 . 1 9 . 1 12 ' 6 9 1 ' . « - 1 1.7 ] r - 1 A 1 7 . 8 7 9 . 7 7 7 16 - 1 7 . 7 - 7 . 9 
b 6 11 0 . 0 1 0 . 2 12 6 6 2 7 . 0 - 7 0 . 2 1 7 - 1 7 ) 4 . 9 3 4 . 9 7 1 15 0 . 0 6 . 1 
b b 1 2 1 7 . 6 - 3 6 . 7 12 6 7 0 . 0 - 4 . 7 } 7 - 16 - 9 . 9 1 1 . f l 9 7 - 2 1 1 7 . 9 - 1 7 . ) 
b b 1 1 1 7 . 7 I B . 2 12 6 B - i n . i 1 . ) 3 7 - 1 5 0 . 0 - 0 . 9 9 7 - 2 0 1 7 . 7 - 1 1 . 2 
b b 1 6 - 1 0 . 9 6 . 1 1 2 6 9 - l l . l - 7 . a 1 7 - 1 4 1 4 . 1 I C . b 9 7 - 1 9 - 1 0 . 7 - 1 . 1 
b b 15 1 5 . 5 - 1 2 . 3 12 6 10 - 1 2 . 6 1 7 . ) 1 7 - 1 ) 3 4 . 1 - 3 6 . 7 9 7 - 1 fl - 9 . 5 -4 . ) 
6 b 16 - 1 7 . 1 - 7 . 0 1 4 6 - 7 0 0 . 0 - 1 . 8 1 7 - 1 7 3 9 . 4 - 1 7 . 7 9 7 -11 - 6 . 0 - 6 . 2 
6 b 17 - P . 3 - 1 0 . 7 14 6 - 1 9 0 . 0 7 . 6 1 7 - 1 1 6 6 . 9 - 4 9 . 1 9 7 - 14 6 2 1 . ) 
B b - 2 1 - 1 1 . 9 1 9 . 9 | 4 6 - I B | 6 . 9 - 7 . 5 3 7 - 10 4 7 . 6 - 1 9 . 6 9 7 - 1 5 6 6 . 9 4 « . 1 
B 6 - 2 2 n . o - 1 . 6 1 4 6 - 1 7 - 1 7 . 1 - 1 1 . 4 3 7 - 9 A4 . 9 1 1 . 1 9 7 - 1 4 3 1 . 9 1 0 . 9 
B b - 2 1 0 . 0 1 .2 14 6 - 16 7 4 . 1 - 2 1 . 4 3 1 -A 7 8 . 7 7 9 . ) 9 7 - 1 3 1 6 . 6 1 2 . ) 
8 6 - 2 0 1 9 . 9 - 1 9 . 1 14 b - 1 9 1 7 . 1 - 1 0 . 1 3 7 - 7 1 4 . 5 1 1 . 6 9 7 - 1 2 1 6 . 6 7 2 . ) 
a b - 1 9 7 7 . 1 - 2 0 . 9 14 b - 1 4 - 6 . 4 - 6 . 4 3 • 7 - 6 I t . 5 3 4 . 1 9 7 - 1 1 1 2 . 7 - 1 6 . 9 
a b ' - I B 1 5 . 9 - 1 2 . 6 14 6 - 1 3 1 5 . 1 1 6 . 0 3 7 - 9 1 0 . ) 3 4 . 1 9 7 - 1 0 7 1 . 4 - 7 7 . 6 
B 6 - 1 7 3 5 . 9 - 3 « . 7 14 b - 1 7 1 1 . 7 1 7 . " 3 7 - 4 19 . 0 4 0 . 0 9 7 - 9 3 1 . 9 - 1 6 . 2 
a b - l b U .O - 4 . a 14 6 - 1 1 - 5 . 4 1 . 6 3 7 - ) 1 6 . 8 1 7 .1 9 7 - B - 9 . 1 - 1 1 . 6 
a b - 1 5 - 1 0 . 9 2 . 9 14 6 - 1 0 1 4 . 3 1 1 . 9 3 7 - 2 3 7 . 4 l l . l 9 7 - 7 2 7 . 7 2 0 . 9 
B 6 - 14 1 9 . 6 1 7 . 6 | 4 b - 9 3 2 . 5 i n . 9 3 7 - 1 7 0 . 1 - 7 ] . ) 9 T - b 7 1 . 1 - 7 1 . 2 
a 6 - 1 1 4 0 . ) 3 9 . 2 14 6 - a 0 . 0 I . 2 3 7 0 8 6 . 1 - B 4 . 7 9 7 - 5 1 4 . b 1 4 . B 
a 6 - 1 2 - n . 2 1 7 . ) I 6 6 - 7 - 9 . 7 - 5 . 6 ) 1 1 4 4 . A 4 1 . ) 9 7 - 4 7 8 . 1 2 8 . 2 
a 6 - 1 1 3 3 . 6 1 0 . 1 14 6 - 6 1 6 . 3 - D . l ) 7 2 4 ) . 1 - 4 1 . 8 9 7 - 1 3 b . 3 3 8 . 1 
8 6 - 1 0 1 6 . 2 - 1 6 . 5 14 6 - 9 0 . 0 - 6 . 7 ) 7 1 1 7 . 6 3 1 . 1 9 7 - 2 4 8 . 8 4 9 . 0 
8 6 - 9 1 3 . 6 1 7 . 6 14 6 - 6 1 0 . 6 - 7 5 . 7 3 7 4 1 9 . 7 7 2 . 9 9 7 - 1 7 1 . 8 - 2 2 . 0 
8 6 - 8 2 6 . 0 - 7 6 . 1 14 b - 1 2 0 . 9 - 7 4 . a 3 7 9 1 6 . 1 1 1 . B 9 7 0 - 9 . 1 1 .2 
8 6 - 7 2 5 . 2 - 2 6 . 0 14 b - 7 1 4 . 2 1 6 . 5 ) 7 6 7 1 . 4 2 0 . 4 9 7 1 - 1 1 . 4 - 1 . 4 
a 6 - 6 2 2 . 9 - 2 5 . 6 14 b - I 0 . 0 3 . 0 ) 7 7 7 4 . 7 - 2 1 . 7 9 7 2 3 9 . 2 - ) 7 . 2 
a 6 - 5 7 7 . 1 - 7 5 . 2 14 b 0 - 6 . 2 l l . l ) 1 8 4 0 . 2 4 0 . 7 9 7 ) 1 « . • - l » . 2 
B 6 - 6 - 5 . 9 - 1 . 6 14 6 1 1 7 . 7 1 7 . 6 3 7 9 2 8 . 1 - 2 6 . 7 9 7 4 - 1 7 . 9 - 6 . 4 
8 6 - 3 4 6 . 9 4 9 . 0 14 6 2 0 . 0 7 . 0 3 7 1C - a . o - 1 1 . 1 9 7 5 2 3 . 7 7 1 . 1 
8 6 - 2 1 0 9 . ) 1 0 8 . 0 14 6 3 - 2 . 9 6 . A 3 7 1 1 1 1 . 1 - 3 2 . 0 9 7 b 7 4 . 9 
8 6 - 1 2 ' - . 1 2 6 . 6 1 4 A 6 0 . 0 - 3 . 3 1 7 12 11 . a - 1 0 . 1 9 . 7 7 1 6 . 1 1 1 .2 
8 6 0 1 3 . » - l l . l 14 6 5 - 1 2 . 2 4 . 4 3 7 1 ) 1 8 . 9 2 2 . 1 9 7 B 1 4 . 4 1 l . B 
a b 1 3 1 . 5 7 9 . 6 14 6 ' 6 1 5 . 6 - 1 3 . 9 3 7 16 - 1 0 . « - 1 4 . 1 9 7 9 0 . 0 - 1 1 . 1 
8 b 2 7 7 . 2 • 2 0 . 8 1 4 6 7 1 7 . 9 - 1 1 . 8 3 7 15 1 2 . 6 l b . 4 9 7 10 - 4 . 9 i o . a 
8 b J - i o . a - 1 0 . 5 16 6 - 1 8 - 1 0 . 2 9 . 7 3 7 16 - 2 . 6 - I . I 9 7 11 - 8 . 4 - 1 4 . 5 
B b 4 2 5 . 7 - 2 1 . 5 l b b - 1 7 - 1 1 . 7 - 7 . 6 ) 7 17 o . n l . B 9 7 12 - I I . b - 1 0 . 7 
8 6 5 7 2 . 6 - 2 1 . 5 l b 6 - 1 6 2 0 . 1 - 2 2 . 3 ) 7 18 - 5 . 5 4 . 3 1 1 .7 - 2 1 - 1 1 . 9 - I B . 2 
8 6 6 1 1 . 2 - 1 5 . 5 l b 6 - 1 5 1 8 . 6 - 1 9 . 3 5 7 - 7 1 - 9 . 4 - 1 2 . B I | 7 - 2 0 - 1 2 . B - I B . A 
8 6 7 4 3 . 2 - 4 5 . 1 l b 6 - 1 4 0 . 0 - 6 . 2 5 7 - 7 0 0 . 0 - a . 1 1 1 7 - 1 9 - 1 2 . 7 - 1 » . 9 
B 6 B 15 .6 1 2 . 0 l b 6 - 1 1 1 9 . 0 - 1 1 . 4 5 7 - 1 9 0 . 0 6 . 1 1 1 7 - I B - 8 . 4 - i n . 4 
a 6 9 0 . 0 7 . 9 l b 6 - 1 2 - 1 2 . 0 1 6 . 1 5 7 - I B - 1 1 . 4 1 3 . 1 1 I • 7 - 1 7 0 . 0 - 5 . 4 
a b 10 • I I . 8 1 5 . 1 l b 6 - 1 1 1 9 . 0 I B . 1 5 7 - 17 | 9 . 6 1 6 . 2 11 7 - 1 6 - l l . l 1 . 9 
8 6 1 1 1 7 . 9 2 2 . 1 l b 6 - 1 0 0 . 0 2 . B 5 7 - 1 6 1 7 . 1 1 1 . 0 1 1 7 - 1 5 1 1 . 1 1 5 . 6 
a 6 12 2 0 . 2 . - 1 8 . 0 16 6 - 9 i a . 1 1 8 . 7 9 7 - 1 5 1 8 . 6 3 8 . 1 1 | 7 - 16 1 0 . 2 2 A . 9 
B 6 1 1 - 1 0 . 5 9 . ) 16 b - 8 - 5 . 7 1 4 . a 5 7 - 1 4 2 9 . 2 2 B . 9 1 1 7 - 1 ) 0 . 0 1 . 6 
a 6 | 4 - 7 . 8 - 1 . 9 16 b - 7 0 . 0 8 . 0 9 7 - 1 ) 2 9 . 1 ' - ) I . B 11 7 - 1 2 2 2 . 3 2 ) . * 

10 6 - 2 2 - 9 . 2 7 . b 16 6 - 5 - 1 7 . 6 - 1 7 . 0 9 7 - 1 1 1 2 . 7 - ) 9 . 0 11 T - 1 0 2 9 . ) - 7 1 . 7 
10 6 - 2 1 - 1 . 8 J . l 16 b - 6 2 7 . 7 - 2 9 . 7 5 7 - 1 0 6 4 . 9 - 6 7 . 0 11 7 - 9 2 7 . 7 - 7 7 . 6 
10 b - 2 0 0 . 0 - 1 1 . 6 . 16 6 - 3 1 6 . 0 - 1 0 . 7 5 7 - 9 0 . 0 - 2 . 8 11 7 - A - 1 0 . 9 - 1 1 . 6 
10 b - 1 9 0 . 0 - 5 • 9 16 6 - 2 1 5 . 1 5 . 1 5 7 -B - 6 . 4 1 . 6 11 7 - 7 - 1 1 . ) - 7 . B 
I S 6 - 1 8 - 1 0 . 7 - 7 . B l b 6 - 1 0 . 0 - 6 . 7 9 7 - 7 6 9 . 2 1 1 . 9 | | 7 - 6 7 1 . 0 - 2 1 . 7 
10 6 - 1 7 3 7 . 7 - 1 3 . 6 16 6 0 - : 2 . 9 1 7 . 1 5 7 - 6 - 3 . 0 - i . a 1 1 7 - 5 - 8 . 0 1 0 . b 
10 6 - 1 6 3 1 . 6 - 3 6 . 0 l b 6 1 - 8 . 6 1 2 . ) 5 7 - 5 1 8 . 5 2 1 . 6 t 1 7 - 6 - 9 . 0 1 . 1 
10 6 - 1 5 0 . 0 6 . 2 16 6 2 0 . 0 2 . 6 5 7 - 4 B I . O 6 6 . ) | | 7 - ) 7 9 . 4 2 9 . 1 
10 6 - 1 6 J i . O 1 5 . 5 16 6 ) 0 . 0 6 . 0 9 7 - 1 0 . 0 2 . 7 1 | 7 - 2 4 1 . B 4 1 . 7 
10 6 - 1 1 1 6 . 9 1 6 . 0 18 ' b - 1 4 - 6 . 2 - 9 . 6 5 7 - 7 5 7 . B 5 6 . 8 | 1 7 - 1 - 6 . 1 - 6 . 2 
10 6 - 1 2 5 0 . 8 5 1 . 6 IB b - 1 1 - 6 . 1 - 5 . 8 9 7 - 1 4 3 . 1 - 6 4 . 1 11 7 0 - 1 . 2 1 0 . b 
10 6 - 1 1 5 1 . 0 5 1 . 9 IB 6 - 1 2 - 1 2 . 9 7 . 7 9 7 0 4 0 . 0 - 1 8 . 1 1 1 7 1 2 6 . > >. 7 
10 6 - 1 0 - 1 . 2 - 4 . 9 I B 6 - 1 1 - 6 . ) 6 . 0 9 7 1 1 4 , 2 - 1 1 . ) 11 7 2 ! ) . • - 1 ) . B 
10 6 - 9 - 7 . 2 - 4 . 7 1 8 6 - 1 0 0 . 0 5 . 1 9 7 7 li.H - » ) . P 1 | 7 ) 0 . 0 6 . 0 
10 6 - B i n . 8 - 3 2 . 3 IB b - 9 - T . 7 2 . 0 9 7 ) 0 . 0 - 2 . 6 11 J 4 1 6 . 9 - 1 6 . 0 
10 b - 7 2 7 . 6 - 2 7 . 5 18 6 - 8 0 . 0 4 . ) 9 7 4 2 1 . 6 2 0 . 1 11 7 ) 1 1 . 7 - 1 7 . « 
10 6 - b 3 6 . 3 - 3 4 . 1 I B 6 - 7 - B . 5 1 6 . 6 5 7 5 3 1 . 5 ) 2 . 0 | I 7 6 2 3 . 4 - I B . 6 
10 b - 5 6 5 . 2 - 4 4 . 1 I B A - 6 0 . 0 6 . B 5 7 6 - f l . O 1 . 9 | 1 7 7 I B . 9 l l . l 
10 6 - 6 7 ' . 3 - 2 1 . 6 IB 6 - 5 - 5 . a - 1 1 . 7 5 7 7 0 . 0 - 6 . 2 11 7 A - 1 1 1 9 9 . ) 
10 b - 1 1 5 . 5 - 1 I . B I B b - 6 - 1 6 . 6 - 1 1 . 6 5 7 B 3 9 . 2 4 1 . 2 | 1 7 9 0 . 0 - O . A 
10 6 - 2 7 9 . 1 7 7 . 2 I 7 - 7 0 - 7 . 7 6 . 5 5 7 9 3 6 . 4 - 3 1 . 1 | | 7 10 1 1 . 7 1 1 . 2 
10 6 - 1 7 1 . 4 7 » . 2 1 7 - 1 9 - 1 4 . 2 1 6 . f l 5 7 10 0 . 0 - 1 . 1 1 ) 7 - 1 9 P.O - 7 . 5 
10 6 0 - 5 . 4 3 . 1 1 7 - IB | 4 . 4 1 6 . 2 5 7 11 - 7 . 1 - 9 . 0 I ) 7 - I B - 1 7 . 1 - 1 0 . 7 
10 6 1 3 5 . 7 3 9 . 9 1 7 - 1 7 1 6 . 6 1 ' . 1 5 7 17 7 1 . 7 - 7 6 . 1 1 ) 7 - 1 7 - 1 1 . 1 - 1 1 . 0 
10 6 2 7 6 . 3 - 2 5 . 6 1 7 - 1 6 - 4 . 9 6 . 0 9 7 13 7 3 . ) 2 3 . 7 1 ) 7 - l b - 7 . 6 - ) . ! 
10 b 1 0 . 0 - 4 . 5 1 7 - 1 5 - ) . a - 5 . 6 5 7 14 - I I . B - 1 . 5 1 ) 7 - 1 5 - 1 7 . 2 | 6 . | 
10 6 6 7 9 . 9 - 2 9 . 9 1 7 - 1 6 - 1 . 7 6 . B 5 7 15 - 1 4 . 1 8 . 1 1 ) 7 - 1 4 2 1 . 7 7 6 . 5 
10 6 5 7 7 . 7 - 2 1 . » I 7 - 1 1 2 5 . 1 - 3 1 . 6 5 7 16 0 . 0 - 0 . 6 | ) 7 - 1 ) ) 9 . 4 ) 9 . 9 
10 6 b - 7 . 4 - 2 . 0 1 7 - 12 6 7 . 1 - 6 4 , B 7 7 - 7 1 1 6 . ) - 1 6 . 2 I j 7 - 1 2 2 1 . 1 7 4 . 5 
10 6 7 - i n . 5 - 4 . 5 I 7 - 1 1 ) 5 . 6 - 3 6 . 7 7 7 - 7 0 1 4 . 9 - | 7 . 4 | ) 7 - 1 1 - 1 3 . 3 - 1 1 . 6 
i n 6 B 7 6 . 1 2 ) . 7 1 7 - 1 0 1 0 . B - 1 0 . 1 7 7 - 1 4 - 7 . 1 - 0 . 7 I ) 7 - 10 0 . 0 - 1 1 . 9 
10 6 9 - 1 7 . 2 - 4 . 6 I 7 - 9 2 6 . ) 2 6 . 9 7 7 - 1 A - 7 . 2 7 . 6 | ) 7 - 9 - 6 . 9 - 1 7 . 7 
10 6 10 7 1 . 1 ? U . 0 1 7 - B 1 6 . 8 1 7 . a 7 1 - 1 7 7 5 . 6 7 6 . 1 1 ) 7 - f l 2 2 . 1 - 1 9 . 6 
i n 6 11 1 5 . 5 1 1 . 7 1 7 - 7 1 1 . 0 1 1 . 4 7 7 - 1 6 7 7 . 8 7 9 . 1 1 ) 7 - 7 1 1 . 4 - 1 1 . ) 
10 * 12 l b . O - 1 6 . 2 1 7 - 6 5 6 . 6 5 7 . 1 7 7 * 1 5 3 8 . 9 ) f l . l 1 l 7 - 6 - 6 . 0 - I I . 6 
10 6 1 3 - 1 2 . 5 B . 9 1 7 - 5 5 7 . 6 9 7 . 1 7 7 - 1 4 7 5 . 6 7.7.0 1 ) 7 - 5 - 3 . 0 - 1 . 1 
12 6 - 2 2 o . o S . 7 1 7 - 4 5 0 . 8 ' 5 1 . 3 7 7 - 1 1 - l l . l - 9 . 0 1 ) 7 - 4 1 1 . B - 1 4 . 9 
12 6 - 2 1 - 7 . 7 1 1 . 4 1 7 - 3 4 4 . 1 - 4 6 . 9 7 7 - 1 7 0 . 0 - 6 . 1 1 ) 7 - ) 1 7 . 4 1 1 .4 
17 6 - 2 0 W. . 7 - 5 . 1 1 7 - 2 1 4 . 3 15 . 7 7 7 - 1 1 7 7 . 6 - 2 « . l 1 ) 7 - 7 3 1 . 0 2 7 . a 
12 b - 1 9 0 . 0 - 0 . 4 1 7 - 1 2 0 . 7 - 2 0 . 6 7 7 - 10 6 1 . 7 - 6 3 . 8 | ) 7 - 1 - 1 0 . 1 8 . 1 
12 6 - I B - 7 . 9 - 5 . 4 I 7 0 1 ) 5 . 1 - 1 1 4 . 1 7 7 - 9 2 7 . 4 - 7 A . 0 1 ) 7 0 - 9 . 2 W . I 
12 6 - 1 7 7 9 . b - 2 5 . 9 | 7 | - 5 . 4 - 1 . 5 7 7 - B - 7 . 9 1 . 0 1 ) 7 | 0 . 0 - 1 . 7 
12 6 - 16 7 5 . ) - 2 1 . 9 | T 2 2 4 . 6 - 7 5 . 2 7 7 - 7 0 . 0 - 4 . 8 I ) 7 2 - l . B - 7 . 9 
12 6 - 1 5 1 4 . b - I l . b 1 7 ) 5 1 . ) 5 3 . 3 7 7 - 6 - 1 0 . 8 - 1 1 . 2 | ) 7 ) - 1 .0 - 2 . S 
12 6 - 1 4 2 5 . 2 2 6 . 9 1 7 4 ) 0 . 2 3 1 . 3 7 7 " 5 1 4 . a 9 . 0 1 ) 7 4 0 . 0 - 7 . 6 
12 6 - 1 1 - 3 . 1 7 . 8 1 7 9 O . n 3 . 3 7 7 -6 54 . 9 5 5 . 0 I ) 7 1 1 9 . 7 - 7 . B 
12 6 - 1 2 - l l . l 9 . 8 1 7 6 2 6 . 6 2 2 . 9 7 7 - ) 3 8 . 8 4 4 . 2 1 ) 7 A - 1 . 7 - 1 0 . 7 
12 6 - 1 1 2 8 . 1 2 8 . 0 1 7 7 - 6 . 9 - 1 2 . 7 7 7 - 2 3 5 . 7 4 0 . 9 1 ) 7 7 0 . 0 1 . 9 
12 6 - 1 0 - 1 0 . 6 1 . 7 | 7 a 4 2 . 8 1 9 . 7 7 7 - 1 9 0 . 9 - 5 2 . 1 13 7 - 1 7 - 4 . 1 - 9 . ) 
12 6 - 9 2 0 . 7 l b . ) 1 1 9 6 0 . 2 - 4 7 . 1 T T 0 - 5 . 0 - 9 . 7 19 7 - 1 6 0 . 0 - 1 3 . 8 



L 1 0 r c H « L r n »f. ii * 1 f n r r . N i l 1 n ' C 

- 1 3 - 7 . 1 4 . * 4 0 4 2 7 . 1 2 0 . 2 10 a - • . 7 l . a 3 4 3 7 0 . 1 - 2 C . 6 
- 1 * - 1 2 . 2 1 1 . 6 4 a 9 1 2 . 4 1 1 . 7 12 a - l a - 1 5 . 2 1 4 . 6 3 4 4 1 1 . 9 - 7 . 1 
- 1 1 7 7 . 1 2 7 . 9 4 6 6 7 3 . 1 - 2 3 . 8 17 a • 1 7 0 . 0 7 . 1 3 4 4 7 7 . 4 - 7 2 . 5 
- 1 2 7 6 . 9 2 6 . 4 4 6 7 7 0 . 4 2 0 . 6 12 H • 1 6 - 1 4 . • 1 4 . 6 3 4 6 7 1 . 4 - 2 4 . 0 
- I I 0 . 0 1 . 1 4 0 t 0 . 0 - 1 . 8 12 H - 1 9 7 1 . 1 7 0 . a 1 9 7 7 4 . 4 2 9 . 1 
- 1 0 - 1 . 1 - 6 . 9 6 6 9 7 1 . 9 - 2 7 . 7 17 • 1 - 1 4 1 6 . 9 7 . 5 1 9 4 1 4 . 7 - 1 0 . 2 

- 9 - 1 2 . 0 - 3 . T 4 B 10 1 7 . 6 - 1 . 9 17 fl • 1 1 - » . 2 0 . 6 3 9 9 - a . a 5 . 9 
- * - 9 . 7 - B . 9 6 B I I 7 0 . 7 - i a . 4 12 - 1 i 7 7 . 7 - 7 6 . 9 1 9 10 - a . 4 - 4 . 1 
- 1 2 1 . 1 - 2 0 . 9 4 B 12 1 1 . 1 1 7 . 0 12 - 1 1 6 1 . 3 - 1 7 . 4 1 9 11 1 5 . 6 - 1 6 . 4 
- 6 1 9 . 1 - 1 6 . 3 4 6 1 1 0 . 0 - 3 . 8 12 - I f 1 0 . 2 - 1 6 . 6 3 4 12 I B . 4 7 1 . 6 
- 1 - 9 . 7 4 a | 6 0 . 0 4 . 5 12 0 . 0 - 4 . 6 3 4 11 - a . : - 6 . 6 
- 4 - a . 6 - 6 . 6 4 a 19 - I I . I 9 . 7 12 - 1 0 . 1 6 . 1 I 4 | 4 1 4 . 2 1 1 . 7 
- 1 1 9 . 4 1 7 . 6 4 B 16 - 1 2 . 0 - 4 . a 17 - 6 . 8 7 . 8 1 4 19 - 1 . 4 - 5 . 1 
- J 1 9 . 1 2 0 . » 6 a - 2 0 2 2 . a 1 7 . 1 12 7 7 . 7 7 7 . 6 3 4 - I B - 5 . 1 • 7 . 6 
- 1 0 . 0 1 . T 6 ' a - l a 2 0 . a 7 4 . 4 12 i a . T 1 9 . 0 » 4 - 1 1 2 1 . 1 - 2 7 . 2 

0 - 1 7 . 2 i o . a 6 a - i 8 1 5 . 9 1 9 . 0 17 - > . 5 - 2 . 2 9 4 - 1 4 2 2 . 1 - 1 4 . 4 
1 - 1 7 . 4 1 . 9 6 a - 1 7 - 1 0 . I 1 4 . 9 12 7 0 . 1 7 0 . 0 9 4 - 1 9 0 . 0 - 4 . 4 
2 0 . 0 - 6 . 4 6 a - 1 6 u . o - 3 . 1 12 - 5 . 1 1 .2 9 4 - 1 4 - 4 . 1 - l n . 4 
3 1 6 . 7 - 1 2 . T 6 6 - 1 9 - B . 0 2 . 9 12 0 . 0 - 7 . 1 3 9 - 1 1 - « . 5 - I . T 

- 1 1 0 . 0 6 . 0 6 6 - 1 * 1 6 . 1 - 1 9 . 2 12 1 9 . 0 -1 1 . 1 3 9 - 1 2 1 7 . 4 1 3 . 9 
- 1 2 - 1 7 . 2 1 4 . 7 6 a - 1 3 1 6 . 2 - 3 7 . 3 12 7 6 . 1 - 7 S . 6 3 4 - I I - 1 0 . 2 1 7 . 9 
- 1 1 0 . 0 9 . B 6 8 - 1 2 1 9 . 1 - 7 7 . 7 12 0 . 0 0 . 1 9 9 - 1 0 l a . a 1 0 . 2 
- 1 0 0 . 0 - 1 . 6 6 a - 1 1 1 7 . 1 - l a . 1 12 - 1 0 . 1 9 . 1 5 4 - 4 76 . ' 4 2 4 . 1 ' 

- 4 - 1 3 . 3 - 6 . 9 6 8 - 1 0 - 7 . 0 - 1 . 7 12 - I I . I 9 . a 3 4 —B 7 0 . 9 | 4 . 4 
- 0 1 5 . 4 1 . 1 6 B - 9 0 . 0 2 . 9 1 2 - 4 . 7 - 6 . 8 9 4 - 7 0 . 0 - 1 . 6 
- 7 - a , 4 l . T 6 8 - a 4 9 . a 4 9 . 1 12 - 4 . 4 7 . 6 3 4 - 6 7 4 . 0 - 7 9 . 9 

, - 6 1 9 . 1 - 6 . 0 6 B - T 1 1 . 4 1 0 . 6 12 - 1 4 . 0 1 6 . 4 3 4 - 3 2 7 . 0 - 7 2 . 9 
- 5 - 1 4 . J • 1 6 . 1 6 6 - 6 - 4 . 4 - 3 . 7 | 4 - 16 - 1 1 . 8 I I . I 3 4 - 4 4 1 . 1 - 4 1 . 6 
- 4 0 . 0 - 6 . 1 6 6 - 9 6 3 . 0 4 1 . 7 14 - 1 3 1 5 . 9 1 9 . 6 3 4 - 1 - 7 . 4 - 1 7 . 1 
- 3 • a . 9 1 9 . 3 6 B - 4 1 7 . 9 - 7 1 . 4 14 - 1 4 - 1 1 . 9 9 . 1 3 9 - 2 1 2 . 7 - 1 5 . 4 

0 - 7 . 9 1 0 . 0 6 B - ] 1 9 . 6 - 2 1 . 1 | 4 - 11 1 0 . 0 1 7 . 6 3 9 - 1 1 9 . 0 1 6 . 7 
1 2 7 . 1 2 6 . 6 6 6 - 2 7 0 . 7 - 1 6 . 2 1 4 - 1 1 - 9 . 7 - 0 . 1 3 9 0 7 1 . 1 2 1 . 7 
2 1 6 . 3 1 9 . 3 6 8 - 1 1 1 . 2 - 2 6 . 4 1 4 • 11 1 1 . 9 - 1 5 . 0 3 9 1 0 . 0 1 1 . 3 
3 4 4 . a 9 6 . 7 6 6 0 - 1 7 . 2 1 7 . a 14 - I d - 1 1 . 4 - 1 9 . 3 3 9 2 2 8 . 6 3 1 . 1 

* n . I - 1 2 . 0 6 B 1 1 5 . 5 - 1 1 . 0 14 0 . 0 . - 4 . 6 9 9 1 - 1 0 . 6 - 1 1 . 1 
9 - 9 . 1 9 . f 6 a 2 0 . 0 7 . 7 14 0 . 0 - 1 . 6 9 9 4 0 . 0 6 . 6 
6 3 1 . 4 - 1 2 - 9 6 6 3 11 . 1 1 0 . 9 1 4 - 1 0 . 0 - 4 . 6 3 9 3 7 6 . 4 - 7 1 . 4 
7 2 2 . 6 • 2 9 . 0 6 6 4 2 1 . 7 7 9 . 0 14 - 9 . 1 1 6 . 9 3 9 6 1 9 . 9 - I I . I 
• - 1 . 6 I . 9 6 6 3 | 4 . 0 7 . 9 14 7 1 . 4 7 0 . 6 3 9 7 - 7 . 2 1 0 . 9 

• 6 9 . 6 - 6 9 . 1 6 a 6 1 4 . 2 - 1 9 . 2 14 - 6 . 9 6 . 0 5 9 8 2 3 . 2 - 2 1 . 6 
10 2 9 . 1 2 6 . T 6 8 7 4 3 . 1 4 4 . | 14 - 1 0 . 1 1 1 . 1 3 9 4 - 9 . 9 - 2 . 6 
11 - 4 . 4 - 1 0 . 9 6 8 a 0 . 0 - 5 . 6 14 0 . 0 1 .2 3 9 10 - 6 . 1 4 . 1 
1 2 • 1 0 . 9 6 . 6 6 8 9 7 9 . 4 - 1 1 , 0 1 4 - 1 4 . 4 - 9 . T 9 4 11 0 . 0 4 . 9 
1 1 3 6 . 9 1 9 . 0 6 B 10 0 . 0 - 6 . 6 1 4 - 4 . 0 - 1 0 . 1 3 -4 12 - 1 1 . 4 4 . 6 
14 I I . • - 7 . 6 6 8 11 l a . o - 3 0 . 2 14 - 7 . 0 - 1 0 . 1 9 4 11 - 4 . 4 8 . 3 
19 1 9 . 1 1 9 . 9 6 6 12 0 . 0 6 . 1 14 - 1 0 . 5 - 9 . 5 7 9 - 1 8 - 9 . 1 4 . 9 
16 1 1 . 9 - 1 6 . 9 6 B 13 - 7 . 7 l . a 14 0 . 0 - 7 . 2 7 4 - 1 7 - 1 1 . 6 - 1 0 . 7 
17 1 4 . 9 1 1 . 6 . 6 8 14 1 7 . i 1 0 . 0 16 - 1 1 0 . 0 - 5 . 6 7 4 - 1 6 2 1 . 1 - 1 4 . 4 
16 - T . Q - 4 . 3 B 8 - 2 0 - 6 . 4 1 0 . 2 1 6 - K - 1 4 . 7 - 1 8 . 7 T 4 - 1 3 - 1 . 2 - 4 . 1 

- 1 9 1 6 . 1 1 2 . 9 6 8 - 1 9 I I . 4 1 1 . 9 16 - 5 . a - a . 4 T 4 - - I 4 1 4 . 9 - 2 5 . 7 
• m • 6 . 1 B . I a B - l a l a . a 2 1 . 4 16 - 7 . 4 7 . 0 T 4 - 1 1 - 6 . 1 - 6 . 4 
- 1 7 0 . 0 1 . 6 6 B - 1 7 1 7 . 2 1 6 . 7 16 O . O - 5 . 7 T 9 - 1 2 0 . 0 6 . 9 
- 1 6 I O . I - 2 0 . 6 6 B - 1 6 - 1 4 . 1 • 4 . 8 16 0 . 0 O . T 1 4 - 1 1 -».* 1 3 . 9 
- 1 9 2 1 . * - 2 9 . 3 6 8 - 1 3 1 9 . 9 1 6 . 3 16 - 1 7 . 2 - 1 . 1 T 4 - 1 0 3 5 . 4 1 1 . 9 
- 1 4 1 5 . 4 - 1 4 . 6 B a - 1 4 1 T . 1 - 2 0 . 9 16 0 . 0 T . l 7 4 - 4 3 2 . 6 1 0 . 6 
- 1 9 1 1 . 9 - 3 4 . 6 6 8 - 1 3 1 5 . 9 - I 6 . T 1 - 1 7 2 1 . 4 • 1 4 . 4 7 4 - f l - 3 . 2 1 6 . 3 
- 1 2 0 . 0 - 2 . 3 6 8 * 1 2 2 0 . • - 2 1 . 4 1 • 1 6 1 9 . 0 - 1 3 . 4 T 9 - T 2 6 . 0 - 2 4 . 9 
- 1 1 - 7 - S - 1 1 . 9 6 8 - 1 1 3 3 . 1 - 5 7 . 1 1 - 1 3 0 . 0 2 . 4 T 4 - 6 1 6 . 4 - 2 . 1 
- 1 0 2 9 . 1 31 »T 6 6 " 1 0 - 1 . 2 - 9 . 2 I - 1 4 - 1 0 . 0 9 . 8 T 9 - 3 2 1 . 6 - 2 6 . 1 

-fl 1 7 . 4 i a . 6 6 8 - f l i 6 . a 1 9 . 4 1 - 1 2 I I . T 1 4 . 4 » 9 -1 0 . 0 1 . 3 
- 1 2 2 . 3 2 1 . 1 B a - 7 2 1 . 1 7 1 . 2 1 - 1 1 - 4 . 9 1 . 2 7 9 - 2 1 7 . f l - 2 0 . t 
- 6 3 2 . 9 - 1 4 , 0 n a - 6 - 4 . 9 7 . 2 1 • 1 0 2 4 , T 2 9 . 7 T 9 - 1 - 1 2 . 6 - I ' . T 
- 9 - 6 . « l . i 6 8 - 3 1 9 . 1 7 1 . 2 1 1 7.2 1 7 . 7 T 9 0 - 9 . 1 4 . 1 
- 4 2 7 . 4 - 2 7 . 9 8 a - 4 - 1 1 . 2 - 1 1 . 2 I 2 5 . 6 - 2 1 . 4 T 9 | 2 6 . 0 7 3 . 3 
- J 2 1 . 4 - 2 1 . 1 B 8 - 1 - 4 . 6 1.2 I 4 1 . 3 - 4 1 . 1 T 9 2 7 9 . 9 1 1 . 3 
- 2 2 2 . 3 2 2 . 2 8 8 - 2 i r . o - 1 4 . 9 1 7 0 . 1 - 2 0 1 1 7 4 1 - 4 . 0 l . T 
- 1 5 7 . 2 - 9 4 , 4 B fl - 1 3 5 . 0 - i a . 4 1 1 2 . 5 4 . 6 7 4 4 - 3 . 2 1 0 . 9 

0 0 . 0 5 . 0 B fl 0 - 4 . B - a . 7 1 1 1 . 5 - 4 0 . 1 7 9 - 3 2 7 . 8 - 2 T . 0 
I 3 4 . 0 11 ,B 8 • a i 2 2 . 9 - ? 4 . 4 1 1 2 . 4 4 . 2 7 9 6 - 7 . 4 - 4 . 4 
2 1 6 . 7 1 2 . 5 a 8 2 - 5 . 9 1 1 . 1 I 7 7 . 7 2 7 . 6 7 9 7 - 1 1 . 1 1 4 . 3 
1 1 9 . 9 | 4 , 2 B B 3 - 1 2 . 1 | 4 . 6 1 7 1 . 9 7 6 . 9 1 9 1 7 C . 6 - 1 7 . a 
4 1 7 . 4 1 3 . 9 6 a 4 1 9 . 0 1 4 . 1 | 1 1 . 1 1 2 . 1 7 4 4 1 8 . 4 1 " . 1 
3 1 6 . 9 I B . 7 8 a 9 0 . 0 1 . 1 I 2 9 . 2 - 7 1 . 8 »• 4 10 0 . 0 - 1 0 . 0 
6 1 9 . 0 - 4 0 . 7 8 8 6 - 1 1 . 4 - 1 1 . 4 1 1 4 . 6 I I . I 7 4 11 - 9 . 3 - 7 . 0 
7 - 9 . 6 1 0 . 1 8 8 7 - 6 . 5 1 1 . 4 I - 1 0 . 4 - 1 1 . 2 9 9 - 1 7 - 7 . 2 - B . I 
8 0 . 0 4 . 6 8 B B - 7 . 5 - 7 . 1 1 - 6 . 6 - 1 0 . 4 9 4 - | 6 1 5 . 1 - 1 7 . 1 
9 4 9 . 9 - 4 9 . 3 B 8 9 - 1 3 . 2 1 . 4 1 - 6 . 1 - 4 . 0 4 9 - 1 9 - 0 . 9 - 1 0 . 1 

10 0 . 0 5 . 1 6 8 10 - 5 . 1 - 2 . 0 1 1 0 . 7 - 7 4 . 9 4 9 - | 4 7 0 . 2 - 7 7 . 9 
11 1 5 . 1 • 3 4 . B a 8 11 - I I . I - 1 0 . 7 1 4 3 . 5 4 4 . 9 9 9 - 1 1 IB . "7 - 1 3 . 1 
1 i 2 0 . 6 1 9 . 4 9 8 12 0 . 0 1 .1 | 2 3 . a - 7 7 . 1 9 9 - 1 2 - 1 0 . 3 - 1 7 . 7 
1 1 31 . 0 3 1 . 7 10 a - 1 9 n . o i n . 6 I 1 1 . 5 - 1 0 . 7 9 9 - U - 4 . 3 - 1 7 . 0 
1 6 - 1 1 . a - 7 . 6 10 a - 1 a - 1 1 . 1 l » . a 1 - 1 0 . 5 1 7 . 4 9 4 - 1 0 - 1 1 . 0 I B . 3 
19 1 7 . 7 I B . 3 10 6 - 1 7 2 7 . 2 7 1 . 6 1 - 1 1 . 6 - i i . a 9 9 - 9 2 1 . 4 7 4 . 1 
| 6 0 . 0 - 1 3 . 5 10 8 - 16 - 1 0 . 1 1 1 . 6 1 . 1 4 . 1 I B . 4 9 9 - 8 1 6 . 1 3 4 . 1 
1 7 - 1 1 . 5 1 2 . 1 10 a - 1 5 i a . 4 7 0 . 4 1 0 . 0 3 . 0 4 4 - 1 - l i . a 1 6 . 4 

- 2 0 - 1 2 . 6 1 4 , 7 10 8 - 1 4 0 . 0 - 1 . 1 1 - 8 . 5 6 . 9 4 9 - 6 0 . 0 8 . 2 
- 1 9 - 1 5 . 1 1 9 . 7 10 a - 1 1 - B . 4 - 5 . 7 1 1 5 . 5 - 1 3 . 6 4 4 - 9 1 6 . 6 - 1 5 . 2 
- 1 8 W . 2 I f . . 0 10 a - 1 2 - 1 . 7 - I I . 0 1 - I I . 0 - 0 . 2 4 4 - 6 7 6 . 0 - 2 1 . 1 
- 1 7 1 6 . 1 1 5 . 4 10 6 - 11 3 3 . 4 - 1 . 1 . 6 3 - 1 0 0 . 0 - 4 . 5 9 9 - 1 1 6 . 9 - 4 . 2 
- 16 1 2 . 4 - 1 6 . 4 10 a - l o 2 2 . 7 - 7 4 . 4 3 - 1 7 - 1 2 . 7 - 1 1 . 4 4 9 - 2 2 0 . 8 - 1 9 . 8 
- 1 9 - 7 . 2 6 . 6 10 6 - 9 - a . i - 1 0 . 6 3 7 9 . 7 - 7 B . 0 4 4 - 1 1 1 . 0 - 1 1 . 0 
-1 4 1 1 . 0 -1 S . 1 10 a - a 2 9 . 9 1 9 . 5 1 - 1 9 - a . o - 1 0 . 0 9 4 0 - a . o - 9 . 1 
- 11 5 0 . 0 - 5 1 . 0 10 6 - 7 0 . 0 1 .9 1 - 1 4 - J . I 1 . 1 9 9 1 7 1 . 8 7 6 . 1 
- 1 2 - 9 . 1 - 1 2 . a 10 8 - 6 1 9 . a i a . 4 3 - 1 1 0 . 0 - 2 . 4 9 9 7 7 1 . 7 2 0 . 6 
-1 1 7 » . 0 - 1 4 . 4 10 a - 5 3 6 . 9 1 6 . 7 1 -1 7 7 4 . 0 2 0 . 7 9 9 1 - 1 3 . 7 1 . 7 
- 1 0 1 3 . 0 - I ' . . 9 10 8 - 4 - 7 . 1 . - 4 . 4 1 -11 - 7 . 4 1 6 , 1 9 9 4 1 5 . a 1 1 . 8 

- 9 4 5 . 0 4 4 . 7 10 8 - 1 0 . 0 - 1 . 4 1 - 1 0 3 4 . 4 1 2 . 2 9 4 9 - 4 . 4 - 2 . T 
- a 4 1 . 1 4 3 . 4 10 a - 2 - l o . a - 6 . 4 ] 1 7 . 9 1 5 . 1 4 4 6 - 1 0 . 1 4 . 9 
- 7 7 7 . 0 2 7 . 9 10 a - 1 2 8 . 2 - 2 6 . 6 1 0 . 0 - 1 . 1 9 9 7 - 7 . 7 - 3 . 0 
- 6 W . 1 - 2 0 . 0 10 6 0 1 6 . 0 - 1 4 . 1 3 1 7 . 7 - 1 4 . 9 9 9 8 U . O - 1 4 . 4 
- 5 - a . « - 4 . 0 10 B 1 - a . 6 - 1 4 . 9 3 ? » . a - 1 0 . 6 9 9 9 0 . 0 - 1 . 4 
- 4 - a . 9 - 9 . 1 10 a 2 - 9 . 0 4 . 0 1 . —6. a - 1 0 . 1 11 9 - 1 6 I 7 . | - 2 . 4 
- 1 1 7 . a - 1 7 , 9 10 a 3 0 . 0 4 . 0 3 i i . l - 1 7 . 2 I I 4 - 1 5 0 . 0 - 1 . 7 
- 2 1 4 . 7 . - 1 9 . 6 10 8 4 - 9 . 9 4 . 2 3 - T . 4 1 5 . 0 I I 4 - 1 4 1 1 . 3 - 1 4 . 0 
- 1 3 6 . 1 - 9 7 , 6 10 8 9 0 . 0 7 . 1 3 - 4 . 0 l . a 11 4 - 1 J 7 7 . 7 - 2 2 . 2 

- 5 . 6 9 , T 10 B 6 - 1 0 . 6 7 . 4 3 - 6 . P a . 7 I I 4 - 1 2 7 0 . 2 - 1 4 . 4 
1 - 1 . 3 9 , 6 10 8 7 2 5 . 0 2 8 . B 3 3 1 . 1 1 0 . 7 11 9 - 1 1 - 5 . 6 T . 6 
2 1 1 . 2 9 . 9 10 B 0 - 6 . 6 - 4 . 9 3 1 1 . 1 1 1 . 1 11 9 - 1 0 - 1 0 . 4 1 4 . 1 
3 3 1 . T 1 1 . 6 10 6 4 0 . 0 2 . 0 3 1 4 . 1 1 7 . 9 11 9 - 9 1 4 . 1 1 4 . 4 
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• I FO r c H « l r n n 
9 -« 2 2 . 0 7 0 . 6 4 1 0 - 1 0 0 . 0 7 . J 
4 - 7 - 5 . a 1 2 . 0 * 1 0 - 4 n . o - 4 . 2 

• - 6 - 1 7 . 1 1 3 . 4 4 1 0 - a 2 7 . 4 - 7 4 . 3 
9 -» - i s . a - T . 9 4 1 0 - 1 2 4 . 4 - J I . 1 

9 -* - 1 1 . 1 - 1 2 . 4 4 1 0 - 6 - 4 . 6 - 4 . 6 
4 - J • i n . 4 i . a 4 1 0 -» 2 1 . a - 7 4 . 2 

• - 2 2 2 . 0 - 1 7 . 7 4 1 0 - 4 • i i . i 1 3 . 6 

9 - I 2 0 . 4 - H . I 4 10 - 3 2 4 . 4 2 4 . a 
9 0 1 6 . 0 - 1 4 . T 4 1 0 - 2 0 . 0 - 6 . T 

9 1 - 6 . 3 1 . 4 4 1 0 -1 1 4 . 6 1 1 . 6 
9 I • 1 0 . 4 1 6 . 1 « 1 0 0 - 1 0 . 3 I I . 0 
9 1 1 6 . 4 I T . 3 4 • 1 0 1 1 7 . 4 1 8 . 3 
o 4 0 . 0 7 . 4 * 1 0 2 0 . 0 - 1 . 1 
9 1 1 7 . 3 - 1 4 . a 4 1 0 1 2 1 . 2 - 7 3 . 2 
9 6 - J . l 7 . 1 4 1 0 4 - n . a 0 . 5 
9 - 1 * - 3 . 3 - » . 4 4 1 0 3 2 1 . 3 - 1 8 . 3 
9 - 1 3 - a . 4 - a . 3 4 1 0 a 0 . 0 2 . 0 
9 - 1 2 7 1 . 4 - 7 1 . 1 4 1 0 7 • a . s 1 . 0 

• - I I - 1 3 . 2 - i a . 6 4 1 0 a 0 . 0 T . 3 
4 - 1 0 - T . T a . i 4 1 0 4 1 5 . 4 7 0 . 1 
9 - 9 1 7 . 3 1 4 . 0 4 1 0 1 0 0 . 0 - 4 . 2 
9 0 . 0 4 . 0 4 1 0 I I - 1 2 . a I I . 1 
4 - T 0 . 0 1 1 . 0 4 1 0 1 2 - 4 . 1 - 3 . 4 

4 - 6 1 6 . 6 1 3 . 2 * 1 0 - 1 6 0 . 0 • 2 . 6 
9 - J - 1 1 . 6 - 6 . 4 6 1 0 - 1 5 - 4 . 6 5 . 3 
9 - 6 0 . 0 - * . T 6 1 0 - 1 4 0 . 0 1 . 4 

• r » - 1 3 . 6 - a . 6 6 1 0 - 1 3 - a . 2 1 2 . 4 
4 - I 0 . 0 - T . a 6 i n - 1 2 1 3 . 6 1 8 . 3 

9 - 1 - 1 4 . 5 -».» 6 1 0 - 1 1 1 1 . 4 1 6 . 4 

9 0 - I I . a - l o . a 6 1 0 - 1 0 - 5 . 1 7 . 2 

9 1 0 . 0 0 . 4 6 1 0 - 9 -».* - a . 1 
4 i - 9 . a 4 . 9 6 1 0 - a - 6 . 1 - 1 2 . 4 

10 0 - a . 4 - 1 . 5 a i o - 7 2 1 . 6 - 7 1 . 6 

10 1 • a . 4 - I I . * 6 1 0 - 6 - 4 . 4 • 4 . 1 
10 I • 3 . 1 I I . 1 « i n - 3 - 4 . 6 - 1 0 . 1 

1 0 1 3 2 . 0 - 1 1 . 5 4 1 0 - 4 - 1 0 . 2 1 0 . 3 

10 4 1 2 . 4 - 1 2 . T 4 1 0 - 3 1 3 . 6 1 1 . 4 
10 » • 1 0 . 0 - 1 . 0 6 1 0 - 2 1 3 . 1 - a . i 
1 0 • 1 3 . 0 l a . a 6 1 0 -1 1 3 . 1 1 6 . 2 

10 7 ' 2 1 . 4 l f l . 4 6 1 0 0 1 4 . 4 1 1 . 4 
1 9 a l a . 4 - 1 4 . 6 • 1 0 1 : i . 3 2 7 . 3 
1 0 9 i a . 2 i a . 9 6 1 0 2 - 4 . 1 - I I . 1 
10 10 0 . 0 - 2 . 0 * 1 0 3 1 3 . 2 - 6 . 7 

1 0 i t 0 . 0 - o . e 6 1 0 4 0 . 0 - 0 . 4 
1 0 1 2 1 3 . 1 - 4 . 5 6 1 0 5 2 " . ] - 2 8 . 7 

1 0 13 - 7 . 4 - 2 . 6 6 1 0 6 - 3 . 2 2 . a 
1 0 14 - 4 . 3 6 . a a i o 7 0 . 0 7 . 1 

10 - 1 5 1 6 . 1 1 6 . 0 6 1 0 a 0 . 0 - 2 . 2 
10 - 1 4 l « . o 2 0 . 4 • 1 0 4 - 3 . a 1 . 5 

10 - 1 3 - 1 0 . a 1 6 . 4 a i i i 1 0 - 1 4 . 0 • A . O 

10 - I t 0 . 0 1 . 0 • 1 0 - l * 0 . 0 l . a 
10 - I I - 7 . 2 7 . 4 a I O - 1 4 - 9 . 4 0 . 4 

10 - 1 0 - 3 . 3 - 1 . 6 a I O - 1 1 - 1 3 , 4 • 4 , 4 
10 - 9 1 6 . 4 - 1 1 . 9 • 1 0 • 1 2 1 5 . 3 | 4 . 6 

10 - a 2 3 . T - 7 4 . T a 10 • I I - 1 1 . 2 1 1 . 3 

10 - 7 3 2 . 2 •»»•• • 1 0 - 1 0 l a . l 1 5 . 6 

10 - 6 1 4 . 0 2 1 . 0 0 10 - 4 2 8 . 2 2 1 . 4 
10 -» " 4 . 6 - T . T • 1 0 - a - 3 . 6 - 4 . 0 

10 -4 - 5 . 7 - 1 . 1 • 1 0 - T 2 1 . 2 - 1 4 . a 
10 - 2 - 4 . 1 3 . 1 a I O - 3 2 2 . 4 - 2 7 . 3 
10 - I - a . i 7 . 3 a I O - 4 0 . 0 6 . 8 
10 0 - l . T - 1 . 2 a I O - 3 - 1 0 . 0 4 . 0 
1 0 1 1 3 . 4 I T . l » 1 0 - 2 1 4 . 5 - 3 . 1 
1 0 2 0 . 0 - 4 . a a 10 - I 0 . 0 3 . 1 
1 0 I 4 6 . 3 - 4 4 . 4 a I O 0 - 9 . 4 6 , 7 

1 0 • - a . 4 2 . 2 e I O 1 - 1 1 . 3 1 4 . 3 
1 0 9 7 1 . 3 - 2 1 . 4 a I O 2 - 4 . 3 - 7 . 4 

1 0 a • a . 7 1 0 . 4 a I O 3 0 . 0 - 1 . 7 
1 0 I 1 4 . 6 1 8 . 2 a . I O 4 0 . 0 - 1 . 4 
1 0 • ' 1 7 . * - 0 . 4 a i n 3 1 6 . 6 - 1 7 . 2 
1 0 9 2 7 . 5 1 4 . a a I O 6 - 4 . 8 • 1 . 6 

1 4 1 0 - T . a - 1 2 . 4 a I O T • 1 3 . 2 - 1 4 . 6 
1 0 1 1 0 . 0 2 . 4 1 0 1 0 - | 4 - T . 4 - 4 . 6 
1 0 1 2 0 . 0 3 . 1 1 0 1 0 - I I 0 . 0 1 . 4 

10 I S - 1 0 . 7 T . 2 1 0 1 0 - 1 2 0 . 0 1 2 . a 
1 0 - 1 6 - 6 . 4 2 . 4 1 0 1 0 - 1 1 - 1 2 . T 1 4 . 4 

10 - 1 5 2 1 . 0 l a . T 1 0 1 0 • 1 0 0 . 0 8 . 1 
10 - 1 4 - 6 . a 1 3 . 6 1 0 1 0 - 9 - 4 . 6 3 . 4 
10 - 1 1 - 1 4 . 0 1 1 . 2 10 1 0 - 6 0 . 0 0 , 3 
10 - 1 2 • 1 0 . 1 a . 3 1 0 1 0 - 1 • 1 1 . 3 • 1 1 . 1 
10 - I I - 6 . a 1 2 . 9 1 0 10 - 6 • a . 2 - 1 3 . 9 

I I K l i n »c M > 1 i n rc 

10 10 -9 7 7 . n - I 4 . | 4 11 1 n . o - 1 0 . 4 
10 i n - 4 - 9 . 7 - l . i 9 I I t - 1 0 . 4 -1 1 . 4 
10 10 -1 0 . 0 - 1 . 8 9 11 1 - 1 . 9 4 . : 
10 10 - 2 - 6 . 7 0 . 6 5 11 4 - 3 . 1 - 1 . 6 
10 10 - I - 4 . 4 - 1 . 6 5 11 9 - 1 0 . 4 - 4 . 3 
10 10 0 1 8 . 4 a . i 9 1 1 6 - i l . a I I . 0 
10 i n 1 1 6 . 0 2 0 . 4 5 I I T 0 . 0 1 . 6 
10 10 2 0 . 0 6 . 2 5 11 a ' 0 . 0 7 . 4 
10 10 3 0 . 0 1 . 6 1 I I - l i - 1 1 . 4 6 . 1 

10 10 4 0 . 0 - 4 . 1 1 I I - I I - 5 . 4 - 7 . 0 
I t i n - I I - 1 2 . 5 8 . 4 7 I I - i n O . r - 1 4 . 1 
12 10 - 1 0 7 0 . 7 2 0 . 9 1 11 - 4 0 . 0 - 1 . 2 
12 10 - 4 • 1 3 . 5 1 6 . 0 1 1 1 - " 2 2 . 2 - 2 7 . 7 
12 10 -9 - 1 1 . 4 - 3 . 6 1 l l - 7 I I . 6 - 1 4 . 1 
12 10 - 7 - 1 4 . 6 - 2 . 1 1 I I - 6 - 1 / . * S . I 
12 10 - 6 - 1 1 . 2 - l . a 1 I I - 5 1 7 . 0 4 . 7 
12 i n - 3 • 1 4 . 1 - 1 4 . 0 1 I I - 4 7 3 . 2 2 4 . 4 
12 10 - 4 - 4 . 1 - 7 . 5 1 I I - 1 - 9 . 4 - . 0 
12 10 - 3 n . o - 1 . 5 1 1 1 - 2 - 1 1 . 7 1 . 8 
12 10 - 2 o . n 5 . 5 1 I I -1 - i n . 4 - ' . 1 
12 10 - I O . u l . T I I I 0 0 . 0 4 . 7 

| l i - 1 2 0 . 0 - 1 4 . a 1 11 1 - 1 0 . 5 - 4 . 7 
| i l - l l - r . i - T . l I I I 7 1 6 . 9 - 1 7 . 2 
1 I I - 1 0 1 6 . 6 - 1 0 . 4 I I I 1 1 3 . 1 9 . 1 
1 11 - 4 - 6 . 3 • 9 . 1 7 11 4 1 6 . a - a . 6 
| i l - a - 1 2 . 2 - t . a 1 1 1 4 0 . 0 - a . i 
J l i - 7 • 4 . a 2 . 0 9 I I - 1 0 - 1 0 . 7 - 5 . 7 
| 11 - 6 2 1 . 6 78 .1 9 I I - 9 - 1 1 . 7 16.5 
1 i i - 9 0 . 0 T . l 4 11 - * - 4 . i l - 1 0 . 5 
| n - 4 - 5 . 1 1 .9 9 11 - 1 - 1 1 . » - i . a 
1 l l - 3 0 . 0 1 .4 4 I I - « ' . 4 . 0 - 4 . 1 
| l l -1 - 3 . 3 • a . 4 9 I I - 9 - 5 . 0 1 . 6 
1 11 -1 - 7 . 0 - 7 . 1 4 1 1 - 4 1 9 . 0 1 5 . a 
| 11 0 - 4 . 1 - a . i 9 I I -1 - U . 4 a . i 
1 l l 1 0 . 0 . l . l 9 1 1 - 2 - 9 . 5 a.o 
1 i l 2 - l o . a - 1 5 . 2 9 I I -1 0 . 0 2 . 6 
| i l 1 - 7 . 0 1 . 4 9 1 1 0 0 . 0 4 . 4 
| i l 4 1 1 . 0 4 . 1 9 11 1 • 1 1 . 6 7 . 4 
| i i 9 1 2 . 4 - t . l 0 12 0 - 1 3 . 2 - 0 . 6 
| I I 6 1 7 . 6 I B . 3 0 12 I 0 . 0 4 . 1 
1 I I 1 • I I . 1 0 . 4 0 12 2 0 . 0 1 . 7 
| i i 4 - 7 . A 7 . 4 0 12 1 - 3 . 2 1 6 . 1 
1 i i 9 0 . 0 - 2 . 1 0 12 4 0 . 0 - 1 . 4 
| I I 10 0 . 0 • 4 . 6 0 12 9 - 6 . 0 o.a 
1 l i I I - a . i 2 . 4 0 12 6 - 1 0 . 4 4 . 6 
J i i - 1 2 - 1 0 . 0 • 6 . 9 0 12 1 - 4 . 0 - 4 l 
} 11 - I I 0 . 0 - 4 . 8 l i t - a - 1 4 . 0 - 1 . 6 
3 i l - 1 0 - 1 0 . 1 - 1 4 . 4 i 12 - 1 1 6 . 8 I C . 4 
) i l - 9 - I O . a - 1 . 9 I 1 2 - 6 - 6 . 4 1 1 . 1 
3 11 - a - 8 . 4 • I t . 2 I I t ' - 9 - 6 . 9 1 . 9 
) I I - i - 4 . 4 - 1 . 6 I I t - 4 n.o - 6 . 1 
1 I I - 6 2 1 . 7 1 4 . 4 I I t - 1 1 6 . 4 - | 4 . 0 
1 l l - 3 0 . 0 1 0 . 3 I I t - 2 - " 1 . 4 • a . 5 
1 l l • 4 2 1 . 4 1 7 . 4 2 12 -1 - \ . J - 1 2 . T 
} l l -» - 4 . 1 1 0 . 4 I I t 0 0 . 0 1 . 9 
1 l l - t 1 4 . 0 - 1 4 . 1 2 I t I 0 . 0 - . . 2 
1 11 -1 1 1 . 4 • 1 1 . 2 1 12 2 - 6 . 0 - T . l 
1 I i 0 0 . 0 - 2 . 6 t 12 » - 1 4 . 1 1 0 . » 
} l l 1 - 9 . 1 T.T I I I 4 • T . l - 0 . 1 
1 l l 1 0 . 0 7 . 4 2 12 6 - 1 4 . 4 4 . * 
1 l l 4 0 . 0 • 0 . 6 * 12 - 4 0 . 0 1 . 0 
3 M 9 0 . 0 - 4 , 4 * 12 - 1 - a . i 7 . 4 
3 11 6 - 3 . 1 I I . 1 * 17 - 6 0 . 0 1 . 4 
1 i l 1 0 . 0 - 0 . 4 * 12 - 9 - I I . l 9 . 1 
1 l i a - 1 4 . 4 1 4 . 2 4 12 - * 0 . 0 4 . 2 
3 u 4 - 4 . 6 - 4 . 1 4 12 - 1 0 . 0 - 1 . 4 
3 I I 10 0 . 0 - 1 1 . 7 * I t - ? 0 . 0 - a . 4 
3 i i - 1 2 0 . 0 - 2 . 6 4 I t -1 - a . i - 4 . T 
3 i l • I I 0 . 0 - T . a 4 I t 0 - 1 1 . 0 3 . 4 
5 l l - 1 0 - 1 2 . 1 • 1 6 . 1 4 12 1 - 3 . 6 - T . 4 
3 i l - 4 - I I . 1 - 4 . 1 4 I I 2 O'.O o.a 
3 i i - a 0 . 0 - T . 2 4 12 1 • 1 .1 I I . a 
9 11 - i 0 . 0 t . O • * 12 6 - 1 . 1 - 1 . 6 
4 n - 6 1 2 . 3 t . l 6 12 - 6 • 1 1 . 1 1 9 . 5 
3 i l - 9 • a . o i . a 4 12 - 3 - 1 0 . 1 1 5 . 1 
3 I I - 4 14 .1 2 2 . 4 6 12 - 4 - 3 . 1 1 . 4 
9 11 -1 0 . 0 1 .0 6 I I - 1 0 . 0 - 4 . 6 
5 i l - 1 - 3 . ) - 6 . 1 4 I I - 2 0 . 0 - 4 . 6 
9 l l -1 - 6 . 7 9 . 0 4 I I -1 - 7 . 9 - 4 . 4 
9 l l 0 - i . a - 2 . 1 4 I I 0 - 1 4 . 0 1 . 4 
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C H A P T E R F O U R 

T H E C R Y S T A L S T R U C T U R E 

O F 

o - S n C I , - p - C H . C , H , C ( : N H ) p - C , H , , C H 3 3 6 3 6 4 



Introduction 

T h e p r e p a r a t i o n and c r y s t a l s t r u c t u r e d e s c r i b e d and d i s c u s s e d 

in the fo l lowing sec t ion r e l a t e s to a new ortho - metal lat ion r e a c t i o n 

involving t in. 

Or tho - metal I ated r e a c t i o n s a r e well known in t rans i t ion metal 

c h e m i s t r y . T h e extent of s u c h sys tems h a s been r e v i e w e d ( P a r s h a l l , 

1970) and is p e r h a p s typified by the metal lat ion of azobenzene to give 

products of the type 

* 1 , > 
o - M C 6 H 4 N = N ( P h ) 

where M c a n include M n ( C O ) 4 , R e ( C O ) 4 , F e ( C O ) ( TT - C 5 H 5 ) , R U (CO) 

( 71 - C 5 H 5 ) and Ni ( n - C 5 H 5 ) ( B r u c e , Iqbal and S t o n e , 1970). 

Metal lat ion r e a c t i o n involving main group metals a r e l e s s common 

and normal ly apply to the l ighter e lements , a s in the lithium complex 

o - L ^ i C 6 H 4 C ( C H 3 ) 2 C H 2 N ( C H 3 ) 2 

(Vaux , J o n e s and H a u s e r , 1965) and in the bery l l ium complex 

* — ; > t 

o - B e (Bu ) C 6 H 4 C H = N (Bu ) 

(Anderson and C o a t e s , 1974). 

An or tho - metal lation reac t ion involving tin has p r e v i o u s l y been 

repor ted (van K o t e n , Noltes and S p e c k , 1976) but this invo lves a 

different p r e p a r a t i v e route . 

In the new tin compound, ortho - metal lat ion was i n f e r r e d from its 

s p e c t r o s c o p i c da ta , and in v iew of the r a r i t y of s u c h r e a c t i o n s 

involving t i n , a c r y s t a l l o g r a p h i c study w a s c a r r i e d out in o r d e r to 

confirm the s t r u c t u r e . 

P r e p a r a t i o n 

T h e compound was obtained by the r e a c t i o n of equimolecular quant i t ies 

of d i -p - to ly lmethy leneaminol i thium and tin t e t r a c h l o r i d e in an e t h e r -

hexane so lven t . T h e mixture was warmed to room temperature and 

s t i r r e d o v e r n i g h t , af ter w h i c h , all solvent w a s removed under vacuum. 

T h e r e s u l t i n g s o l i d was r e d i s s o l v e d in dry toluene and the solut ion 

f i l te red to remove lithium ch lor ide formed in the r e a c t i o n . 

E v i d e n c e for ortho - metal lation was obtained from s p e c t r o s c o p i c 

a n a l y s i s of the toluene r e c r y s t a l I i sed product . P e a k s in the in f ra red 

spectrum at t r ibutable to co -o rd ina ted ether had d i s a p p e a r e d , and a 

s t rong absorpt ion had developed in the N - H s t r e t c h i n g reg ion 

(3275 - 3335 c m - 1 ) . Changes in the C = C , C = N and S n - C I s t re tch ing 

reg ions w e r e a l s o o b s e r v e d . 
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T h e ' H n. m. r. s p e c t r a a l s o indicated the p r e s e n c e of a hydrogen 

atom attached to n i t rogen, wh i ls t an indicat ion of the 5 - c o - o r d i n a t e 

state of the tin atom w a s obtained from Mossbauer s p e c t r o s c o p y . 

T h e o v e r a l l r eac t ion can probably be e x p r e s s e d by the scheme 

L i N = C ( p - t o l y l ) 2 + S n C I ^ e t h e r . S n C l 3 = C ( p - t o l y l ) 2 J ^ E t 2 o j n + L i CI 

S n C I 3 [ N = C ( p - t o l y l ) 2 ] ( E t 2 o j n 

d i s s o c i a t i o n 

J 
( p - t o l y l ) 2 C = N S n C I 3 + n E t ^ 

r e a r r a n g e m e n t 

C I 3 S n - « N H 

T h e p repara t ion and s p e c t r o s c o p i c c h a r a c t e r i s a t i o n of the compound 

w a s undertaken by Othen and W a d e , 1977, whi ls t support ing Mossbauer 

data w a s prov ided by F i t z s i m m o n s , 1977. 

C r y s t a l Data 

T h e compound c r y s t a l l i s e d in the form of c o l o u r l e s s a i r s e n s i t i v e 

p l a t e s , showing prominent 11 1 2 | f a c e s . T h e c r y s t a l s e l e c t e d had 

dimensions 0. 40 x 0. 25 x 0. 10 mm, and w a s s e a l e d in a quar tz 

c a p i l l a r y tube for the purpose of data co l l ec t ion . 

P r e l i m i n a r y s tud ies us ing the W e i s s e n b e r g and p r e c e s s i o n methods 

showed the unit ce l l to be monoc l in ic . T h e condit ions limiting 

r e f l e c t i o n s w e r e : -

hOI I = 2n 

OkO k = 2n 

and these uniquely defined the s p a c e group as P 2 i / C < More r e l i a b l e 

unit ce l l d imensions w e r e obtained from a least - s q u a r e s treatment 

of the pos i t ions of twelve high o r d e r r e f l e c t i o n s , m e a s u r e d on a four -

c i r c l e d i f f ractometer . 
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o - S n C I _ - p - C H , C , H , C ( : N H ) p - C £ H . C H J 3 o 3 D 4 

M = 433. 2 

a = 9. 299(2)A 

b = 14. 553(2)A 

c = 12. 982(2)A 

A = 107 .74(2 ) ° 

Z = 4 
_3 

D c = 1 . 7 0 7 g . cm 
o _ 

Absorpt ion coef f ic ient for Mo K radia t ion (A= 0. 71069A) = 18 .42cm 

The c r y s t a l densi ty w a s not measured owing to the l imited 

ava i lab i l i ty of c r y s t a l s . 

Data Col lect ion 

T h e intensity data w e r e co l l ec ted on a four - c i r c l e d i f f ractometer 

as be fore , us ing a 8 - 29 s c a n technique. E a c h re f l ec t ion w a s s c a n n e d 
O 

in eighty s teps of 0.01 with a counting time of three s e c o n d s per s t e p , 

and a background count of s ix ty s e c o n d s at the beginning and end of 

each s c a n . T h r e e s tandard r e f l e c t i o n s were m e a s u r e d e v e r y forty 

r e f l e c t i o n s , and these showed only random v a r i a t i o n s dur ing the data 

measurement , indicat ing that the c r y s t a l was s tab le throughout the 

exper iment . T h e s e s t a n d a r d r e f l e c t i o n s w e r e used to p l a c e the data 

on a common s c a l e . 

Two non - equivalent octants of r e c i p r o c a l s p a c e w e r e s c a n n e d up 
o 

to a limit of 8 = 23 , to give a total of 2807 unique r e f l e c t i o n s of which 

1802 w e r e c l a s s e d a s o b s e r v e d , having net counts g rea te r than 2 . 5 a . 

T h e data w e r e c o r r e c t e d for L o r e n t z and p o l a r i s a t i o n e f f e c t s , and 

a lso for absorp t ion . 

Solut ion And Ref inement 

T h e s t r u c t u r e was s o l v e d with the help of the P a t t e r s o n function 

which for the s p a c e group P 2 i / c takes the form 

. oo oo oo , 

P ( u , v , w ) = uZZZll F< h k ')! c o s
 2n(hu + I w) 

0 0 0 2 . 
+ | F ( h k l ) | c o s 27r(hu - I w) \ c o s 2nk v 

T h e function w a s computed over o n e - q u a r t e r of the unit c e l l , 

and was s h a r p e n e d by us ing a s c o e f f i c i e n t s , the products | F o | . I E I . 
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In the P a t t e r s o n funct ion, p e a k s due to double weight S n - S n 

v e c t o r s would be expected on the H a r k e r plane at pos i t ions 2x , 

- 0 . 5 , 2z - 0. 5 and on the H a r k e r l ine at 0. 0 , 0. 5 - 2y , 0. 5. 

In the vec to r map, two la rge p e a k s w e r e o b s e r v e d at (0. 0 , 0. 1720, 

0. 5) and (0. 4301 , 0. 5 , 0. 2408) with peak heights of 451 and 410 with 

r e s p e c t to the or ig in peak of 999. T h e s e peaks were taken a s being 

due to S n - S n double weight v e c t o r s and a r e cons is tent with a tin 

atom at (0. 21 5 , 0 . 1 6 4 , 0 .371 ) . T h e c o r r e s p o n d i n g s ing le weight 

S n - S n vec to r w a s indicated by a peak of height 218 at ( 0 . 4 3 0 , 0 . 3 2 7 , 

0 .471 ) . 

T h r e e p e a k s w e r e o b s e r v e d in genera l pos i t ions at ( 0 . 4 5 0 , 0.341 , 

0 .561) , (0. 181 , 0 . 3 7 9 , 0 .688) and (0. 151 , 0. 122, 0 .065) and with 

peak heights of 103, 73 and 85. T h e s e peaks were c o n s i d e r e d to be 

due to S n - C I v e c t o r s and enabled the three c h l o r i n e atom pos i t ions 

to be c a l c u l a t e d a s (0. 235 , 0. 177, 0. 190) , ( -0 . 034 , 0. 215 , 0. 317) 

and ( 0 . 3 6 6 , 0 . 2 8 6 , 0 .436 ) . T h e s e pos i t ions were conf i rmed by the 

appearance of peaks at the posi t ion expected for the remain ing S r i - C I 

v e c t o r s . 

T h e pos i t ions and temperature f a c t o r s of the tin and three c h l o r i n e 

atoms w e r e re f ined us ing full matr ix least - s q u a r e s methods. 

I n i t i a l l y , a l l atoms w e r e g iven i s o t r o p i c temperature f a c t o r s of 
o 2 

0. 0 5 A , and af ter one c y c l e of re f inement , the R - va lue was 0. 28. 

T h e set of s t r u c t u r e f a c t o r s w a s used to compute an e l e c t r o n density 

d i f fe rence map, which r e v e a l e d s i x t e e n additional peaks of heights 
o _3 

v a r y i n g from 10 .7 to 5. 6e. A . T h e next highest peak had a height 
° - 3 

of 2. 8e. A . T h e s e s ix teen p e a k s w e r e a s s i g n e d to the remain ing 

non - hydrogen atoms of the molecule on the b a s i s of the metal lated 

s t r u c t u r e . 

T h e tin and c h l o r i n e atoms w e r e then given an iso t rop ic temperature 

f a c t o r s , and after two c y c l e s of re f inement , the R - v a l u e was reduced 

to 0. 07. T w o fur ther ref inement c y c l e s in which the remain ing atoms 

wer e g iven a n i s o t r o p i c temperature f a c t o r s , fur ther reduced the 

R - va lue to 0. 043. 

An e l e c t r o n densi ty d i f fe rence map based upon all twenty located 
° - 3 

a toms, r e v e a l e d fur ther peaks with heights of up to 0. 5e. A 

S e v e r a l of these peaks o c c u r r e d in the v ic in i ty of the tin and ch lo r ine 

atoms and w e r e interpret ted a s d i f f ract ion r i p p l e s . T h e next fourteen 

peaks o c c u r r e d in r e g i o n s w h e r e hydrogen atoms w e r e expec ted , and 

these w e r e in terpret ted as being due to their p r e s e n c e . 68 



A s ingle peak w a s o b s e r v e d c l o s e to the ni trogen atom, at a pos i t ion 

where a hydrogen atom would be expected in v iew of the metal la t ion. 

T h e methyl hydrogen atoms could not be posi t ioned a c c u r a t e l y , s i n c e 

the peaks at t r ibutable to these atoms w e r e r a t h e r e longated. 

In the f inal s t a g e s of re f inement , all of the hydrogen atoms w e r e 

p laced at c a l c u l a t e d p o s i t i o n s . F o r the methyl hydrogen atoms, this 

was ach ieved by posi t ion ing one hydrogen atom in a t rans conf igurat ion 

with r e s p e c t to an adjacent carbon - ca rbon bond, and or ient ing the 

others with r e s p e c t to this atom. D u r i n g ref inement , the posi t ional 

p a r a m e t e r s of the phenyl hydrogen atoms w e r e not a l lowed to v a r y , 

but their i s o t r o p i c temperature f a c t o r s w e r e a l lowed to re f ine to a 

common v a l u e . 

T h e methyl hydrogen atoms w e r e a l lowed to re f ine by t reat ing the 

methyl group a s a r i g i d body and the group as a whole w a s a l lowed to 

rotate about a x e s p a r a l l e l to the unit ce l l edges . T h e methyl c a r b o n 

atom was a l lowed to r e f i n e norma l ly , but the carbon - hydrogen 
o 0 

d is tances and ang les w e r e maintained at 1 . 0 5 5 A a n d 109.5 r e s p e c t i v e l y . 

A second i s o t r o p i c temperature factor w a s re f ined for the methyl 

hydrogen atoms. Af ter two c y c l e s of re f inement , all parameter s h i f t s 

w e r e l e s s than 0 . 3 of the c o r r e s p o n d i n g e . s . d. , and the R - v a l u e . 

dropped to its f inal va lue of 0. 033 (Rw = 0. 036) . A final e l e c t r o n 
density d i f f e rence map r e v e a l e d no e l e c t r o n densi ty g rea te r than 

° - 3 
0. 3 e. A . 

A unit weight ing scheme w a s used in the e a r l y s tages of re f inement , 

but was r e p l a c e d for subsequent ref inement by the scheme 
W = -

( t f 2 ( F ) + g . F 2 ) 
2 

where a F is the v a r i a n c e of F and g is a factor included for the 

purpose of d e c r e a s i n g the weight of s t rong r e f l e c t i o n s . T h e f inal 

value of g was 0. 001408. 

The weight a n a l y s i s i s given in T a b l e 4. 8 and the f inal atomic 

p a r a m e t e r s and thermal p a r a m e t e r s a r e given in T a b l e s 4. 1 and 4 . 2. 

The s c a t t e r i n g f a c t o r s used in this ref inement w e r e taken f r o m : -

A c t a C r y s t . , A24 (1968) 321 

A c t a C r y s t . , A24 (1968) 390 

The complex components of the s c a t t e r i n g f a c t o r s w e r e obtained 

f rom: -

J . Chem P h y s . , 53 (1970) 1891 

S t r u c t u r e f a c t o r s a r e l is ted in T a b l e 4 . 9 . 
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D e s c r i p t i o n And D i s c u s s i o n of T h e S t r u c t u r e 

The c r y s t a l s t r u c t u r e c o n s i s t s of monomeric molecu lar uni ts of 

o - S n CI 3 - p - C H 3 C g H 3 C ( : N H ) - p - C g C H 3 , which a r e i l l u s t r a t e d 

in F i g u r e 4 a , and conf i rm that ortho - metal I ation had o c c u r r e d . 

T h e molecule s h o w s a d is tor ted tr igonal b ipyramidal arrangement 

about the tin atom, with the three c h l o r i n e atoms occupy ing two of 

the equator ia l s i t e s and one axia l s i t e , wh i ls t the metal lated r i n g 

carbon atom and the methyleneamine ni t rogen atom span the remain ing 

equatorial and ax ia l s i t e s . T h i s in t ramolecu lar c o - o r d i n a t i o n r e s u l t s 

in a 5 - m e m b e r e d tin meta l locyc le which is almost p lanar and inc l ined 

at 6 . 5 ° to the mean plane of the adjacent phenyl r i n g with which it 

s h a r e s a common edge ( T a b l e 4 . 5 ) . T h i s metal lated r i n g shows a 
o 

deviation from p l a n a r i t y of up to 0. 0 3 2 A , compared with the non -

metal lated r i n g wh ich is p l a n a r , within exper imenta l e r r o r . 

The occupat ion of an equator ia l s i te by the metal lated a r y l group 

and an axia l s i t e by the ni trogen atom is in a c c o r d a n c e with the wel l 

documented p r e f e r e n c e of the more e lec t ronegat ive l igands for the 

axial pos i t ions in a tr igonal bipyramidal ar rangement (Meut ter t r ies 

and S c h u n n , 1966) and typif ied in the ( C H ^ J - j S n C I . py r id ine complex 

(Hulme, 1963). 

F o u r of the m e t a l l o c y c l e angles l ie in the range 1 1 4 - 1 17° (Table 4. 4) 

and a r e l e s s than the ideal 120° . T h e angle at tin N(1) - S n ( l ) - C(1 4) 

for a va lue of 7 6 . 5 ° compared with the va lue of 90° for a r e g u l a r 

trigonal b i p y r a m i d , and the value of 60° for a p lanar 5 - m e m b e r e d r ing 

with the rema in ing ang les being 120°. Hence the tin atom l i e s 0.21 A 

out of the plane def ined by the equator ia l a toms, on the same s ide a s 

the axial c h l o r i n e atom C I ( 1 ) . 

The s m a l l e r r i n g angle at tin leads to C l ( l ) being d i s p l a c e d towards 

the metal lated phenyl ca rbon atoms, thereby r e s u l t i n g in a depar ture 

of the N{1) - S n ( l ) - C l ( 1 ) ang le , 173. 1°, from l i n e a r i t y . 

S i m i l a r dev ia t ions have been o b s e r v e d in the r e l a t e d or tho-meta l la ted 

benzylamine d e r i v a t i v e o - ( S n B r P l ^ ) C g H^ C N ( C H ^ ^ (van K o t e n , 

Noltes and S p e c k , 1976) in which the axial bond angle is 1 7 1 . 0 ° and the 

r ing angle at tin i s 75 . 3° and a l s o in the metal lated benzyl ideneaniI i n e -

manganese d e r i v a t i v e o - M n ( C O ) ^ C g H ^ C H : N P h ( L i t t l e and D o e d e n s , 

1973) with a r i n g angle at manganese of 7 9 . 4 ° . In the manganese 

d e r i v a t i v e , the m e t a l l o c y c l e is inc l ined at 3° to the metal lated r i n g 

compared with 6 . 5 ° in the p r e s e n t compound. A s i m i l a r compar ison with 

the benzylamine d e r i v a t i v e cannot be made s i n c e the tin meta l locyc le is 

markedly n o n - p l a n a r . 
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F i g u r e 4a 

P e r s p e c t i v e V i e w of the Molecule 

CI 2 

CI3 
CI1 C 3 Sn N 

C4 
C1 C2 

C8 C14 
C5 C9 

C7 

C6 C13 

C10 

C11 C12 

C15 

o - S n C I 3 - p - M e C 6 H 3 C ( : N H ) p - C 6 H . M e 
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T h e two equator ia l S n - C I bond d i s t a n c e s (Tab le 4 .3 ) of 2. 315(2)A 
o 

and 2. 318(2)A a r e the same within exper imenta l e r r o r and agree with 
o 

the equator ia l S n - C I d is tance of 2. 321(1 )A in the tr igonal bipyramidal 

anion ( C H 3 ) 2 S n CI 3 " ( E i n s t e i n and P e n f o l d , 1968). 

The axial S n - C I d is tance of 2. 416(2)A is longer than the equator ia l 

d i s t a n c e s , an effect f requent ly o b s e r v e d in tr igonal bipyramidal 
o 

compounds, and c o r r e s p o n d s to the axia l S n - C I d is tance of 2. 42(4) A 
in ( C H J - S n C I . py r id ine (Hulme, 1963). 

J J o 
T h e C = N bond d is tance of 1. 280(7)A is v e r y s i m i l a r to the C = N 

o 
dis tance of 1. 285(1 0 )A in the manganese d e r i v a t i v e and c l o s e to the 

o 
C = N d is tance of 1. 259(9) A in the non - metal I a ted methyleneamino 

d e r i v a t i v e , ( P h , C : N M g B r ) „ . 3 T H F (Chapter 3) . 
z z o 

T h e metal - ca rbon bond, S n ( l ) - C ( l 4 ) , of length 2. 1 1 6(5)A does not 
o 

differ s ign i f icant ly from the d is tance of 2. 150(12)A o b s e r v e d in the 
o 

benzylamine d e r i v a t i v e and c o m p a r e s with d i s t a n c e s of 2. 1 1 1(5)A and 
o 

2. 06(1 )A in the 4 - c o - o r d i n a t e compounds, P h ^ S n C ^ ( G r e e n e and 

B y r a n , 1971) and M e . S n F , (Schlernper and Hami l ton , 1966). 
o 

The S n ( l ) - N ( l ) bond d is tance of 2. 260(5)A is much s h o r t e r than the 0 3 d is tance of 2. 511(12)A in the benzylamine complex where sp h y b r i d i s e d 
nitrogen is invo lved , and is a l s o s h o r t e r than in the 6 - c o - o r d i n a t e 

compound ( C H ^ S n l C g H g N O ) ^ , w h e r e the ni t rogen is sp h y b r i d i s e d 

with d i s t a n c e s of 2. 31 (1 )A and 2. 38(1 )A ( S c h l e m p e r , 1967). In the 

former c a s e , the authors K o t e n , No l tes and S p e c k , c o n s i d e r e d an S n - N 
o 

dis tance of 2. 51 1 A to be unusual ly long. 
2 2 

T h e C ( s p ) - C ( s p ) bond, C ( 9 ) - C ( 1 4 ) , wh ich forms part of the 
o 

metal l o c y c l e , is of length 1. 391 (8) A and I ike al l the phenyl carbon -
o 

carbon bond d i s t a n c e s i s cons is tent with the accepted va lue of 1. 395A 
2 2 

for phenyl C - C bond d i s t a n c e s . T h e s i n g l e bond C ( s p ) - C ( s p ) 

d i s t a n c e s , C ( l ) - C ( 2 ) 1 .474(8)A and C ( l ) - C ( 9 ) 1 . 4 8 7 ( 8 ) A c a n be compared 

with the v a l u e s C ( l ) - C(8) 1. 509(8)A and C ( l ) - C(2) 1. 502A found in 

( P h 2 C : N M g B r ) 2 . 3 T H F . T h e C ( s p 3 ) - C ( s p 2 ) bonds C(5) - C(8) and 

C ( 1 2 ) - C ( 1 5 ) have a mean length of 1. 526A. 
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In t ramolecular C o n t a c t s 
o 

A l ist of s e l e c t e d in t ramolecu lar contacts l e s s than 4. OA is given 

in Tab le 4. 6. 

S e v e r a l of these c o n t a c t s , s u c h a s C l ( 1 ) - C l ( 2 ) r e f e r to d i s t a n c e s 

between atoms bonded to a common atom, and short s e p a r a t i o n s for 

such atoms would be expected . 

T h o s e contac ts which involve the tin and ni trogen a toms, Sn( 1) - C(1) 

3. 020A, S n ( l ) - C(9 ) 2. 9 7 7 A , and N ( l ) - C ( 9 ) 2. 362A a r e a m e a s u r e 

of the mo lecu la r d is tor t ion which r e s u l t s from or tho - metal lat ion. 

The C(7) - C( 1 0) contact of 3. 1 32A r e f l e c t s the angle of 49. 40° 

between the mean p lanes of the two phenyl groups. 

In termolecular C o n t a c t s 
o 

A l is t of in te rmolecu la r contacts l e s s than 4. OA is given in T a b l e 4 . 7 . 

Only one N . . . CI contact i s l e s s than the van der W a a l s d is tance of 
o 

3 . 5 0 A ( B o n d i J 1964) , and this invo lves the axial c h l o r i n e atom C l ( l ) 

at equivalent posi t ion (x, 0. 5 - y , 0. 5 + z) with a N . . . C I d is tance of 

3. 362A. 

T h i s p a r t i c u l a r contact i s s ign i f icant in that it invo lves the ni t rogen 

c o - o r d i n a t e d hydrogen atom H ( l ) . T h e N( l ) . . . C l (1 ) d i s t a n c e is 
o 

wi thin the accepted N - H . . . CI hydrogen bonding d is tance of 2. 88 - 3. 38A 

(Pimental and M c C l e l l a n , 1960) and the N(1) - H(1) - C l (1 ) angle is 

144° 39 ' . 

Two contac ts w e r e found involving carbon and c h l o r i n e a toms, 

C(1) - C I (3 ) 3. 469A with CI (3 ) at equivalent posi t ion ( - x , - y , - z) and 

C(1 5) - C I (2 ) 3. 464A with CI (2 ) at equivalent posi t ion ( - x , y - 0. 5 , - z - 0 . 5) . 
o 

In both c a s e s h o w e v e r , the H . . . CI d i s t a n c e s w e r e g r e a t e r than 2. 9 A , 

and this w a s thought to p r e c l u d e any s igni f icant degree of hydrogen 

bonding. 

T h e c r y s t a l s t r u c t u r e can thus be d e s c r i b e d in terms of c h a i n s of 

d i s c r e t e molecu la r units l inked through N - H . . . CI hydrogen bonding. 

( F i g u r e 4b). 
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F i g u r e 4b 

P r o j e c t i o n on the [l 0 o ] P l a n e 0 to 0. 5 A long a 

o - S n C I 3 - p - M e C 6 H 3 C ( : N H ) p - C 6 H , M e 
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F i g u r e 4 c 

P r o j e c t i o n on the 1 0 0 P l a n e 0. 5 to 1 Along a 

o - S n CI 3 - p - Me C 6 H 3 C ( : N H ) p - C 6 Me 



T a b l e 4. 1 o - S n CI - p - C H 3 C g H 3 C ( : N H) p - C g C H 

F i n a l Atomic C o - o r d i n a t e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

Atom x / a y / b 2 / c 

S n ( l ) 0. 21605(3) 0. 16432(3) 0. 37098(3) 

CI (1 ) 0. 2435(3) 0. 1723(1) 0. 1920(2) 

C l (2 ) - 0 . 0308(2) 0. 2164(2) 0. 31 57(2) 

C l (3 ) 0. 3711(2) 0. 2894(1) 0 .4371(2) 

N(1) 0. 1934(7) 0. 1382(4) 0. 5369(4) 

C(1) 0. 2228(7) 0. 0556(4) 0. 5705(5) 

C(2) 0. 2226(7) 0. 0267(4) 0. 6794(5) 

C(3) 0. 1048(7) 0. 0565(4) 0 .7193(5) 

C(4) 0. 1045(8) 0. 0301(5) 0. 8217(5) 

C(5) 0. 2207(9) - 0 . 0208(5) 0. 8872(5) 

C(6) 0. 3371(8) - 0 . 0493(5) 0. 8495(5) 

C(7) 0. 3385(8) - 0 . 0253(5) 0. 7468(5) 

C(8) 0 .2167(13) - 0 . 0493(7) 0. 9988(6) 

C(9) 0. 2585(7) - 0 . 01 10(4) 0. 4949(5) 

C(10) 0. 2715(8) - 0 . 1055(4) 0. 51 30(5) 

C(11) 0. 3077(8) - 0 . 1614(4) 0 .4397(5) 

C(12) 0. 3353(7) - 0 . 1272(5) 0. 3484(5) 

C(13) 0. 31 37(7) - 0 . 0342(4) 0. 3261(5) 

C(14) 0. 2743(7) 0. 0240(4) 0. 3992(5) 

C(15) 0. 3898(9) - 0 . 1894(5) 0. 2727(6) 

H(1) 0. 1610 0. 1 896 0. 5828 

H(2) 0. 0174 0. 0989 0 .6706 

H(4) 0.01 16 0 .0490 0 .8499 

H(6) 0. 4273 - 0 . 0900 0 .9006 

H(7) 0. 4317 - 0 . 0 4 5 8 0 .7217 

H(10) 0. 2514 - 0 . 1 333 0. 5835 

H(11) 0. 3162 - 0 . 2333 0 .4537 

H(13) 0 .3284 - 0 . 0065 0 .2539 



T a b l e 4. 1 (cont. ) o - S n C l j - p - C H j C g ^ C f : N H ) p - C g H 4 C H 

Atom x / a y / b z / c 

H(81) 0 .1808(13) 0.0045(7) 1.0390(6) * 

1-1(82) 0 .1383(13) - 0 . 1034 (7 ) 0 .9852(6) * 

H(83) 0 .3228(13) - 0 .0729 (7 ) 1.0466(6) * 

H(151) 0. 3311 ( 9) - 0 . 1 8 0 4 ( 5 ) 0 .1904(6) * 

H(152) 0. 5060( 9) - 0 . 1815 (5 ) 0 .2852(6) * 

H(153) 0. 3685( 9) - 0 . 2 5 5 6 ( 5 ) 0 .2970(6) * 

* Hydrogen atom e . s . d. ' s a r e c a l c u l a t e d on the b a s i s of the r i g i d 

group ref inement . 



T a b l e 4. 2 o - S n CI 3 ~ p - C H 3 C g H 3 C ( : N H ) p - CQ C H 3 

o 2 
A n i s o t r o p i c T h e r m a l P a r a m e t e r s (A ) And T h e i r E s t i m a t e d S t a n d a r d 
Dev ia t ions (both x 1 0 4 ) 

Atom u n U 2 2 U 3 3 U 2 3 U 1 3 U 1 2 

S n ( l ) 548( 3) 367( 2) 427( 2) 73( 2) 171( 2) - 10( 3) 

C l (1 ) 161 2(23) 593(12) 580(1 1) 142(1 0) 551(14) - 1(14) 

C l (2 ) 521(12) 774(14) 1086(17) 253(1 2) 150(1 1) 42(1 1) 

Cl (3 ) 661(12) 492(10) 749(12) 33( 9) 89(10) - 98( 9) 

N(1) 748(42) 402(31) 479(31) 34(24) 248(30) 57(28) 

C(1) 434(38) 406(34) 448(35) 16(29) 174(30) - 6(29) 

C(2) 499(40) 375(34) 389(33) - 15(26) 131(30) - 30(30) 

C(3) 525(41) 436(35) 404(34) 27(29) 1 11(30) 66(32) 

C(4) 638(49) 611(44) 463(38) 37(33) 265(36) 5(37) 

C(5) 692(48) 535(42) 358(36) - 25(30) 245(36) - 110(38) 

C(6) 596(46) 532(40) 418(37) 42(31) 120(34) 6(36) 

C(7) 468(40) 599(45) 482(38) 76(32) 169(32) 1 1 (33) 

C(8 ) 1321(85) 950(66) 473(46) 48(46) 368(51) 32(62) 

C(9) 460(35) 373(32) 397(32) 13(27) 143(29) 2(29) 

C(10) 612(45) 370(34) 461 (35) 61(29) 193(33) 56(31) 

C(11) 549(41) 385(33) 578(39) 25(33) 162(32) 52(36) 

C(1 2) 411(37) 481(35) 494(37) - 78(30) 1 81(31) - 11(31) 

C(13) 432(38) 471(36) 446(35) 1(29) 218(30) - 67(30) 

C(14) 455(37) 372(33) 391(32) 28(25) 1 85(28) - 31(28) 

C(15) 667(51) 594(47) 660(47) - 137(37) 263(40) 9(38) 

H(1) 789(82) 

H(3) 789(82) 

H(4) 789(82) 

H(6) 789(82) 

H(7) 789(82) 

H(10) 789(82) 

H (1 l ) 789(82) 

H(13) 789(82) 
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T a b l e A. 2 (cont . ) 

Atom U 1 1 

H(81) 1 171(127) 

H(82) 1 171(127) 

H(83) 1 171(127) 

H(151) 1 171(127) 

HO 52) 1 171(127) 

H(153) 1 171(127) 

U 2 2 U 3 3 U 2 3 U 1 3 U 1 2 

Isot rop ic temperature f a c t o r s a r e quoted for hydrogen atoms. 
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T a b l e 4. 3 o - S n CI - p - C H 3 C g H 3 C ( : N H) p - C g C H 

o 

F i n a l Bond D i s t a n c e s (A) And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

(A x 1 0 3 ) 

Sn(l ) - C I (1 ) 2 .416(2) 

Sn(l ) Cl (2 ) 2. 315(2) 

Sn(D - C l ( 3 ) 2. 318(2) 

Sn(l) - Ml) 2. 260(5) 

S n ( l ) - C (14) 2. 1 16(5) 

N ( l ) - C (1 ) 1. 280(7) 

C(1) - C (2 ) 1.474(8) 

C ( l ) - C (9 ) 1.487(8) 

C(2) - C (3 ) 1.414(8) 

C(2) - C (7 ) 1. 388(8) 

C(3) - C (4 ) 1. 385(8) 

C(4 ) - C(5 ) 1. 371(9) 

C(5) - C(6 ) 1. 381(8) 

C(5) - C(8 ) 1. 519(8) 

C(6) - C (7 ) 1. 382(8) 

C(9) - C(10) 1. 394(7) 

C(9) -• C (14) 1. 391(8) 

C(10) - C (11 ) 1.371(8) 

C(11) - C (12) 1. 379(8) 

C ( l 2) C(1 3) 1. 387(8) 

C ( l 2) C(15) 1.532(8) 

C ( l 3) - C(14) 1.401 (7) 



T a b l e 4. 4 o - S n CI - p - C H 3 CQ H 3 C ( : N H ) p - CQ C H 

F i n a l Bond A n g l e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

CI (1) - S n O ) - C l (2 ) 94. 1( 1) 

CI (1 ) - S n O ) - C l (3 ) 94. 7( 1) 

C l (2 ) - S n O ) - C l (3 ) 107. 7( 1) 

N(1) S n O ) - c i ( D 173. 1( 1) 
N O ) - S n O ) - C l (2 ) 88. 8( 1 ) 

N O ) - S n O ) - C l (3 ) 90. 4( 1) 

N(1) - S n O ) - C(1 4) 7 6 . 5 | 2) 

C I (1 ) - S n O ) - C(1 4) 96. 7( 1) 
C l ( 2 ) - S n O ) - C O 4) 123. 2| 2) 

C l (3 ) - S n O ) - C(1 4) 126. 6( 2) 

S n ( l ) - N O ) C O ) 1 14. 2| 4) 

N O ) - C(1 ) - C(2) 122. 1 I 5) 

N O ) C O ) C(9) 1 17. 0( 5) 

C(2 ) - C(1 ) C(9 ) 120 .9 5) 

C O ) - C(2 ) C(3) 1 19. 4( 5) 

C(1) - C(2 ) C(7) 122. 1| 5) 

C(3 ) - C(2) C(7) 1 1 8. 4{ 5) 

C(2) - - C(3) C(4) 1 19. 2 [5] 

C(3) - C(4 ) C(5) 120 .9 [6) 

C(4) - C(5) C(6) 1 1 9. 8< 5) 

C(4 ) - C(5 ) C(8) 119.71 6) 

C(6) - C(5 ) C(8) 120.41 6) 

C(5) - C(6 ) C(7) 120.41 6] 

C(2) - C (7 ) C(6) 1 20. 81 6] 

C(1) - C(9 ) C(10) 123. 8< 5) 
C O ) - C(9 ) C O 4) 1 17. 2 5] 

C O O ) - C(9) C ( l 4) 1 19. 2 (5] 

C(9 ) - C(10) - C O D 1 19. 7 [5] 

C O O ) - C O D - C O 2) 122. 1 [5] 

C O D - C(12) - C(1 3) 1 18. 7 [5] 

c ( n ) - C(12) - C(15) 121 .5 [5] 

C O 3) - C O 2) - C(15) 1 19. 8 (5] 

C O 2) - C{13) - C(1 4) 1 19. 5 [5] 

C(9) - C(14) - C(13) 1 20. 3 (5] 

S n O ) - C(14) - C(19) 11 4. 6 [4] 

S n O ) - C(14) - C(13) 124 .9 (4 



T a b l e 4. 5 o - S n CI - p - C Hg C g H 3 C ( : N H ) p - C& C H 3 

Mean P I a n e s 

P l a n e 1 

3. 8 5 4 3 X + 12. 1324 Y + 2 . 8723 Z = 3 .1414 

Atom C(2) C(3) C(4) C(5) C(6 ) C(7) C ( l ) * C ( 8 ) * 

P - 0 . 0 0 8 0 .014 - 0 . 0 1 3 0 .005 0 .004 0.001 0.031 - 0 . 0 3 6 

P l a n e 2 

8. 0244 X + 2 . 0220 Y + 2 . 5914 Z = 3 .3040 

Atom C(9) C(10) C(11) C(12) C(13) C(14) C ( l ) * S n ( l ) * 

P 0.031 - 0 . 0 0 9 - 0 . 0 2 2 0 .032 -0 .011 -0 .021 0 .075 - 0 . 2 7 7 

P l a n e 3 

8. 1541 X + 3. 3609 Y + 1 . 7 4 1 5 Z = 2 .9757 

Atom S n ( l ) N(1) C ( l ) C(9) C(14) C ( 2 ) * C ( 1 0 ) * 

P - 0 . 0 1 6 0.001 0.021 - 0 . 0 4 3 0 .036 0 .112 - 0 . 2 2 3 

P l a n e 4 

- 3 . 8127 X - 0. 4531 Y + 1 2 . 8928 Z = 4.0901 

Atom Cl (2 ) C l (3 ) C(14) S n ( l ) * 

P 0 .000 0 .000 0 .000 - 0 . 2 0 5 

P l a n e 5 

8. 3367 X + 3. 1374 Y + 1. 2359 Z = 2 .7465 

Atom S n ( l ) N ( l ) C ( l ) C(2) C (9 ) C ( 1 4 ) * 

P 0 .029 - 0 . 0 3 7 - 0 . 0 0 9 0 .032 - 0 . 0 1 4 0. 108 

where X , Y , Z r e f e r to f rac t iona l c o - o r d i n a t e s along the unit ce l l a x e s , 
o 

and P r e p r e s e n t s the d is tance in A of an atom from the mean p lane . 

Atoms marked * a r e not included in the mean plane c a l c u l a t i o n . 
Ang les Be tween P l a n e s 

o P l a n e 1 P l a n e 2 4 9 . 4 0 

P l a n e 2 P l a n e 3 6 . 4 8 ° 

P l a n e 1 P l a n e 3 4 4 . 7 8 ° 
P l a n e 3 P l a n e 4 89 .01° 



T a b l e 4. 6 o - S n CI - p - C H 3 C g H 3 C ( : N H) p - C g H 4 C H 

S e l e c t e d In t ramolecu lar Contac ts (<4. OA) 

S n ( l ) C(1) 3 .020 

S n ( l ) C(9) 2 .977 

S n ( l ) C(13) 3. 136 

CI(1) C l (2 ) 3 .464 

CI(1) C l {3 ) 3 .484 

CI(1) C(13) 3 .434 

CI (1) C(14) 3. 392 

C l (2 ) N(1) 3. 200 

Cl (2 ) C(14) 3. 898 

Cl (3 ) N(1) 3. 248 

Cl (3) C(14) 3 .963 

N(1) C(2) 2 .413 

N(1) C(3) 2.981 

N(1) C(7) 3 .559 

N(1) C(9) 2. 362 

N O ) C(10) 3 .652 

N O ) C(14) 2.711. 

C O ) • C(7) 2. 506 

C(1) C(10) 2 .542 

C(2) C(9) 2 .576 

C(2) C(10) 3 .028 

C(7) C(9) 3. 1 32 

C(7) C(10) 3. 132 



Tab le 4. 7 o - Sr . CI 3 - p - C H 3 C g H 3 C ( : N H) - p - C g h» 4 C H j 

In termolecular C o n t a c t s ( < 4 . OA) 

Atom A Atom B Equ iva len t 

CI (1 ) C l ( 3 ) 3 

N(1) CI (1 ) 3 

C(2) C l (2 ) 2 

C(3) C l (2 ) 3 

C(3) C l (3 ) 3 

C(4) C l (2 ) 2 

C(4) C l (3 ) 3 

C(4) C l (2 ) 3 

C(5) C l ( 2 ) 2 

C(5) C l (3 ) 3 

C(6 ) C l (2 ) 2 

C(6) C l ( 3 ) 3 

C(6) C l (3 ) 4 

C(7) C l (2 ) 2 

C(11) C l (2 ) 4 

C(11) C l (3 ) 2 

C(12) C l (2 ) 4 

C(15) C l (2 ) 4 

C(15) N(1) 2 

C(3) C(9 ) 2 

C(3 ) C(10) 2 

C(3) C(13) 2 

C(3) C(14) 2 

C(4 ) C(1 3) 2 

C(4 ) C(14) 2 

C(6) C(15) 3 

C(7 ) C(13) 2 

C e l l A - B ( A ) 

0, 0, 0 3. 880 

0, 0 , 0 3. 362 

0, 
° J 

1 3. 971 

0 , 0 , 0 3. 879 

0 , 0 , 0 3. 859 

0 , 0 , 1 3. 973 

0, 0 , 0 3. 609 

0, 0 , 0 3. 890 

0, 0 , 1 3. 915 

0, o, 0 3. 628 

0 , 0 , 1 3. 861 

0 , 0 , 0 3. 934 

1, 0, 2 3. 996 

0 , 0 , 1 3. 894 

0 , 0 , 1 3 .947 

1, 0, 1 3 .469 

0, 0 , 1 3. 947 

0, 0 , 1 3 . 464 

1, 0, 1 3. 981 

0, 0 , 1 3. 723 

0 , 0 , 1 3. 926 

0 , 0 , 1 3. 769 

0 , 0 , 1 3. 586 

0, 0 , 1 3. 777 

0, 0 , 1 3. 885 

0, - 1 , -1 3. 999 

1, 1 3 .737 



T a b l e 4. 7 (cont. ) o - S n CI ^ - p - C C g C ( : N H)p - C g H ^ C H 

T h e in te rmolecu la r contacts r e f e r to the posi t ion of atom A in the 

or ig ina l c o - o r d i n a t e s l i s t , and atom B as obtained from this us ing 

the symmetry opera t ions g iven . 

Equ iva len t P o s i t i o n 

1 x , y , z 

2 _ x > - y , - z 

3 x , 0. 5 - y , 0. 5+z 

4 - x , y - 0. 5 , - z - 0 . 5 
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T a b l e 4. 8 o - S n CI - p - C H 3 C & H 3 C ( : N H ) p - C & C H 3 

A n a l y s i s of V a r i a n c e 

S i n 0 0. 00 - 0. 1 8 - 0. 2 2 - 0. 2 6 - 0. 28 - 0. 31 - 0. 3 3 - 0 . 35 - 0. 3 8 - 0 . 4 0 - 0 . 43 

N 199 167 227 139 197 164 170 260 144 135 

V 165 150 151 152 155 151 166 164 164 150 

N 

V 

0. 00 - 0. 23 - 0. 25 - 0. 27 - 0. 29 - 0. 32 - 0. 34 - 0. 38 - 0. 42 - 0. 49 - 1 . 00 

242 158 163 159 240 137 197 167 165 174 

202 182 163 176 139 162 143 137 132 109 

N is the number of r e f l e c t i o n s in the group and 

V = 100 M Z i W A ' 

w 

where the f i r s t summation is over the r e f l e c t i o n s in the group, and 

the second summation is over al l r e f l e c t i o n s . M is the total number 

of r e f l e c t i o n s . 
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T a b l e 4 . 9 

o - S n C I 3 - p - M e C 6 H 3 C ( : N H ) p - C 6 H 4 M e 

F i n a l V a l u e s o f t h e O b s e r v e d a n d C a l c u l a t e d S t r u c t u r e F a c t o r s 



1 lero m ' c M K I B F O i p r c M K I 1 B F 0 

e 3 0 9 4 3 8 2 , 5 4 9 5 1 7 7 I B B 2 2 3 
e 3 1 5 7 . 3 3 ' 3 3 5 1 1 * 5 . 1 1 7 4 6 1 8 e 1 3 7 
B K t 2 2 4 4 3 p 7 2 7 . 7 1 9 1 1 1 B 8 P 2 
0 1 1 3 7 | l - 9 | 5 5 p 4 6 6 4 7 6 2 | 1 n 4 4 6 
0 1 I S ? 6 p 6 8 4 6 « 7 3 | 1 B 6 3 5 
e 1 9 3 . ( 9 8 7 5 1 7 3 1 7 5 5 1 1 1 • 4 I t ! 
0 B | 2 • 8 1 8 8 5 2 9 l -?-:ft e 1 1 0 3 7 4 
n 3 7 | 3 « 2 r. 6 A 2 l l ' 7 2 P 9 2 8 I 1 0 2 1 8 
t) 2 A 1 H 6 9 . ^t^^n 8 1 2 B 3 6 5 
p 7 2 3 . / • A 3 6 p> 6R| . 6 0 6 1 1 2 P | A 5 

T 1 2 5 9 ,?*» 4 6 p. A | B « | 7 2 1 2 P 7B7 
A 1 3 1 A 13 39 5 6 • •27 6 1 5 3 1 2 P 5 4 5 
U 2 | 9 . , 9 6 6 A p 2 ? " - 2 4 7 4 1 2 P 5 2 3 
n 7 . - 5 . ^ V 6 7 A P 5«-4 - 5 1 7 5 1 2 8 2 7 7 
(• 3>"> 3 5 2 1 7 1 2 5 7 - 1 7 8 4 6 1 2 P 2 H 2 

5 7 ? 5 5 7 2 7 p. 7 2 7 • 7nn 7 1 2 r 1 8 5 
p < ; 9 , < b . : 3 7 p A 7 3 8 5 4 1 1 3 9 3 M 

9 3 - ^ 9 4 7 p 5 7 5 5 7 3 2 1 3 St 3 1 1 
e 4 7 4 . 4 5 2 5 7 p 4 9 2 . f . 1 \ 3 1 3 P 4 ! ' 7 

1 1 ' - | 3 7 6 7 4 4 ? • 4 < n 4 1 3 B 1 9 5 
0 l " 2 - 1 7 4 7 7 p I f t4 I M 5 1 3 e 2 8 3 
0 86? - » o 8 7 3 1 * 2 9 1 6 1 3 n | 8 7 

o 2 8 1 2 6 4 0 8 p 7<-7. • 7 7 9 8 1 4 B 1 7 1 

4 2 2 4 2 7 1 A p. t< l - 5 6 2 1 4 0 2 9 7 
n • 1 1<<B 2 8 p 3 3 9 3 5 ! 3 I 4 A 1 3 6 
a l r ; S - l b ? 3 q l « b I 5 A 4 | 4 P 1 3 B 
l ! H ' 4 9 * J 8 P 2 « ? - 2 0 3 8 P 4 2 6 
CI *n . 4 2 2 7 A A 2 2 7 ? * 3 2 1 6 2 2 2 
.1 m 9 2 2 q 4 | 4 . 4 ^ 2 1 I 7 3 3 « 
A 8 f i » 1 7 3 4 9 p 21 ? ? P ? - 7 1 1 1 5 4 

0 8 4 2 A I 6 5 0 p 2 7 1 - 2 3 7 - 6 1 1 2 8 1 
e 3 ' i ! . ' 9 4 M l i> p 5 < l - 5 ? 2 . 4 1 97? 
e 3? I ^ 9 8 1 i f A ? u - 2 ^ 0 • 3 1 1 6 5 4 

n 2 3 9 2 3 5 2 \ r P 6 3 3 6 3 f t - 2 1 8 2 1 
0 l ' 5 . 1 5 5 3 i n P 4 b | 4 7 3 - 1 I 1 2 4 5 
0 I t i ! M i r . - > 2 5 i n P | t v . - : * > J e > > I 2 V 5 

1 1 ' U ' 0 1 6 3 R 6 3 . " 1 | 3 8 4 

35? - 3 7 5 1 9 I a . : 6 « f > 3 3 1 3 1 3 1 1 
3 1 * 3 1 8 2 9 I 2 7 4 - 2 P n 5 t 3 1 2 3 2 

3 1 4 V>t 3 9 1 8 1 9 - A 4 7 - 3 1 4 I 3 P 6 

1 4 4 . < 44 4 9 1 2 6 9 - 2 7 2 - 3 ] 4 1 3 < 6 
O f . PB3 5 9 1 7 5 4 7 5 H - 2 I 4 1 2 B 4 

1 « 9 4 1 1 " 1 6 9 1 3 8 7 3 « 7 - 1 3 5 2 

y e a . S 6 I 7 0 1 : ' . ' 9 - 3 V I I e I 4 1 5 1 6 

535 - 5 1 I - 7 I d 1 2 7 4 - ? < > 1 1 1 4 1 I P B 
3 4 8 5 4 1 . 6 1 0 1 1 7 3 l " 3 2 1 4 1 433 
2 4 1 ? 3 2 • 5 191 1 3 2 * 3 3 5 4 1 4 1 3 7 3 
474 . 4 7 9 - 3 I P 1 4 7 b . 4 7 9 5 I 4 1 1 3 4 

2 8 4 - ? 9 6 • 2 1 0 1 6 5 6 • f . 5 5 • 4 1 5 1 2 7 0 
21-8 , 7 4 • 1 * I K 1 4 3 9 4 ' . -3 • 3 1 2 l ' 4 

1 5 f t l > 3 n I B 1 5 9 7 A . ! ? - 2 1 5 1 3 9 6 

4 2 3 4 : 9 l I P 1 4 5 8 - 4 ? > 7 - 1 1 5 1 3 8 6 

42? . 4 2 4 ? I f 1 7 1 / - 7 ? 7 If. 1 5 1 3 4 4 

b?n . 6 3 4 3 i n 1 2 3 5 - ? 3 4 1 1 5 1 4'.'.) 

1 7 1 | B I 5 I f 1 1 2 4 1 5 ? 3 1 S 1 3 1 9 

. 8 3 7 8 2 9 6 I D 1 4-..;1 • ? 9 A • 3 16 1 | 6 H 

8 2 9 E l K 7 I P 1 | 9 9 • 2 0 6 • 2 | 6 1 2 2 9 

7 6 2 . 7 5 3 8 I K 1 1 3 9 1 r? - 1 16 1 2 1 1 

7 1 5 . 7 . 1 9 . 6 1 1 1 2 7 . ! 2 7 3 U 1 5 1 2 4 4 

1 2 2 6 l l » » - 2 1 | 1 2 5 4 2 7 7 1 1 6 1 1 3 7 

l t ! 0 8 - 1 1 1 1 b | 9 5 : - 9 2 1 6 1 2 5 3 

6 4 7 . A 4 4 0 I t 1 I M - I t 7 - 8 P 2 7 : 5 

1 5 3 . | B 2 1 1 1 1 343 - 1 3 9 - 7 2 1 2 6 

6 S 7 6 5 6 5 1 1 I 1 9 5 - i n - A P 2 7 " 3 

2 5 3 ? 5 3 - 3 1 ? 1 1 3 7 - 1 34 - 5 8 2 2 P 4 

? ? l . 1 9 6 - 1 12 1 2.-.5 2 1 3 • 4 0 2 6 2 7 

2 9 3 - 3 V 6 . 6 13 1 | J 9 ,«.» - 3 e 2 5 3 5 

5 H 2 . 5 7 6 . 4 13 1 3 1 7 - 3 i a - 2 e. 2 2 2 3 

4 ? 7 4 3 9 - 3 1 3 1 | 5 l - 1 2 5 - 1 a 2 2 7 5 2 

1 9 2 2 3 6 - 2 1 1 1 386 3 7 5 8 B 2 4 4 | 

7 5 R . 7 5 4 - t 13 1 2 1 9 2 1 9 1 0 2 1 5 5 8 

9 5 1 - 9 6 | H 13 3 1 3 - 3 ^ 3 2 0 2 I B M 

2 3 7 8 388 4 g 2 3 8 1 3 P 1 1 1 2 2 5 6 4 

2 3l>2 . 2 9 9 6 8 2 2 8 0 - 2 9 3 2 1 2 2 5 4 ? 

2 3 6 2 3 4 9 . 7 Q 2 1 4 8 1 4 9 3 1 2 2 363 
2 5 | * . 5 2 3 • A 9 2 2 * 6 - 2 6 1 4 1 2 2 3 4 8 
2 4 9 6 . 5 7 5 • 4 9 1 2 3 1 3 3 5 1 2 2 2 3 P . 
2 5?4 5 1 3 - J 9 2 337 - 3 3 3 6 1 2 2 3 2 1 
2 8 3 * 8 4 4 e 9 2 1 1 3 - 1 1 6 - 7 13 2 1 5 1 

2 2 4 2 - 2 * 1 i Q 2 1 1 9 I 3 P - 6 13 2 1 6 6 
2 1 ! ? 3 - | p 9 / . 6 i n 2 1 4 4 M 2 • 4 13 2 2 i ' 4 
2 3 2 6 . 3 3 2 - 3 i n 2 31-5 - 3 1 A • 3 13 2 |A9 
2 1 3 7 5 1 3 6 3 • 1 i n 2 3 2 5 1 < ? - 2 13 2 3 4 2 
2 ? ? ? . 7 3 9 n l n p 1 5 4 1 3 7 - 1 13 2 1 5 7 
2 ? | 8 . 7 1 2 1 1 P 5 2 5 - 5 1 5 U 1 3 2 2 9 9 
2 5 l R . 5 3 8 2 2 3 2 9 - 3 2 7 1 13 2 3 6 2 
2 ?<' •< 2 ' 3 i n 2 3 8 2 310 2 13 2 4 1 ' 4 

2 537 5 4 2 5 1 2 2 2 9 - 2 4 3 3 13 2 3 ! > 7 

2 J 5 . 5 - 7 * 5 6 1 a 2 1 9 | - 2 : « l 4 1 3 2 1 6 3 
2 J » 7 • ? 9 p 8 1 n 2 l < 7 1 6 7 5 13 2 2 2 1 
2 2 6 8 2 ' 6 . 7 1 1 2 3 7 2 3AA V 1 4 2 1 3 2 
2 3 « « 3 » 6 . 6 1 1 2 2 > < 4 | 9 | 1 1 4 2 1 7 6 
2 JP J - 2 « 2 • S 1 1 ? 5 1 4 - 5 2 4 2 1 4 2 2 7 2 
2 8«« - A f t * . 3 1 1 6 1 5 6 2 3 8 1 5 2 2'JI 
2 5 5 3 5 7 9 • 2 1 1 2 4 4 , 1 < 5 f l . 3 | 6 2 2<4 
2 34S 3 5 8 * l ] 2 4 3 8 . 4 4 P - I 1 6 2 4 P 9 
2 I I * . 1 5 9 1 1 1 2 3 5 3 - 3 15 1 | 6 2 2 2 8 
2 S » l - 5 9 4 2 1 1 2 7 M 1 7 1 A 3 1 6 2 1 5 5 
2 1 2 8 , 3 6 3 1 1 2 3 4 * . ' n : P 1 7 2 3 4 9 
2 3 ? M 5 1 1 4 1 1 4 6 5 - 4 5 5 - 9 1 3 1 3 6 
2 3 < 5 . 3 3 1 5 1 1 2 2 ' 5 - 2 7 7 . 8 1 3 2 2 7 
2 1 7 5 1 2 6 7 l j 2 2 1 6 2 . 19 - 7 1 3 2 5 6 
2 1 3 7 - | l « . 6 1 2 3 U 8 - 3 1 5 • 5 1 3 5 2 6 
2 1 9 1 . 2 . 1 8 . 5 1 2 2 4 5 2 - 4 5 5 • 4 1 3 2 7 1 1 
2 3 9 7 3 ' S • 4 I 2 2 4 7 8 4 6 7 • 3 1 3 3 1 8 
2 3 1 4 J J I 7 . 3 1 2 2 5 6 2 5 6 | - 1 1 3 4 8 2 
2 1 6 9 • I M . 2 1 2 2 2 8 1 - 3 H 6 0 1 3 9 4 3 
2 1 5 a • l « l • I 1 2 2 3 6 7 • 3 6 4 1 1 3 2 6 6 

I B F C H K I 1 0 F 0 I B F C N K I I P F O I B F C 

2 3 4 , , I « 9 3 - 4 9 3 e 3 I 4 4 9 4 9 8 
n e 2 1 1 1 1 8 4 1 1 8 2 7 3 1 3 1 6 - 4 9 1 
8 3 3 3 | 1 9 8 6 9P9 8 3 | A 4 9 • 6 J 9 
4 4 8 4 1 1 3 4 9 - 3 2 ? - 8 4 I 2 6 2 • 2 5 4 

- 6 3 6 5 | 1 3 8 9 • 3 4 7 - 7 4 | 2 8 3 - 3 0 8 
3 9 2 1 3 S 4 3 7 2 • 9 4 | 7 4 4 7 3 3 
3 6 2 - 7 2 3 4 6 3 1 5 • 4 4 I 3 8 2 3 8 3 

- 2 1 4 - 6 2 1 3 1 3 - 3 1 3 • 3 4 1 I 2 1 9 . 1 1 V 6 
3 7 5 • 3 2 1 V 9 7 - 9 7 2 - 1 4 1 I I 5 A 1 1 6 1 
1 9 7 - 3 2 1 1 3 4 7 1 3 4 1 B 4 1 ! < 9 | 19 . !A 

. 6 9 4 - 1 2 I 1 2 8 2 - 1 2 9 2 1 « 1 1 1 5 " 1 lk'<6 
- 5 4 2 8 2 1 i n : ; - i i : e 2 4 1 1 4 3 3 - 1 4 4 9 

5 , 3 1 2 I 3L'8 3 2 1 4 4 1 I 3 J 1 | 3 4 d 
2 9 2 2 2 1 1 9 3 6 1 9 7 3 9 4 1 1 4 1 166 

- 1 0 1 3 2 I 2 4 7 - 2 4 | 6 4 1 3 4 | - 3 3 7 
- 1 7 7 4 2 1 I 7 7 P - 1 7 I - A 7 4 I 2 ^ 8 - 7 7 1 
- 3 * 5 9 2 1 2 6 0 - 2 7 9 9 4 1 3 3 1 3 2 7 
-}!•» 6 2 ] 6 1 1 6 1 8 • 9 5 1 2 I ' 6 - 2 1 5 

3»2 7 2 1 2 7 1 2 8 3 • < 3 1 0 2 5 . 9 3 9 
2 V 6 8 2 1 2 6 6 - 2 I - S - 3 5 1 3 A 7 - 3 * 4 

. 2 6 6 9 2 1 2 8 2 - 2 6 1 • 2 9 1 26 .1 2 5 8 
- 2 . - 6 . 9 3 1 4(<A 3 9 8 - 1 9 1 1 1 ^ 95 
- 1 6 7 • 8 3 1 3 4 P 3 4 3 H 9 1 OH - V I ) 

3 2 2 • 7 3 1 1 9 6 - 1 8 8 1 9 1 P 5 5 - P b l 
1 4 8 • 6 3 1 4 A 4 . 4 9 ? 3 5 1 8 3 9 4 5 7 

- 1 7 8 • 9 3 1 26l> 2 7 2 9 3 1 ? n - 2 1 9 
- 4 C 6 . 4 3 1 1 3 3 4 1 3 4 4 6 5 1 l ? l l l <6 

2 3 5 • 3 3 1 3 7 2 3 8 8 7 3 1 1 7 2 1 4 1 
3 1 9 • 2 3 1 1 2 2 1 - 1 2 2 6 8 9 1 1 5 5 I B B 
1 3 4 - 1 3 1 | 1 V 0 . I 5S-6 • 5 6 1 • 1 1 6 - 1 5 1 
2AP P 3 1 1 1 9 1 1 1 9 6 - 4 6 1 ? 6 3 - 2 6 3 

- 9 5 3 1 3 1 2 6 ^ 9 2 6 8 6 . 2 6 3411 - 3 4 1 

• 6 5 1 2 3 1 3 6 3 - 3 7 9 - 1 6 1 I A ; I - 1 4 8 
e i ? 3 3 1 l C ' O . I 7 l < 5 1 6 1 9 9 - 2 2 1 
2 3 6 4 3 1 1 9 6 • | H 7 3 6 ] 7 1 3 - 7 i l / 

• 1 1 7 3 9 3 « 7 8 5 7 7 A 4 6 I 2 3 6 • : J 9 

• 3 7 4 3 P 2 1 8 4 4 . 1 0 3 7 • 9 3 2 3 4 ? - 3 2 2 

3 2 5 4 0 9 2 1 - 9 6 2 • 3 3 2 7 0 2 - 7 « 2 

• 2 2 1 6 0 2 4 2 0 ' 3 3 • 2 3 2 1 1 2 - 1 3 4 

• 2 9 n 8 fl 4 2 6 -41-.J - 1 3 4 5 / - 4 3 4 

3 4 9 9 B 2 2 A 2 - 2 4 9 0 3 2 9 5 5 - 9 4 3 
2 7 9 - 9 1 2 3 3 5 3 1 1 t 3 2 35 J 3 6 3 

• 3 4 1 - 7 1 ? 4 3 3 - 4 5 1 3 3 2 1 P 5 - 1 1 5 
• b i n • A 1 2 2 2 4 2 2 A 4 3 2 1 7 1 1 7 6 

- 3 1 2 7 6 2 7 5 5 - 6 4 ? 9 1 3 . ' 6 

4 3 3 - 4 1 2 6 4 4 6 4 4 - 9 4 2 380 39tf 
- 3 5 5 - 3 1 2 4 8 7 4 0 8 • 4 4 2 3 7 ? -3611 
• 1 4 4 - 2 1 2 H 7 3 - 8 6 7 - 3 4 2 51 '8 -5-. - 2 

3 P 2 - 1 1 5 1 8 5 2 5 - 2 4 2 ? F ? 2 6 6 

2 | « P 1 1 4 6 3 1 4 3 6 B 4 2 7 6 4 - 2 7 U 

-3C.9 I j 2 6i>e> A : - 3 1 4 2 6 3 ? 
- 3 7 6 2 9 5 7 - 9 6 3 2 4 5 4 7 - M i l ' 

3 3 5 2 4 1 6 4 7 2 3 4 2 2 A 1 ? / 6 

3 M 5 | 2 | l ! .18 9 l"9 4 4 2 ? 7 1 2 7 7 

- 3 | 4 8 1 4 2 7 - 4 3 7 9 4 2 I " . - 2 . - 7 

• 1 7 8 7 | 2 5 6 4 • 5 2 8 6 4 2 4 ? . ' • 4|>!) 

- 2 1 6 • 9 2 2 1 4 3 - 1 6 3 7 4 2 1 2 7 . 1 5 4 

| 8 9 . A 2 2 3 3 6 - 3 1 7 8 4 2 2 6 1 2 5 2 

2 6 i ) m& 2 2 2 6 9 2 M - 9 3 2 31 A • 3 1 1 

- 1 8 9 *3 2 2 1 6 1 1 7 3 - 8 9 2 1 3 1 I I ? 
- 2 4 | . 3 2 2 5 3 6 -5.<n - 7 5 2 6 ' 5 6 / 3 

6 5 6 - 2 2 2 1 9 9 - 1 9 3 • A 5 2 2 7 1 2 7 4 

1 4 6 - 1 2 9 2 8 9 1 5 - 9 9 2 A ? 6 . 6 1 5 

- 6 7 ' J 8 2 2 l » 7 1 7 8 - 4 9 2 3 7 4 -3I«7 
I A D 3 2 2 1 5 4 l ? 3 • 3 9 2 t f - f 6 5 9 

5 f a 4 2 2 13114 1 2 7 3 - 2 5 2 7 3 7 7 7 5 

5 1 5 9 2 2 2 1 2 2 3 3 B 9 2 0 2 3 - 0 1 2 

- 2 1 ' 6 2 2 4 9 3 - 4 9 1 1 5 2 3 6 0 • 3 6 6 

- 2 7 l ' 9 7 2 2 2 6 8 2 8 1 2 5 2 151-5 15. - . I 

- 4 3 9 A 2 2 2 9 3 2 8 9 3 5 2 q p A 8 4 3 

1 6 t l 6 . 7 3 2 1 9 4 2 1 A 4 5 2 6 9 ? - 6 6 6 

- l r l ] ? - » J i 3 3 | - 3 1 6 9 3 2 6 ^ 9 - 6 . ' * 

5 5 5 2 1 3 4 2 9 - 4 2 7 9 3 3 2 4 0 - 2 ^ 8 

S 6 9 4 | 3 1 1 7 1 2 7 - 9 4 3 4 1 6 3s : 
- 3 5 8 9 1 3 2 2 * 2 1 * - 8 4 3 ?6;< r r t 

- 3 5 2 7 | 3 2 1 9 - 2 2 1 • 7 4 3 ? 6 | - 2 7 | 

1 8 5 9 1 3 1 7 6 1 4 9 . 6 4 3 • M i - 4 J 3 
3 1 9 • 9 2 3 2 7 3 - 2 6 7 • 5 4 3 f 7 7 5 7 6 

• 1 6 7 . 8 2 3 3 8 5 - 3 i t 9 4 3 1 - ' I L i e 
- 1 7 5 - 7 2 3 1 4 3 1 2 2 • J 4 3 ? » 4 - 7 5 5 

2.-S • A 2 3 6 4 4 6 3 5 - 2 4 3 H2 - 0 5 1 

• 2 1 2 . 5 2 3 1 5 1 • 1 4 6 - 1 4 3 41-7 - 4 U 

• 3 4 3 . 4 2 3 9 1 4 - 9 2 4 1 4 3 5 7 5 3 6 4 

- 1 7 3 • 2 2 3 6 2 1 6 3 1 2 4 3 ?<!R • J i lB 
2 8 9 • • ! 2 3 3 5 1 3 5 9 3 4 3 0 ! -8 • V 5 5 
3 6 5 0 2 3 3 S 2 - 3 7 3 4 4 3 l ? 9 • 9 1 

- 4 1 5 1 2 3 t >7. • H 4 8 5 4 3 3 3 2 3.13 
- 3 * 5 2 2 3 2 8 1 2 7 9 6 4 3 1 5 4 1 4 3 

1 7 2 3 2 3 111 1 ? 11 -.-a 7 4 3 2 6 9 - 2 7 J 
2 ' A 5 2 3 4 7 3 - 4 6 S 8 4 3 3 2 0 • 3 7 6 
1 5 5 7 2 3 3 1 1 3 K 4 - 5 5 3 7 f l 7 o l 

- 2 1 4 f 2 3 2 5 2 2 4 3 • 4 5 3 1.-9 1 2 6 
• 2 ^ 4 . 6 3 3 2 P 6 2 ' . 7 • 3 5 3 d!-7 • 4 1 6 

2 5 7 . 7 3 3 3 5 8 3 5 7 • 2 5 3 48.1 4 / 9 
• 2 3 7 . 6 3 3 3 5 2 - 3 5 0 - 1 5 3 3 5 5 >t2 

3 9 1 . 3 3 3 1 1 4 3 - 1 1 3 2 P 5 3 6 5 9 r a . < 
- 2 J 4 . 4 3 3 2 6 4 2 5 3 2 6 3 4 9 ? -4117 

| 4 i l - 3 3 3 9 9 7 1 * 2 2 3 9 3 ^ 4 4 4 4 2 

• ! P • 2 3 3 - 5 3 0 4 5 3 ? A A 2 f t 6 

1 2 < . ] 3 3 7 1 9 - 7 3 4 7 9 3 2 2 2 • 2 2 9 
• 2 2 4 P 3 3 1 K I 3 - H ' 2 8 - 7 6 3 1 8 6 - 2 . - 5 
• 2 6 6 2 3 3 8 3 7 8 4 8 • 9 6 3 1 1 9 - 1 1 2 

9 1 7 3 3 3 5 . M . 4 8 6 . 4 6 3 1 5 7 - 1 6 3 
2 5 4 4 > 3 6 A 5 - 6 7 6 • 3 t 3 2 4 2 

-333 9 3 3 1 * 6 - | A 3 - 2 6 3 2 2 3 - 2 2 1 
4 7 6 A 3 3 3 5 3 3 7 0 - 1 6 3 1 1 9 - 1 4 8 
5 1 9 7 3 3 4 7 6 4 6 P 11 6 3 2 5 5 2 6 7 

• 2 6 3 8 3 3 2 2 5 - 2 2 2 1 6 3 1 5 4 - 1 4 1 

8 8 



M K I | 8 F 0 I f l ' C H K I U F O 1 0 ' c f. K 

2 
« 3 2 9 9 2 * 3 1 9 3 3 1 3 3 2 2 - 1 1 ' 

9 6 3 7 3 7 2 « 3 2 9 3 7iJ4 7 8 8 e M 
9 6 3 4 7 4 4 s a 3 9 3 J K 3 3 1 6 1 1 4 

b 3 148 i » i 4 9 3 5 3 1 - 5 2 9 3 1 4 
• 8 7 3 2 * 1 • 7 6 1 3 9 3 | 7 3 - | 9 R 3 1 ' 
ml 7 3 3 4 4 - 3 3 7 6 9 3 4 | | 4 1 P - 3 15 
• 6 7 3 2 7 5 ? 4 2 8 9 3 l « n -1 3 2 • 3 13 
• 3 7 3 6 1 1 . 5 9 2 . B 1 P J | 7 3 1 4 8 • 2 I S 
• 2 7 3 B i l l . 8 3 7 . 7 1 S 3 4 7 3 - 4 3 2 - 1 I S 
a | 7 3 5 7 a 5- '3 . 6 10 3 2 3 1 - 2 2 3 0 13 

| 7 3 7 7 6 . 7 7 7 . 5 1 n 3 J 2 I 1 2 3 1 1 3 
2 7 3 l « 1 .71111 - 7 1 P 3 4.17 - 4 7 4 2 1 3 
3 7 3 1 7 7 - l 2 « - I 1 P 3 3 i :2 - 7 0 3 4 1 5 
4 7 3 7 6 8 27.1 f) 1 n 3 4 7 3 4 f t ? - 2 16 
0 7 3 ? P ? - ? ' 5 1 i n 3 31 1 J » l 0 16 

. 8 a 3 2 4 7 - ? 6 2 3 1 n 3 l « 6 - 1 7 1 • 9 e 
• 7 a 3 4S'7 J 0 8 5 1P 3 3 6 3 14H - 7 0 
. 5 8 3 6 4 2 6 5 4 6 1 P 3 1 3 6 1 0 6 • 6 u 
. 4 8 3 3 6 4 . 5 7 ( 1 - 6 11 3 | 7 « 1 7 | - 3 0 
. 3 a 3 2 4 6 - 7 2 7 • 5 11 3 14.1 1 3.1 - 4 H 

a 3 d l ' 7 8 1 7 . 3 '• 1 3 3 6 6 - 3 6 4 - 3 0 
. t a 3 4 ? 5 4 1 2 - 1 11 3 186 | 7 | - 2 4 

8 3 B 1 I . 8 . 1 6 B 11 3 1 3 4 - 1 1 1 - 1 0 
1 8 3 9 0 4 . 5 9 7 1 11 3 2 * 5 . 1 9 8 0 P. 
3 8 3 S i ? 5 3 5 U 1 2 3 141 . 8 5 2 0 
4 8 3 1 7 1 | 2 6 . 7 1 J 3 1 5 4 -1 11 3 0 
9 8 3 6 6 3 .6115 . 3 1 J 3 7 5 3 7 3 4 4 0 
6 8 3 2 4 b - 3 1 3 3 3 5 4 - 3 4 4 3 0 
7 8 3 1 7 8 1 > 5 - 1 1 3 3 4V8 3 9 2 b H 

• fi 9 3 ? 5 9 2 j 6 0 1 3 3 2 3 4 7 4 P 7 n 
• 7 9 3 3 6 3 3 4 6 2 1 3 J 1 9 2 - 1 7 6 8 n 
• 9 V 3 3 3 9 - 3 4 b 4 13 3 2 2 J 7 3 1 . 8 I 
» 3 9 3 e ? ^ 8 4 4 . 6 1 4 J 2 ' 7 ? « 5 . 6 1 
• 2 9 3 5 7 4 5 7 3 • 4 1 4 3 4 9 | • 4 8 p . 3 1 
• 1 9 J 6 8 ] - 6 " n - 3 1 4 3 1 3 2 - | 5 | . 4 1 

a 9 3 6 2 -}••>• • 2 14 3 4 3 2 4 4 J - 3 1 

0 8 4 ! « 7 9 - i e 7 8 0 9 1 ; 9 7 - 2 . ' a - J 13 
2 a 4 B 4 3 8 1 9 2 9 4 1 3 3 1 i n - 2 13 
3 6 4 JP.2 3 B 9 . 7 I d 4 2 5 5 • 7 5 6 - 1 1 3 
4 6 4 4 P 4 . 4 2 4 . 6 I P 4 3 ' 3 - 3 3 2 1 13 
9 6 4 3 7 2 . 4 4 1 • 3 I P 4 2 9 | 7 9 4 J 1 3 
7 ft 4 3 3 2 3 1 1 • 2 I P 4 4 5 9 • 4 4 6 - 5 14 

- a 7 4 3 6 8 3 3 3 • 1 i n 4 1 86 - 1 J B • J 1 4 
• 6 7 4 3 7 0 - 5 7 | R I n 4 5 8 7 5 0 4 e 14 
. 5 7 4 7 7 4 - 2 3 4 1 i n 4 7 3 8 ? ? 1 2 | 4 
- 4 7 4 6 3 | 6 1 6 2 1 P. 4 4 7 5 - 4 - . f t 4 1 4 
• 3 7 4 ft.i 4 6 6 4 3 1 n 4 7 4 3 1 « 9 • l 15 
- 2 7 4 5 1 ' • 5 1 1 - H 11 4 ? H 7 - 7 9 3 • 2 l » 
-1 7 4 | i i l 5 - l « ' : 2 - 6 11 4 4 7 8 4A9 -1 1 6 

0 7 4 ? 7 5 - 5 11 4 2 7 3 7 7 9 4 1 6 
1 7 4 7 9 5 7 h 6 " 3 11 4 3 8 9 - 3 o n 2 16 
2 7 4 1 1 1 l i ' J • 1 11 4 3 1 5 3 P 6 • 8 I 
3 7 4 3 8 8 . 4 4 4 1! 11 4 2 J 2 1 9 8 • 7 1 
4 7 4 3 6 5 . J 6 3 1 11 4 7 2 7 - 7 7 3 . 6 1 
3 7 4 2 7 8 7 1 4 2 11 4 4 7i1 - 4 6 6 • 4 1 

ft 7 4 3 8 | 3 7 2 3 11 4 ' } . ' 4 5 1 - J | 
e 7 4 1 8 3 . | 6 7 4 11 4 J I 9 3 7 1 - 2 1 

. 7 a 4 • 1 6 6 . | 6 4 6 11 4 2 B 7 - ? 9 ? - 1 | 

. 9 a 4 | 6 | ? l ! 3 ml 1 ? 4 J H 6 2 9 4 R I 

. 4 a 4 3 7 6 3 1 7 . 6 1 ? 4 7 8 7 7 7 6 1 1 
• 3 a 4 2 6 4 - 2 3 2 . 5 1 ? 4 4 6 3 - 4 ^ 6 2 1 

- 2 8 4 4 7 5 . 4 1 7 . 4 12 4 3 7 9 . 3 4 8 J | 
• 1 8 4 J I M - 3 12 4 6 H | fi-.-f, 3 I 

a e 4 3 1 6 3 4 0 . 2 17 4 4 0 7 4 5 6 6 | 
1 a 4 1 7 3 - 1 0 3 - 1 1 ? 4 7 3 2 - 2 « 3 . 9 
2 8 4 .16 a . 3 6 4 0 12 4 37 7. . 5 5 4 . 8 2 
3 a 4 1 0 5 - | 9 7 1 1 2 4 1 6 8 - 1 1 8 - 7 2 
4 a f 1 3 7 |!>4 2 1 ? 4 4 7 4 4 3 7 • 6 2 
3 a 4 2.14 . 4 1 2 4 2 2 ! ) - 7 .14 - 5 

• 7 9 4 1 3 1 | 5 6 3 12 4 3 1 2 - 3 1 6 • 4 2 
• 3 9 4 1 88 . | 9 8 • 6 13 4 2 2 3 - 2 5 4 - 3 2 

- 3 » * 2 1 7 ? J I - 4 13 4 3 4 6 4 8 3 • 2 2 

2 7 2 7 3 2 7 3 - 1 I K 3 4 9 8 - 4 7 1 1 , 9 

3 7 3 2 4 9 - 2 « 2 e IP. 3 4 9 6 - 4 8 J - J 16 
9 7 9 3 1 3 3 4 9 1 I P 3 3 2 4 3 3 9 • 1 16 
e 7 5 1 5 1 134 2 I n 3 3 6 4 3 5 | e I f t 

. 8 8 3 3 7 1 . 3 5 4 4 I n 9 3 4 2 . 4 7 7 1 1 6 
- 7 a 3 4 4 8 . 4 4 8 a I n 3 2 2 3 7 1 3 • 8 e 
• 5 a 3 5 1 1 5<IB • 2 11 3 3 2 6 - J i n . 6 0 
. 4 a 5 2 3 7 2 3 8 n 11 3 3 3 2 3 2 5 • 3 0 
- 3 a 9 H ' 9 . 1 1 3 1 1 11 3 1 5 1 1 24 . 4 0 
• 2 a 3 7 7 7 . 7 7 5 3 11 5 1 44 - 1 33 • 3 0 
- 1 8 3 9KH 0.14 - 1 12 3 1 4H 1 7 8 -1 4 

8 9 4 0 7 *•>! H 12 5 3 2 2 - 3 2 5 n B 
1 8 3 4 4 6 . 4 5 1 1 12 5 23.1 - 7 4 6 1 H 
2 8 3 [>•>•.; - 7 . 1 9 2 17 3 1 3 3 | h 5 2 0 
4 B 3 6 4 7 6 4 4 • 6 1 3 3 2 3 3 - ? | 7 3 0 
5 8 5 1 8 5 | 5 8 . 4 1 3 3 3 « 0 3 6 7 4 0 
6 B 5 2 7 ° - 2 1H . 3 1 3 3 | 6 H 1 5 7 3 0 

. 8 9 3 2 0 !1 . 2 1 5 - 2 1 3 9 3 6 1 - 3 3 V 6 P 

. 7 9 5 2 5 6 2 7 4 -1 13 3 2 7 2 - 7 7 5 a 

. 6 « 9 5 7 2 3 « 1 r 13 3 194 1 » 8 . 9 1 

. 4 9 3 1114 4 . 1 K 3 B 1 13 9 2 3 1 2 1 6 . 7 1 
ml 9 5 4 1 3 .i.:? 3 13 3 2 2 1 - 7 7 1 • 6 1 
- 2 9 3 1 2 7 3 , ? / 0 4 13 3 1 3 1 -16:1 • 3 1 
• I t 9 3 ' l 3<U . 3 14 3 3 « 7 J S P . 4 t 

0 9 3 9 6 1 .QUO • 3 14 3 4 4.) - 4 2 5 • J 1 

1 9 3 6 5 3 . 6 4 6 .? 1 4 5 1 fln - 1 6 9 - 2 1 
3 9 3 5 5 8 5 6 6 • 1 14 3 4 6 9 4 4 5 • 1 1 
3 9 3 6 2 ? . 6 1 1 0 14 3 J i!0 3119 1 
6 9 3 137 . 1 3 8 1 14 3 2 2 2 - 7 7 8 1 1 
7 9 3 147 | 6 3 2 14 3 3 ' ' 1 - 3 6 0 1 

. 8 !«• 3 ? 7 5 2 " 6 4 14 3 2 9 n ? 0 « 3 1 

. 7 K 3 3 1 4 J i l l . 4 13 3 3 3 8 - 3 3 7 4 1 
• fi I B 5 7 5 7 • ? u 3 • 3 15 5 | 4 2 - 1 1 8 3 1 
• 5 I 0 5 2 16 • ? 4 4 • 2 13 5 3 9 | 3 b 4 6 1 
• 3 I B 3 6 K 6 6>)B . - 1 I S 3 1 « 7 1 5 7 7 1 
• 2 10 3 4C.8 4 J 5 P I S 9 3 2 0 - 3 2 1 • 8 2 

m o 1BFC M K I l e r o l e r c N R L 1 0 F O i s r c 

3 0 8 3 7 3 • 2 , 4 9 0 9 - 9 3 0 • 3 4 4 2 9 6 2 9 1 
3 3 6 - 3 3 8 • 1 4 3 1 3 1 . 2 1 3 7 • 4 4 4 3 1 3 3 2 0 
4 5 l ) - 4 5 6 P. | 4 29t< 2 7 1 • 3 4 4 7 3 3 - 2 7 3 
« S | 4 5 9 1 | 4 4 5 | 4 3 0 • 2 4 4 5 4 6 • 5 3 3 
3 R 9 - 3 2 1 3 4 6 2 4 • 6 i e • 1 4 4 3 3 3 - 3 3 2 
3 M | - 2 8 4 4 | .1 V4H • 9 a i III 4 4 6 r ? 6 1 1 
• 1 2 4 1 3 3 | 4 2 6 Z 2 B 8 1 4 4 3 7 1 3.-S 
1 9 8 2117 6 J 4 3 7 7 J M 2 4 4 S l « - 3 1 3 
4 3 7 - 4 ? 6 . 9 2 4 3 - '2 2 9 6 3 4 4 | P | - 1 6 3 
2 3 4 - 2 . 1 8 . 7 4 1 3 5 - | 7 | 4 4 4 1 1 6 1 3 2 
2 2 9 2 4 4 • 3 2 4 3 1 7 3 2 9 5 4 4 J P | 3 7 9 
2 5 j 7 7 2 . 4 2 4 0 1 6 7 0 1 6 4 4 1 6 6 I V 6 
2 8 V - 3 1 1 - 3 2 4 1 1 8 - 1 2 2 7 4 i 7 7 ? - 7 1 6 
2 2 3 . ? : • ! • 2 2 4 8 8 2 -net 9 4 4 1 0 5 ?.'.» 
7 1 9 2 1 6 - 1 2 4 911 HPP, - 8 3 4 4 6 4 - 4 6 V 
6 3 b - l > 3 4 0 4 6 m i 6 3 4 - 6 5 4 6 0 7 6 V V 
7 6 3 7 2 3 1 2 4 2 HQ - 2 P 9 - 5 3 4 3 1 8 3 7 9 
1 2 7 • 1 1 4 7 4 179 • 1 9 8 • 4 3 4 8 P 2 . 8 7 0 

1 2 4 6 . 1 1 9 8 3 2 4 5 2 3 - 3 3 | - 3 3 4 5 8 4 - 3 « b 
1 | 7 9 . 1 H I 5 2 4 7 9 3 7 7 9 - 2 3 4 7 9 1 7 8 4 

3 9 2 37H 6 2 4 2 2 1 - 7 3 8 - 1 3 4 6 3 1 6 3 5 
l " l 141 a 7 2 4 2PK - 7 7 3 H 3 4 | 7 9 7 5 

B 4 3 - B 3 J . 8 3 4 1 3 3 - 1 4 2 1 3 4 11-71- 11! 8 4 
1 1 3 H . 1 1 7 2 . 7 3 4 1 7 1 2 0 2 2 3 4 5 0 8 - 6.17 

7 9 o D i m . 6 3 4 114 1 2 6 J 3 4 5 r . l 3 1 4 
7 | « 7 . -2 . 3 3 4 4 511 - 4 2 3 4 3 4 7 9 2 3 i i3 
3 7 0 . 3 - 9 • 4 3 4 3 4 ? 3 3 7 5 3 4 ? 0 6 • 7 8 3 
4 6 9 - 4 6 2 - J 3 4 6 3 6 6 1 3 A 3 4 35P - J 3 J 
2 6 2 2 3 8 - 2 J 4 1 5 3 1 6 8 8 3 4 71 1 1V8 
4 4 ? 4 ) 6 - 1 3 4 2 7 2 2 8 8 • 7 6 4 5 7 8 3 n 2 
1 « S ?..* 1 3 4 3114 5 ^ 8 - 6 6 4 3 ) 4 3 2 3 
b'YI 5 5 9 2 3 4 2 7 7 2 6 4 • 3 6 4 7 4 7 . 7 6 6 
8 4 3 - 8 ? 7 4 3 4 2 2 1 2 « 9 • 4 6 4 6 9 5 - 7 I V 
5 3 2 - 3 2 2 - 9 4 4 1 5 7 I 3 I - 3 A 4 1 1 7 8 I I B 0 
3 B 2 J 0 | - 7 4 4 4 7 7 - 4 2 6 - 2 A 4 1 7 4 3 | ? 4 9 

1 0 7 2 I H M • 6 4 4 4 2 3 - 4 I J •1 6 4 6 7 9 . 6 2 4 

201 2 2 3 - 1 2 J 1 2 6 7 1271 1 4 3 6 4 9 6 3 9 
2 0 4 • 2 2 8 0 2 3 | 4 7 P 1 3 9 2 2 4 3 1P.6B 1 0 7 2 
3 6 1 • 3 6 2 1 2 3 7 8 9 - 7 9 0 3 4 3 7 7 9 - 2 3 4 
6 3 3 6 4 1 * 2 2 1 0 1 5 - K 1 4 4 4 3 4 8 n - 4 9 7 
3 1 1 - 3 3 3 J 2 5 166 1 7 0 5 4 3 1 7 8 - 1 3 6 
1 5 6 I B S 4 2 3 5 ? 9 3 4 J 6 4 3 3 7 5 3 3 6 
3 7 2 - 3 4 1 9 2 5 120 1 6 4 7 4 3 7 6 7 ?or> 
| 4 8 1 5 2 6 2 3 3D1 - J 3 8 • 6 3 3 1 4 7 1 - 4 
2 1 6 • 2 3 0 •7 2 3 - 2 8 1 • 6 5 3 4 ? 5 -424 
1 4 2 168 . 9 3 5 3 3 7 - 3 3 4 • 4 3 3 4J.U 404 
2 2 7 - 7 3 3 . 8 3 5 4 4 5 - 4 7 9 • 3 3 5 7 4 2 - 7 4 1 
3 1 8 - J ? 4 - 7 3 3 2 7 6 2 8 8 - 2 3 3 4f-3 - ' / 2 
1 i 1 1 1 6 . 6 3 5 \Y.17 l i ' i ' 6 - 1 3 3 ?Oft • 3 1 4 
3i '4 2 0 5 - 3 3 14.' - 1 3 9 0 5 3 | 8 7 1 8 4 
1 3 6 - 1 3 0 - 4 3 3 l b s j . | 5 f t n 1 3 3 3 1 6 3 2 6 
7 3 9 7 5 3 - 3 3 2.13 - 2 3 4 2 3 3 3 8 2 -A<>J 
1 6 1 - ? ! ! 4 • 2 3 5 1 6 3 1 1 6 1 7 3 3 3 4 i n . 4 1 | 
4 5 7 . 4 6 1 - 1 3 1 2 9 5 1 2 7 3 8 3 3 1 3 6 - 1 3 7 

6 1 3 6 i ' H 0 3 3 V 3 b - 9 1 5 • B 6 3 ? ? 1 Tin 
1 1 1 1 2 3 1 3 3 1 2 3 4 . i ? e s . 5 6 3 7 4 9 2 4 7 
6L -J • 5 9 8 2 3 3 b 7 3 6 7 5 - 3 6 5 3 3 0 3 3 6 
" 1 . 6 r i | J 3 5 I U 8 2 I P / 0 • 2 6 3 2 7 8 7 7 7 
2 3 4 2 3 3 3 3 4 2 4 - 4 1 3 t 6 5 7 3 6 2 3 6 
i - n i « l l 6 3 5 29.1 - 3 1 ' 6 1 6 3 31-2 - 2 8 6 
2 3 7 - 2 5 7 7 J 5 3 1 9 3 1 0 3 6 3 31-6 3 1 3 

6 1 1 - 5 9 4 a 3 3 2 8 5 2 8 5 4 6 3 7 3 0 - ? h 7 
| 9 2 1 9 2 . 9 4 3 1 41) - 1 5 J 7 6 5 1 4 6 • 1 1 8 
1 6 9 I 6 R • 8 4 3 1 8 3 1 9 9 - a 7 3 1 6 3 1 7 9 

? « J 2l>4 . 7 4 3 4118 4 1 4 . 7 7 3 2 4 B - 7 5 6 
1 9 1 - | 9 5 . 6 4 3 43B - 4 6 3 • 6 7 3 3 f 8 > ? 9 « 
3 0 4 - S " 0 - 3 4 5 11 - 64 . I ( i 7 7 • 4 7 3 34 9 3 0 3 
2 7 2 7 3 3 . 4 4 1 4 6 1 4 8 - J 7 3 3 4 2 3 3 3 

1 3 6 3 1 3 3 7 - J 4 63,1 6 3 2 - 2 7 3 3 3 6 - J ' j 4 

l « 2 1 4 1 - 2 4 3 1 9 1 1 8 9 - I 7 5 2 7 9 • 2 o 9 
1 3 8 7 . 1 3 9 1 - 1 4 b i ' ? -8110 0 7 3 5 5 P 3 3 4 

7 9 9 . 7 8 7 e 4 s 1 J 7 | . i 3 3 e 1 7 5 5 1 3 3 1 4 

2 8 8 • 2 6 9 • a 2 6 3 0 6 - 3 1 3 • 3 9 6 1 8 6 - 1 9 0 

2 7 8 2 7 6 - 3 2 6 4 9 7 • 3 1 6 • 2 3 A l n | B - 1 V 1 0 
3 0 9 - 2 6 3 • 3 2 0 3 7 2 3 7 9 - I 3 6 4 1 1 . 4 4 3 
1 6 7 - 1 6 3 • 2 2 6 7 2 B • 6 9 6 0 3 A 1 7 1 3 1 1 9 3 
l S t ) | 4 D • 1 2 6 3 9 7 - 6 P 2 1 5 6 6 1 6 6 1 2 
3 9 4 - 3 8 6 0 2 A 1 1 4 1 1 2 5 6 7 3 5 . 7 8 4 

7 8 6 7 9 3 . 2 2 6 2 8 8 2 9 4 3 3 A 4 0 8 - 5 1 5 
9.«B 9 7 4 3 2 6 2 8 7 • J « 2 4 3 6 3 4 5 3 3 2 
2 6 3 • 2 4 4 4 2 6 4l 'S • 4 1 4 3 3 6 ! . 57 3 4 4 

1 7 1 8 . 1 5 6 3 3 2 6 199 1 8 6 7 S 6 7 4 4 . 2 4 9 

233.1 2 3 3 7 • 6 3 6 2 3 3 2 1 3 • 8 A 6 J 4 4 - J 8 4 

64 | 6 1 B • 3 3 6 1 4? • 1 3 4 - 7 6 6 | 0 H • I V 6 
I * 9 J . I f H J • 3 3 6 3 4 5 3 3 6 - 6 6 6 4 8 5 3 1 7 

9 8 5 -9<J4 • 1 3 6 3 3 7 - 3 H I • 3 6 6 6 l -4 M B 
8 7 9 B 8 7 e 3 t i t - 2 7 3 - 4 6 6 3 1 7 - c . : 8 
8 8 2 8 9 3 3 3 11* - 7 3 0 - J 6 6 17611 - I 2 » 2 
4 4 7 - 4 3 9 6 3 6 1 3 3 - 1 3 2 - 2 6 A 1 4 8 1 3 0 
4 4 2 - 4 J l • a 4 A 2 3 2 7 3 3 - 1 6 6 1 7 1 4 1 7 4 7 
1 8 8 1 9 8 . 7 4 6 2 1 1 7 1 3 0 A 6 I P ? 1 8 4 

4 3 3 . 4 3 4 . 6 4 6 J»f> - 3 H 2 1 6 6 « M - 9 6 4 
3 9 7 3 9 5 - 3 4 A 1 7 a • 194 2 6 6 3 8 9 - 3 V 0 

2 * 5 2 5 2 . 4 4 A 3 1 7 3 1 1 3 6 6 4 7 8 4 7 1 

34.1 - 3 1 3 - J 4 A 4 J 4 4 6 1 4 6 a 3 * 4 3 8 V 
1 | 3 H . 1 1 3 4 • 2 4 A l « 7 7.12 3 6 » i 3 n . 1 8 4 

5 8 3 3 f t J - 1 4 6 3 l " 9 • 3U0 A A 6 4 4 7 - 4 0 9 

1 6 3 3 I 6 J 4 0 4 A I H 7 - | H 5 - 7 7 6 3 P 4 3 V." 4 
2 P J - 1 9 2 1 4 6 B 3 3 8 7 8 - A 7 A 3 5 3 3 3 B 

1 1 2 3 > 1 1:16 2 4 6 3 b 5 3 5 0 - 5 7 6 3 6 3 - 3 6 7 
2 3 7 - 2 2 5 3 4 A 2 8 5 • 7 8 6 • 4 7 A 6 J 6 - 6 3 3 
8 B | 8 8 7 4 4 A 2 3 2 • 2 ) 6 - J 7 6 3 5 1 3 4 » 

9 1 1 9 : 4 6 4 6 2 1 1 2 i ' 7 - 2 7 A 0 9 9 V b B 
2 6 7 - 7 8 8 • 9 3 A 2 1 9 7 6 1 U 7 6 9 4 H • V 6 4 
4 1 4 - 3 0 1 - 7 3 6 3 2 2 - 5 2 6 1 7 A 2711 - 7 9 2 

2 4 6 7 3 4 - A 3 6 3 7 9 • 3 3 7 2 7 A 6 7 6 6 0 5 
2 7 3 7 7 2 - 3 3 A 3 2 4 3 4 1 3 7 6 3 4 5 J 3 3 

1 6 3 1 8 2 - 4 3 A r 6 6 6 7 9 4 7 6 J I 6 • 3 2 6 
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K i i«ro 1 9 ' C M K L 1 8 7 0 t a r e M K I 

7 8 2 9 7 . 3 8 3 • 7 1 2 8 l » l - 1 7 3 • 4 2 7 
7 6 1 6 9 1 7 9 • a 12 8 2 9 4 7 9 8 • 3 2 7 
e 8 1 9 7 | 9 9 - 9 12 a 2 8 9 2 9 8 • 2 2 7 
6 » 1 7 4 - | 9 7 • 4 12 A 3 4 0 - 3 9 | • 1 2 7 
S 8 2 3 4 . 2 3 8 • 3 12 a 4 9 8 • 4 9 9 0 2 7 
S 9 3 3 6 3 4 9 - 1 12 8 9 2 9 9 1 1 1 2 7 
6 A 2 B 3 • 2 » K 1 17 8 944 - 9 4 7 2 2 7 
8 « 3 7 3 •in 7 17 a 2 « 6 - 7 1 8 3 2 7 

6 1 3 6 1 3 9 3 17 8 2 4 | 2 4 S 4 2 7 
8 « in ? » 4 4 12 8 2 7 7 2 * 1 9 2 7 
a 8 1 9 4 | V 3 • a 13 a 1 9 2 2>17 8 2 7 
8 6 | 6 6 . 1 BM • 9 13 8 3 3 J - 3 i ' B 7 2 7 
8 6 1 4 3 | 3 6 • 4 1.1 6 2 1 8 - 2 4 9 • 9 3 7 
9 8 1*7 - | 6 6 • 2 13 8 3 3 7 3 2 9 • 8 3 7 
9 a is« 1 6 7 • 1 1 3 A | B U 1 7 6 • 7 3 7 
9 a 1 9 ? . | M 0 13 a 9 2 1 - 4 9 ! S • 6 3 7 

l » a 2 4 9 ? 6 6 1 1 3 8 2 1 3 - 1 7 9 • 5 3 7 
18 a 7 3 0 7 2 8 2 1 3 6 3 1 7 3 7 4 • 3 3 7 
18 a 3 7 4 . 1 / 4 4 13 a 1 9 4 - 1 9 1 • 2 3 7 
I K a i w • 1 « 6 • 4 14 a 1 7 6 1 6 1 • 1 3 7 
18 a 2 7 9 2 / 8 1 14 a 2 6 8 2 9 6 8 3 7 
10 a 4 4 9 . 4 4 2 • 2 19 A 1 7 6 1 i l l 1 3 7 
18 a l e j • | 6 4 • 7 1 7 2 6 9 2 * 7 2 3 7 
18 a 9 3 1 9 4 | • 9 1 7 4 9 3 . 4 4 9 4 3 7 
18 a 1 6 6 l « 2 • 3 1 7 2 6 6 2 6 3 3 3 7 
18 a | 9 a . 1 « 7 • 2 1 7 | B 6 1 4 6 8 3 7 
18 a 1 3 2 - | 4 9 • 1 1 7 2 3 7 - 2 1 8 7 3 7 
I I a 3 6 6 . 3 0 9 U 1 7 3 1 6 • 3 2 2 • 9 4 7 
I I 8 3 2 8 3 3 9 1 1 7 7 9 4 2 6 3 • 8 4 7 
11 a « 3 4 . 4 4 3 2 1 7 9 6 1 3 7 9 • 6 4 7 
I I a 8M9 7 9 3 4 1 7 3 4 3 • 3 9 8 . 4 4 7 
I I t 3 9 9 3 5 9 a 1 7 | 7 r f 1 7 3 • 3 4 7 
11 * 9 | 9 . 9 1 4 . 9 2 7 3 « 4 2 * 6 • 2 4 7 
I I a 2 9 7 - 2 9 9 . 6 2 7 1 9 7 1 9 1 • 1 4 7 
I I . a 2 3 4 7 1 3 • 7 2 7 3 * 9 - 3 « 7 1 4 7 
I I 8 2 9 6 2 » 7 • a i * 9 7 8 • 9 8 6 2 4 7 

14 7 3 9 4 3 2 7 6 1 « 2.-M • 7 9 6 u s e 
14 7 J 7 2 . 3 7 2 >9 2 8 2 2 9 - 2 1 8 1 9 8 
1« 7 2 6 2 . 2 7 7 . 7 2 8 1 B 1 l » 3 2 9 B 
14 7 1 8 9 2«9 . 4 2 9 2 9 0 - 7 9 9 3 9 6 
14 7 3 1 1 3 U | - 3 2 8 2 4 6 2 7 7 4 9 8 
15 7 3 7 9 - 3 1 2 - 2 7 8 2 7 4 2 9 7 8 9 6 
1 1 7 2 7 9 ? J 7 • 1 2 8 1 9 1 - 1 . 1 * • 9 8 8 
I S 7 2 9 9 2 5 6 e 2 8 1 2 1 1 « 4 • 7 6 8 

0 8 3 4 6 3 * 8 1 2 a 1 3 8 - 1 9 - ) • 6 A 6 
8 8 1 6 3 | 3 9 2 7 8 1 9 2 1 9 6 • 9 6 6 
8 a 9R9 . 4 « 9 3 7 8 9 9 9 9 6 8 • 4 6 B 
8 8 | 7 » 9 2 8 I 3 B - 1 * 8 • 3 6 6 
0 8 6 | 2 6i<7 • 6 3 a 1 3 6 - | 7 4 - 2 6 8 

0 4 | 7 3 9 3 . 9 3 8 | 9 | ! - 2 1 7 6 6 8 
B 8 7.17 - 6 7 3 • 2 3 8 | 7 8 - l « 2 1 8 8 
8 8 Of f? . 6 7 9 8 3 9 1 * 3 . 4 6 2 8 8 

fl 8 1 7 0 - | b b 1 3 8 | H U 1 9 4 3 8 8 
0 a J O S 3 » 4 2 3 8 | 7 7 l">9 4 6 8 
0 8 2 3 9 2 * 2 3 3 8 | B 4 - 1 8 7 9 A a 
0 a f t . 6 9 9 • 9 4 8 | 4 B - 1 7 9 • 8 7 8 
0 8 4 6 4 . 9 4 7 . 7 4 8 2 7 0 2 7 2 • 4 7 a 
0 8 " JP9 3 " l . 6 4 6 I 9 9 1 8 2 • 3 7 6 
0 8 1 9 6 l » 2 • 9 4 8 2 9 1 - 7 9 2 • 2 7 8 
| 8 1 1 2 . | H a • 4 4 8 | B 9 - 1 6 6 • I 7 8 

8 2 P 6 2 7 » • 2 4 8 1 9 7 1 6 2 1 7 8 
8 4 9 9 4 B 6 8 4 8 4 9 1 . 4 6 7 2 7 8 
8 2 2 1 . 7 2 7 1 8 2 4 9 - 2 3 7 6 7 8 

| 8 9 4 7 . 9 3 9 i 4 8 1 7 9 1 9 9 . 7 8 6 

J 8 4 " i 2 4 4 3 3 4 6 1 9 9 1 7 9 • 9 8 8 
i 8 4 3 9 4 3 8 9 4 6 27M - ? 6 l - 3 8 8 
i 8 1 7 8 | B 2 • a 9 8 494 4 7 6 • 2 8 8 

i >) 2 9 4 . 2 9 7 • 6 5 8 4 9 9 - 9 * 7 1 8 8 
8 4 7 3 . 4 7 ? . 9 9 8 2 9 4 - 2 9 1 3 8 8 

\ 8 2 « 0 ? B d . 4 5 8 41-0 4 1 7 • 1 9 8 
I 8 3 7 1 2 « 2 • 3 9 8 4 9 1 4 9 3 0 9 8 

» B | « 2 . ) ( ) « • i 9 8 6 9 4 - 6 9 4 • 7 1 1 a 

« 9 3 9 7 • 3 4 2 • a 9 9 H I 1 4 5 1 1 1 7 
4 9 2 7 3 - 7 2 8 - 9 8 9 3 6 8 3 4 6 2 1 ie 
4 9 2 1 9 2 1 9 . 3 8 9 4 9 9 • 4 4 | 3 1 I B 
4 9 2 7 9 • 2 3 1 . • 1 8 9 2 B 7 7 8 6 4 1 18 
9 9 1 7 7 | 7 9 9 8 9 2H | 1 9 3 9 1 18 
9 9 3 4 * 3 1 4 2 0 9 2 4 3 • 2 7 8 • 9 2 19 
5 9 3 9 4 3 4 7 4 it 9 7 6 4 2 6 0 • 3 2 18 
5 9 7 6 8 2 H 7 • 9 1 9 1 9 3 • 2 0 0 - 1 2 16 
5 9 3 7 6 - 3 H 4 • 4 1 9 2 4 3 • 2 6 9 B 2 18 
9 9 1 3 9 | 3 7 • 2 1 9 | B 4 7 1 7 1 2 18 
5 9 1 7 8 • | 7 2 11 1 9 1 7 6 - 1 9 ? 2 2 I B 
6 9 |7n |»6 • 4 3 9 2 9 9 - 7 2 6 • 4 3 18 
0 9 2 6 2 2 9 3 • 7 3 9 1 9 2 1 9 7 • 3 3 I P 
7 9 1 9 1 • 2 1 2 • 1 3 9 7\* 7 7 4 • 2 3 I B 
7 9 2 2 8 2 9 2 1 3 9 | 7 2 - 1 0 9 9 3 18 
7 9 9 4 7 . 9 6 4 • 8 0 I « 9 * 2 48S. 9 3 18 
7 9 2 6 9 2 6 9 . 7 n 18 2 * 2 7 9 3 • 8 4 | 0 
7 9 J 2 3 • 3 J 2 . 8 8 17 | M 6 7 . | 7 ) I - 7 4 | 0 
7 9 2 8 2 3 » tl • 9 8 18 7 4 1 - 7 ; n • 9 4 18 
0 9 2 7 8 2 2 9 • 4 8 18 I f 64 | I I 4 B - 3 4 | 8 
0 9 3 9 1 3 9 7 • 3 8 18 6 » 7 6 9 2 - 1 4 | 0 
0 9 b f f l . 4 9 8 • 2 0 19 4 1 3 • 4 3 4 8 4 18 
0 9 9 9 7 9 6 8 • 1 8 19 9 0 9 - 9 I R 1 4 | 8 
8 9 4 9 4 . 4 9 ] t 8 18 7 i l 3 7 « l 2 4 | 0 
6 9 4 1 6 . 4 2 9 7. fl I " 3 9 1 3 2 1 4 4 | 0 
0 9 3 7 8 3 7 4 3 0 18 9 2 9 - 9 1 1 • 9 5 I f l 
0 9 2 . M - 2 3 9 4 8 18 1 ' 9 - | 9 5 . 7 9 | H 
9 9 2 1 9 2 B 0 9 0 18 | 7 6 1 6 3 • a 9 10 
9 9 3 6 7 . 3 8 4 . 9 1 18 3 x ? 2 8 4 • 9 9 I B 
9 9 9 7 9 9 4 8 • 7 1 1 8 3 « 3 • 3 7 9 • 4 9 10 
9 9 3 6 ] - 3 B 9 • 6 1 18 4 * 9 - 4 1 | • 3 3 18 
9 9 1 3 6 - | ! 9 • 9 1 l » 347 3.18 • 2 9 18 
9 9 2 7 1 2 2 4 . 4 1 18 7 3 4 7 v * • 1 9 18 
9 9 4s»6 4 2 9 • 3 1 18 9 2 6 • V.<A 9 9 10 
9 9 3 6 6 . 3 7 7 • 2 1 18 7 8 6 - P I 6 1 9 1 8 

18 9 17-J - | 7 3 8 1 18 4 6 2 4 4 9 2 9 18 

1 8 7 0 H *. 1 1 9 7 0 1 8 F C H K I 1 8 * 0 1BFC 

8 3 9 8 9 4 3 4 7 5 3 1 9 9 7 - 2 a 7 8 8 3 • 8 7 9 
2 7 8 2 8 1 4 4 7 2 0 4 1 9 7 • 1 8 7 3 7 9 • 3 3 1 
8 9 4 . 8 8 3 • g 4 7 3 1 9 - 3 2 7 8 a 7 8 3 8 6 3 8 
9 7 0 . 6 9 7 a 4 7 2 3 2 - 2 4 1 1 a 7 6 7 4 6 9 2 
9 7 7 5 3 8 7 4 7 1 9 4 21-7 3 a 7 3I>9 - 3 1 4 
: f i a n • 7 s 7 :-3>: 2 9 6 9 a 7 2 » 9 2 B 9 
3 1 3 - S | 7 • 5 s 7 3 7 8 - 3 8 3 • a 9 7 330 - 3 J 2 
9 6 8 •999 • 3 9 7 1 0 9 8 9 • 7 9 7 7 4 2 • 2 9 2 
2 0 9 - 2 « l 9 • 2 9 7 3 2 9 3 2 1 - 3 9 7 4 7 ? 4 | 9 
3 1 9 3 1 3 • I 9 7 1 4 8 - 1 4 8 • 3 9 7 6 4 8 • 6 6 9 
3 8 4 2 4 9 8 9 7 4 2 9 - 4 2 3 • 2 9 7 2 9 7 - 2 9 1 
1 6 3 • l » 2 1 9 7 1 9 9 2 0 3 - I 9 7 4 3 2 4 1 1 
2 A 3 2 H 4 2 9 7 37H 3 9 8 V 9 7 7 9 9 2 < 0 
1 9 4 • 2 2 0 3 9 7 1 3 8 1 9 2 2 9 7 4 7 | - 4 7 5 
4 4 9 . 4 6 4 0 8 7 2 3 7 7 1 8 3 9 7 1 3 1 - 1 1 3 
3 7 3 3 7 6 • 6 6 7 1 6 9 - ? l ! 0 4 9 7 5 1 4 5 i ' 2 
6 9 2 7MB • 4 6 7 1 9 9 - 1 9 9 3 9 7 2 8 2 2 l i ! 
6 9 4 . 6 4 7 • 3 6 7 1 3 1 - I 9 | 6 9 7 1 7 4 - I S 9 
6 9 6 . 8 6 8 • | 6 7 3 J 7 - 3 3 8 - 6 t w 7 1 4 7 1 6 2 
6 1 4 9 6 7 6 7 1 2 3 9 7 • 3 19 7 3 7 6 - 3 2 4 

I H I 1 1 3 7 2 8 7 ' 6 * - 4 9 9 - 1 18 7 3 3 8 J I 9 
3 6 4 - 3 7 7 5 6 7 1 6 6 - 1 8 2 1 I B 7 5 1 9 - 5 3 7 
8 6 6 - 6 7 3 . 6 7 7 147 1 7 4 3 I B 7 4 2 2 4 l l 9 
4 3 6 4 4 8 • 7 7 7 3 0 V 7 9 7 3 I * 7 ? H | - 2 6 2 
2 7 7 ? H H • 5 7 7 2 6 9 - 2 8 3 • 4 11 7 1 4 3 • 1 3 3 
3 4 6 • 3 4 3 • 3 7 7 9 9 U 9 9 2 • 3 I I 7 7 1 8 7 1 3 
3 2 7 - 3 3 7 « 2 7 7 2311 7 3 3 - 2 I I 7 2 9 2 2 9 3 
I 3 B • 1 3 1 . 1 7 7 3 * 7 - 3 5 4 - 1 1 1 7 1 9 0 • 1 4 4 
2 1 4 - 7 1 9 7 7 4 7 4 - 4 7 3 0 1 1 7 7 9 ? • 7 7 6 
9 1 7 9 7 3 2 7 7 ' 6 6 4 9 7 2 11 7 K b | / « 
3 6 2 - 3 7 9 4 7 7 1 * 7 • 4 9 1 4 11 7 1 7 9 - 1 6 9 
12V - 1 9 9 . 8 8 7 1 7 4 2 l ' 8 • 9 13 7 7 9 9 - 7 3 8 
4 4 8 4 * 9 . 7 8 7 2 1 9 • 7 7 8 • 3 13 7 7 7 4 7 2 7 

1 1 2 3 m i • 6 8 7 1*4 - 7 9 7 • 1 13 7 1 7 6 - 1 4 8 
8411 • 8 6 1 • 4 8 7 6 9 8 7 X 8 B 13 7 2 8 9 - 2 6 7 
1 6 1 1 5 1 • 3 8 7 9 1 0 5 l ' 6 2 13 ' 1 6 2 1 9 2 

1 1 3 . 1 0 4 - 9 i e a 3 8 4 • 3 8 5 S 1 ( 1 5 1 - I B B 

7 8 1 6 8 9 • 2 18 8 1 9 1 1 4 6 • 9 2 9 7 1 9 - 1 9 9 
3 8 2 3 7 4 0 19 8 2 9 3 • 7 8 9 - B 2 9 ? 9 » 7 7 3 
3 9 8 • 3 « 9 | 18 8 2 t M • 2 0 6 • 7 2 9 3 9 4 3 / 7 
4 1 2 . 4 0 1 • 7 1 • 1 9 4 1 2 6 - a 2 9 1 * 7 • 1 4 5 

t.4 1 2 6 4 • 6 1 8 3 1 7 • 3 1 4 - 9 2 9 4 3 9 - 4 3 B 
2 6 7 2 9 7 • 4 1 • « l ' 3 J / B - 3 2 9 9 7 6 5 6 / 
4 6 3 • 4 9 3 • 3 1 8 3 4 | 3 3 5 - 2 2 9 3 3 6 3 4 2 
| 7 8 - 1 7 2 88 1 1 8 5 t : - 5 7 4 • 1 2 9 9 7 1 - 5 3 6 
9 0 4 9 1 9 1 • 1 6 9 - 1 6 1 8 2 9 4 9 n - 4 4 9 

3 3 3 3 6 6 1 11 • 4 3 2 4 4 J 1 2 9 3 6 3 3 5 S 
2 4 7 • 7 6 2 3 1 9 1 9 8 - 7 * 1 2 2 9 J f>6 4 6 8 
9 1 3 • 9 3 1 4 1 9 2 4 6 - 2 3 4 3 2 9 1 7 8 06 
6 1 2 6 1 4 m? 2 8 2 7 | - 2 6 6 4 2 9 7 3 7 - 2 2 7 

2 1 1 2 | 9 i>5 12 • 3U3 2 V 7 - 9 3 9 7 9 4 2 3 8 
J».» - J U J • j 2 8 2 9 3 7 6 9 • 8 3 9 3 1 4 7 9 9 

3 3 B - 3 4 | • 2 12 < 3 7 7 - 3 5 7 - 7 3 9 3 7 9 
2 1 8 2 2 4 2 8 4 9 3 4 7 7 - 6 3 9 6 1 4 -fti<6 
3 7 7 3 7 8 j 2 > 1 9 4 1 2 8 • 3 J 9 4 6 6 4> 2 

1 9 1 1 7 2 2 8 1 7 8 - I V 2 • 4 3 9 M M 5 1 9 
3 K 7 • 3 1 9 3 2 9 2 1 8 - 1 9 6 • 2 3 9 5 3 6 - 5 3 2 
4 9 7 . 4 / 0 - 6 13 9 2 4 6 2 9 7 • 1 3 9 5 1 9 - 5 . < 9 
1 9 7 1 1 6 • 4 13 8 1 8 9 • 2 1 1 0 3 9 4 4 4 4 4 3 
3 2 3 3 2 2 • | 13 9 2 2 9 2 1 9 1 3 9 4 7 9 4 ? 4 
2 4 6 • 2 3 2 | 13 6 2 3 3 - 2 3 8 2 3 9 7 7 9 - 2 D 7 

1 1 1 • 1 7 1 ft 14 8 1 3 2 - 1 4 9 3 3 9 3 6 9 - 3 / 4 
1 9 4 - 1 4 2 • B 1 9 3 4 | - 3 3 3 3 3 0 3 6 2 3 2 3 
1 3 9 1 7 9 • 6 1 9 4 7 7 4 8 9 . a 3 9 1 3 3 1 6 1 

1 3 2 • 1 3 4 • 9 1 9 1611 1 0 1 • 8 4 9 7 9 1 • 2 3 4 

1 2 7 1 7 9 • 4 1 9 3 3 7 • 3 1 8 • 7 4 9 7 9 0 • 7 2 9 

1 9 2 1 9 6 • 2 1 9 3 6 1 3 6 1 • a 4 9 3 l ! | 3 1 6 

1 9 9 • 1 H9 • 1 I 9 2 8 9 1 6 2 - 3 4 9 4 3 6 4 6 9 
1 6 4 I B S p 1 9 7 1 6 - 2 3 3 - 3 4 9 6 3 4 • 6 3 9 

1 7 2 | 4 7 1 9 2 9 9 - 2 3 3 • 2 4 9 3 0 7 • 2 9 9 

1 2 * • i n a 3 1 9 1 3 8 1 4 2 • 1 4 9 4 7 6 4 I

< 6 

2 B 2 2 1 3 4 1 9 1 9 9 1 8 3 B 4 9 1 3 6 1 9 1 

1 4 4 1 6 8 3 9 1 9 2 1 3 >l l • 1 18 19 2 0 6 3 1 9 
4 7 9 • 4 8 6 4 3 | 8 1 4 6 • 1 1 8 e 18 19 1 6 7 1 7 9 
2 9 7 - 2 7 3 * B a 17 4 1 8 4 1 9 1 1 8 18 21"? • 1 7 9 
| 9 0 1 8 7 B»7 6 1 « 21 ! 1 7 2 8 2 1 8 18 1 4 3 • 1 9 3 
1 4 7 1 7 4 • 9 6 I B 5 1 9 • 9 9 9 • 6 11 I B 1 4 1 1 3 8 
| B 9 7 * 6 *>9 a I B 3 6 9 - 3 9 1 • 3 I I I B 3 < « - 3 2 3 
| 9 V - 2 2 3 • 4 a 18 5 5 3 9 6 3 • 4 l i I B 3 1 7 - J | 7 
2 7 3 2 6 3 • 3 a I B 5 9 2 6 G 9 - 2 1 1 19 4KR 4 1 9 

1 2 8 1 3 8 • 2 a I B 2 5 6 - 2 4 4 0 11 19 4 1 6 - < i ' S 

2 9 0 - 7 9 3 • I a i« 6 8 6 - 6 7 8 2 11 19 1 7 8 1 9 8 
2 6 9 - 7 H 7 1 a 11) 5 3 5 5 * 2 • 9 1 2 19 1 7 6 - 1 6 4 

2 M 7 9 6 2 a I " |H i i 11-2 • 3 12 19 3 3 4 3 3 1 
3 6 4 3 f 9 3 a I B 2 5 9 - 7 / 9 • 2 1 2 K | 4 < -1 J 9 
7 i l l • 2 1 9 4 8 | 8 2 3 2 - 7 7 9 - 1 12 18 9 C 8 - 4 6 8 

2i?H | H 3 . 7 7 19 3 « 3 • 3 6 8 1 1 2 I * 2 9 4 2 / 9 

I 9 r t 1 3 8 • A 7 I B 1 4 6 • 1 7 6 • 2 13 I B 2 3 9 - 2 / 6 

2 B I - 2 4 6 . 5 7 1 * 4 1 4 4 7 2 - 9 1 11 | 4 6 7 . -6 
1 6 7 - 1 4 7 • 4 7 I B 3 1 7 9 2 6 - 7 1 1 1 3 7 7 - 3 1 6 

1 7 3 1 4 6 • 3 7 18 3 1 7 - 3 1 7 • 3 1 1 1 3.«6 3 2 7 
2 9 6 - 2 9 6 • 2 7 | 9 6 4 3 - 3 9 4 • 3 1 1 1 4 7 6 - 4 4 V 

4 1 6 3R9 * J 7 | K 1 7 8 1 7 6 - 2 1 1 1 ?.<7 - 7 1 9 
2 8 3 l « l 0 7 I B 4 6 7 4 9 9 - 1 1 1 1 3 7 1 3 1 6 

1 9 6 - 1 6 9 2 7 I B 2 8 7 • 2 9 6 B 1 1 1 7 9 6 2 6 8 

ivl - 1 7 9 • 9 8 | U 1 9 4 1 9 9 • 6 2 11 2 » 7 - 7 6 6 
| 6 4 2 1 2 • 4 8 l « 2 7 9 - 7 P 8 • a 2 1 1 4 / 0 4 9 8 
2 4 8 • 7 9 6 • 3 8 I B 1 5 4 - | H 6 - 4 2 1 1 3 9 7 • 6.<3 
3 7 8 3 7 3 • 2 8 18 1 / 9 1 7 6 - 3 2 1 1 4 i ' l - 4 1 4 
2 6 4 2 6 3 •>! 8 | 9 1 6 9 1 7 2 • 2 2 I I 7 3 7 6 8 4 

3 9 2 - 3 9 9 8 I B 7 4 9 - 2 3 9 - 1 2 I I 9 6 1 9 4 0 

3 9 6 - 4 H 1 3 8 I B | 4 | 1 6 4 8 2 I I 4 1 l i - 4 1 3 

2 8 9 7 7 9 • 4 9 | B 1 9 8 71-1 1 2 I I 4 9 4 - 4 4 9 
9 1 9 9 7 9 a>3 9 I B 2 H 6 7 3 1 3 2 I I 7 9 3 7 7 2 

| 4 t f - 1 3 8 • 2 9 19 1 8 7 - 2 i ' l - 9 i I I 1 0 8 - 1 6 3 

bl<3 - 5 9 3 • A 18 I B 2 « 6 2 1 0 - 8 3 1 1 l » 5 2 1 8 
7 7 4 - 2 7 9 • 5 I B I B 2 7 9 2 1 9 - 7 3 11 4 6 9 4 7 1 

2 3 1 2 4 0 • 3 19 I B 2 9 3 • 3 1 3 • 3 3 11 6 2 6 • 6 2 1 

9 0 



M K I 1 0 F O i e F C H K I 1 0 F O I 0 F C H K I 1MF0 10FC N K L 1 0 F O 1BFC H K I I 0 F O I 0 F C 

4 3 1 f 1 7 0 • 2 1 2 e j 1 1 Mi 3 1 0 . 8 1 1 2 2 1 1 2 1 7 • 2 6 1 2 4 5 3 4 7 0 • 1 4 1 3 2 2 8 - 2 2 0 
3 3 11 9 7 | 3 6 0 2 7 11 2 2 9 - 2 4 8 • 7 1 12 1 7 7 1 6 6 0 6 1 2 3 9 9 - 3 9 9 0 4 13 2 2 3 - 2 1 4 
2 3 11 6 6 0 6 2 6 • 6 a 11 3 3 7 3 * 0 • 6 1 1? 2 5 1 • 2 4 6 1 6 | 2 2 5 4 - 2 3 0 2 4 13 1 o p 2 1 1 
1 3 11 3 3 9 . 3 1 6 . 4 0 11 3 2 0 . 8 1 9 > 5 1 12 4 2 7 - 4 / 3 2 6 1 2 2 1 6 2 2 0 - 6 7 13 2 1 4 - 2 H 4 
0 3 i : 6 4 3 . 4 . 1 4 . 3 0 I I | 4 2 - 1 3 7 . 4 1 12 2 H 3 1 8 6 - 6 7 1 2 1 4 3 - 1 9 3 - 4 7 1 3 I A S 1 3 0 
1 3 11 2 3 1 7 i ) 6 • 2 B 11 3 8 6 3 9 7 . 3 1 12 3 7 7 • 3 4 - 3 7 | 2 2 2 1 - 2 ? 9 - ! 7 13 2 0 7 - 1 0 2 
2 3 11 5 8 7 5 9 3 . 1 8 11 3 2 9 3 3 1 . 1 1 12 4 6 2 - 4 f t ] - 3 7 12 3 7 9 3 4 7 - 5 6 13 2 7 7 3 4 0 
4 3 11 3 1 5 - J ' 2 8 11 1 1 3 . 1 4 9 1 12 1 4 3 - 1 3 3 - 1 7 1 2 3 3 9 - 3 4 9 * 3 0 13 7 3 1 • 2 3 1 
11 4 11 2 1 7 2 3 9 1 8 11 39M . 4 : 1 ? 1 1 12 4 * 6 4 2 4 0 7 1 2 1 7 3 - 1 19 0 8 13 3 1 7 2 V 2 
7 4 11 1 6 0 3 |1 11 2 4 8 7 h 8 2 1 12 2 4 1 2 3 0 1 7 1 2 2 3 9 27 I . 4 9 1 3 7 4 B • 2 3 0 
6 4 11 4 " |9 - 4 5 3 • 7 9 11 2 3 9 2 5 2 . 6 2 12 1 6 9 - 1 6 7 2 7 12 1 8 6 1 6 3 • 3 V 13 1 6 8 . 1 3 3 
5 4 11 161 - | 8 / . 5 9 11 4 b 3 - 4 8 7 . 4 2 12 1 6 4 2 1 2 0 0 | 2 I 9 | 1 9 3 • 2 9 1 3 | 88 1 7 3 
4 4 11 4 0 | 3 4 1 . 4 9 11 I 3 S - 1 0 1 . 2 2 12 4 « 2 • 3 8 0 • 4 | H 1 2 2 « l 1 8 8 • 6 8 1 4 2 3 2 7 4 3 
3 4 11 4 7 0 5 1 9 . 3 9 11 4 9 7 4 9 6 - 1 2 12 2 7 7 - 2 6 7 - 2 10 | 2 211 - 2 I - 5 • 5 0 1 4 71-S 1 7 4 
2 4 11 5 3 3 . 3 2 1 . 2 Q 11 3 i ' 3 2 8 3 2 12 3 4 9 3 0 3 « 10 | 2 14. ) 1 4 3 . 4 8 I 4 7 4 9 - 7 5 9 
1 4 11 4 7 2 . 4 4 $ « 1 9 11 411? . 3 7 1 1 I 2 12 2 ? 9 2 2 4 - 4 1 1 3 1 5 3 1 77 • 3 0 1 4 | 9 4 - 2 7 0 
0 4 11 if.R 3 6 8 9 11 5'.14 . 4 9 9 2 2 12 2 2 8 . 2 3 8 - 8 2 13 1 4 4 - 1 3 7 • 1 II 1 4 2 0 8 7 1 5 
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C H A P T E R F I V E 

T H E C R Y S T A L S T R U C T U R E 

O F 

( P h 2 C : N H 2

+ ) 2 S n C I 6

2 ~ 



I n t r o d u c t i o n 

A s a r e s u l t o f t h e s u c c e s s f u l o r t h o m e t a l l a t i o n r e a c t i o n d e s c r i b e d 

i n t h e p r e v i o u s c h a p t e r , a n a t t e m p t w a s m a d e t o m o d i f y t h e r e a c t i o n 

to a l l o w t h e i n s e r t i o n o f a c a r b o n y l g r o u p b e t w e e n t h e t i n a t o m a n d 

m e t a l l a t e d p h e n y l c a r b o n a t o m . T h e m e t a l l o c y c l e w o u l d b e t h e n 

e x p a n d e d to s i x a t o m s . 

T h e p r e p a r a t i o n w a s u n s u c c e s s f u l i n t e r m s o f t h e i s o l a t i o n o f a 

m e t a l l a t e d p r o d u c t , a n d g a v e i n s t e a d , a n i o n i c s p e c i e s w h o s e s t r u c t u r e 
+ 2 -

w a s e s t a b l i s h e d t h r o u g h t h i s w o r k a s ( P h g C i N H g J g S n C l g 

P r e p a r a t i o n 

A 1 : 1 : 1 m o l a r r a t i o o f d i p h e n y l m e t h y l e n e a m i n e , t i n t e t r a c h l o r i d e 

a n d d r y p y r i d i n e w a s d i s s o l v e d i n c h l o r o f o r m . T h e m i x t u r e w a s 
o 

h e a t e d o v e r n i g h t a t a t e m p e r a t u r e o f a p p r o x i m a t e l y 1 3 0 C , u n d e r a n 

a t m o s p h e r e o f c a r b o n m o n o x i d e a t a b o u t 1 0 a t m o s p h e r e s p r e s s u r e . 

C o l o u r l e s s c r y s t a l s w e r e f o u n d a r o u n d t h e m o u t h o f t h e r e a c t i o n v e s s e l 

a n d t h e s e w e r e r e m o v e d a n d d r i e d . 

S p e c t r o s c o p i c a n a l y s i s a g a i n s u g g e s t e d t h e o c c u r r e n c e o f 

o r t h o m e t a l l a t i o n , a n d t h e a p p e a r e n c e o f a n i n f r a r e d a b s o r p t i o n p e a k 

a t 1 7 1 0 c m ' w a s i n t e r p r e t t e d a s b e i n g d u e to t h e p r e s e n c e o f a 

c a r b o n y l g r o u p ( C = O s t r e t c h i n g r e g i o n 1 6 6 0 - 1 71 0 c m " ' ) . 

T h e p r e p a r a t i o n a n d s p e c t r o s c o p i c c h a r a c t e r i s a t i o n o f t h e c o m p o u n d 

w a s u n d e r t a k e n b y O t h e n a n d W a d e , 1 9 7 7 . 

C r y s t a l D a t a 

T h e c o m p o u n d c r y s t a l l i s e d i n t h e f o r m o f c o l o u r l e s s p l a t e s , w h i c h 

f o r t h e p u r p o s e o f d a t a c o l l e c t i o n , w e r e s e a l e d i n q u a r t z c a p i l l a r y 

t u b e s . T h e c r y s t a l s e l e c t e d h a d d i m e n s i o n s o f 0 . 3 5 x 0 . 2 x O . 1 m m . 

P r e l i m i n a r y s t u d i e s u s i n g t h e W e i s s e n b e r g a n d p r e c e s s i o n m e t h o d s 

e s t a b l i s h e d t h e u n i t c e l l a s m o n o c l i n i c . T h e c o n d i t i o n s l i m i t i n g 

r e f l e c t i o n s w e r e 

hOI I = 2 n 

OkO k = 2 n 

a n d t h e s e u n i q u e l y d e f i n e d t h e s p a c e g r o u p a s P 2 i / c . M o r e a c c u r a t e 

u n i t c e l l d i m e n s i o n s w e r e o b t a i n e d f r o m a l e a s t - s q u a r e s t r e a t m e n t o f 

t h e p o s i t i o n s o f t w e l v e h i g h o r d e r r e f l e c t i o n s , m e a s u r e d o n a f o u r -

c i r c l e d i f f r a c t o m e t e r . 
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( P h 2 C : N H 2

+ ) 2 S n C I 6

2 -

M 3 6 1 . 7 

a 8 . 6 1 6 ( 3 ) A 

b 1 6 . 8 2 6 ( 6 ) A 

c 1 0 . 4 8 3 ( 6 ) A 

1 1 2 . 2 2 ( 3 ) ° 

Z 2 

D m 1 . 7 0 7 g . c m 
- 3 

D c 1. 7 0 8 g . c m 3 

C H C I 3 ) 

A b s o r p t i o n c o e f f i c i e n t f o r M o K a r a d i a t i o n = 1 3 . 7 8 c m ^ 

D a t a C o l l e c t i o n 

T h e i n t e n s i t y d a t a w e r e c o l l e c t e d o n a f o u r - c i r c l e d i f f r a c t o m e t e r , 

a s p r e v i o u s l y d e s c r i b e d , u s i n g a 8 - 2 8 s c a n t e c h n i q u e . E a c h 

r e f l e c t i o n w a s s c a n n e d i n e i g h t y s t e p s o f 0 . 0 1 ° w i t h a c o u n t i n g t i m e o f 

t h r e e s e c o n d s p e r s t e p , a n d a b a c k g r o u n d c o u n t o f s i x t y s e c o n d s a t 

t h e b e g i n n i n g a n d e n d o f e a c h s c a n . T h r e e s t a n d a r d r e f l e c t i o n s w e r e 

m e a s u r e d e v e r y f o r t y r e f l e c t i o n s , a n d t h e s e s h o w e d n o s y s t e m a t i c 

v a r i a t i o n s d u r i n g t h e d a t a m e a s u r e m e n t , i n d i c a t i n g t h a t t h e c r y s t a l 

h a d r e m a i n e d s t a b l e . T h e s e s t a n d a r d r e f l e c t i o n s w e r e u s e d t o p l a c e 

t h e d a t a o n a c o m m o n s c a l e . 

T w o n o n - e q u i v a l e n t o c t a n t s o f r e c i p r o c a l s p a c e w e r e s c a n n e d u p 
o 

to a l i m i t o f 8 = 2 0 , to g i v e a t o t a l o f 2 7 7 3 u n i q u e r e f l e c t i o n s o f w h i c h 

1 8 0 4 w e r e c l a s s e d a s o b s e r v e d r e f l e c t i o n s h a v i n g n e t c o u n t s ^ 2.5a 

T h e d a t a w a s c o r r e c t e d f o r L o r e n t z a n d p o l a r i s a t i o n e f f e c t s , a n d a l s o 

f o r a b s o r p t i o n . 

S o l u t i o n A n d R e f i n e m e n t 

T h e s t r u c t u r e w a s s o l v e d w i t h t h e a i d o f t h e P a t t e r s o n f u n c t i o n 

w h i c h f o r t h e s p a c e g r o u p P 2 i / t a k e s t h e f o r m 

p ( u v w ) = i t Z 2 X { | F ( h k l ) | 2 c o s 2 , ( h u + I w ) r - \ u , v , w y V Q Q Q \ 

+ | F ( h k I ) | 2 c o s 2 7 i ( h u - I w ) | c o s 2 7 i k v 
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T h e f u n c t i o n w a s s h a r p e n e d b y u s i n g a s c o e f f i c i e n t s , t h e p r o d u c t s 

| F o | . | E | . 

A n e x a m i n a t i o n o f t h e v e c t o r m a p r e v e a l e d a l a r g e p e a k a t t h e 

p o s i t i o n ( 0 . 0 , 0 . 5 , 0 . 5 ) o f h e i g h t 7 4 3 c o m p a r e d to a n o r i g i n p e a k o f 

9 9 9 . T h i s p e a k w a s i n t e r p r e t t e d a s b e i n g d u e to a d o u b l e w e i g h t 

S n - S n v e c t o r a n d w a s c o n s i s t e n t w i t h t i n a t o m s b e i n g s i t u a t e d a t 

t h e o r i g i n ( 0 , 0 , 0 ) a n d a t ( 0 , 0 . 5 , 0 . 5 ) . T h r e e s m a l l e r p e a k s w e r e 

o b s e r v e d i n g e n e r a l p o s i t i o n s a t ( 0 . 2 7 2 , 0 . 0 , - 0 . 0 1 5 ) , ( 0 . 0 3 0 , 0 . 1 4 3 , 

0 . 0 6 3 ) a n d ( 0 . 1 2 7 , 0 . 0 3 0 , 0 . 2 4 4 ) a n d w i t h p e a k h e i g h t s o f 3 0 8 , 1 6 6 

a n d 1 1 9 r e s p e c t i v e l y . T h e s e p e a k s w e r e c o n s i d e r e d to b e d u e to 

S n - C I v e c t o r s a n d e n a b l e d p o s i t i o n s f o r t h e t h r e e c h l o r i n e a t o m s to 

b e c h o s e n a s ( 0 . 2 7 2 , 0 . 0 , - 0 . 0 1 5 ) , ( 0 . 0 3 0 , 0 . 1 4 3 , 0 . 0 6 3 ) a n d ( 0 . 1 2 7 , 

0 . 031 , 0 . 2 4 4 ) , b u t d u e to t h e m i r r o r p l a n e s a t v = 0 a n d v = 0 . 5 i n t h e 

P a t t e r s o n f u n c t i o n , t h e r e l a t i v e s i g n s o f t h e y - c o - o r d i n a t e s o f t h e 

c h l o r i n e a t o m s c o u l d n o t b e d e t e r m i n e d f r o m t h e S n - C I v e c t o r s . 

S i n c e t h e t i n a t o m w a s s i t u a t e d a t t h e o r i g i n , i t w i l l o n l y c o n t r i b u t e 

to t h e s t r u c t u r e f a c t o r s o f p l a n e s w i t h k + I e v e n , a n d h e n c e a n e l e c t r o n 

d e n s i t y d i f f e r e n c e m a p c a l c u l a t e d f r o m t h e s e s t r u c t u r e f a c t o r s , w i l l 

s h o w m i r r o r s y m m e t r y a t y = 0 a n d y = 0 . 5 . T o o v e r c o m e t h i s p r o b l e m , 

s t r u c t u r e f a c t o r s w e r e c a l c u l a t e d f o r t h e t i n a t o m , t h e c h l o r i n e a t o m 

w i t h a y - c o - o r d i n a t e o f z e r o , a n d t h e s e c o n d c h l o r i n e a t o m w h i c h w a s 

a s s i g n e d a y - c o - o r d i n a t e o f + 0 . 1 4 3 . F r o m t h e s u b s e q u e n t d i f f e r e n c e 

m a p , t h e t h i r d c h l o r i n e a t o m p o s i t i o n w a s r e v e a l e d w i t h c o - o r d i n a t e s 

( 0 . 1 2 8 , - 0 . 0 3 1 , 0 . 2 4 2 ) . 

T h e p o s i t i o n s o f t h e t i n a n d t h r e e c h l o r i n e a t o m s w e r e r e f i n e d u s i n g 

f u l l - m a t r i x l e a s t s q u a r e s m e t h o d s , a n d a f t e r o n e c y c l e t h e R - v a l u e 

w a s 0 . 4 1 . T h e c a l c u l a t e d s t r u c t u r e f a c t o r s b a s e d u p o n t h e t i n a n d 

c h l o r i n e a t o m s w e r e u s e d t o c o m p u t e a f u r t h e r e l e c t r o n d e n s i t y 

d i f f e r e n c e m a p w h i c h s h o w e d f o u r t e e n p e a k s o f h e i g h t s v a r y i n g f r o m 

10 to 1 5 e . A , a g a i n s t a b a c k g r o u n d e l e c t r o n d e n s i t y o f u p to 4 e . A 

T h e s e p e a k s w e r e a s s i g n e d t o t h e r e m a i n i n g n o n - h y d r o g e n a t o m s , a n d 

s h o w e d t h e p r e s e n c e o f a d i p h e n y l m e t h y l e n e a m m o n i u m c a t i o n . A l l 

e i g h t e e n a t o m s w e r e n o w r e f i n e d i s o t r o p i c a l l y to g i v e a n R - v a l u e o f 

0 . 0 9 0 . 

R e f i n e m e n t w i t h a n i s o t r o p i c t e m p e r a t u r e f a c t o r s f o r t h e t i n a n d 

c h l o r i n e a t o m s , g a v e a n R - v a l u e o f 0 . 0 6 2 , a n d w i t h a n i s o t r o p i c 

t h e r m a l p a r a m e t e r s f o r a l l a t o m s , t h e R - v a l u e w a s r e d u c e d to 0 . 0 4 1 . 
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A n e l e c t r o n d e n s i t y d i f f e r e n c e m a p r e v e a l e d a p e a k o f h e i g h t 1 e . A 
o 

l y i n g c l o s e to t h e t i n a t o m ( 1 . 0 1 A ) a n d t w e l v e f u r t h e r p e a k s o f h e i g h t s 
o _ 3 

r a n g i n g f r o m 0 . 3 to 0 . 6 e . A w e r e i d e n t i f i e d i n p o s i t i o n s e x p e c t e d 

f o r h y d r o g e n a t o m s . 

I n t h e f i n a l s t a g e s o f r e f i n e m e n t , t h e t w o h y d r o g e n a t o m s a t t a c h e d 

to n i t r o g e n w e r e p l a c e d a t t h e p o s i t i o n s o b t a i n e d f r o m t h e d i f f e r e n c e 

m a p , b u t t h e p h e n y l h y d r o g e n a t o m s w e r e p l a c e d a t p o s i t i o n s c a l c u l a t e d 
0 

to g i v e C - H d i s t a n c e s o f 1. 0 8 A . T h e p o s i t i o n s o f t h e h y d r o g e n a t o m s 

w e r e n o t r e f i n e d b u t t h e p o s i t i o n s o f t h e p h e n y l h y d r o g e n a t o m s w e r e 

r e c a l c u l a t e d b e f o r e e a c h r e f i n e m e n t c y c l e . A c o m m o n i s o t r o p i c 

t e m p e r a t u r e f a c t o r w a s r e f i n e d f o r a l l o f t h e p h e n y l h y d r o g e n a t o m s , 

w i t h a s e p a r a t e i s o t r o p i c f a c t o r f o r t h e t w o h y d r o g e n a t o m s a t t a c h e d 

to n i t r o g e n . T h e R - v a l u e n o w r e a c h e d i t s f i n a l v a l u e o f 0 . 0 3 5 ( R w = 

0 . 0 3 7 ) a n d a l l p a r a m e t e r s h i f t s w e r e l e s s t h a n 0 . 3 o f t h e c o r r e s p o n d i n g 

e . s . d . 
A f i n a l e l e c t r o n d e n s i t y d i f f e r e n c e m a p r e v e a l e d a p e a k o f h e i g h t 
o _ 3 o _ 3 

1 e . A , c l o s e to t h e t i n a t o m , a n d t w o s m a l l e r p e a k s 0 . 3 to 0 . 6 e . A 
c l o s e to o n e o f t h e c h l o r i n e a t o m s . N o o t h e r p e a k s g r e a t e r t h a n 

o _ 3 

0 . 3 e . A w e r e o b s e r v e d . 

A u n i t w e i g h t i n g s c h e m e w a s u s e d i n t h e e a r l y s t a g e s o f r e f i n e m e n t , 

b u t w a s r e p l a c e d i n t h e f i n a l r e f i n e m e n t b y t h e w e i g h t i n g s c h e m e 

( a 2 ( F ) + g . F 2 ) 

T h e f i n a l v a l u e o f g w a s 0 . 0 0 1 7 

T h e w e i g h t i n g a n a l y s i s i s g i v e n i n T a b l e 5 . 8 , a n d t h e f i n a l a t o m i c 

p a r a m e t e r s a n d t h e r m a l p a r a m e t e r s a r e g i v e n i n T a b l e s 5 . 1 a n d 5 . 2 . 

A t o m i c s c a t t e r i n g f a c t o r s w e r e t a k e n f r o m : -

A c t a C r y s t . , A 2 4 ( 1 9 6 8 ) 321 

A c t a C r y s t . , A 2 4 ( 1 9 6 8 ) 3 9 0 

T h e c o m p l e x c o m p o n e n t s o f t h e s c a t t e r i n g f a c t o r s f o r t i n a n d c h l o r i n e 

w e r e o b t a i n e d f r o m : -

J . C h e m . P h y s . , 5 3 ( 1 9 7 0 ) 1 8 9 1 

S t r u c t u r e f a c t o r s a r e l i s t e d i n T a b l e 5 . 9 . 
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D e s c r i p t i o n A n d D i s c u s s i o n o f T h e S t r u c t u r e 

T h e s t r u c t u r e c o n s i s t s o f d i p h e n y I m e t h y l e n e a m m o n i u m i o n s , 
+ 2 -

P h „ C : N H _ a n d h e x a c h l o r o s t a n n a t e i o n s S n C I , . T h e t i n a t o m 
2 -

o f t h e S n C L i o n i s s i t u a t e d a t a c e n t r e o f s y m m e t r y s o t h a t t h e 
+ - 2 

a s y m e t r i c u n i t c o n t a i n s o n e P h 2 C : N H 2 i o n a n d h a l f o f a n S n C l g 

i o n . 

A l t h o u g h t h e h e x a c h l o r o s t a n n a t e i o n i s r e l a t i v e l y w e l l k n o w n , 

h a v i n g b e e n d e s c r i b e d a s e a r l y a s 1 9 2 2 ( D i c k e n s o n , 1 9 2 2 ) v e r y l i t t l e 

s t r u c t u r a l i n f o r m a t i o n a p p e a r s to h a v e b e e n r e p o r t e d c o n c e r n i n g 

p r o t o n a t e d m e t h y l e n e a m i n e d e r i v a t i v e s , d e s p i t e t h e s i g n i f i c a n c e o f 

r e c e n t w o r k e s t a b l i s h i n g t h e c a t i o n a s a c o m p l e x - s t a b i l i s i n g l i g a n d 

( M a s o n , a n d R u c c i , 1 9 7 1 ) . 

T h e c a t i o n i s i s o e l e c t r o n i c w i t h t h e c o r r e s p o n d i n g a l k e n e , 

P h 2 C = C H ^ a n d c a n f u n c t i o n a s a 7 r - b o n d i n g d o n o r ( A b e l , R o w l e y , 

M a s o n a n d T h o m a s , 1 9 7 4 ) . A l t h o u g h t h e c h e m i s t r y o f t h e 

d i m e t h y l m e t h y l e n e a m m o n i u m i o n h a s b e e n d e s c r i b e d ( E s c h e n m o s e r , 

1 9 7 0 ) a n d i m m i n i u m s a l t s h a v e r e c e n t l y b e e n r e v i e w e d ( B o h m e a n d 

V i c k e , 1 9 7 7 ) i t i s t h o u g h t t h a t t h i s i s t h e f i r s t r e p o r t e d c r y s t a l l o g r a p h i c 

a n a l y s i s o f a p r o t o n a t e d m e t h y l e n e a m i n o d e r i v a t i v e . 

+ 
T h e D i p h e n y l m e t h y l e n e a m m o n i u m I o n P h 2 C : N 

T h e c a t i o n ( F i g u r e 5^ ) s h o w s a t r i g o n a l p l a n a r g e o m e t r y a t n i t r o g e n 

f o l l o w i n g c o - o r d i n a t i o n o f t h e p r o t o n , w i t h o n l y s l i g h t d e v i a t i o n f r o m 

r e g u l a r t r i g o n a l b o n d a n g l e s ( T a b l e 5 . 4 ) . T h e a t o m s N ( l ) , C ( 1 ) , C ( 2 ) 

a n d C ( 8 ) a r e c o p l a n a r w i t h i n e x p e r i m e n t a l e r r o r , a n d t h e a t o m s H ( 1 ) 

a n d H ( 2 ) l i e c l o s e to t h e m e a n p l a n e d e f i n e d b y t h e s e a t o m s ( T a b l e 5 . 7 ) . 

T h e t w o p h e n y l r i n g s a r e p l a n a r w i t h i n e x p e r i m e n t a l e r r o r a n d a r e 
O 

i n c l i n e d a t a n a n g l e o f 6 2 . 5 w i t h r e s p e c t to e a c h o t h e r a n d 
o o 

i n d i v i d u a l l y l i e a t a n g l e s o f 3 2 . 4 a n d 3 7 . 9 w i t h r e s p e c t to t h e m e a n 

p l a n e o f N ( l ) , C ( l ) , C ( 2 ) a n d C ( 8 ) . 
o 

T h e C = N b o n d d i s t a n c e o f 1. 2 9 6 ( 7 ) A i s c l o s e to t h e C = N d i s t a n c e 

o f 1. 3 0 2 ( 4 3 ) A f o u n d i n t h e r e l a t e d c a t i o n ( C H 3 ) 2 C = N ( C H 3 ) 2 

( T r e f o n a s , F l u r r y , M a j e s t e , M e y e r s a n d C o p e l a n d , 1 9 6 6 ) . T h e s e 

v a l u e s c a n b e c o m p a r e d w i t h C = N d i s t a n c e s f o u n d i n o t h e r c o - o r d i n a t e d 
2 

m e t h y l e n e a m i n e s , w h e r e t h e n i t r o g e n a t o m i s a l s o i n a n s p h y b r i d i s e d 

s t a t e . I n L i A l ( N : C B u ^ ) ^ ( W a d e , S h e a r e r , S n a i t h a n d S o w e r b y , 1 9 7 1 ) , 

a v a l u e o f 1. 2 7 0 ( 1 0 ) A w a s o b s e r v e d a n d i n [ ( B u ^ C : N ) 2 B e ] 2 ( S h e a r e r 

a n d S o w e r b y , 1 9 7 1 ) , a v a l u e o f 1. 2 7 9 ( 1 4 ) A . 

9 7 
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F i g u r e 5 b 

P e r s p e c t i v e V i e w o f t h e H e x a c h l o r o s t a n n a t e I o n 

C I 2 

C I 3 

( P h 2 C : N H 2

+ ) 2 S n C I 6

2 



I n t h e p h o s p h o r o u s d e r i v a t i v e , P ( N : C P h 2 ) . j ( S h e a r e r , 1 9 7 6 ) , v a l u e s 

o f 1. 2 8 0 ( 1 0 ) , 1. 2 7 3 ( 1 1 ) a n d 1 . 2 8 0 ( 1 0 ) A w e r e r e c o r d e d . A l c o c k a n d 

P i e r c e - B u t l e r , 1 9 6 5 , o b s e r v e d s i m i l a r v a l u e s o f 1. 2 6 8 ( 2 1 ) , 1 . 2 6 0 ( 2 4 ) , 

1. 2 5 8 ( 2 1 ) a n d 1. 2 7 9 ( 2 2 ) A i n ( P h g C : N ) 4 S i , 1 . 2 7 5 ( 8 ) a n d 1. 2 5 8 ( 8 ) A 

i n ( P h 2 C : N ) ^ G e , a n d 1 . 3 3 0 ( 3 6 ) A i n ( P h 2 C : N ) 4 S n . 
o 

T h e w e i g h t e d m e a n s o f t h e s e v a l u e s i s 1. 2 7 0 ( 5 ) A a n d w h e n t h i s 
o 

v a l u e i s c o m p a r e d w i t h t h e C = N d i s t a n c e o f 1. 2 9 6 ( 7 ) A f o u n d i n t h e 

p r e s e n t w o r k , t h e n t h e d i f f e r e n c e i s s e e n to b e n o t s i g n i f i c a n t . 

A s t u d y h a s b e e n m a d e o f t h e r e l a t i v e a z o m e t h i n e s t r e t c h i n g 

f r e q u e n c i e s o n a s e r i e s o f m e t h y l e n e a m i n e , p r o t o n a t e d a n d B F ^ 

c o - o r d i n a t e d c o m p l e x e s ( S a m u e l , S n a i t h , S u m m e r f o r d a n d W a d e , 1 9 7 0 ) . 

I n e v e r y i n s t a n c e a n i n c r e a s e i n s t r e t c h i n g f r e q u e n c y o c c u r r e d 

v a r y i n g f r o m b e t w e e n 3 3 a n d 6 5 c m - 1 ( 2 . 0 - 4 . 0 % ) f o r t h e p r o t o n a t e d 

d e r i v a t i v e s a n d s l i g h t l y l e s s f o r t h e B F ^ c o - o r d i n a t e d d e r i v a t i v e s 

2 . 0 - 3 . 0 % ) . A s i m i l a r i n c r e a s e i n C = N s t r e t c h i n g f r e q u e n c i e s h a s 

b e e n r e p o r t e d i n t h e c o - o r d i n a t i o n o f n i t r i l e s to f o r m a d d u c t s o f t h e 

t y p e R - C = N , M X n ( W a l t o n , 1 9 6 5 ) . A l t h o u g h t h i s i n c r e a s e m a y a r i s e 

i n p a r t f r o m t h e m e c h a n i c a l c o n s t r a i n t a p p l i e d to t h e n i t r o g e n a t o m o f 

t h e c o - o r d i n a t e d n i t r i l e ( C o e r v e r a n d C u r r a n , 1 9 5 8 ) , t h e r e i s X - r a y 

c r y s t a l l o g r a p h i c e v i d e n c e t h a t c o - o r d i n a t i o n i s a c c o m p a n i e d b y a 

s h o r t e n i n g o f t h e C = N b o n d l e n g t h , t h a t i s a s l i g h t i n c r e a s e i n t h e b o n d 

o r d e r . T h i s w a s a t t r i b u t e d to a m o d i f i c a t i o n o f t h e h y b r i d i s a t i o n a t 

n i t r o g e n ( G e r r a r d , L a p p o r t , P y s z o r a a n d W a l l i s , 1 9 6 0 ) . 

T h e r e v e r s e s i t u a t i o n a p p l i e s to t h e c o - o r d i n a t i o n o f k e t o n e s to 

L e w i s a c i d s M X n , t h r o u g h t h e c a r b o n y l o x y g e n , w h e r e a m a r k e d 

d e c r e a s e i n t h e c a r b o n y l s t r e t c h i n g f r e q u e n c y o c c u r s ( S u s z a n d C o o k e , 

1 9 5 4 ) , ( S u s z a n d C h a l a n d o n , 1 9 5 8 , B e l l a m y , 1 9 6 8 ) . T h i s d e c r e a s e 

i s u s u a l l y a t t r i b u t e d to e l e c t r o n w i t h d r a w a l f r o m o x y g e n . 

T h e p r o t o n a t i o n o f a m e t h y l e n e a m i n e m a y a l s o l e a d to a w i t h d r a w a l 

o f e l e c t r o n d e n s i t y f r o m t h e C = N b o n d , t h e r e b y d e c r e a s i n g t h e b o n d 

o r d e r a n d i n c r e a s i n g t h e b o n d l e n g t h . T h e a v a i l a b l e d a t a h o w e v e r , 

i s n o t s u f f i c i e n t to j u s t i f y t h i s a s s u m p t i o n . 
2 2 

T h e C ( s p ) - C ( s p ) s i n g l e b o n d d i s t a n c e s C ( 1 ) - C ( 2 ) a n d C ( l ) - C ( 8 ) 
o 

h a v e a m e a n o f 1. 4 6 2 A a n d t h i s i s i n a g r e e m e n t w i t h t h e m e a n o f 
o 

1. 4 8 0 A f o u n d i n t h e m e t a l l a t e d c o m p o u n d p r e v i o u s l y d e s c r i b e d . T h e 

a v e r a g e C - C b o n d l e n g t h s f o r t h e p h e n y l r i n g s C ( 2 ) to C ( 7 ) a n d C ( 8 ) to 
o o 

C ( 1 3 ) , a r e 1 . 3 8 4 A a n d 1. 3 8 6 A , i n g o o d agreement w i t h t h e v a l u e s o f 
o o 

1 . 3 8 6 A a n d 1 . 3 8 7 A , f o r t h e p h e n y l g r o u p s i n t h e m e t a l l a t e d c o m p o u n d , 

C ( 2 ) to C ( 7 ) a n d C ( 9 ) to C ( 1 4 ) , s u g g e s t i n g t h a t p r o t o n a t i o n d o e s n o t 

s i g n i f i c a n t l y e f f e c t t h e s e b o n d l e n g t h s . 1 0 0 



T h e H e x a c h l o r o s t a n n a t e I o n S n C l g 

T h e h e x a c h l o r o s t a n n a t e i o n ( F i g u r e 5 b ) i s f o r m e d a s a c o n s e q u e n c e 

o f t h e a b i l i t y o f t h e t i n a t o m to e x p a n d i t s c o - o r d i n a t i o n f r o m f o u r to 

s i x . 

T h e a n g l e s a t t i n a r e v e r y c l o s e t o t h o s e e x p e c t e d f o r r e g u l a r 

o c t a h e d r a l c o - o r d i n a t i o n w i t h C I - S n - C I a n g l e s v a r y i n g f r o m 8 9 . 6 

to 9 1 . 0 ° ( T a b l e 5 . 4 ) , a n d t h e s e v a l u e s m u s t r e f l e c t t h e a b s e n c e o f 

a n y a n g u l a r d i s t o r t i o n e f f e c t s a r o u n d t h e i o n . S o m e d i s t o r t i o n c a n 

b e s e e n i n t h e v a r y i n g S n - C I b o n d d i s t a n c e s ( T a b l e 5 . 3 ) . T h e l o n g e s t 

o f t h e s e i s S n ( l ) - C l ( 2 ) w i t h a s e p a r a t i o n o f 2 . 4 5 6 ( l ) A , w h i l s t 

S n ( 1 ) - C l ( 3 ) i s t h e s h o r t e s t w i t h a d i s t a n c e o f 2 . 41 3( 1 ) A , . a n d 
o 

S n ( l ) - C l ( l ) l y i n g i n t e r m e d i a t e w i t h a v a l u e o f 2 . 4 2 6 ( 1 ) A . 

T h e a t o m s C I ( 1 ) a n d C l ( 2 ) , b o t h i n t h e m o l e c u l e a t ( - x , y - 0 . 5 , 

- z - 0 . 5 ) a r e i n v o l v e d i n s h o r t i n t e r m o l e c u l a r c o n t a c t s w i t h N ( 1 ) , 

n a m e l y , 3 . 4 0 6 A f o r C I ( 1 ) a n d 3 . 321 A f o r C l ( 2 ) . B o t h o f t h e s e c o n t a c t s 
o 

a r e l e s s t h a n t h e v a n d e r W a a l s d i s t a n c e o f 3 . 5 0 A ( B o n d i , 1 9 6 4 ) , 

( T a b l e 5 . 6 ) . A h y d r o g e n b o n d N - H . . . C I i s f o r m e d b y N ( l ) , H ( 2 ) 

a n d C l ( 2 ) a t t h e e q u i v a l e n t p o s i t i o n d e s c r i b e d a b o v e . T h e N - ~ H . . . C I 
o ° 

a n g l e i s 1 6 5 , a n d t h e N . . . C I d i s t a n c e ( 3 . 3 2 A ) i s w i t h i n t h e a c c e p t e d 
o 

N - H . . . C I h y d r o g e n b o n d i n g d i s t a n c e o f 2 . 8 8 - 3 . 3 8 A ( P i m e n t a l a n d 

M c C l e l l a n , 1 9 6 0 ) ( F i g u r e 5 c ) . 

It i s i n t e r e s t i n g to c o m p a r e t h e S n - C I d i s t a n c e s f o u n d i n t h i s w o r k 

w i t h p r e v i o u s v a l u e s r e c o r d e d i n t h e l i t e r a t u r e . T h e m e a n v a l u e i s 
o 

2 . 4 3 A , a n d t h i s i s i n c l o s e a g r e e m e n t w i t h d i s t a n c e s t a k e n f r o m t h e 
o 

e a r l y l i t e r a t u r e , f o r w h i c h o n l y m e a n v a l u e s w e r e q u o t e d , 2 . 4 3 A i n 

( N 2 H 5 ) S n C l 6 ( S c h a f f e r , 1 9 5 4 ) , 2 . 4 4 A a n d 2 . 4 6 A i n K 2 S n C I 6 a n d 

( N H ^ ) 2 S n C l 6 ( D i c k i n s o n , 1 9 2 2 ) . A m o r e r e c e n t s e t o f S n - C I 

d i s t a n c e s r e p o r t e d b y B r i l l , G e a r h a r t a n d W e l s h i n 1 9 7 3 , i n c l u d e 

2 . 4 1 1 ( 2 ) A i n K 2 S n C I 6 , 2 . 4 2 1 ( l ) A i n ( N H ^ S n C l g , 2 . 4 2 3 ( 3 ) A i n 

R b 2 S n C I 6 , 2 . 4 2 3 ( 5 ) A i n C s 2 S n C I 6 , a n d 2 . 4 0 2 ( 3 ) A i n ( C H ^ N 2 S n C I 

I n a r e c e n t p a p e r d e s c r i b i n g t h e s t r u c t u r e o f 4 - c h l o r o p y r i d i n i u m 

h e x a c h l o r o s t a n n a t e ( G e a r h a r t , B r i l l , W e i s h a n d W o o d , 1 9 7 2 ) , t h e 

h e x a c h l o r o s t a n n a t e i o n i s s h o w n to b e a n a l m o s t p e r f e c t o c t a h e d r o n 

f r o m a n a n g u l a r p o i n t o f v i e w , b u t t e t r a g o n a l l y d i s t o r t e d d u e to t h e 

p r e s e n c e o f t h r e e p a i r s o f c r y s t a l l o g r a p h i c a l l y i n e q u i v a l e n t c h l o r i n e 

a t o m s . T h i s r e s u l t s i n t h r e e s e t s o f S n - C I b o n d s , t w o o f w h i c h w e r e 

f o u n d to b e s i m i l a r i n l e n g t h , 2 . 4 1 4 ( 4 ) A a n d 2 . 4 1 9 ( 2 ) A , w h i I s t t h e t h i r d 
O 

s e t w a s m a r k e d l y l o n g e r , 2 . 4 6 3 ( 3 ) A . ===-̂  



T h e s e v a l u e s a g r e e v e r y c l o s e l y w i t h t h e c h a n g e o f v a l u e s f o u n d i n 
o 

t h e p r e s e n t w o r k , a n d t h e l o n g e r d i s t a n c e , 2 . 4 6 3 ( 3 ) A , i s s i m i l a r l y 

a t t r i b u t e d to N - H . . . C I i n t e r m o l e c u l a r h y d r o g e n b o n d i n g , w i t h a n 

N . . . C I c o n t a c t o f 3 . 2 4 4 A . T h e N - H . . . C I a n g l e i s 1 3 5 . 7 ° . A 

s i m i l a r d i s t o r t i o n o f S n - C I b o n d l e n g t h h a s b e e n r e p o r t e d f o r t h e 
c o m p o u n d , ( M e 2 N ) 2 C H 2 S n C l 6 ( U y a r o v , 1 9 7 6 ) , w h e r e S n - C I 

d i s t a n c e s o f 2 . 41 1 ( 5 ) A , 2 . 4 2 4 ( 5 ) A a n d 2 . 4 3 0 ( 5 ) A w e r e f o u n d . F o r 
o 

t h i s l a t t e r S n - C I v a l u e o f 2 . 4 3 0 ( 5 ) A , t h e c h l o r i n e a t o m w a s f o u n d 

to b e i n v o l v e d i n C - H . . . C I i n t e r m o l e c u l a r h y d r o g e n b o n d i n g , w i t h 
o 

a C . . . C I c o n t a c t o f 3 . 3 7 A . 

I n t r a m o l e c u l a r C o n t a c t s 

o 

A l i s t o f s e l e c t e d i n t r a m o l e c u l a r c o n t a c t s l e s s t h a n 4 . 5 A i s g i v e n 

in T a b l e 5 . 5 . 

S e v e r a l o f t h e s e c o n t a c t s s u c h a s C I ( 1 ) - C I ( 2 ) r e f e r t o d i s t a n c e s 

b e t w e e n a t o m s b o n d e d to a c o m m o n a t o m , a n d s h o r t s e p a r a t i o n s f o r 

s u c h a t o m s w o u l d b e e x p e c t e d . 

W i t h i n t h e c a t i o n , s h o r t c o n t a c t s a r e f o u n d b e t w e e n N ( l ) a n d C ( 3 ) 

2 . 8 7 8 A , a n d b e t w e e n N ( 1 ) a n d C ( 1 3 ) 2 . 9 0 7 A a n d t h e s e r e f l e c t t h e 

i n c l i n a t i o n o f t h e p h e n y l r i n g s o u t o f t h e p l a n e d e f i n e d b y N ( l ) , C ( l ) , 
o 

C ( 2 ) a n d C ( 8 ) . A s h o r t s e p a r a t i o n , 3 . 1 1 5 A , b e t w e e n C ( 7 ) a n d C ( 9 ) 

a l s o r e f l e c t s t h e i n c l i n a t i o n o f t h e p h e n y l r i n g s t o e a c h o t h e r . 

I n t e r m o l e c u l a r C o n t a c t s 

A l i s t o f i n t e r m o l e c u l a r c o n t a c t s l e s s t h a n 4 . O A i s g i v e n i n T a b l e 

O n l y o n e N . . . C I c o n t a c t w a s f o u n d l e s s t h a n t h e v a n d e r W a a l s 
o 

d i s t a n c e o f 3 . 5 0 A ( B o n d i , 1 9 6 4 ) . 

1 0 2 
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T a b l e 5 . 1 ( P h 2 C : N H 2

+ ) S n C l g

2 

F i n a l A t o m i c C o - o r d i n a t e s A n d T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

A t o m x / a y / b z / c 

S n ( l ) 0 . 0 ( - ) 0 . 0 ( - ) 0 . 0 ( - ) 

C I ( 1 ) 0 . 2 7 5 1 | 1) 0 . 0 0 0 6 ( 1) - 0 . 01 32 ( . 1 ) 

C l ( 2 ) 0 . 0 2 9 3 1 1) 0 . 1 4 2 0 | 1) 0 . 0 5 8 7 ( 1) 

C l ( 3 ) 0 . 1 2 8 2 ( 2 ) - 0 . 0 3 0 8 { 1) 0 . 2 4 2 3 < 1) 

N ( 1 ) 0 . 2 7 0 6 ( 7 ) 0 . 30601 3 ) 0 . 3 8 9 4 ( 6 ) 

C ( 1 ) 0 . 3 3 7 8 ( 6 ) 0 . 2 3 6 6 ( 3 ) 0 . 3 9 5 0 ( 5 ) 

C ( 2 ) 0 . 2 8 8 3 ( 6 ) 0 . 1722< 3 ) 0 . 4 6 6 4 ( 5 ) 

C ( 3 ) 0 . 1 2861 7 ) 0 . 1 6 9 0 3 ) 0 . 4 6 9 2 6 ) 

C ( 4 ) 0 . 0 8 7 9 1 8 ) 0 . 1 1 00 ( 4 ) 0 . 5 4 2 9 1 6 ) 

C ( 5 ) 0 . 2 0 4 6 ( 9 ) 0 . 0 5 4 6 ( 4 ) 0 . 6 1 4 3 ( 6 ) 

C { 6 ) 0 . 3 6 3 2 ( 9 ) 0 . 0 5 7 1 | 3 ) 0 . 6 1 2 6 ( 6 ) 

C ( 7 ) 0 . 4 0 7 4 { 7 ) 0 . 1 1 4 8 ( 3 ) 0 . 5 3 7 8 ( 5 ) 

C ( 8 ) 0 . 461 6( 6 ) 0 . 2 2 4 0 ( 3 ) 0 . 3 3 3 5 1 5 ) 

C ( 9 ) 0 . 4 6 1 9 | 6 ) 0 . 1 5 2 1 ( 3 ) 0 . 2 6 6 7 ( 5 ) 

C ( 1 0 ) 0 . 5 7 8 0 ( 7 ) 0 . 1 4 1 5 ( 3 ) 0 . 2 0 6 1 ( 5 ) 

C ( 1 1 ) 0 . 6 9 1 9 1 7 ) 0 . 1 9 9 1 | 4 ) 0 . 21 21 ( 5 ) 

C ( 1 2 ) 0 . 6 9 3 5 1 7 ) 0 . 2 7 0 2 ( 4 ) 0 . 2 7 8 9 ( 6 ) 

C ( 1 3 ) 0 . 5 7 7 0 ( 7 ) 0 . 2 8 3 6 ( 3 ) 0 . 33881 5 ) 

H ( 1 ) 0 . 3 0 3 9 ( 9 5 ) 0 . 3 4 5 5 ( 4 9 ) 0 . 3 4 1 9 ( 7 9 ) 

H ( 2 ) 0 . 19491 9 4 ) 0 . 3 1 3 7 ( 4 6 ) 0 . 4 1 9 7 ( 8 4 ) 

H ( 3 ) 0 . 0 3 5 9 | 7 ) 0 . 21 2 7 ( 3 ) 0 . 4 1 3 6 ( 6 ) 

H ( 4 ) - 0 . 03681 8 ) 0 . 1 0 7 6 ( 4 ) 0 . 5 4 4 0 ( 6 ) 

H ( 5 ) 0 . 1721 | 9 ) 0 . 0 0 8 9 1 4 ) 0 . 6 7 2 1 ( 6 ) 

H ( 6 ) 0 . 0 5 4 8 ( 9 ) 0 . 0 1 3 5 I 3) 0 . 67031 6 ) 

H ( 7 ) 0 . 531 3( 7 ) 0 . 1 1 5 4 | 3 ) 0 . 5 3 4 7 ( 5 ) 

H ( 9 ) 0 . 3 7 3 3 ( 6 ) 0 . 1 0 5 8 ( 3 ) 0 . 2 6 2 4 ( 5 ) 

H ( 1 0 ) 0 . 5 7 8 4 ( 7 ) 0 . 0 8 6 5 ( 3 ) 0 . 1531 ( 5 ) 

H ( l l ) 0 . 781 4( 7 ) 0 . 1 8 9 2 ( 4 ) 0 . 1 6 4 3 | 5 ) 

H ( 1 2 ) 0 . 7 8 5 2 ( 7 ) 0 . 3 1 5 2 | 4 ) 0 . 2 8 4 5 ( 6 ) 

H ( 1 3 ) 0 . 5 7 5 5 ( 7 ) 0 . 3 3 9 4 ( 3 ) 0 . 3 8 9 0 ( 5 ) 



T a b l e 5 . 2 ( P h „ C : N H „ + ) . S n C I , 2 

z & z o 

5 2 , 
A n i s o t r o p i c T h e r m a l P a r a m e t e r s ( A ) A n d T h e i r E s t i m a t e d S t a n d a r d 

D e v i a t i o n s ( b o t h x i o A ) 

A t o m 
U 1 1 U 2 2 U 3 3 U 2 3 

U , 3 U 1 2 

S n ( l ) 3 6 9 ( 2 ) 2 6 9 ( 2 ) 4 0 2 ( 3 ) 3 ( 2 ) 2 2 0 ( 2 ) - 11 ( 2 ) 

C l ( l ) 4 2 1 ( 6 ) 4 4 9 ( 7 ) 6 7 6 ( 8 ) • - 8 4 ( 7 ) 3 5 1 ( 6 ) - 3 3 ( 6 ) 

C l ( 2 ) 5 2 4 ( 7 ) 2 9 7 ( 6 ) 6 2 2 ( 7 ) • - 3 5 ( 5 ) 2 9 5 ( 6 ) - 3 3 ( 5 ) 

C l ( 3 ) 7 0 0 ( 9 ) 5 6 2 ( 8 ) 4 2 4 ( 7 ) 6 8 ( 6 ) 2 4 6 ( 7 ) 81 ( 7 ) 

N ( l ) 8 7 6 ( 4 0 ) 3 9 5 ( 2 6 ) 7 2 6 ( 3 6 ) 6 2 ( 2 3 ) 4 9 2 ( 3 3 ) 1 4 7 ( 2 6 ) 

C ( 1 ) 5 2 1 ( 2 9 ) 3 2 5 ( 2 5 ) 3 6 2 ( 2 6 ) -- 1 5 ( 2 0 ) 1 7 1 ( 2 2 ) 4 1 ( 2 2 ) 

C ( 2 ) 5 1 8 ( 2 9 ) 3 6 0 ( 2 6 ) 3 5 6 ( 2 5 ) • - 3 8 ( 2 0 ) 1 8 2 ( 2 3 ) 5 ( 2 3 ) 

C ( 3 ) 5 8 5 ( 3 3 ) 4 0 3 ( 2 9 ) 5 6 6 ( 3 3 ) • - 7 8 ( 2 4 ) 2 6 4 ( 2 8 ) 5 ( 2 5 ) 

C ( 4 ) 6 6 0 ( 3 9 ) 5 6 8 ( 3 6 ) 6 6 7 ( 3 7 ) • - 7 7 ( 3 0 ) 4 1 4 ( 3 2 ) - 1 2 4 ( 3 2 ) 

C ( 5 ) 9 0 0 ( 4 8 ) 5 0 6 ( 3 4 ) 5 4 5 ( 3 6 ) 2 0 ( 2 7 ) 4 1 0 ( 3 5 ) - 1 1 1 ( 3 3 ) 

C ( 6 ) 8 7 4 ( 4 7 ) 4 5 8 ( 3 2 ) 5 6 6 ( 3 6 ) 1 0 5 ( 2 7 ) 3 0 4 ( 3 4 ) 6 1 ( 3 1 ) 

C ( 7 ) 5 2 6 ( 3 1 ) 3 9 4 ( 2 8 ) 4 8 3 ( 2 9 ) 4 1 ( 2 3 ) 2 3 2 ( 2 5 ) 3 4 ( 2 3 ) 

C ( 8 ) 4 7 2 ( 2 8 ) 3 6 8 ( 2 6 ) 3 4 7 ( 2 6 ) 5 2 ( 2 0 ) 1 6 0 ( 2 3 ) 3 7 ( 2 1 ) 

C ( 9 ) 4 7 3 ( 2 8 ) 3 5 3 ( 2 6 ) 4 6 8 ( 2 8 ) - 2 9 ( 2 1 ) 21 3 ( 3 3 ) 1 0 ( 2 2 ) 

C ( 1 0 ) 4 5 0 ( 2 8 ) 51 5 ( 3 1 ) 5 0 5 ( 3 2 ) - 9 4 ( 2 5 ) 2 1 6 ( 2 4 ) 3 3 ( 2 5 ) 

c ( i i ) 4 5 3 ( 3 1 ) 7 4 3 ( 4 2 ) 4 1 4 ( 3 0 ) 5 2 ( 2 8 ) 1 8 4 ( 2 5 ) 1 1 ( 2 8 ) 

C ( 1 2 ) 4 8 7 ( 3 3 ) 6 7 5 ( 4 0 ) 5 0 9 ( 3 3 ) 6 3 ( 2 8 ) 1 5 4 ( 2 7 ) - 1 9 1 ( 2 8 ) 

C ( 1 3 ) 6 6 9 ( 3 7 ) 41 8 ( 2 9 ) 4 4 0 ( 3 0 ) - 4 6 ( 2 3 ) 21 1 ( 2 8 ) - 1 3 4 ( 2 6 ) 

H ( l ) 1 0 6 1 ( 1 9 7 ) 

H ( 2 ) 1 0 6 1 ( 1 9 7 ) 

H ( 3 ) 6 6 6 ( 5 7 ) 

H ( 4 ) 6 6 6 ( 5 7 ) 

H { 5 ) 6 6 6 ( 5 7 ) 

H ( 6 ) 6 6 6 ( 5 7 ) 

H ( 7 ) 6 6 6 ( 5 7 ) 

H ( 9 ) 6 6 6 ( 5 7 ) 

H ( 1 0 ) 6 6 6 ( 5 7 ) 

H O I ) 6 6 6 ( 5 7 ) 

H (1 2 ) 6 6 6 ( 5 7 ) 

H ( 1 3 ) 6 6 6 ( 5 7 ) 

F o r t h e h y d r o g e n a t o m s , r e f e r s to t h e i s o t r o p i c t h e r m a l p a r a m e t e r . 

1 0 5 



T a b l e 5 . 3 ( P h > 2 C : N H 2

+ ) 2 S n C l g 2 

F i n a l B o n d D i s t a n c e s ( A ) A n d T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

( A x 1 0 3 ) 

S n ( l ) - c i ( i ) 2 . 4 2 6 ( 1 ) 

S n ( l ) - C l ( 2 ) 2 . 4 5 6 ( 1 ) 

S n ( l ) - C l ( 3 ) 2 . 4 1 3 ( 1 ) 

N ( 1 ) - C ( 1 ) 1 . 2 9 6 ( 7 ) 

N ( 1 ) - H ( 1 ) 0 . 9 3 5 ( 8 1 ) 

N ( 1 ) H ( 2 ) 0 . 8 3 5 ( 8 0 ) 

C ( 1 ) C ( 2 ) 1 . 4 6 8 ( 7 ) 

C ( l ) C ( 8 ) 1 . 4 5 6 ( 7 ) 

C ( 2 ) C ( 3 ) 1 . 3 8 8 ( 7 ) 

C ( 2 ) C ( 7 ) 1 . 4 0 2 ( 7 ) 

C ( 3 ) C ( 4 ) 1 . 3 8 2 ( 8 ) 

C ( 4 ) C ( 5 ) 1 . 3 6 8 ( 9 ) 

C ( 5 ) C ( 6 ) 1 . 3 7 4 ( 9 ) 

C ( 6 ) C ( 7 ) 1 . 3 8 8 ( 8 ) 

C ( 8 ) C ( 9 ) 1 . 3 9 8 ( 7 ) 

C ( 8 ) C ( 1 3 ) 1 . 3 9 8 ( 7 ) 

C ( 9 ) - C ( 1 0 ) 1 . 3 8 4 ( 7 ) 

C ( 1 0 ) - c ( n ) 1 . 3 6 5 ( 8 ) 

C ( 1 1 ) - C ( 1 2 ) 1 . 3 8 3 ( 8 ) 

C ( 1 2 ) - C ( 1 3 ) 1 . 3 8 9 ( 8 ) 



T a b l e 5 . 4 ( P h 2 C : N H ^ ) 2 S n C l g 2 

F i n a l B o n d A n g l e s A n d T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

c i d ) - S n ( l ) - C l ( 2 ) 9 0 . 01 0 ) 

C I ( 1 ) - S n ( l ) - C l ( 3 ) 8 9 . 6< 0 ) 

c i ( i x ) - S n ( l ) - C K 2 1 ) 9 0 . 0 [0) 

c i ( i " ) - S n ( l ) - C K 3 1 ) 9 0 . 4< 0 ) 

C l ( 2 ) - S n ( l ) - C l ( 3 ) 8 9 . 0 [1) 

C l ( 2 ) - S n ( l ) - C l ( 3 * ) 9 1 . 0 [1) 

H O ) - N(1) H ( 2 ) 1 2 1 . 41 7 0 ) 

c ( i ) N(1) H ( 1 ) 1 1 6 . 2< 5 0 ) 

c ( i ) - N(1) H ( 2 ) 1 2 1 . 4 [6) 

NO) - C ( 1 ) - C ( 2 ) 1 1 8 . 5 | 5 ) 

NO) - C ( 1 ) C ( 8 ) 1 2 0 . o| 5 ) 

C ( 2 ) C O ) C ( 8 ) 1 2 1 . 51 4 ) 

c ( i ) C ( 2 ) C ( 3 ) 1 2 1 . 4< 5 ) 

c ( i ) - C ( 2 ) C ( 7 ) 1 1 9 . 0 [5) 

C ( 3 ) - C ( 2 ) C ( 7 ) 1 1 9 . 51 5 ) 

C ( 2 ) - C ( 3 ) C ( 4 ) 1 2 0 . 2 (5 ) 

C ( 3 ) - C ( 4 ) C ( 5 ) 1 2 0 . 4 ! 6 ) 

C ( 4 ) - C ( 5 ) C ( 6 ) 1 2 0 . 11 5 ) 

C ( 5 ) - C ( 6 ) C ( 7 ) 1 2 1 . 01 i 5 ) 

C ( 2 ) C ( 7 ) C ( 6 ) 1 1 8 . 7 [5 ) 

C ( 1 ) C ( 8 ) C ( 9 ) 1 1 9 . 2 ( 4 ) 

C ( 1 ) - C ( 8 ) C ( 1 3 ) 1 2 0 . 5 (5 ) 

C ( 9 ) C ( 8 ) CO 3 ) 1 2 0 . 3 ( 5 ) 

C ( 8 ) - C ( 9 ) C ( 1 0 ) 1 1 8 . 7 [ 5 ) 

C ( 9 ) - C ( 1 0 ) - C ( 1 1 ) 1 2 1 . 2 ( 5 ) 

C O O ) - C ( 1 1 ) - C ( 1 2 ) 1 2 0 . 5 ( 5 ) 

c o n - C ( 1 2 ) - CO 3 ) 1 2 0 . 1 ( 5 ) 

C ( 8 ) - C ( 1 3 ) - C ( 1 2 ) 1 1 9 . 4 ( 5 ) 

T h e s u p e r s c r i p t I r e f e r s to t h e a t o m a t e q u i v a l e n t p o s i t i o n ( 



T a b l e 5 . 5 ( P h 2 C : N H 2

+ ) 2 S n C l g

2 

S e l e c t e d I n t r a m o l e c u l a r C o n t a c t s ( < 4 . 5 A ) 

C I ( 1 ) C l ( 2 ) 3 . 4 5 2 

C I ( 1 ) C l ( 3 ) 3 . 4 0 8 

C l ( 2 ) C l ( 3 ) 3 . 4 1 2 

C I ( 2 ) N ( 1 ) 4 . 3 0 2 

C l ( 2 ) C ( l ) 3 . 8 6 5 

N ( 1 ) C ( 2 ) 2 . 3 7 7 

N ( 1 ) C ( 3 ) 2 . 8 7 8 

N ( 1 ) C ( 8 ) 2 . 3 8 4 

N ( 1 ) C ( 1 3 ) 2 . 9 0 7 

C ( 2 ) C ( 8 ) 2 . 5 5 0 

C ( 2 ) C ( 9 ) 3 . 0 1 7 

C ( 7 ) C ( 8 ) 2 . 9 9 0 

C ( 7 ) C ( 9 ) 3 . 1 1 5 



T a b l e 5 . 6 ( P h „ C : N H . + ) „ S n C I , 2 

I n t e r m o l e c u l a r C o n t a c t s ( < 4 . O A ) 

A t o m A A t o m B E q u i v a l e n t C e l I A - B ( A ) 

C I ( 1 ) C I ( 1 ) 2 1 , 0 , 0 3 . 7 8 1 

C I ( 1 ) C l ( 2 ) 2 0 , 0 , 0 3 . 4 5 2 

C I ( 1 ) C l ( 3 ) 2 0 , 0 , 0 3 . 4 3 3 

C I ( 1 ) N ( 1 ) 4 0 , 1 , 0 3 . 4 0 6 

C l ( 2 ) C l ( 3 ) 2 0 , o., 0 3 . 4 7 3 

C l ( 2 ) N ( 1 ) 4 0 , 1 , 0 3 . 321 

C l ( 2 ) C ( 3 ) 4 0 , 1 , 0 3 . 51 2 

C l ( 2 ) C ( 1 2 ) 4 -1 , 1 , 0 3 . 5 6 9 

C l ( 2 ) C ( 1 3 ) 4 -1 , 1 , 0 3 . 9 0 8 

C l ( 3 ) C ( 4 ) 2 0 , 0 , 1 3 . 6 7 2 

C l ( 3 ) C ( 5 ) 2 0 , 0 , 1 3 . 7 2 9 

N ( 1 ) C ( 4 ) 4 0 , 1 , 1 3 . 9 7 2 

N ( 1 ) C ( 5 ) 4 0 , 1 , 0 3 . 5 9 2 

N ( 1 ) C ( 9 ) 4 0 , 1 , 1 3 . 7 3 2 

N ( 1 ) C ( 1 0 ) 4 0 , 1 , 1 3 . 4 8 8 

N ( 1 ) C ( 1 1 ) 4 0 , 1 , 1 3 . 9 1 7 

C ( 2 ) C ( 8 ) 4 0 , 1 , 1 3 . 9 6 8 

C ( 2 ) C ( 1 2 ) 4 0 , 1 , 1 3 . 9 0 0 

C ( 2 ) C ( 1 3 ) 4 0 , 1 , 1 3 . 8 2 6 

C ( 4 ) C ( 4 ) 2 0 , 0 , 1 3 . 9 7 2 

C ( 4 ) C ( 5 ) 2 0 , 0 , 1 3 . 6 8 7 

C ( 5 ) C ( 5 ) 2 0 , 0 , 1 3 . 8 9 4 

C ( 6 ) C ( 9 ) 2 1 , 0 , 1 3 . 8 5 0 

C ( 6 ) C ( 1 2 ) 4 0 , 1 , 1 3 . 9 7 9 

C ( 6 ) C ( 1 3 ) 4 0 , 1 , 1 3 . 591 

C ( 7 ) C ( 1 1 ) 4 0 , 1 , 1 3 . 9 7 1 

C ( 7 ) C ( 1 2 ) 4 °» 1 , 1 3 . 391 

C ( 7 ) C ( 1 3 ) 4 0 , 1 , 1 3 . 3 9 5 

C ( 8 ) C ( 1 1 ) 4 0 , 1 , 1 3 . 9 2 5 

C ( 1 1 ) C ( 1 3 ) 4 0 , 1 0 3 . 6 6 7 

1 0 9 



T a b l e 5 . 6 ( c o n t . ) ( P h 2 C : N H 2

+ ) 2 S n C l g 2 

T h e i n t e r m o l e c u l a r c o n t a c t s r e f e r to t h e p o s i t i o n o f a t o m A i n t h e 

o r i g i n a l c o - o r d i n a t e s l i s t , a n d a t o m B a s o b t a i n e d f r o m t h i s , u s i n g 

t h e s y m m e t r y o p e r a t i o n s g i v e n , a n d r e f e r t o t h e c e l l q u o t e d . 

E q u i v a l e n t P o s i t i o n 

1 x , y , z 

2 _ x , - y , - z 

3 x , 0 . 5 - y , 0 . 5 + z 

4 - x , y - 0 . 5 , - z - 0 . 5 

1 1 0 



T a b l e 5 . 7 ( P h 2 C : N H 2

+ ) 2 S n C l g

 2 ~ 

M e a n P l a n e s 

P l a n e 1 

3 . 7 B 3 9 X + 4 . 3 0 9 6 V + 6 . 6 1 6 4 Z = 4 . 9 1 7 1 

A t o m N ( 1 ) C ( 1 ) C ( 2 ) C ( 8 ) H ( 1 ) * H ( 2 ) * 

P 0 . 0 0 2 - 0 . 0 0 6 0 . 0 0 2 0 . 0 0 2 - 0 . 0 2 - 0 . 0 6 

P l a n e 2 

- 0 . 0 3 7 9 X + 9 . 9 3 7 1 Y + 7 . 8 4 9 0 Z = 5 . 3 5 5 6 

A t o m C ( 2 ) C ( 3 ) C ( 4 ) C ( 5 ) C ( 6 ) C ( 7 ) C ( l ) * 

J P 0 . 0 0 5 0 . 0 0 2 - 0 . 0 0 5 0 . 0 0 1 0 . 0 0 6 - 0 . 0 0 9 0 . 0 8 3 

P l a n e 3 

2 . 9 5 4 2 X - 6 . 4 8 9 8 Y + 6 . 9 5 3 7 Z = 2 . 2 2 7 5 

A t o m C ( 8 ) C ( 9 ) C ( 1 0 ) C ( l l ) C ( 1 2 ) C ( 1 3 ) C ( 1 ) * 

P 0 . 0 0 2 0 . 0 0 4 - 0 . 0 0 5 - 0 . 0 0 1 0 . 0 0 7 - 0 . 0 0 7 - 0 . 0 1 8 

A n g l e s B e t w e e n P l a n e s 

P l a n e 1 P l a n e 2 3 2 . 4 1 ° 

P l a n e 1 P l a n e 3 3 7 . 8 7 ° 
o 

P l a n e 2 P l a n e 3 6 2 . 4 9 

X , Y a n d Z r e f e r to f r a c t i o n a l c o - o r d i n a t e s a l o n g t h e u n i t c e l l a x e s , 
o 

a n d P r e f e r s to t h e d i s t a n c e o f a n a t o m i n A , f r o m t h e m e a n p l a n e . 

A t o m s m a r k e d * a r e n o t i n c l u d e d i n t h e m e a n p l a n e c a l c u l a t i o n . 



T a b l e 5 . 8 ( P h 2 C : N H 2

+ ) 2 S n C l g

2 

A n a l y s i s o f V a r i a n c e 

S i n 0 0 . 0 - 0 . 1 9 - 0 . 2 3 - 0 . 2 7 - 0 . 3 0 - 0 . 3 3 - 0 . 3 5 - 0 . 3 7 - 0 . 4 0 - 0 . 4 2 - 0 . 4 4 

N 211 1 5 6 1 9 2 1 8 2 2 1 2 1 6 3 1 5 3 2 3 2 1 6 5 1 3 8 

V 141 1 1 3 1 1 6 1 1 3 111 111 1 1 3 1 2 6 1 5 2 1 3 0 

/max] 0 . 0 - 0 . 2 4 - 0 . 3 7 - 0 . 3 0 - 0 . 3 3 - 0 . 3 6 - 0 . 3 9 - 0 . 4 3 - 0 . 4 8 - 0 . 5 6 - 1 . 0 

N 2 1 2 1 7 6 181 1 9 7 1 7 9 1 5 9 1 8 5 1 6 8 1 7 5 1 7 2 

V 1 5 3 1 5 7 1 2 2 1 2 8 1 1 9 1 0 8 1 0 2 111 9 5 1 1 5 

1 1 2 



T a b l e 5 . 9 

( P h 2 C : N H 2

+ ) 2 S n C I 6

2 " 

F i n a l V a l u e s o f t h e O b s e r v e d a n d C a l c u l a t e d S t r u c t u r e F a c t o r s 



H * L f p r o I 7 7 C N K I \/tn | P 7 C X I W O I P 7 C ¥ 6 I 177 (1 1»7C H P L I P P O l » 7 C 

| i*t 7 9 3 6 344 111 9 7 7 1 6 • 7 2 1 2 13 P. 61 • •1 • 3 I 1 19i l - J 4 f t 
9 9 P 7 7 4 4 4 429 9 7 2 7 | • 231 9 13 P 137 • 1 1 9 • 7 I 1 2 1 7 • 7 7 1 
> 1131 1 1 * 4 • 7 * 9 7 4 9 9 7 | « 6 • ? P 7 7 16 P 3 1 ? 321 •1 I 1 2 9 3 - 7 7 1 
4 747 7 * 4 9 l " 9 127 1* 7 436 431 1 16 P 766 291 P I 1 179 - 1 7 ? 
3 171 | M « | 3 9 | 366 I P • 3 ' 3 7 4 6 3 16 * 4 6 2 4 4 3 1 7 1 7 7 9 776 
6 3 1 2 1 1 7 9 647 6 3 7 17 P 474 474 4 19 P 3 4 3 7 7 6 2 2 1 ( 3 7 - 7 1 7 
7 7\7 7 1 6 1 3 * 6 3 4 * m 9 9 3 3 977 S 16 • 167 | 4 9 4 I 1 1 4 7 - 4 ? 9 
9 771 7 6 7 4 377 3 7 3 14 » 177 131 P I I P 2 * 3 7 4 ? 3 I t 7 1 9 - 7 7 6 
9 134 | 4 4 0 117 l | 4 1 ' • * 9 I P P 3 I I P 144 7 7 7 6 I 1 143 - 7 ' 6 
| 9 3 ' • I J A 6 . 46 - 1 1 1 1 " 7 316 3 * 9 4 18 P 2 ' « 7H1 7 7 1 139 - 1 6 4 

2 7 6 • 2 7 5 6 l ' « 194 III • 137 177 7 77 P 3 ' J S i ' * 4 I 1 ' f t • p ? 
3 2*1 • | 9 | 9 l.'.l P2 I I 7 7 3 * 7 4 4 1 9' P 7 3 4 7 3 ? • I P 1 1 2 7 9 ?'« 
4 1 " - 2 ' l 0 1 *43 1743 I I P | 4 3 1 4 * 7 7H A 1 4 - I « 7 • 4 } 1 J V 3 4 * 
9 2 * 9 • 719 I 1 1 * 4 l l | P 11 R 133 1 1 1 • | P 1 1 169 177 - 7 1 1 1 3 ? 339 
6 l i ' l • | ."7 2 443 414 11 7 I ' l - I I P 9 1 1 ? C ' 1 * 6 - 9 3 1 ? P | - ? ' l 
7 49 - 1 1 4 3 tn 6 4 * 17 A .147 4 / 7 1 1 I 377 377 • 4 1 1 6P4 » | 9 
9 4 4 - 1 3 7 4 » 7 9 644 17 P 334 346 » 1 1 379 • 4 9 • 3 3 1 9 1 7 471 
0 9 7 4 • 4 4 1 7 7 * 7 4 4 17 • 1 1 * 134 * 1 1 | 9 7 ? . ' 7 - 7 3 1 4 6 / 474 
| l * 4 J 4 779 7 7 7 12 P. 371 4 « 6 3 1 1 741 ? " 7 • 1 3 1 7 7 2 7 9 * 
J 3»a 3 7 3 7 9 * 7 961 12 a 9 3 4 974 4 1 1 1714 | P 9 9 7 1 1 I 2 / 6 1133 
3 3 I < 37< 6 317 ? » 4 17 P 147 197 3 1 1 | 4 * 9 l * P 3 1 3 1 2 * 7 7 1 * 
4 413 431 7 7 * 3 7 * 3 17 P 234 714 7 1 I 1 144 1 7 1 - 9 2 3 1 2 J . I - 7 7 7 
9 3 * 9 3 7 7 3 4p4 474 17 4 J « l 749 1 1 1 1711 1771 3 1 1 4 7 3 461 
f) 24 .1 7 ' 7 4 1 3 * - 1 4 3 • 7 P 2 ? 5 I ' l P 1 1 1747 1 7 7 ? 4 3 1 4 f 3 4 7 * 
7 17V 4 . 1 0 7 1 1 * 3 1147 13 4 1 * 7 194 1 1 1 l » * « | * 4 l 9 1 1 776 7 7 ? 
B 4 3 9 4 i ! » | 7 7 7 7 r 7 13 8 * • 66 3 1 I 647 7 1 4 6 3 1 1 P » l . -P 
I 2 « l - 7 7 4 7 4 P I • 3 7 13 P 46 173 4 1 1 971 4 9 9 7 3 1 9 7 9 9 7 * 
9 ? S 2 7 4 6 3 * " 3 796 14 R 6 4 4 ' 4 6 ft 1 | 4 4 6 496 6 1 1 7 1 * 771 
4 I f J - 1 7 1 4 4 * 7 « P * 1 * P 317 341 * 1 1 4 1 2 4 4 9 9 3 1 I P 1 113 
9 136 - 1 3 4 ft 3 * 4 34P | 4 P ftll ft-.-6 7 1 1 4 4 4 4 3 1 • A * 1 66 - l i f t 
6 irx -l<"P 6 7 ' 7 7 1 * 14 P 9 * 6 6 7 3 » 1 1 7 4 3 7 4 4 - 3 4 1 111 - 1 7 4 
0 l ? « 4 1179 7 3 * 7 367 | 4 P 6 3 4 641 9 7 1 117 I P C • 4 4 1 771 • 7 J * 
| ' 2 1 4 2 2 a 7 P 6 7 ? 6 | 4 P 3 6 | 3 * 3 t 2 1 164 194 • 3 4 1 | A 6 - l ? 6 

4 * 4 - 4 4 A | . 1*7 179 | 4 P 711 J ; - 3 7 7 1 114 1 3 6 •1 * 1 9 1 49 
J 347 1 3 4 2 2 7 3 7 * 6 | 4 P 7 3 4 246 6 2 1 167 177 . e 4 1 9 3 3 841! 
« 374 934 * 9 D ; * « - 1 9 * I S P 133 143 9 2 1 131 1 3 * 1 * t 1 3 7 714 

9 ? 6 | 7*1 • | 7 1 |.">7 |:-fl7 0 1 | 9 9 177 4 1 1 1 1 3 9 1 3 9 I 17 1 147 191 
] l » " - | l > 4 P 7 1 | > C 4 1 *17 9 1 2 9 6 7 * 4 ) U 1 9 7 3 S P 7 1 l » 1 1 1 1 1 7 ? 
4 I I I - I I 1 1 7 1 H«7 »"! 9 1 776 7 1 3 2 13 1 712 ? i - 9 4 17 1 7P4 717 
A ' 1 279 7 1 * 7 7 1 3»7 346 I I I 1 9 9 I . - 9 1 13 1 676 • 7 3 • 4 | 9 1 173 1 1 7 

. 0 3 1 9 * 94 3 7 1 97H 9 * 7 I P | 64 -11 -6 P 13 1 774 7 7 3 - 3 | 9 1 777 739 
• * 9 1 77n ? M 4 7 1 > « l " I ir 1 219 • » l l 1 13 1 473 4 6 ? P 19 1 ? H 744 

J 1 • w 434 ft 7 1 * T 3 4 P 4 Id 1 -4S 74 3 13 1 6P7 1 4 3 1 19 1 ? 1 « ? 3 7 
5 1 »:» 7 7 9 A ' 1 7»» 7 7 3 1 4 J | 7 4 176 3 1 3 1 * ? » 447 7 | 9 1 1*1 1 7 ? 

• 4 S 1 M * ftil 7 7 1 Sf» 5 > * 1 * 1 I * * 174 4 1 1 I 4 P ' 4 i ' l 1 19 1 716 ? ? l 
• .1 9 1 l ? 7 ' . I ? * * 4 7 1 777 7 . '» 14 1 173 171 9 13 1 | 7 f |H? • |l> 1 ' 7 1S> 7 4 ? 
• ? 5 1 379 1.17 • 4 6 1 9 4 1 1 ' 16 1 7 * 4 • 7 1 4 6 13 1 I I I 129 - 4 p 7 444 4.11 
• I 5 1 7 7 . 4 7 7 ? ml » 1 « S 96 i n 1 717 - 7 V I 7 13 1 147 199 - 7 | i 7 4 7 ? 4PP 

9 9 1 l * . » l | 4 i l l - 4 6 1 1 * 4 l » 9 l « 1 l l"> - 1 ? P 4 » 4 1 I I ' - 1 7 * • 6 P i M l 6 39 
1 % 1 379 V - 4 * 1 174 • 1 3 * 1 1 1 1*3 1 « 4 1 1* 1 | 4 S 157 •ft » 7 6i>4 677 
3 9 1 . 1 J 0 I*-" - 7 4 1 7 « * - 7 7 * 1 1 1 I P S 199 7 19 1 ? 4 l * 3 ' l - 4 tl 3 l l » i l ? 4 > 
) 9 1 349 3 * ? - | 6 1 7.1S 7 7 ? 1 1 1 7 4 4 ? H 6 4 I S 1 .••••7 ?<39 • 3 7 7 7.-PP 7--9I 
4 4 1 764 » l » 6 1 « l 0 3 1 1 1 9 4 177 1 1 ft 1 77P 7 1 * - 7 P 7 977 434 
9 4 1 3*1 1!>4 | » 1 771 S | 3 i t I 3 * 7 3 6 | 4 1 1 | 4*<l 4 ! . » -1 ' « 7 I 9 7 . I 1 3 - 9 
9 5 1 2 3 3 774 7 f 1 173 - 1 7 1 1 1 1 2 9 9 3. '3 3 19 1 * ? > 4 9 3 P P 7 M M l i t * 

9 1 3 9 9 - 3 « 7 3 4 1 4 | ! > - 4 ^ 4 1 1 1 9 9 | 967 7 11 1 7 * 7 ? - * 1 7 2 I J 7 9 I 4 * | 
9 1 736 7*1 4 4 1 7 » * - 7 4 7 I I 1 3 * 7 341 1 1 9 1 7 1 * 9 1 3 7 P 2 21b 7 1 ? 

• 6 4 1 I f * - 1 1 1 ft P 1 7 ' " - 7 1 ? I I I I H 4 . ' 6 P 19 1 771 771 3 >• 2 8 9 2 P 7 4 
• 4 6 1 3 . ' 4 • J M - P 9 1 749 3 3 4 1 1 1 4 4 J « » # 1 19 1 * » 3 4 4 f t 4 A 7 9 1 ' 4 7 3 
• ) 6 I - 7 7 9 • 7 9 1 4 4 4 4 » 3 1 1 1 149 IH1 7 Ift 1 ? 4 » 7 1 ? ft P 7 4 ? p ' 3 3 
• > 1 » J | - 6 9 1 741 7 4 * 11 1 7 7 9 7 4 » 3 I S 1 464 471 ?• * 7 714 719 
| « l i f t 9 3 1 4 • 1 9 1 ?»7 l ! " 17 1 .1 > P - 1 3 1 * 11 1 4 . 1 ? 3 4 3 4 p 7 173 1 7 * 
7 t 1 » i *P • • 9 1 * ' l ft«3 12 1 134 - | 4 » 4 16 1 4 4 64 • I B 1 7 « » 69 
7 6 | 2 3 9 7 4 7 • 3 9 1 * 9 | 9 4 3 17 1 I ' l - 7 7 3 1 16 1 139 | 4 | •1 1 7 199 1 4 ? 
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• 2 7 2 2 I « 734 • 7 4 7 3 l « I I P • 2 7 7 431 416 • : 1 l i i 7 443 469 2 13 S 176 • 96 
• 1 2 7 614 199 a 4 7 !»'• 147 • 1 7 7 917 9 i - 4 •: I P 7 176 179 • 3 13 7 1 9 ' I ' l 

p 7 7 11*1 1144 • 4 9 7 143 - 1 3 4 7 7 l » 7 - 1 7 7 - HI 7 I P ? t " 7 9 13 7 174 1 1 1 
7 J 911 • 4 4 6 • 4 9 7 l « > - 7 1 * 7 7 J > 1 - 3 . ' 3 • I P 7 4 1 ? 7 6 6 4 13 I 139 1*7 
7 7 3 « 3 391 • 4 9 7 717 - 7 1 7 7 7 79 4 6 IH 7 * " » 4 0 * • 7 1* 7 3 9 | .171 

3 7 ? 9 3 7 4 4 ) »3 9 7 Iff 7 i ' 7 • p 4 7 3 * 9 .147) 1 l.i 7 3 » 4 K 3 • 6 1 4 ? J t . - 3 *7 
4 7 7 * ' l 9 . ' 3 w ? 9 2 414 4 . . | • 7 t 7 4 1 6 419 1 l. l 7 1 * 4 | 9 2 • 3 14 7 2 9 3 217 
9 7 7 367 3 * 1 1 . 1 9 > »•? 711 • 6 1 7 7 7 3 771 i n 9 4 4 4 437 • 4 14 7 » * 9 s i f t 

7 7 237 7 7 4 p 9 7 3 ' 4 317 -ft 6 7 4 4 3 4 4 J 1 I P 7 ? « l ? " P • 3 14 7 7 7 2 * ? p 
7 > ? 4 » 7 S « 9 9 7 S ' t 7 ^ 4 • 4 4 7 9 3 4 9 | 9 1 I P ? I I I 1 3 ? • 2 ! • 7 ) ? P l l « 

9 7 7 1*3 173 3 9 7 7 7 f t P?» - 3 P 7 P « l 449 l ' i 7 ? 4 4 7 * 9 •1 14 7 7 ' 1 714 
• 4 3 7 176 • 174 4 9 7 1 " 1 * 9 • 3 6 7 7 1 3 6' .» •< ' 11 7 134 - l ? » P | 4 7 6 P 6 741 
• ) 3 7 313 J ; i | ft 3 7 7 * 6 744 • | I 7 6 | 4 711 • . 11 7 143 1 9 2 1 | 4 I 679 6 1 ? 
mi 3 > 34> 3 3 9 4 9 7 l « 7 197 6 7 l ; i * 3 I P 4 P • 11 7 l » ? l * P 3 14 7 7 7 3 7 9 4 
• 1 J 2 3 * 9 3 1 3 7 9 7 93 l - '7 6 7 711 7 | 4 > I I 7 » l I I P 3 1* 7 1*1 1 4 » 

9 3 2 I 7 I S - I 1 * 9 • 9 6 7 13.1 174 6 7 3 4 7 3 4 3 > 11 7 133 134 4 1 4 7 714 7 7 9 
| 3 I | 1 » 144 - 4 6 7 7 » 9 7 7 7 * 3 6 * » • 47 1 I I 7 44 113 9 14 I 161 196 
9 3 7 4 * 6 • 4 7 * »7 < 7 • ^ 7 * 9 7 * 7 4 4 4 ' » 7 • » 17 7 774 7 7 ? « 1* 7 I ' e 174 
3 1 2 » H . 4 3 6 »4 6 t 4 * 7 496 6 7 1*1 I * * • 17 7 4 1 ? 4 P . 4 •1 1 1 7 146 • 119 
•t 3 2 • l - » 4 _ 3 6 7 3 1 " 3 | * • 3 1 * 6 1 * 1 • 1 17 7 | 4 9 7 . 1 1 11 7 1 7 * - ! ? • 

• 1 9 • 7 l < 9 1 J 7 . 4 6 7 | t l 44 iS '17 6 2 7 7 3 7 7 4 - • 17 7 3 4 3 * 4 P 2 19 7 4 ? • 97 
• 1 4 7 7 7 J 2 2 7 • 3 6 7 1 7 * 3 1779 • 2 | P 7 117 • 1 17 7 3 4 « 3 4 4 - 6 16 I 178 167 
• J * 7 2 7 2 ? « 1 . 7 • 7 3 7 3 3 3 7 • 9 9 2 94 46 • • > 17 7 146 194 - 9 16 7 1C7 I P 4 
• 9 * 7 139 136 w | 6 7 9 9 4 9 7 3 • 5 « 7 137 • 133 • 17 7 3 3 6 3 3 1 - 4 16 9 I I I 7 1 9 
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• I t a s ? * 6 , ' l * 1 1 1 9 3 146 • 6 3 3 239 247 • 3 7 i i * i * | P 3 4 I * 3 3 * * • 3 9 * 
1 l « a a » » a * i - s a 3 l « B I I P • 7 A 3 4 4 ( | 4 * 2 - 7 7 9 4 * 6 4 « P • A I I 3 | 4 | I I * 
3 l « a i » « I B S • 4 2 3 a m - a n • 6 9 3 39.1 ] 4 S • 1 7 3 a * 4 674 • 7 I I 3 3 6 7 766 
1 I * a | 4 » 1 * 9 - 3 a 3 P P • * a • 9 9 i a s i 1.-2 a a 3 11-34 S I S • 4 I I 3 3 I ' 4 2 6 ] 
4 1* a a s s 2 9 3 - 2 a 3 4 1 9 • 424 • ' 9 3 7*1 767 1 7 3 636 6 7 2 • 3 I I 3 4 6 J 431 

• 2 i a a u s • 146 •1 2 3 H I . 6 * 7 • 1 6 3 767 776 a a 3 374 2 6 6 • a I I 3 7 6 1 2 6 2 
• i i f a « s 1 2 * 1 2 3 7 * 1 ) - 7 9 4 • 2 9 3 4 I S 1S4 3 a 3 973 966 • I I I 3 3 S I 174 

•1 l e a 77* 2 4 1 3 2 3 a * ' • 796 -1 S 1 419 106 4 7 J 4 Q | 4 * 6 I I 3 4 ? a 496 
« I B a i s 4 4.»1 6 2 3 196 • 147 * 9 3 « a a * 6 6 a 7 3 I I ? 117 I I 3 174 2 4 * 
t l a a i a « 197 a a 3 < 4 - 1 1 7 1 9 3 6 7 ? * A 4 7 7 3 774 217 I I 1 172 1*7 
} i » 2 M i l I 9 « - 1 " 3 1 134 i i a 2 9 s a a s P S 7 • 7 * 3 l<7 • 1 6 ] I I 3 1 * 4 1 * 9 
i i t 2 I<1 19a • * 3 3 119 i n 1 9 3 4 1 3 4 7 * . * 6 .9 9 * 116 I I 3 3 7 6 3 7 9 
a i » a «a 04 • 7 3 3 97.1 s » a 4 9 3 4 < S 9 | 9 - 4 6 9 131 111 1 1 > 3 1 ' 977 
3 i s a i i a 114 • * 3 3 t»i» 161 9 9 3 a * i 7 7 9 -1 » 3 6 « 3 • • 3 4 I I 3 I S S ! « * 

• 3 f t a i » 4 144 • 9 3 3 a » s a s s 6 9 3 111 119 6 6 3 4 1 ? • 4 1 2 I I 3 2 9 J 23." 
-1 34 a a n 2 4 ? • 4 3 3 4 > * « » i 7 9 3 277 a i s 1 4 3 4 7 ? - 4 9 2 . 4 12 3 1*6 a i < 

• 37 a i i > 371 • 3 3 3 9 7 1 971 a 6 3 2i>9 7 7 3 2 4 3 779 - 7 4 | • 3 12 3 19P 2 1 7 
1 34 a a u ? » l • a s 1 9 4 | - 9 1 4 • S 6 3 I P S • 1 1 6 6 A 3 • * • 64 • 2 1 ? 1 1 *2 1 6 ] 

• i e 1 3 a a s a . ' s -1 3 3 1 * 9 • 1*7 • 7 6 1 113 • I P 7 • * S 9 |«H l « 9 17 3 1.-9 
• o t 

1 
3 l » ' !••» P 1 3 1 * 7 9 1 * * 9 • 9 * 3 i a i | 4 » - 7 S 3 317 * l l 12 3 777 2 / 7 
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1 1 4 ] 6 417 1 3 1 a * * « J 1 • 4 6 3 1*1 17S - « S 3 3 9 ? 1 *2 1? 3 474 4l'4 

. 7 1 J e * 9 7V I a 3 3 1 4 * 147 - 1 6 3 377 9 3 6 • 4 S 1 S M 9 7 2 1 ? 3 199 191 
• 4 1 i a m 7 4 2 3 3 3 * ? s *JI7 • 7 6 3 214 • 1 6 * - 3 S 1 374 • ? R 17 3 | P 2 l / l 
. 1 1 1 7C7 7 | « 4 3 1 a i l 614 • 1 6 3 4PV 177 • a s 3 216 2>9 • 9 1 J 3 7 * 4 246 
. 4 1 l I ? * ? 1134 ' 9 3 3 1 4 } | 9 P it 6 3 I I P • 1 2 4 - i « 3 9 7 / 4 « 9 • 7 1 1 . 3 3 ? P 769 
- 1 1 ) 9 1 * f « | a s 1 i s a I I S - 1 6 .1 | 7 » - 1 2 1 » s 1 7 1 ? 721 - a 11 3 ? P U 3 7 9 
• 1 i 
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1 3 l a s * I 2 S 3 • 3 4 3 69 1*7 9 < 3 1*1 176 4 S 3 974 9 7 * • 2 13 3 4 * | 476 
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4 1 3 B 7 2 6 P ? 2 4 3 142 - 1 1 1 - 7 7 3 6 1 6 6 2 1 7 9 3 2 1 2 2 1 3 13 1 3 1 6 2 3 6 
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ml I S 3 2 * * a < 3 • 7 2 4 6 1 9 * 7 6 3 4 4 6 * 7 676 • 3 7 4 77 • 61 • 4 I * 4 4 7 3 471 
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3 1 1 ft 3 * S 7 4 4 - 2 1* ft | H • 1 4 2 • 7 9 ft 4.13 414 - 9 9 « 2 « ) 791 - 7 1 ft 2 f 6 149 
4 I I ft 4 1 | 

139 • 1 16 ft IPA - 1 2 3 - « 7 ft 2 M 7 7 0 • 3 9 ft 3A4 3 4 3 • 1 a 6 4 | 9 417 
3 1 1 9 174 | 7 I l» 16 9 11.> • | J O - 3 7 6 719 7 3 9 - 7 9 ft 4 |.l 411 B a a 4 7 4 4 t 7 

- 7 11 » 0 | 7 1 « ft 102 -1 Aft • 4 7 ft A l l 8 3 7 •1 9 6 2 * 9 747 1 A A 1 * 1 I 6 C 
-1 12 9 214 7 1 2 • 4 17 9 267 2 A 2 • 3 2 ft 1344 1276 ft 3 a 3<*9 317 7 a « I A 6 I S * 
- J 12 9 132 I 3 > - 3 17 ft ? » 7 

2 1 3 • 7 2 A 4 P i t 4 P I 
• I P ft 6 3 ^ 7 747 3 8 A 1 6 3 1 * 7 

• 2 11 ft 214 7. '9 -1 17 ft | f t2 143 •1 2 6 247 2 4 3 - 9 6 A | 9 4 I M 4 a A I f t9 1 * 4 
•1 11 9 * 4 1 14 P 17 9 379 371 17 2 6 413 427 • A 6 6 7 * 4 7 / 1 9 • « M l 1 4 ) 

• 12 » 3 7 2 .171 1 17 9 21-2 754 1 2 ft 433 4!>A • 7 6 ft 4 0 | 
9>4 - 7 9 P 1 4 2 • 137 

1 12 ft 2«S 7 o 3 7 17 ft 17S 178 1 2 ft 433 4 J 3 - 6 6 « » 4 2 » A | • ft 9 « 7 9 3 • 7 3 7 
2 11 9 174 I 7 » • I P a 6 371 3 t 0 4 7 6 4 6 / 4l"7 • 9 6 6 741 73ft • 9 a ft 3 6 4 • 3 / 3 

- " 13 9 21b 214 . 9 « II | A B 149 9 7 6 1*9 | 9 9 • 6 6 ft 9P7 fti'6 • 4 o ft 139 - | 4 » 
13 9 444 4 2 « • ft 3 ft 7 ' ' » 2 / 4 * 2 6 | A 9 176 • 3 6 A 771 749 • ) « A | P » - 1 7 9 

• e i s 9 324 3 1 0 . 7 0 6 94ft 969 - 7 3 6 | 9 2 - 1 9 4 • 7 6 ft 746 7 3 7 1 » 6 | A b • l ? P 
• 5 1 ) ft 2 9 A 2 6 7 - S A ft 109 397 - 9 3 6 | 0 7 - 7 1 3 -1 * a | 4 7 I 3 A 2 0 A 7 * 9 • 7 * » 
• 4 1 ) ft 467 4 3 3 _ 4 8 ft 4 * 7 4 3 3 • 2 3 A 149 - l i f t a * A 447 4 9 6 3 ¥ A I 7 P • 1 * 3 
- J 13 9 966 9 7 4 . 4 P 6 I I P ! 1 * 3 6 1 3 6 117 - 1 4 3 1 t ft 91-6 49C • 8 t* 6 1 / 6 1 1 1 
- 2 I J 9 ft) * 3 - 3 0 6 697 A47 7 3 6 2P3 - 2 P « 3 6 « 3 3 9 337 - 7 I P ft 7A3 7 9 4 
• 1 13 6 172 174 - 7 0 6 * 7 3 99A - 1 " « ft 2 2 3 7 1 * 4 ft ft 2 9 2 7 9 9 • a I P * 2 9 4 7 7 7 

0 13 9 446 4 3 | P 8 6 24 a ' 2 6 3 - 8 4 6 176 119 0 6 6 176 123 • a I I I 6 2 3 6 2 7 7 
1 1 3 S 2 6 6 2 6 3 1 a 6 1 *2 169 • 7 4 • 4 6 3 4 7 8 •ft 7 A 132 • 199 • 4 1 ' 6 2 6 4 7 7 3 

- 3 III 6 949 ft47 - 7 14 ft |04 2 7 3 - 7 2 7 214 - 7 | 9 P 9 7 437 436 • 3 9 7 8 3 7 9 2 * 
• 2 1 ' * 393 3 7 7 - 1 11 « 118 1.12 - 6 >. 7 2 0 2 - 3 1 3 1 * 7 3 « ' 379 - 7 9 7 7 A J 7 7 3 
• I m « 3*1 3 » l P | 4 ft 393 142 • 4 2 7 | A J - I P * 7 ft 7 3 3 3 347 -1 0 7 1 7 7 1*1 

» M 6 f i 6 7 9 1 14 6 7 1 * 737 - 3 2 7 OJ • 61 3 9 7 27i< 721 p 9 7 494 4 3 3 
1 1.1 « . 3 9 / 31A 3 14 ft |4.1 120 • 1 2 7 132 - 1 4 7 4 S 7 ? 0 | 7 4 9 1 f 7 » * * 4 4 0 

I I P 6 J t t 317 - 9 19 6 191 - 1 7 1 e 2 7 211 - 7 7 3 3 5 7 13H 127 7 « 7 1 * 2 I 9 A 
3 111 A 243 7 J 7 • .1 I S ( 60 1 2 7 l « l - 1 9 7 • 9 « 7 | P 4 171 3 9 7 1 * 1 I f t ) 
« U * 3 9 | 31 1 mfl 14 ft 7 ? » 193 2 2 7 | P 2 I P 9 • 4 A 7 4A.< 447 4 9 7 7 4 9 7 4 ) 
9 I S 6 197 143 -ft Ift 6 177 129 - I P 3 7 2 » 9 7 I H • 3 6 7 214 7i'A • A i e 7 I H • 1 4 6 

- 3 I I « 134 191 • 4 1ft ft i n 194 • 7 3 7 ! H ftp/ • 7 ft 7 234 7 3 6 - 3 1* 7 I I P 119 
• 7 I I ft | 7 l | 7 6 - 3 Ift « 7*1 7*1 - 6 3 7 A77 631 -1 * 7 74 ft) - 7 14 7 8 4 • l . ' » 
•1 11 6 | 7 j 171 - 2 16 6 179 136 - 9 3 7 329 324 P 6 7 231 - 7 6 6 -1 |H 7 Ab - 7 7 

* I I « 64 . 9 7 - 1 Ift ft 7<ft 747 • 4 3 7 9 4 / 9 6 9 1 « 7 1.9* 1 ) 9 1 !•• 7 17ft • 1 4 4 
• ft 12 ft l.»4 193 p IA ft 7 9 9 799 - 3 3 7 671 647 • 9 7 7 142 192 3 1 * 7 4 9 I P 7 
• > 12 • 41h 4 | 0 I 1 6 6 310 S ' 3 • 7 3 7 17 1 137 • ft 7 7 196 7 9 ) • a I I 7 174 l a i 
- 4 12 6 3 2 2 J < 9 2 16 6 |7ft 134 -1 3 7 1*6 H ' • 7 7 7 497 461 - 7 I I 7 3 3 9 .1.14 
- < 12 * 3P2 119 - .1 16 ft 2<0 79.1 6 3 7 637 6 4 6 - 6 7 7 4 4 * I M • A 11 7 144 147 
• 1 12 ft 3 1 } 3 7 * • 7 Ift » l « 2 194 1 3 7 671 6 3 7 • 4 7 7 M l 631 • 9 I I 7 4 » 94 
• 2 12 6 0 4 117 -1 I B ft 1.17 I M 2 3 7 4 .13 4 | 9 • 3 7 7 l i f t 4:<a • 4 11 7 4 0 0 4 7 3 
• 1 12 6 3 2 3 319 • I P 1 7 2 » 0 « 4 | .1 3 7 4 1 3 4*7. • 7 7 7 l « 3 | 7 3 • 3 I I 7 4 7 6 4 7 7 

* 12 6 91-7 494 • 9 1 7 117 117 4 3 7 374 3 ( 7 P 7 7 367 .1*7 • 7 1 1 7 , 1 ' 4 S P * 
1 17 6 496 4611 . 6 1 7 7 7 9 771 S 3 7 I I I 147 1 7 7 7 « 7 7 ' f t • 1 I I 7 4 7 6 4 | 7 
I 12 ft | 4 : . 

l » f t . 7 1 7 6 7 2 M 3 • 4 4 7 7r;> 714 3 7 7 7:'6 7:-4 P I I 7 9 1 7 • 7 3 
3 12 « 7 2 3 1 7 » •ft 1 7 911 993 • 3 4 7 2 » > 3. '» - 4 6 7 | 1 7 • 146 1 I I 7 3 | 6 311 
4 12 6 7 » 7 | 9 » -ft 1 7 31V .116 • 7 4 7 171 \t* 

- 7 ft 7 271 • 197 7 I I 7 177 I P 4 
- / 13 * i n ; 177 - 4 1 7 A47 6 3 0 7 4 7 9 | - I P S • A 8 7 133 - 1 4 7 3 I I 7 24 .1 7 1 0 
- 4 13 6 66 9 9 • 3 1 7" 3 7 2 369 4 4 7 I P 3 I I I •1 a 7 2 I C - 7 3 3 4 I I 1 1 9 2 1 * 7 
• 3 13 6 l i b l i f t • 7 1 7 6 4 Aft - I B ft 7 | A 6 | A 4 p II 7 2AA - .176 • 5 12 7 197 I 7 P 
• » 13 6 142 I S 7 • 1 1 7 04 I P P - 4 9 7 2ftA ? 7 > 1 ft 7 149 • 199 • 4 12 7 I A 4 IAA 
•1 1 3 6 | 9 7 197 P 1 7 326 3 l | • 7 9 7 439 4 3 3 4 6 7 2 1 1 7P7 • 3 12 7 1 3 2 194 
(l 1 3 6 113 129 1 1 7 346 369 - A 9 7 2 4 9 7 / » . 9 9 7 1 1 6 1 ) 4 • 7 12 7 194 193 

• 7 U ft 491 417 7 1 7 7 7 3 7 / 6 • 9 ft 7 S I P M P -ft 9 7 199 7 » 4 - 7 13 7 2 7 7 7 * 7 
• 8 | 4 6 1 9 « 136 3 1 7 311 371 - 4 9 7 9 3 3 938 - 7 9 7 417 446 • a 1 3 7 2 2 7 211 
• 9 14 6 179 139 4 1 7 7 4 4 719 - 3 9 7 A l l * 2 / • A 9 7 199 l » A • 9 1 ) 7 94 P6 
• < 14 6 2 6 9 3 6 6 • 9 2 7 96 - 1 1 1 • 2 6 7 2 4 3 2 4 7 • ft 9 7 33A. 3 2 6 • 4 13 7 2 2 3 » ) A 
- 3 14 • 184 l « l • 6 a 7 | 4 7 • 1 7 2 • I 6 7 3 3 2 341 • 4 9 7 2 3 6 741 - 3 13 7 4 4 6 447 

• 2 13 7 ? * » 7 M . 9 2 6 | 7 « 147 • 4 9 6 74i* 77ft • 1 9 4 | 4 S • 142 - 7 1 9 4 9 6 l t - 0 

•1 1 3 » 1 « » l « 6 » ft 2 • 7*1 764 -1 9 6 74 • 91 | A A 2 I H 1«A • ft 1 9 A ) • 9 ) 
0 13 F a n 2 / « . 7 2 * tn ft-16 2 9 A 171 111 • 7 I P A 3 4 | 3 " • 4 1 9 2 4 4 714 
1 1 3 7 | 7 1 l « » • 6 2 • .172 371 • 9 « 6 174 177 • 4 1.1 A 293 7 ) 4 • 3 1 9 4 4 9 494 

- 6 13 7 1 « 9 2 . I A • 9 2 6 794 l i f t • ft 6 ft 2 3 7 7 3 ) - 9 I I I ft 2.13 ? l f • 2 I 0 3 3 2 341 
•4 19 7 2 3 6 « 7 • 4 7 6 317 3.13 • 7 6 6 »4» 949 -1 | P ft 971 ft/4 • 1 1 9 ) 7 « 377 
• 3 I S 7 2 6 3 264 • 3 2 8 3 « l 373 • 6 6 A ? M 7ff t • 3 I B 6 t>42 9 7 7 A I 9 33.1 ) 3 4 
• > i n » | « 7 l b ) - 7 2 ft . I * / - 394 • ft 6 ft 1*11 194 • 7 i n ft 316 9 4 2 1 1 0 | 7 2 1*7 
•1 19 7 2 1 2 214 • 1 2 ft 777 792 • 4 6 ft 7 7 3 2 / P • 1 17 A 370 377 4 1 « 117 171 

* 19 7 2 1 3 219 P I ft 637 644 • 3 e ft 3 . '9 S P 4 p i n A 3 I » 7 ( 2 • 7 2 « 1 4 ) • 1 3 4 
1 l » 7 99 11 n 1 2 ft 4 0 6 S. iS • 2 6 ft J 6.1 l » 7 1 I P 8 2 3 J 731 • A 2 9 | r n - 1 7 1 

• 9 14 7 | . ' « • l l > i 7 7 « l « 9 1*7 • 1 e A 177 194 p \ * A 149 161 • 4 7 9 1 .4) • |4* 
• J 16 7 96 - | i - 6 3 2 6 | 4 » 1 1 1 • 6 11 3^6 3 1 9 1 l i t A | 4 S 199 • 9 3 9 103 191 
- 7 14 7 | t '4 • 1 3 2 4 2 8 | 4 4 197 1 6 ft 314 377 - 6 1 1 A 174 179 • ft 3 9 7 4 0 7 4 * 
- 4 1 7 » 179 | 7 i l • I P 3 6 ft* - 7 3 2 6 ft 146 194 •ft 1 1 4 «S • 7 3 0 1 1 1 4 "A 
- 1 I f 7 376 314 . 4 3 ft 174 • 44 4 6 6 19. ' I B B • 4 11 6 |4<i 1 1 * • A 3 9 4 3 3 431 
- 2 17 » 7 * 1 7 0 1 • 7 3 • 7 0 7 • 2 1 7 - 9 7 A K . i 1.17 - 1 1 1 A 177 • 1 3 ) • ft 3 9 1 7 / I f * 
•1 | 7 7 261 7 7 ? p .1 6 74 • 79 - 7 7 ft 714 - 7 3 6 - 7 17 A 3 4 » 324 • 4 ) 9 4 3 / I . ' . ' 

• l » I ft 2 « l 2 " 3 3 3 8 117 l i f t •1 7 • 177 - I P I • A 17 A 7 » 9 767 • 3 3 9 9 7 ) C 7 * 
• ft 4 6 3 7 3 .16 J . 9 4 » 1 1 7 132 a 7 6 74 I P * • 9 12 ft 139 1 ) 3 • 7 3 9 9 9 ) *.'! - 7 9 II 926 914 _ K 4 ft 7 7 9 27A 3 7 • I 1H 114 - 4 17 A 342 3.19 • 1 3 0 3 » P 77P 

-ft > 6 496 4 4 a . 7 4 ft 3 4 7 997 - 9 6 A «4 117 • 3 17 ft 447 426 A 3 9 341 3 7 * 
• 9 0 » I K H i -ft 4 A l- ' i l 4 2 4 . 6 ft 8 I A 9 l « 7 - 7 17 II 314 3 i 6 1 3 * ) * l 3 * 7 
• 4 4 ft | 9 9 H * • ft 4 » H » 136 . 7 8 » 3 A | 3 7 3 P 17 P 2 6 7 7 r A 2 3 9 147 1.44 

• 1 1 6 416 477 • 4 4 ft 411 443 • A 6 « 3 A | 349 1 17 ft 7 - '7 7 . ' ) 4 3 9 Ift.' 1 6 * 
- 2 » • | 7 6 . J 7 » • 3 4 * 4» .1 4 9 9 • 4 6 8 7 7 2 7 P 2 • 7 13 ft I P 7 118 • 7 4 9 1 * 6 1 * » 

• 1 I * 274 | 4 4 . 7 4 P 314 3 9 » • 1 » a M > » S ' 9 - 4 13 ft 171 177 • 7 4 9 \t* • 71 

» • 6 4<6 9 . ' 3 - 1 4 ft 477 447 • 2 « » 173 I 4 P • 3 1 4 ft 1 . -3 116 » » 9 176 133 
1 * II J ' r 334 n 4 • 6 7 4 AA3 • 1 • ft 7 1 3 7 1 * -4 14 ft 271 717 1 4 9 94 112 
2 P a n > 137 1 4 » ftM 91A P. 8 ft 7 7 6 7 3 » • 3 14 ft 3 ' 4 7 « 9 • 9 9 * 0 4 99 
4 ( 6 96 1 : 9 2 4 • 7 1 7 2 1 3 1 8 a 1*4 139 - 7 1 ' A 97 I C 9 • a 9 « 7 7 b 741 

- » 1 ft 111 - i i * 3 4 A 7 " 7 6 ) I * ft I P 7 67 • 3 16 8 376 317 • 7 ft « 3 9 9 * | 7 

•* \ 1 « ) • 1 / 7 4 4 » 147 1 3 3 4 8 1 1 * 9 140 • 7 16 * 134 1 6 3 •11 ft • 2 * 1 2 9 7 
• 3 1 ft 211 • 2 4 1 s 4 ft 158 199 • f t 9 a i 7 i • 1 2 7 •1 16 a 124 I I * • 4 9 • 4 3 9 447 

- I 1 * 1 9 * • 197 -ft s • 2 7 3 764 • 6 9 • « a • 9 9 • * 1 a i a j 174 • 3 S 9 8 9 7 96P 
• i * a 9 2 ' 2 2 ) 2 • 9 •6 A 2 4 6 2 9 9 • 7 9 a i 7 « • 2 8 4 • a 1 • 221 2 3 4 • 2 8 9 2 A I 261 



i p r o l » 7 C * * I i » r o i » r e M A I { M O | P 7 C * » L I P 7 0 | P » C P A I 1 P / 0 I P 7 C 

3 3 3 3SA M i | , ; ( | t > 4 I I 196 l « » P 9 I P 1 3 96 • 6 B I I 3SP 33." 
J ! 6 S9A 1 I d 4 4 J 9 3 • 7 4 | R 3 * 4 3 / P • 7 19 I P 39H 37 4 mi II I I I A 4 177 
Hi 174 • 7 I I 9 33b 331 - 6 4 | P 2 7 9 7 A | - A I P I P 39P 3--7 . 4 B I I 2 4 9 313 
l » « 1 *M • A 11 9 .UN 393 • » 4 I P 2 4 9 9 4 4 - 3 IM I P 147 132 • 1 S I I 2 7 9 979 
l ' » 1 7 ? • 9 I I 9 9 1 3 P?A . 4 4 | P 494 477 • 4 I P | P 3 3 3 3 1 3 » 7 B I I l ? A | 4 P 

i < e 1 ) 3 "4 I t 4 4 7 | 4li*y • 3 4 I f S 7 7 A t * • 3 I P I P 3';> 377 • 1 B I I 11* 7 1 P • 

121 1 '1 • 3 11 4 ' 3 4 4 399 - 2 4 | P 3 P » 3^A . 9 I P I P 9P4 7 . ' l * 9 I I 111 136 
\»t 1 74 « 9 I I 9 1*4 | 4 7 •1 4 | p 2 3 7 9 3 4 •1 1* I P 2 P » 161 1 B 11 193 197 
n » • 1 17 •1 I I 9 93P 2 7 2 1 4 | P 779 777 P l i l I P 2 4 | 771 - 7 7 11 219 924 

r e / A P I I 9 331' 3 | 3 | 4 m |AA I I I - 3 12 I P 131 I f ? • A 7 I I 166 | 7 4 
« 6 111 1 1 1 9 94>l 779 >4 3 |9. 92 » * 7 • 4 17 I P | A 7 193 • 4 7 11 191 1 3 * 

124 1 71 • A 13 9 2 1 3 ? ? 4 - 3 B I P 123 . 142 • 3 17 I « 27!> 9S7 • 1 7 I I I A 2 | A » 
|49 136 - 9 13 9 777 193 -1 S I P 132 167 • 9 19 i n 144 133 P 7 I I | P 9 | 9 4 
2 * 3 3-'6 • 4 13 9 | 7 A 1 ( 4 • 6 6 | P | » 7 9A -1 17 I P 94 I f J - 3 A I I 131 134 
174 1 46 • 3 13 9 746 24A . 7 6 I P 7 9 ? 9 7 3 - 7 I I I 7 » S 7 " 3 >A 9 I I 2 4 * 9 3 7 
| A * 1 ' 4 • 7 p | P |0 f . |9p . A A | P 9P2 2 | » - A 1 I I 7 3 * 9 7 3 • ! • 9 11 I P ? 127 

4 7 66 • A A It* 3 3 3 3 1 * • 4 6 I P 97 94 •9 1 I I 1»S 1A3 . 4 4 11 | 9 7 174 
3 7 / 3 4 * - 3 P I P 9P A3 - 4 6 I P 73H SAW • 4 | I I 3<"7 9«» - 3 9 I I 7 9 3 . 

• 3 1 74 • i p | 4 799 7 n a • 3 A | P 2 « 7 3 / 3 - 3 1 I I 7 ; , » 9i<3 >2 9 11 1 *3 I V I 
H 2 1 34 - 3 9 IA 344 4 J 7 - 7 6 17 777 J 7 3 - 7 1 I I 9 * l . '4 • 1 9 I I 179 I M 
2 » i 7 » 3 P 1U PA | i»2 • 6 19 | 4 3 144 P 1 11 151 162 - } 13 11 94 4 / 

97 177 3 0 ! • | » 7 H I 1 6 I P 7 * 3 194 1 1 I I 2 P | 149 • 7 J> 12 2 7 3 7 ' l 
| A 4 • 1 66 - A 1 l » I « 1 • ! « » • 3 7 I P I P 6 -11-3 • 7 7 11 |9P -1 J P • A * 17 3.'6 9» A 
J O • 734 - 9 2 14 196 193 - 2 7 1? 134 I J i - A 3 11 I 7 A 174 - 3 P 19 114 46 
113 1 2t «7 2 I f 9 A 4 2 7 3 II 7 | P 7A AM • 7 ,\ I I 347 3 /1 • 2 t 17 167 194 
174 1 3 ' «A 7 17 2 * 2 747 • A 6 I P I V I A 4 - A 3 11 4 3>< 4Kt. • T 7 17 41-6 373 
334 3 3 2 • 4* 7 I P 774 744 - 7 6 I P 2 » l 7 * 7 • 3 3 I I 427 3 9 2 • » 2 19 334 J P A 

394 344 • 4 2 | P 4 t ; l 4?|7 - A A | P 161 I S P - 4 3 I I 3 4 2 3 3 * -4 2 12 147 1 9 ? 
l « 2 1 47 • 3 2 I P 444 4.14 . 3 A | R H P | . , J • 3 3 I I 417 4 I « • 3 7. 17 IAA 9P9 
3 3 6 31 7 • 2 2 I 0 3 3 3 341 - 4 6 I P 271 7 3 3 - 7 3 I I « 6 97 •1 2 19 2 P 4 9 1 9 

3.1* -1 2 I P |99 7 J I • 3 6 I P 776 7!>> • 1 3 11 117 f 9 - A 4 12 31*2 7 M 
236 7 3 7 P 2 I P | 7 A | 7 7 • 3 1 I P 179 176 P 3 I I 146 1 3 " • } 4 12 164 | A 4 
3 3 1 334 2 2 I P 133 111 •1 t I P 116 113 1 3 I t ? 7 I 7 1 3 -4 4 17 141" 144 
2 ? » }.» - S 3 l » 127 » l ? 6 W 6 I P 139 |4f» >3 4 | | | P | 136 » 3 4 12 196 | 7 I 
1*1 1 3 3 - 7 3 I P | 4 A m i 1 6 I P 132 13A - 6 3 I I 136 137 • 2 4 12 2 7 3 731 
2 1 2 • 2 2 6 - 4 4 I P | 6 7 1 7 ] • 3 9 ! • 2 2 3 . - | A • 7 S I I 3A7 32S • 1 B \ 2 1 3 / » | 2 I 

1 1 7 
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T H E C R Y S T A L S T R U C T U R E 
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I n t r o d u c t i o n 

T h e i n c r e a s i n g r o l e of o r g a n o l i th ium c o m p o u n d s in p r e p a r a t i v e 

c h e m i s t r y a n d the p a r t i c u l a r a b i l i t y of l i t h i u m a l k y l s to a s s o c i a t e 

s t r o n g l y in the s o l i d s t a t e , a n d to a l e s s e r e x t e n t in the v a p o u r 

s t a t e ( B r o w n a n d R o g e r s , 1 9 5 7 ) , h a s l e d to e x t e n s i v e s t u d i e s of the 

s t r u c t u r a l a n d b o n d i n g p r o p e r t i e s of t h e s e c o m p o u n d s . 

A l t h o u g h n u m e r o u s s p e c t r o s c o p i c s t u d i e s h a v e b e e n m a d e ( R o d i n o v 

a n d S h i g o r i n , 1 9 5 9 ) , o n l y a r e l a t i v e l y s m a l l n u m b e r of c r y s t a l l o g r a p h i c 

s t u d i e s h a v e b e e n r e p o r t e d 

In the s o l i d s t a t e , d i m e r i c a s s o c i a t i o n h a s b e e n o b s e r v e d in 

b i c y c l o b u t y l I i th ium - T M E D ( Z e r g e r a n d S t u c k y , 1 9 7 3 ) , t e t r a m e r i c 

a s s o c i a t i o n in methy l I i th ium a n d e t h y l l i t h i u m ( W e i s s a n d L u c k e n , 1 9 6 4 , 

D i e t r i c h , 1963) a n d h e x a m e r i c a s s o c i a t i o n in c y c l o h e x y l I i th ium 

( Z e r g e r , R h i n e a n d S t u c k y , 1 9 7 4 ) , a n d tr i m e t h y l s i I yl I i th ium ( S c h a a f , 

B u t l e r , G l i c k a n d O l i v e r , 1 9 7 4 ) . 

T h e s t r u c t u r e of d i - t - b u t y l m e t h y l e n e a m i n o l i t h i u m i s d i s c u s s e d in 

the f o l l o w i n g s e c t i o n s , a n d i s s h o w n to be h e x a m e r i c . 

P r e p a r a t i o n 

T h e c o m p o u n d w a s p r e p a r e d by the l o w t e m p e r a t u r e r e a c t i o n of 

t - b u t y l I i th ium a n d t - b u t y l c y a n i d e in h e x a n e . T h e m i x t u r e w a s a l l o w e d 

to w a r m to r o o m t e m p e r a t u r e w i t h c o n s t a n t s t i r r i n g , d u r i n g w h i c h , a 

p a l e y e l l o w - g r e e n s o l u t i o n w a s f o r m e d . O n f u r t h e r s t i r r i n g a w h i t e 

s o l i d p r e c i p i t a t e d out of s o l u t i o n . R e m o v a l of the s o l v e n t p r o d u c e d 

a w h i t e p o w d e r , w h i c h r e c r y s t a l I i s e d f r o m h e x a n e a s c o l o u r l e s s 

c r y s t a l s . 

C r y o s c o p i c m o l e c u l a r w e i g h t d e t e r m i n a t i o n in b e n z e n e i n d i c a t e d 

a d i m e r i c s t r u c t u r e , a n d s p e c t r o s c o p i c e v i d e n c e s u g g e s t e d b r i d g i n g 

d i - t - b u t y l m e t h y l e n e a m i n o g r o u p s . 

T h e p r e p a r a t i o n a n d s p e c t r o s c o p i c c h a r a c t e r i s a t i o n of the c o m p o u n d 

w a s c a r r i e d out by S n a i t h a n d W a d e , 1 9 7 2 . 

C r y s t a l D a t a 

T h e c o m p o u n d c r y s t a l l i s e d in the f o r m of c o l o u r l e s s p l a t e s w h i c h 

f o r the p u r p o s e of d a t a c o l l e c t i o n , w e r e s e a l e d in q u a r t z c a p i l l a r y 

t u b e s . T h e c r y s t a l s e l e c t e d h a d d i m e n s i o n s of 0 . 45 x 0 . 25 x 0 . 2 mm. 
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P r e l i m i n a r y s t u d i e s u s i n g the W e i s s e n b e r g a n d p r e c e s s i o n 

t e c h n i q u e s e s t a b l i s h e d the uni t c e l l a s m o n o c l i n i c . T h e c o n d i t i o n s 

l i m i t i n g r e f l e c t i o n s w e r e 

hOI I = 2n 

OkO k = 2n 

and t h e s e u n i q u e l y d e f i n e d the s p a c e g r o u p a s P 2 i / C . 

M o r e a c c u r a t e un i t c e l l d i m e n s i o n s w e r e o b t a i n e d f r o m a l e a s t -

s q u a r e s t r e a t m e n t of the p o s i t i o n s of t w e l v e h i g h o r d e r r e f l e c t i o n s 

m e a s u r e d on a f o u r - c i r c l e d i f f r a c t o m e t e r . 

( B u ' 2 C : N l _ i ) 6 

M 858 

a 1 2 . 429(1 ) A 

b 2 0 . 7 9 4 ( 2 ) A 

c 1 3 . 0 9 9 ( 1 ) A 

1 1 6 . 7 8 ( 2 ) ° 

Z 2 

D c 0 . 9 4 3 g . c m 

A b s o r p t i o n c o e f f i c i e n t f o r Mo K a r a d i a t i o n = 0 . 2 7 c m 

D a t a C o l l e c t i o n 

T h e i n t e n s i t y d a t a w a s c o l l e c t e d on a f o u r - c i r c l e d i f f r a c t o m e t e r , 

u s i n g a 6 - 28 s c a n t e c h n i q u e . E a c h r e f l e c t i o n w a s s c a n n e d in e i g h t y 
o 

s t e p s of 0 . 0 1 w i t h a c o u n t i n g t ime of t h r e e s e c o n d s p e r s t e p , a n d a 

b a c k g r o u n d c o u n t of s i x t y s e c o n d s at the b e g i n n i n g a n d e n d of e a c h 

s c a n . T h r e e s t a n d a r d r e f l e c t i o n s w e r e m e a s u r e d e v e r y f o r t y r e f l e c t i o n s 

a n d w e r e u s e d to p l a c e the d a t a on a c o m m o n s c a l e . 

T w o n o n - e q u i v a l e n t o c t a n t s of r e c i p r o c a l s p a c e w e r e s c a n n e d up 

to a l imi t of 8 = 2 0 ° , b e y o n d w h i c h , a r a p i d d e c l i n e in i n t e n s i t y o c c u r r e d . 

A total of 2 8 1 7 u n i q u e r e f l e c t i o n s w e r e o b t a i n e d of w h i c h 1625 w e r e 

c l a s s e d a s o b s e r v e d r e f l e c t i o n s h a v i n g net c o u n t s ^ 2 a . T h e d a t a 

w a s c o r r e c t e d f o r L o r e n t z a n d p o l a r i s a t i o n e f f e c t s a n d a l s o f o r 

a b s o r p t i o n . 
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S o l u t i o n A n d R e f i n e m e n t 

T h e s t r u c t u r e w a s s o l v e d by the s y m b o l i c a d d i t i o n p r o c e d u r e , 

u s i n g a mul t i - s o l u t i o n p r o g r a m m e . T h e p r o g r a m m e c a l c u l a t e d E -

v a l u e s a n d c h o s e t h r e e r e f l e c t i o n s to d e f i n e the o r i g i n a s s i g n i n g 

p o s i t i v e s i g n s to t h e s e r e f l e c t i o n s . A f u r t h e r f o u r t e e n r e f l e c t i o n s 

w e r e c h o s e n , the s i g n s of w h i c h w e r e v a r i e d s y s t e m a t i c a l l y , s o 

that e a c h of the p o s s i b l e c o m b i n a t i o n s w a s u s e d t o g e t h e r w i t h the 

o r i g i n d e t e r m i n i n g r e f l e c t i o n s a s a s t a r t i n g s e t f o r the s y m b o l i c 

a d d i t i o n p r o c e d u r e . T h e p o s s i b l e s e t s of p h a s e s w e r e c o m p a r e d by 

c a l c u l a t i n g an a b s o l u t e f i g u r e of m e r i t , M ( a b s ) , ( C h a p t e r l ) , a n d 

a l s o by the u s e of q u a r t e t r e l a t i o n s h i p s . T h r o u g h the a p p l i c a t i o n of 

t h e s e r e j e c t i o n t e s t s , the p r o g r a m m e p r o d u c e d a s i n g l e p h a s i n g s e t 

w h i c h e n a b l e d s i g n s to be d e t e r m i n e d f o r 5 2 4 r e f l e c t i o n s w i t h E -

v a l u e s g r e a t e r than 1 . 1 . 

A n E - map w a s c o m p u t e d , e n a b l i n g 33 a t o m i c p o s i t i o n s to be 

s e l e c t e d , w h i c h c o u l d be a t t r i b u t e d to the n o n - h y d r o g e n a t o m s of 

t h r e e d i - t - b u t y l m e t h y l e n e a m i n o l i t h i u m u n i t s . T h e l i t h i u m a t o m s 

w e r e l o c a t e d a r o u n d a c r y s t a l l o g r a p h i c s y m m e t r y c e n t r e , the 

o p e r a t i o n of w h i c h g e n e r a t e d a h e x a m e r i c l i t h i u m s t r u c t u r e . 

T h e p o s i t i o n a l a n d i s o t r o p i c t h e r m a l p a r a m e t e r s of a l l l o c a t e d 

a t o m s w e r e g i v e n two c y c l e s of l e a s t - s q u a r e s r e f i n e m e n t , w h i c h 

r e s u l t e d in a n R - v a l u e of 0 . 2 4 . A n e l e c t r o n d e n s i t y d i f f e r e n c e map 
o _3 

r e v e a l e d a d d i t i o n a l p e a k s w i t h h e i g h t s of 1 . 0 to 1. 6 e . A . M o s t of 

t h e s e p e a k s l a y c l o s e to the m e t h y l c a r b o n a t o m s a t t a c h e d to C ( 1 5 ) a n d 

C ( 2 0 ) , but s o m e w e r e c l o s e to the m e t h y l c a r b o n a t o m s a r o u n d C ( 1 1 ) . 

A f u r t h e r s t u d y of the e l e c t r o n d e n s i t y in t h e s e r e g i o n s w a s c a r r i e d 

out by c a l c u l a t i n g f u r t h e r d i f f e r e n c e m a p s , a n d a l s o by the c a l c u l a t i o n 

of d i f f e r e n c e m a p s w h e r e the r e l e v a n t m e t h y l c a r b o n a t o m s w e r e 

omi t ted f r o m the s t r u c t u r e f a c t o r c a l c u l a t i o n s . T h e s e i n d i c a t e d 

d i s o r d e r i n g in the p o s i t i o n s of the methy l c a r b o n a t o m s a t t a c h e d to 

C ( 1 5 ) a n d t h i s w a s a l l o w e d f o r by s e l e c t i n g f u r t h e r p o s i t i o n s f o r t h r e e 

methy l c a r b o n a t o m s a n d a s s i g n i n g o c c u p a t i o n f a c t o r s of 0 . 5 to the s i t e s 

of the s i x m e t h y l c a r b o n a t o m s . 

T h e m e t h y l c a r b o n a t o m s a t t a c h e d to C ( 2 0 ) s h o w e d v e r y e l o n g a t e d 

r e g i o n s of e l e c t r o n d e n s i t y , a n d s u g g e s t e d c o n s i d e r a b l e l i b r a t i o n of 

t h i s t - b u t y l g r o u p . T h e s e m e t h y l c a r b o n a t o m s w e r e a s s i g n e d a n i s o t r o p i c 

t h e r m a l p a r a m e t e r s . A f t e r r e f i n e m e n t , the a d d i t i o n a l p e a k s a s s o c i a t e d 

w i th C(1 1) d e c r e a s e d in v a l u e , a n d c o u l d not be r e p r e s e n t e d by a 

s i m p l e m o d e l . 
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A l l a t o m s w e r e now r e f i n e d a n i s o t r o p i c a l l y w i t h the e x c e p t i o n of 

the d i s o r d e r e d t - b u t y l g r o u p i n v o l v i n g C ( 1 5 ) , w h i c h w a s r e f i n e d 

i s o t r o p i c a l l y , to g i v e an R - v a l u e of 0 . 2 0 . A d i f f e r e n c e map a g a i n 

r e v e a l e d s m a l l p e a k s a r o u n d the t - b u t y l g r o u p i n v o l v i n g C ( 2 0 ) , a n d a 
o _3 

s i n g l e p e a k of h e i g h t 0 . 9 e . A l y i n g c l o s e to o n e of the l i t h i u m a t o m s 

L i ( 3 ) . T h e p o s s i b i l i t y of d i s o r d e r in the p o s i t i o n of l_i(3) w a s 

c o n s i d e r e d , a n d to r e s o l v e t h i s p o s s i b i l i t y , a l l a t o m s w e r e a g a i n 

r e f i n e d w i t h L i ( 3 ) o m i t t e d f r o m the r e f i n e m e n t . A s u b s e q u e n t d i f f e r e n c e 
° - 3 

map now r e v e a l e d two p e a k s of h e i g h t s 0 . 8 a n d 0 . 9 e . A , w i t h o n e 

p e a k o c c u p y i n g the s i t e of L i ( 3 ) . T h e p o s i t i o n s of t h e s e two p e a k s w e r e 

t a k e n a s atom s i t e s f o r l _ i ( 3 ) A a n d l _ i ( 3 ) B , a n d both p o s i t i o n s w e r e 

i n c l u d e d in a f u r t h e r r e f i n e m e n t c y c l e . A d i f f e r e n c e map n o w s h o w e d 

no f u r t h e r p e a k s in the v i c i n i t y of the l i t h i u m a t o m s . 

In s u b s e q u e n t w o r k , the t - b u t y l g r o u p s w e r e r e f i n e d a s r i g i d g r o u p s . 

T h i s w a s a c h i e v e d by c o n s t r a i n i n g the g r o u p c a r b o n - c a r b o n bond d i s t a n c e s 
o 

to 1 . 5 4 A , a n d c o n s t r a i n i n g the a t o m s of the g r o u p to t e t r a h e d r a l 

g e o m e t r y . F o r the d i s o r d e r e d t - b u t y l g r o u p , the s i x methy l c a r b o n 

a t o m s a t t a c h e d to C ( 1 5 ) w e r e p l a c e d at r e g u l a r i n t e r v a l s a p a r t . T h r e e 

c y c l e s of r e f i n e m e n t r e d u c e d the R - v a l u e to 0 . 1 6 , but in the s u b s e q u e n t 
o _ 3 

d i f f e r e n c e m a p , s e v e r a l s m a l l p e a k s , 0 . 3 to 0 . 5 e . A w e r e s t i l l 

o b s e r v e d in the r e g i o n of the t - b u t y l g r o u p a s s o c i a t e d w i t h C ( 2 0 ) . 

L a r g e v a l u e t e m p e r a t u r e f a c t o r s w e r e f o u n d f o r s o m e of the methy l 

c a r b o n a t o m s , p a r t i c u l a r l y t h o s e a t t a c h e d to C ( l l ) a n d C ( 2 0 ) ( T a b l e 6 . 2 ) , 

a n d t h e r e f o r e h y d r o g e n a t o m s w e r e not i n c l u d e d in the r e f i n e m e n t . In 

the f i n a l s t a g e s of r e f i n e m e n t , the a t o m i c p a r a m e t e r s w e r e r e f i n e d in 

t h r e e b l o c k s , e a c h c o n s i s t i n g of the a t o m s of o n e d i - t - b u t y l m e t h y l e n e a m i n o 

g r o u p , a l l the l i t h i u m a t o m s b e i n g r e f i n e d w i t h e a c h b l o c k . In the f i n a l 

r e f i n e m e n t c y c l e , a l l p a r a m e t e r s h i f t s w e r e l e s s than 0 . 6 of the 

c o r r e s p o n d i n g e . s . d . 

A uni t w e i g h t i n g s c h e m e w a s u s e d in the e a r l y s t a g e s of r e f i n e m e n t 

but w a s r e p l a c e d in the f i n a l r e f i n e m e n t by the s c h e m e : -

a 2 ( F ) + g F 2 

T h e f i n a l v a l u e of g w a s 0 . 0 0 0 8 8 . 

T h e w e i g h t i n g a n a l y s i s i s g i v e n in T a b l e 6 . 8 . A t o m i c c o - o r d i n a t e s 

a r e l i s t e d in T a b l e 6 . 1 , a n d S t r u c t u r e f a c t o r s a r e g i v e n in T a b l e 6 . 9 . 

A t o m i c s c a t t e r i n g f a c t o r s w e r e t a k e n f r o m 

A c t a C r y s t . , A 2 4 , 1 9 6 8 , 321 

A c t a C r y s t . , A 2 4 , 1 9 6 8 , 3 9 0 



D e s c r i p t i o n A n d D i s c u s s i o n of T h e S t r u c t u r e 

In the c r y s t a l , the s t r u c t u r e i s d i s o r d e r e d w i t h two a l t e r n a t e 

p o s i t i o n s f o r l _ i ( 3 ) , n a m e l y , l _ i ( 3 )A a n d l _ i ( 3 ) B . E a c h m o l e c u l e m a y be 

r e g a r d e d a s h e x a m e r i c a n d to c o n t a i n a 6 - m e m b e r e d r i n g of l i t h i u m 

a t o m s in the c h a i r c o n f i g u r a t i o n . B e c a u s e of the d i s o r d e r , the s i x -

m e m b e r e d r i n g s o c c u r in two o r i e n t a t i o n s , A a n d B , w h i c h r e s p e c t i v e l y 

c o n t a i n L i ( 3 ) A a n d l _ i ( 3 ) B . 

T h e s i x d i - t - b u t y l m e t h y l e n e a m i n o g r o u p s c o m p r i s e the p e r i p h a r y of 

the m o l e c u l e a n d b r i d g e a c r o s s the s i x s m a l l e r of the e i g h t t r i a n g u l a r 

f a c e s f o r m e d by the l i t h i u m c o r e . T h e s e two a r r a n g e m e n t s a r e s h o w n 

in F i g u r e s 6 a a n d 6 b , w h e r e f o r c l a r i t y the c a r b o n a t o m s C ( 1 6 0 ) , C ( 1 7 0 ) 

a n d C ( 1 8 0 ) h a v e b e e n o m i t t e d . In t h e s e f i g u r e s , the s u p e r s c r i p t I h a s 

b e e n u s e d to i n d i c a t e a t o m s r e l a t e d by the c e n t r e of s y m m e t r y . T a k i n g 

the two p o s s i b l e s i t e s fo r L i ( 3 ) into a c c o u n t , the l i t h i u m a t o m s l i e at the 

c o r n e r s of a d i s t o r t e d c u b e , w i t h e a c h of the s i x m e t h y l e n e a m i n o g r o u p s 

b r i d g i n g o n e f a c e of the c u b e . 

S i x - m e m b e r e d r i n g s of l i th ium a t o m s in the c h a i r c o n f i g u r a t i o n , h a v e 

a l s o b e e n f o u n d in the h e x a m e r i c c o m p o u n d s tr imethy I s i ly l I i th ium ( S c h a a f , 

B u t l e r , G l i c k a n d O l i v e r , 1974) w h e r e s i l i c o n a t o m s b r i d g e the l i th ium 

f a c e s , a n d in c y c l o h e x y l I i t h i u m ( Z e r g e r , R h i n e a n d S t u c k y , 1974) w h e r e 

b r i d g i n g o c c u r s t h r o u g h the a c a r b o n a t o m s of the c y c l o h e x y l g r o u p s . 

T h e h e x a m e r i c r i n g s t r u c t u r e s o b s e r v e d in the a b o v e c o m p o u n d s a r e in 

c o n t r a s t to the h y d r o g e n b r i d g e d a r r a n g e m e n t p o s t u l a t e d f o r h e x a m e r i c 

n - buty l I i th ium ( C r a u b n e r , 1 9 6 6 ) . 

In ( B u ^ C : N l _ i ) g the s i x t r i a n g u l a r l i th ium f a c e s a r e b o r d e r e d by s i x 

r e l a t i v e l y s h o r t I i th ium - I i th ium d i s t a n c e s , a n d s i x l a r g e r I i th ium - I i thium 

d i s t a n c e s . T h e s h o r t e r d i s t a n c e s i n v o l v e a t o m s a d j a c e n t to o n e a n o t h e r 
o 

on the e d g e of the r i n g a n d r a n g e f r o m 2 . 3 5 ( 4 ) to 2 . 4 4 ( 3 ) A in c o n f i g u r a t i o n 
o 

A , a n d f r o m 2 . 23 to 2 . 4 4 ( 3 ) A in c o n f i g u r a t i o n B , w i t h a m e a n v a l u e of 
o 

2 . 3 5 A ( T a b l e 6. 3 ) . T h e l o n g e r d i s t a n c e s i n v o l v e a t o m s meta to e a c h 
o 

o t h e r on the e d g e of the r i n g a n d r a n g e f r o m 3 . 17 to 3 . 31 A in c o n f i g u r a t i o n 
o 

A , a n d f r o m 3 . 1 3 to 3 . 2 3 A in c o n f i g u r a t i o n B , w i t h a m e a n v a l u e of 
O [ 

3 . 21 A . T h e L i - L i d i s t a n c e s in ( B u 2 C : N L i ) g c a n be c o m p a r e d w i t h 

m e a n d i s t a n c e s of 2 . 4 2 ( 1 ) , 2 . 6 0 ( 1 ) a n d 2 . 6 3 ( 1 ) A in e t h y l l i t h i u m ( D i e t r i c h , 

1 9 6 3 ) , 2 . 6 8 ( 5 ) A in m e t h y l I i th ium ( W e i s s a n d L u c k e n , 1 9 6 4 ) , 2 . 7 4 ( 7 ) A in 

b i c y c l o b u t y l I i th ium - T M E D ( Z e r g e r a n d S t u c k y , 1 9 7 3 ) , 2 . 3 9 ( 1 ) a n d 
o 

2 . 9 7 ( 1 ) A i n c y c l o h e x y l l i t h i u m ( Z e r g e r , R h i n e a n d S t u c k y , 1974 ) a n d 
o 

2 . 7 0 ( 3 ) a n d 3 . 2 7 ( 4 ) A in t r i m e t h y l s i ly l I i th ium ( S c h a a f , B u t l e r , G l i c k a n d 

O l i v e r , 1 9 7 4 ) . In ( B u l

2 C : N L i ) 6 a l I of the s h o r t e r I i th ium - I i th ium 
o 

d i s t a n c e s a r e l e s s than t w i c e the c o v a l e n t r a d i u s of l i t h i u m ( 1 . 2 5 A ) . 123 
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F i g u r e 6b 

P e r s p e c t i v e V i e w of the M o l e c u l e 
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F i g u r e b e 

t ( B u ' C : N L i ) V i e w of the 6 - m e m b e r e d L i t h i u m R i n g 
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E a c h d i - t - b u t y l m e t h y l e n e a m i n o g r o u p i s l o c a t e d a b o v e a t r i a n g u l a r 

f a c e on the p e r i p h a r y of the l i t h i u m r i n g , s u c h that the p l a n e of the 

a z o m e t h i n e l i n k a g e i s v i r t u a l l y p e r p e n d i c u l a r to the l i t h i u m f a c e 

( T a b l e 6 . 7 ) . T h e I i th ium - ni t r o g e n d i s t a n c e s r a n g e f r o m 1 . 9 7 to 
o O 

2 . 1 9 ( 3 ) A in c o n f i g u r a t i o n A , a n d f r o m 1. 97 to 2 . 1 6 ( 5 ) A in c o n f i g u r a t i o n B , 
o 

w i t h a m e a n v a l u e of 2 . 0 6 A . T h i s v a l u e i s in good a g r e e m e n t w i t h L i - N 

d i s t a n c e s r e p o r t e d f o r o t h e r n i t r o g e n c o - o r d i n a t e d l i t h i u m c o m p l e x e s , 
o 

n a m e l y , 2 . 0 2 a n d 2 . 0 4 A in f l u o r e n y l l i t h i u m b i s q u i n u c l i d i n e ( B r o o k s , 

R h i n e and S t u c k y , 1 9 7 2 ) , 2 . 0 6 a n d 2 . 0 9 A in t r i p h e n y I m e t h y l I i th ium - T M E D 

( B r o o k s a n d S t u c k y , 1 9 7 2 ) , 2 . 09 a n d 2 . 1 1 A in b e n z y l I i th ium 

t r i e t h y l e n e d i a m i n e ( P a t t e r m a n , K a r l e a n d S t u c k y , 1 9 7 0 ) , 2 . 09 a n d 
o 

2 . 1 3 A in n a p h t h y l b i s (I i th ium - T M E D ) ( B r o o k s , R h i n e a n d S t u c k y , 1 9 7 2 ) , 
2 . 10 a n d 2 . 1 1 A in i n d e n y l I i th ium - T M E D ( R h i n e a n d S t u c k y , 1 9 7 5 ) , 2 . 0 9 
a n d 2 . 1 1 A in b i s f ( T M E D ) l i t h i u m ] a n t h r o c e n i d e ( R h i n e , D a v i e s a n d 

l o ' 

S t u c k y , 1 9 7 5 ) , 2 . 0 6 a n d 2 . 0 7 A in b i f l u o r e n y l b i s ( l i th ium - T M E D ) . 

( W a l c z a k a n d S t u c k y , 1 9 7 5 ) , a n d 2 . 1 0 A in s t i l b e n e b i s ( l i th ium - T M E D ) 

( W a l c z a k a n d S t u c k y , 1 9 7 6 ) . 

S i n c e e a c h n i t r o g e n a tom b r i d g e s t h r e e a d j a c e n t l i t h i u m a t o m s , the 

f o l d e d c h a i r c o n f i g u r a t i o n a d a p t e d by the l i t h i u m a t o m s , i s an a r r a n g e m e n t 

w h i c h s a t i s f i e s the s t e r i c r e q u i r e m e n t s of the d i - t - b u t y l m e t h y l e n e a m i n o 

g r o u p s . It i s a l s o a p p a r e n t that a s e a c h n i t r o g e n atom b r i d g e s t h r e e 

l i th ium a t o m s , s o e a c h l i t h i u m atom i s a s s o c i a t e d w i t h t h r e e n i t r o g e n a t o m s , 

thus g i v i n g r i s e to e i g h t e e n L i - N b o n d i n g i n t e r a c t i o n s . W i t h the s i x 

L i - L i r i n g c o n t a c t s , a total of twenty f o u r b o n d i n g i n t e r a c t i o n s a r e 

f o r m e d , f o r w h i c h o n l y t w e n t y f o u r e l e c t r o n s a r e a v a i l a b l e . T h e b o n d i n g 

in t h i s r e g i o n of the m o l e c u l e m u s t t h e r e f o r e be d e s c r i b e d a s e l e c t r o n 

d e f i c i e n t . E l e c t r o n d e f i c i e n c y w a s a l s o o b s e r v e d in the h e x a m e r i c 

c o m p o u n d s t r i m e t h y l s i l y l l i t h i u m a n d c y c l o h e x y l I i t h i u m . 
o 

T h e C = N bond d i s t a n c e s r a n g e f r o m 1. 2 9 2 ( 1 5 ) to 1 . 3 0 1 ( 1 6 ) A , w i t h 
o 

a m e a n v a l u e of 1 . 2 9 7 ( 1 0 ) A , a n d a g r e e w i t h the r a n g e of v a l u e s n o r m a l l y 

found in c o - o r d i n a t e d m e t h y l e n e a m i n o g r o u p s , n a m e l y , 1 . 2 7 9 ( 1 4 ) A in 

( B u l

2 C : N ) 2 B e ] 2 ( S h e a r e r a n d S o w e r b y , 1 9 7 1 ) , 1 . 2 7 0 ( l O ) A i n 

L i A l ( N : C B u l

2 ) 4 ( W a d e , S h e a r e r , S n a i t h a n d S o w e r b y , 1 9 7 1 ) , a n d 

1. 2 8 0 ( 1 0 ) , 1. 273(1 1) a n d 1. 280(1 0 ) A in P ( N : C P h 2 ) 3 ( S h e a r e r , 1 9 7 6 ) . 

T h e l e n g t h s of the C ( s p 2 ) - C ( s p 3 ) b o n d s do not d i f f e r s i g n i f i c a n t l y 

f r o m o n e a n o t h e r , a l t h o u g h t h e i r p r e c i s e v a l u e s w i l l be a f f e c t e d by 

t r e a t i n g the t - b u t y l g r o u p s a s r i g i d g r o u p s . T h e i r m e a n v a l u e s a r e 

C ( 1 ) - C ( 2 ) , C ( 1 ) - C ( 6 ) 1 . 6 1 7 ( 1 4 ) A , C ( 1 0 ) - C ( 1 1 ) , C ( 1 0 ) - C ( 1 5 ) 1 . 5 9 1 ( 1 0 ) A , 

a n d C ( 1 9 ) - C ( 2 0 ) , C ( 1 9 ) - C ( 2 4 ) 1.591 ( 1 6 ) A . T h e s e v a l u e s c a n be c o m p a r e d 
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w i t h the C ( s p 2 ) - C ( s p 3 ) bond d i s t a n c e s in ( C 5 Hg ) Mo ( C O) 2 ( N : C B u ^ ) 

of 1. 5 4 6 A ( S h e a r e r a n d S o w e r b y , 1973) a n d in L i A l ( N : C B u ^ ) ^ of 
o 

1 . 5 6 0 A ( W a d e , S h e a r e r , S n a i t h a n d S o w e r b y , 1 9 7 1 ) . 

T h e C ( s p ^ ) - C ( s p ^ ) bond d i s t a n c e s w i t h i n the t - b u t y l g r o u p s w e r e 
o 

c o n s t r a i n e d to 1. 5 4 0 A d u r i n g r e f i n e m e n t . 

Non - b o n d i n g C o n t a c t s 
o 

S e l e c t e d n o n - b o n d i n g c o n t a c t s l e s s than 4 A w i t h i n the h e x a m e r i c 

m o l e c u l e a r e l i s t e d in T a b l e 6 . 5 . Many of t h e s e c o n t a c t s i n v o l v e l i th ium 
O 

and m e t h y l c a r b o n a t o m s , the t h r e e s h o r t e s t b e i n g L i ( 1 ) . . . C ( 3 ) 2 . 7 9 8 A , 

L i ( l ) . . . C ( 1 6 ) 2 . 7 7 0 A a n d L i ( 2 ) . . . C ( 7 ) 2 . 7 3 7 A . 

T h e r e l a t i v e s h o r t n e s s of t h e s e c o n t a c t s m a y b e d u e to s t e r i c e f f e c t s 

but c o u l d i n v o l v e s o m e f o r m of L i . . . C o r L i . . . H - C i n t e r a c t i o n . 

In the c o m p o u n d L i A l ( N : C B u ^ ) ^ , a b r i d g i n g h y d r o g e n i n t e r a c t i o n w a s 
o 

s u g g e s t e d to a c c o u n t f o r an u n u s u a l l y s h o r t , 2 . 3 7 A , I i th ium - methy l 

c a r b o n c o n t a c t ( S h e a r e r , S n a i t h , S o w e r b y a n d W a d e , 1 9 7 1 ) . 

S e v e r a l s h o r t c o n t a c t s w e r e f o u n d b e t w e e n the m e t h y l c a r b o n a t o m s 

of d i f f e r e n t t - b u t y l g r o u p s w i t h i n the s a m e m e t h y l e n e a m i n o g r o u p , the 
o 

s h o r t e s t d i s t a n c e b e i n g 2 . 8 8 0 A . L o n g e r c o n t a c t s w e r e f o u n d b e t w e e n 

the m e t h y l c a r b o n a t o m s of d i f f e r e n t m e t h y l e n e a m i n o g r o u p s , the s h o r t e s t 
o 

c o n t a c t b e i n g 3 . 6 1 2 A . 
o 

N o n - b o n d i n g c o n t a c t s l e s s than 4 A b e t w e e n h e x a m e r i c m o l e c u l e s 

a r e l i s t e d in T a b l e 6 . 7 . O n l y f o u r s u c h c o n t a c t s w e r e f o u n d , the 
o 

s h o r t e s t b e i n g 3 . 7 7 2 A . 
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F i g u r e 6 d 

P r o j e c t i o n on the f 1 0 0 1 P l a n e 

c s m B 

t ( B u „ C : N L i ) 



T a b l e 6 . 1 

F i n a l A t o m i c 

( B u l

2 C : N l _ i ) 6 

C o - o r d i n a t e s A n d T h e i r E s t i m a t e d S t a n d a r d D e v i at i o n s 

A tom x / a y / b z / c 

L i ( l ) 0 . 1 7 5 0 ( 2 2 ) - 0 . 0003( 13) 0 . 0 5 0 0 ( 2 2 ) 

L i ( 2 ) 0 . 0 2 5 2 ( 1 9 ) - 0 . 0675( 11) - 0 . 0 9 9 8 ( 1 7 ) 

L i ( 3 ) A 0 . 0 4 8 3 ( 3 2 ) 0 . 0877( 16) - 0 . 0 3 7 5 ( 3 1 ) 

L i ( 3 ) B 0 . 0 7 8 8 ( 4 3 ) - 0 . 0237( 19) 0 . 1555 (39 ) 

N(1) 0 . 1 4 8 8 ( 1 0 ) 0 . 0700( 6) 0 . 1463( 9) 

N(2) 0 . 1333( 9 ) - 0 . 0 9 2 9 ( 5) 0 . 0700( 8) 

N(3 ) 0 . 0 9 7 0 ( 1 0 ) 0 . 0154( 5) - 0 . 121 1( 9) 

C ( 1 ) 0 . 2 3 2 3 ( 1 2 ) 0 . 1 030( 6) 0 . 2264(1 1) 

C ( 2 ) 0 . 3434( 7) 0 . 1329( 5) 0 . 2094 ( 8) 

C ( 3 ) 0 . 3446( 7 ) 0 . 0987( 5) 0 . 2 0 9 4 ( 8) 

C ( 4 ) 0 . 3 1 7 1 ( 7) 0 . 2049( 5) 0 . 1 823( 8) 

C ( 5 ) 0 . 4673 ( 7) 0 . 1250( 5) 0 . 3138( 8) 

C ( 6 ) 0 . 2279( 9) 0 . 1 167( 5) 0 . 3458( 7) 

C ( 7 ) 0 . 0963( 9) 0 . 1059( 5) 0 . 3230( 7) 

C ( 8 ) 0 . 2681( 9 ) 0 . 1 847( 5) 0 . 3948 ( 7) 

C ( 9 ) 0 . 3093 ( 9) 0 . 0665( 5) 0 . 4 3 3 0 ( 7) 

C ( 1 0 ) 0 . 1991 (11) - 0 . 1432( 7) 0 . 1 176(1 1) 

C ( 1 1 ) 0 . 1555(1 1) - 0 . 2134( 4) 0 . 0 6 7 6 ( 1 0 ) 

C ( 1 2 ) 0 . 2398(1 1) - 0 . 2405( 4) 0 . 0 2 0 7 ( 1 0 ) 

C ( 1 3 ) 0 . 1544(1 1) - 0 . 25931 4) 0 . 1 5 9 3 ( 1 0 ) 

C ( 1 4 ) 0 . 0270(1 1) - 0 . 2074( 4) - 0 . 0 3 0 7 ( 1 0 ) 

C ( 1 5 ) 0 . 3 2 5 0 ( 1 0 ) - 0 . 1340( 6) 0 . 2 2 7 7 ( 1 0 ) 

C ( 1 6 ) 0 . 3 6 7 3 ( 1 0 ) - 0 . 0656( 6) 0 . 2 1 8 5 ( 1 0 ) 

C ( 1 7 ) 0 . 2 8 8 7 ( 1 0 ) - 0 . 1 376( 6) 0 . 3 2 5 5 ( 1 0 ) 

C ( 1 8 ) 0 . 4 3 3 5 ( 1 0 ) - 0 . 17851 6) 0 . 2 5 4 3 ( 1 0 ) 

C ( 1 9 ) 0 . 1443 (10 ) 0 . 02711 6) - 0 . 1 896 (10 ) 

C ( 2 0 ) 0 . 1071 (10 ) 0 . 0 9 2 2 [ 4 ) - 0 . 2657( 8) 

C ( 2 1 ) 0 . 2 1 0 7 ( 1 0 ) 0 . 1234< [ 4) - 0 . 2821 ( 8) 

C ( 2 2 ) 0 . 0 5 6 7 ( 1 0 ) 0 . 1412< 4) - 0 . 2100 ( 8) 
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T a b l e 6 . 1 ( c o n t . ) ( B u l

0 C : N L i ) c 

A D 

A t o m x / a 

C ( 2 3 ) 0 . 0 0 6 3 ( 1 0 ) 

C ( 2 4 ) 0 . 2446 ( 7) 

C ( 2 5 ) 0 . 2120( 7) 

C ( 2 6 ) 0 . 2553( 7 ) 

C ( 2 7 ) 0 . 3660( 7) 

C ( 1 6 0 ) 0 . 3 6 3 1 ( 1 0 ) 

C ( 1 7 0 ) 0 . 3 6 0 2 ( 1 0 ) 

C ( 1 8 0 ) 0 . 4 2 4 6 ( 1 0 ) 

y / b z / c 

0 . 0 7 2 0 ( 4 ) - 0 . 3830( 8) 

- 0 . 01 84 (4 ) - 0 . 1969( 8) 

- 0 . 0 3 8 7 ( 4 ) - 0 . 3204( 8) 

- 0 . 0 7 8 7 ( 4 ) - 0 . 1247( 8) 

0 . 0 1 7 5 ( 4 ) - 0 . 1458( 8) 

- 0 . 1 8 8 9 ( 6 ) 0 . 3 1 6 2 ( 1 0 ) 

- 0 . 0 8 3 0 ( 6 ) 0 . 3226(1 0) 

- 0 . 1 195 (6 ) 0 . 1917 (10 ) 
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A n i s o t r o p i c T h e r m a l P a r a m e t e r s ( A 2 ) A n d T h e i r E s t i m a t e d S t a n d a r d 

D e v i a t i o n s (both x 1 0 ^ ) 

Atom U 1 1 U 22 U 

L i ( l ) 8 3 5 ( 1 7 3 ) 9 6 5 192) 1 091 < 

L i ( 2 ) 6 8 7 ( 1 5 6 ) 9 4 9 (1 73) 5 9 9 | 

L i ( 3 ) A 4 9 4 ( 2 3 9 ) 3 4 3 [220) 681 | 

L i ( 3 ) B 1 0 8 4 ( 3 7 3 ) 4 6 8 [263) 9171 

N(1) 714( 81 ) 9891 93 ) 800( 

N(2) 678( 76 ) 6 6 0 | 75 ) 658( 

N(3) 913 ( 85 ) 769( 81) 81 3( 

C ( 1 ) 555( 95 ) 645< 95) 703( 

C ( 2 ) 7 6 3 ( 1 0 8 ) 1 1 841 148) 828( 

C ( 3 ) 1 0 7 2 ( 1 3 2 ) 1 71 2( 1 69) 1052( 

C ( 4 ) 1 5 2 2 ( 1 7 8 ) 805( 1 22) 2350( 

C ( 5 ) 659(1 10) 1911< 1 89) 868( 

C ( 6 ) 8 2 7 ( 1 2 1 ) 10711 1 27) 794( 

C ( 7 ) 9 6 9 ( 1 3 3 ) 29741 255) 994( 

C ( 8 ) 1 5 4 7 ( 1 7 0 ) 13911 1 59) 1746( 

C ( 9 ) 1 2 7 3 ( 1 6 0 ) 17341 178) 953( 

C ( 1 0 ) 425 ( 82) 7391 104) 724( 

C ( 1 1 ) 1 1 4 6 ( 1 3 1 ) 4 1 7 91 ) 886( 

C ( 1 2 ) 2 7 4 5 ( 2 7 9 ) 1 3791 181) 2966( 

C ( 1 3 ) 4 2 7 5 ( 4 1 7 ) 1030 [1 62) 2330{ 

C ( 1 4 ) 1 5 8 9 ( 2 0 5 ) 8 4 4 [146) 34881 

C ( 1 5 ) 919(1 13) 7 3 8 [101) 953( 

C ( 1 6 ) 826( 83) 

C ( 1 7 ) 1 5 1 6 ( 1 5 2 ) 

C ( 1 8 ) 1 7 9 5 ( 1 7 3 ) 

C ( 1 6 0 ) 1 179(1 15) 

C ( 1 7 0 ) 2 2 3 7 ( 2 0 1 ) 

C ( 1 8 0 ) 1 7 7 6 ( 1 7 0 ) 

33 U 2 3 U 1 3 U 1 2 

204 ) - 69 [161) 4 0 5 ( 1 5 5 ) 5 6 ( 1 5 5 ) 

1 38) - 22 [123) 271 (1 24) - 6 2 ( 1 3 6 ) 

250 ) 2 5 2 [194) 396(21 1 ) 2 1 2 ( 1 9 2 ) 

331 ) - 194 [239) 6 8 9 ( 3 0 0 ) - 4 5 ( 2 6 2 ) 

84 ) - 419( 73) 299( 70 ) - 236( 71 ) 

73 ) 11 0( 61) 241( 63 ) 121( 65) 

82 ) 1 16{ 65) 566( 72 ) 206( 67 ) 

98 ) - 71 < 78) 189( 83) 135( 79 ) 

1 10) - 203( 99) 434( 9 4 ) - 364 ( 99 ) 

127) - 641 ( 1 21) 651 (1 10) - 3 5 3 ( 1 2 5 ) 

228 ) 574( 139) 921 (167 ) 1 64(1 18) 

115) - 123( 114) 77( 97 ) - 1 8 2 ( 1 1 3 ) 

1 10) - 341 ( 95) 393( 96 ) - 2 6 4 ( 1 0 0 ) 

1 32) - 338( 145) 600(1 12) - 3 7 2 ( 1 5 0 ) 

1 85) - 1 0 6 2 ( 148) 8 9 2 ( 1 4 9 ) - 4 6 6 ( 1 3 4 ) 

1 25) 490( 127) 302(1 19) 6 7 0 ( 1 3 9 ) 

94 ) - io ( 84) 259( 76 ) - 35( 82) 

108) 221 84) 3 0 8 ( 1 0 5 ) 77( 89) 

297 ) -1 140( 188) 2321 (256 ) - 4 0 8 ( 1 8 2 ) 

249 ) - 821 164) 2 2 9 6 ( 2 8 1 ) - 7 9 2 ( 2 0 9 ) 

341 ) - 7381 182) - 9 0 9 ( 2 2 5 ) 1 8 5 ( 1 4 1 ) 

111) 199 86) 2 5 8 ( 1 0 0 ) 120( 87) 



T a b l e 6 . 2 ( c o n t . ) B u ' 2 C : N L i ) g 

Atom U 1 1 U 2 2 U 3 3 U 2 3 U 1 3 U 1 2 

C ( 1 9 ) 486 ( 84) 8 7 0 ( 1 0 3 ) 440( 81) - 90( 75 ) 146( 70 ) - 51( 76 ) 

C ( 2 0 ) 949(11 2) 951 (113) 666( 93 ) 417 ( 88) 471 ( 87) 303 ( 93) 

C ( 2 1 ) 1 6 3 8 ( 1 9 1 ) 1 4 7 4 ( 1 9 2 ) 3 4 9 3 ( 3 4 4 ) 1 1 7 7 ( 2 0 8 ) 1 2 7 9 ( 2 2 0 ) - 3 0 9 ( 1 5 6 ) 

C ( 2 2 ) 3 9 5 3 ( 3 4 5 ) 772(1 19) 1 4 6 2 ( 1 6 6 ) 373(1 17) 1738(21 1) 1 101 (170) 

C ( 2 3 ) 4361 (416 ) 1 1 6 7 ( 1 7 0 ) 7 4 9 ( 1 2 6 ) 478(1 19) - 9 0 8 ( 1 9 9 ) 1 4 7 ( 2 0 5 ) 

C ( 2 4 ) 6 4 9 ( 1 0 2 ) 969(1 13) 8 5 0 ( 1 0 9 ) 197( 89) 4 6 4 ( 89) 264 ( 91) 

C ( 2 5 ) 1 4 3 7 ( 1 5 3 ) 1 4 8 3 ( 1 6 0 ) 847(1 17) - 4 1 6 ( 1 0 7 ) 489(1 11) 301 (122) 

C ( 2 6 ) 2 1 0 1 ( 2 1 2 ) 1 6 0 5 ( 1 7 7 ) 2 4 5 4 ( 2 2 6 ) 1 3 6 3 ( 1 7 3 ) 1 8 5 7 ( 1 9 2 ) 1 4 0 5 ( 1 6 2 ) 

C ( 2 7 ) 356 ( 92 ) 1 9 8 6 ( 2 0 1 ) 1 9 7 7 ( 1 9 4 ) - 6 0 4 ( 1 5 3 ) 3 5 7 ( 1 0 9 ) - 254(1 14) 
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T a b l e 6 . 3 ( B u ^ C : N l _ i ) 6 

I n t e r a t o m i c D i s t a n c e s ( A ) A n d T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

( A x 1 0 3 ) 

C o n f i q u r a t i o n A C o n f i q u r a t i o n B 

L i d ) - L i ( 2 ) 2 . 4 4 4 ( 3 0 ) L i d ) - L i ( 2 ) 2 . 4 4 0 ( 3 0 ) 

L i d ) - L i ( 3 ) A 2 . 3 4 9 ( 4 1 ) L K D - L i ( 3 ) B 2 . 2 5 0 ( 7 1 ) 

L i d ) - Li (2M 3 . 173 L i d ) - L i ( 2 1 ) 3 . 173 

L i d ) - L i ( 3 * ) A 3 . 2 5 8 L i d ) - L i ( 3 J ) B 3 . 129 

L i ( 2 ) - L i ( 3 ) A 3 . 309 L i ( 2 ) - L i ( 3 ) B 3 . 2 3 2 

L i ( 2 ) - L i ( 3 * ) A 2 . 3 9 2 L i ( 2 ) - L i ( 3 x ) B 2 . 2 2 5 

L i ( 3 ) A L i ( 3 J ) B 2 . 1 10 

N(I) L i d ) 2 . 0 5 1 ( 3 3 ) N(1) - L i d ) 2 . 0 5 1 ( 3 3 ) 

N(I) Li (2M 1 . 9 6 5 N(1) L i ( 2 * ) 1. 965 

N(I) L i ( 3 ) A 2 . 187 (33 ) N(1) L i ( 3 ) B 2 . 160 (45 ) 

N(2) L i d ) 2 . 0 4 2 ( 2 9 ) N(2) L i ( l ) 2 . 0 4 2 ( 2 9 ) 

N(2) L i ( 2 ) 2 . 0 8 3 ( 2 1 ) N(2) L i ( 2 ) 2 . 0 8 3 ( 2 1 ) 

N(2) L i ( 3 M A 2 . 1 02 N(2) L i ( 3 ) B 2 . 1 14 

N(3) L i d ) 2 . 0 2 8 ( 2 8 ) N(3) - L i ( D 2 . 0 2 8 ( 2 8 ) 

N(3) L i ( 2 ) 2 . 01 8 (27 ) N(3) - L i ( 2 ) 2 . 01 8 (27) 

N(3) L i ( 3 ) A 2 . 1 0 3 ( 4 3 ) N(3) - L i ( 3 I ) B 2 . 0 2 9 

N(1) C ( 1 ) 1. 2 9 2 ( 1 5 ) 

N(2) C ( 1 0 ) 1. 3 0 1 ( 1 6 ) 

N(3) C ( 1 9 ) 1 . 2 9 9 ( 2 1 ) 

c d ) C ( 2 ) 1 . 6 1 8 ( 2 0 ) 

C ( 1 ) C ( 6 ) 1 . 6 1 6 ( 2 0 ) 

C ( 1 0 ) C ( 1 1 ) 1 . 5 9 1 ( 1 6 ) 

C ( 1 0 ) C ( 1 5 ) 1 . 5 9 1 ( 1 5 ) 

C ( 1 9 ) C ( 2 0 ) 1. 6 2 0 ( 2 0 ) 

C ( 1 9 ) C ( 2 4 ) 1 . 6 0 1 ( 1 7 ) 
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T a b l e 6 . 4 ( B u ' C : N L i ) 

F i n a l B o n d A n g l e s A n d T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

L i ( 2 ) - L i ( D L i ( 3 ) A 8 6 . 9 ( 1 5 ) 

l _ i ( 2 ) - L i ( l ) L i ( 3 ) B 8 7 . 0 

L i ( 1 ) - L i ( 2 ) L i ( 3 l ) B 8 4 . 1 

L i d 1 ) -- L i ( 2 * ) _ L i ( 3 ) A 8 4 . 9 

L i ( 1 ) L i ( 3 ) A - L i ( 2 * ) 8 4 . 0 

L i d 1 ) - L i ( 3 x ) B - L i ( 2 ) 8 9 . 8 

L i ( 1 ) N ( 1 ) L i ( 2 * ) 1 0 5 . 5 

L i d ) NO) L i ( 3 ) A 6 7 . 2 ( 1 2 ) 

L i d ) N O ) L i ( 3 ) B 6 4 . 5 ( 1 8 ) 

L i ( 2 * ) N ( 1 ) L i ( 3 ) B 6 5 . 2 

L i ( 2 J ) • N O ) L i ( 3 ) A 7 0 . 3 

C ( 1 ) N ( 1 ) L i 0 ) 1 2 5 . 8 ( 1 3 ) 

C ( 1 ) N ( l ) L i ( 2 1 ) 1 4 0 . 6 

C ( l ) N ( 1 ) L i ( 3 ) A 1 3 1 . 0 ( 1 4 ) 

C ( 1 ) N O ) L i ( 3 ) B 1 2 9 . 1 ( 1 5 ) 

L i ( l ) N ( 2 ) L i ( 2 ) 7 2 . 7 ( 1 0 ) 

L i d ) N ( 2 ) L i ( 3 l ) A 1 0 3 . 8 

L i ( l ) • N ( 2 ) L i ( 3 ) B 6 5 . 5 ( 1 6 ) 

L i ( 2 ) N ( 2 ) L i ( 3 ' ) A 1 1 0 . 3 

L i ( 2 ) N ( 2 ) L i ( 3 ) B 1 0 0 . 7 ( 1 4 ) 

C ( 1 0 ) N ( 2 ) L i 0 ) 1 3 2 . 8 ( 1 1) 

C ( 1 0 ) N ( 2 ) L i ( 2 ) 1 3 2 . 8 ( 1 2 ) 

C ( 1 0 ) N ( 2 ) L i ( 3 l ) A 1 4 8 . 4 

C ( 1 0 ) N ( 2 ) L i ( 3 ) B 1 2 5 . 2 ( 1 5 ) 

L i d ) N ( 3 ) L i ( 2 ) 7 4 . 3 ( 1 0 ) 

L i d ) N ( 3 ) L i ( 3 ) A 6 9 . 3 ( 1 3 ) 

L i d ) N ( 3 ) L i ( 3 * ) B 1 0 0 . 8 

L i ( 2 ) N ( 3 ) L i ( 3 ) A 1 0 6 . 8 ( 1 5 ) 

L i ( 2 ) N ( 3 ) L i ( 3 T ) B 6 6 . 5 

C ( 1 9 ) N ( 3 ) L i 0 ) 1 3 0 . 9 ( 1 2 ) 

C ( 1 9 ) N ( 3 ) L i ( 2 ) 1 2 8 . 5 ( 1 2 ) 



T a b l e 6. 4 ( c o n t . ) ( B u * C : N l_ i ) 

C(19) - N(3) l_i(3)A 123 .5 (14 ) 
C(19) - N(3) - L i ( 3 * ) B 142. 5 
C(2) - C(1) - N(1) 121. 1 (14) 
C(6) - C(1) - N(1) 120. 9 (14) 
C(6) - C(1) - C(2) 1 18. 0 (9) 
C ( l l ) C{10) N(2) 121. 1 (9) 
C(15) C(10) N{2) 1 19. 1 (1 1) 
C(15) C(10) - c ( n ) 1 19. 8(10) 
C(20) - C(19) - N(3) 1 19. 3(1 1) 
C(24) - C (19) - N(3) 122 .5 (10 ) 
C(24) C(19) C(20) 1 18. 2(1 1) 

A n g l e s w i t h i n t h e t - b u t y i g r o u p s h a v e b e e n c o n s t r a i n e d to 1 0 9 . 4 8 ° 

T h e s u p e r s c r i p t I r e f e r s to t h e p o s i t i o n - x , - y , - z 



T a b l e 6 . 5 ( B u ' C : N l _ i ) 

S e l e c t e d I n t r a m o l e c u l a r C o n t a c t s ( < 4 . O A ) 

l_ .. . . . C ( 1 ) 2 . 9 9 6 

L i(D . . . . . C ( 2 ) 3 . 5 3 2 

L i d ) . . 2 . 7 9 8 

L i(D . . . . . C ( 1 0 ) 3 . 0 7 6 

L i(D . . 3 . 5 6 6 

L i(D . . 2 . 7 7 0 

L i(D . . 3 . 6 8 7 

L i ( l ) . . 3 . 7 4 4 

L ( 1 ) . . 3 . 041 

L ( 1 ) . . 3 . 7 2 5 

L ( 1 ) . . 3 . 3 0 9 

l_ (2 ) . . . . . C ( 1 0 ) 3 . 1 1 6 

L ( 2 ) . . . C ( 1 1) 3 . 6 6 5 

L ( 2 ) . . . . . C ( 1 4 ) 3 . 0 4 4 

L ( 2 ) . . . . . C ( 1 9 ) 3 . 0 0 3 

L (2 ) . . 3 . 6 3 5 

L ( 2 ) . . 3 . 0 2 9 

L ( 2 1 ) . . . . . C ( 1 ) 2 . 9 6 0 

L ( 2 l ) . . . . . C ( 6 ) 3 . 4 9 2 

L ( 2 1 ) . . . . . C ( 7 ) 2 . 7 3 7 

L ( 3 ) A . . . . . C ( 1 ) 3 . 1 8 7 

L ( 3 ) A . . . . . C ( 2 ) 3 . 7 5 6 

L ( 3 ) A . . . . . C ( 3 ) 3 . 3 0 3 

L ( 3 ) A . . . . . C ( 1 9 ) 3 . 0 2 2 

L ( 3 ) A . . 3 . 3 8 4 

L ( 3 l ) A . . . . . C ( 1 0 ) 2 . 9 9 6 

L ' ( 3 l ) A . . . . . c ( n ) 3 . 5 3 5 

L i ( 3 l ) A . . . . . C ( 1 4 ) 2 . 9 3 6 

L " ( 3 ) B . . . . . C ( 1 ) 3 . 1 3 9 

L i ( 3 ) B . . . . . C ( 6 ) 3 . 7 4 3 

L i ( 3 ) B . . . . . C ( 7 ) 3 . 4 2 1 

L i ( 3 ) B . . . . . C ( 9 ) 3 . 9 4 4 

L i ( 3 ) B . . . . . C ( 1 0 ) 3 . 0 5 4 

L i ( 3 ) B . . . . . C ( 1 5 ) 3 . 5 9 4 



T a b l e 6 . 5 ( c o n t . ) ( B u ^ C i N L O g 

L i ( 3 ) B C ( 1 6 ) 3 . 4 1 1 

L i ( 3 ) B C ( 1 7 ) 3 . 4 8 4 

L i ( 3 ) B C ( 1 7 0 ) 3 . 4 1 3 

L i ( 3 J ) B C ( 1 9 ) 3 . 0 0 2 

L i ( 3 I ) B C ( 2 0 ) 3 . 5 2 9 

l _ i ( 3 x ) B C ( 2 2 ) 3 . 2 2 5 

L i ( 3 I ) B C ( 2 3 ) 3 . 7 2 1 

C ( 3 ) C ( 1 6 ) 3 . 6 8 2 

C ( 3 ) C ( 1 9 ) 3 . 8 3 3 

C ( 3 ) C ( 2 7 ) 3 . 8 1 5 

C ( 4 ) C ( 8 ) 3 . 1 3 4 

C ( 4 ) C ( 1 4 x ) 3 . 8 1 9 

C ( 5 ) C ( 8 ) 3 . 3 4 0 

C ( 5 ) C ( 9 ) 3 . 2 4 6 

C ( 7 ) C 0 9 1 ) 3 . 8 6 6 

C ( 7 ) C ( 2 6 1 ) 3 . 9 9 2 

C ( 9 ) C ( 1 7 0 ) 3 . 6 0 3 

C ( 9 ) C ( 1 7 0 1 ) 3 . 9 2 4 

C ( 1 2 ) C ( 1 8 ) 3 . 191 

C ( 1 2 ) . . . . . C ( 1 8 0 ) 3 . 4 6 3 

C ( 1 2 ) C ( 2 6 ) 3 . 9 1 2 

C ( 1 3 ) C ( 1 7 ) 3 . 2 6 5 

C ( 1 3 ) C ( 1 6 0 ) 2 . 8 8 0 

C ( 1 3 ) C ( 2 2 x ) 3 . 8 6 4 

C ( 1 4 ) C ( 2 2 J ) 3 . 9 8 5 

C ( 1 6 ) C ( 2 7 x ) 3 . 9 6 8 

C ( 1 7 ) C ( 2 2 J ) 3 . 8 5 7 

C ( 2 1 ) C ( 2 5 ) 3 . 4 0 9 

C ( 2 1 ) C ( 2 7 ) 2 . 9 4 1 

C ( 2 3 ) C ( 2 5 ) 3 . 2 6 0 

C ( 2 6 ) C ( 1 8 0 ) 3 . 8 0 3 

C ( 2 7 ) C ( 1 8 0 1 ) 3 . 6 1 2 

1 3 8 



T a b l e 6 . 6 ( B u * _ C : N l _ i ) c 

I n t e r m o l e c u l a r N o n - b o n d i n g C o n t a c t s ( < 4 . O A ) 

o , 
A t o m A A t o m B E q u i v a l e n t C e l l A - B ( A ) 

C ( 1 6 0 ) C ( 1 2 ) 4 0 , 0 , 1 3 . 9 2 2 

C ( 1 7 ) C ( 1 2 ) 4 0 , 0 , 1 3 . 8 3 8 

C ( 1 8 ) C ( 4 ) 3 1 , - 1 , 0 3 . 7 2 2 

C ( 2 1 ) C ( 4 ) 4 0 , 1 , 0 3 . 9 0 8 

T h e i n t e r m o l e c u l a r c o n t a c t s r e f e r t o t h e p o s i t i o n o f a t o m A i n t h e 

o r i g i n a l c o - o r d i n a t e s l i s t , a n d a t o m B a s o b t a i n e d f r o m t h i s , u s i n g 

t h e s y m m e t r y o p e r a t i o n s g i v e n , a n d r e f e r to t h e c e l l q u o t e d . 

E q u i v a l e n t P o s i t i o n 

1 x , y , z 

2 - x , - y , - z 

3 - x , 0 . 5 + y , 0 . 5 - z 

4 x , - y - 0 . 5 , z - 0 . 5 

1 3 9 



T a b l e 6 . 7 ( B u ^ C : N L i ) 6 

M e a n P l a n e s 

P l a n e 1 

A t o m L i ( l ) 

P 0 . 0 0 

P l a n e 2 

A t o m N ( 3 ) 

- 1 0 . 0 4 6 8 X - 3 . 0 9 9 3 Y + 1 1 . 431 3 Z = - 1 . 1 8 5 0 

l _ i ( 2 ) l _ t ( 3 ) A N ( 3 ) * 

0 . 0 0 0 . 0 0 - 1 . 2 2 

5 . 5 0 5 9 X + 1 0 . 5 8 4 0 Y + 6 . 0 1 5 6 Z = - 0 . 0 3 8 9 

C ( 1 9 ) C ( 2 0 ) C ( 2 4 ) L i ( l ) * L i ( 2 ) * L i ( 3 ) A * 

0 . 0 0 8 - 0 . 0 2 0 . 0 0 6 0 . 0 0 6 1 . 3 0 - 1 . 1 4 1 . 0 1 

P l a n e 3 

A t o m l _ i ( l ) 

P 0 . 0 0 

P l a n e 4 

- 6 . 3 5 7 5 X + 1 6 . 3 8 2 2 Y - 0 . 9 9 2 3 Z = - 1 . 1 6 7 2 

L i ( 2 ) L i ( 3 J ) A N ( 2 ) * 

0 . 0 0 0 . 0 0 - 1 . 2 7 

- 9 . 9 B 9 8 X - 2 . 0 7 1 9 Y + 1 1 . 6 0 3 3 Z = - 0 . 3 2 7 0 

A t o m N ( 2 ) C ( 1 0 ) C ( l l ) C ( 1 5 ) L i ( l ) * L i ( 2 ) * L i ( 3 * ) A * 

P 0 . 0 0 0 2 - 0 . 0 0 0 6 0 . 0 0 0 2 0 . 0 0 0 2 - 0 . 8 4 - 0 . 9 4 1 . 2 7 

P l a n e 5 

5 . 5 7 5 9 X + 1 2 . 8 8 5 0 Y + 4 . 8 8 3 2 Z = 1 . 2 1 6 0 

A t o m L i ( D L i ( 2 1 ) L i ( 3 ) A N(1 ) * 

P 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 1 . 2 3 

P l a n e 6 

- 4 . 9 2 8 4 X + 1 7 . 3 7 2 7 Y - 2 . 1 0 8 6 Z = 0 . 1 7 3 1 

A t o m N ( 1 ) C ( 1 ) C ( 2 ) C ( 6 ) L i d ) * L i ( 2 x ) * L i ( 3 ) A * 

P 0 . 0 0 2 - 0 . 0 0 5 0 . 0 0 2 0 . 0 0 2 - 1 . 1 5 0 . 9 1 1 . 1 9 



T a b l e 6 . 7 ( c o n t . ) ( B u l

0 C : N L i ) 

P l a n e 7 

A t o m l _ i ( l ) 

P 0 . 0 8 

5 . 3 5 0 6 X + 1 1 . 5 5 5 2 Y + 5 . 7 7 6 1 Z = 1 . 1 3 5 8 

L i ( 3 ) A L i (2 * ) L i ( 3 ) B N ( l ) * 

- 0 . 0 8 0 . 0 8 - 0 . 0 9 1 . 3 1 

P l a n e 8 

- 6 . 2 4 2 6 X + 1 6 . 1 8 5 8 Y - 1 . 4 3 9 5 Z = 1 . 1 3 6 8 

A t o m , L i ( 3 ) A L i ( 2 1 ) L i ( l 1 ) L i ( 3 x ) B 

P 0 . 0 3 - 0 . 0 3 0 . 0 3 - 0 . 0 4 

P l a n e 9 

- 9 . 7 6 3 5 X - 3 . 2 4 4 2 Y + 1 1 . 6 3 9 1 Z = 1 . 1 5 5 8 

A t o m L i ( 2 x ) L i d 1 ) L i ( 3 l ) A L i ( 3 ) B 

P 0 . 0 3 - 0 . 0 3 0 . 0 4 - 0 . 0 4 

P l a n e 1 0 

A t o m L i ( l ) 

P 0 . 0 0 

P l a n e 11 

A t o m L i ( l ) 

P 0 . 0 0 

5 . 5 7 5 9 X + 1 2 . 8 8 5 0 Y + 4 . 8 8 3 2 Z = 1 . 2 1 6 0 

L i ( 2 x ) L i ( 3 ) A 

0 . 0 0 0 . 0 0 

- 2 . 6 5 8 0 X - 1 4 . 6 0 0 6 Y + 9 . 2 0 4 1 Z 

L i ( l x ) L i { 2 ) L i ( 2 x ) 

0 . 0 0 0 . 0 0 

= 0 . 0 

P l a n e 1 2 

A t o m L i ( l ) 

P 0 . 0 0 

5 . 0 1 8 3 X + 9 . 8 5 6 7 Y + 6 . 7 6 7 0 Z = 1 . 2 1 3 7 

L i ( 3 ) B L i ( 2 * ) 

0 . 0 0 0 . 0 0 



T a b l e 6 . 7 ( c o n t . ) ( B u ^ C i N L i ) 

A n g l e s B e t w e e n P l a n e s 

P l a n e 1 P l a n e 2 9 0 . 7 8 ° 

P l a n e 1 P l a n e 3 8 4 . 2 2 ° 

P l a n e 1 P l a n e 5 9 5 . 0 6 ° 

P l a n e 3 P l a n e 4 8 2 . 4 5 ° 

P l a n e 3 P l a n e 5 8 7 . 8 4 ° 

P l a n e 5 P l a n e 6 8 4 . 5 6 ° 

P l a n e 7 P l a n e 8 9 2 . 9 5 ° 

P l a n e 8 P l a n e 9 8 7 . 2 7 ° 

P I a n e 1 0 P l a n e 1 1 9 5 . 3 7 ° 

P l a n e 11 P l a n e 1 2 8 3 . 5 6 ° 

T h e s u p e r s c r i p t I r e f e r s to t h e p o s i t i o n ( - x , - y , - z ) 

X , Y , Z r e f e r tp f r a c t i o n a l c o - o r d i n a t e s a l o n g t h e u n i t c e l l a x e s , 
o 

a n d P r e f e r s to t h e d i s t a n c e i n A o f a n a t o m f r o m t h e m e a n p l a n e . 

A t o m s m a r k e d * a r e n o t i n c l u d e d i n t h e m e a n p l a n e c a l c u l a t i o n . 



T a b l e 6 . 8 ( B u ^ C : N l _ i ) 6 

A n a l y s i s o f V a r i a n c e 

S i n 6 0 . 0 0 - 0 . 1 4 - 0 . 1 8 - 0 . 2 0 - 0 . 2 3 - 0 . 2 5 - 0 . 2 7 - 0 . 2 9 - 0 . 31 - 0 . 3 3 - 0 . 3 5 

N 1 8 2 1 8 9 1 2 4 2 1 7 1 5 9 1 5 2 1 6 6 1 8 6 1 5 9 91 

V 4 7 8 3 7 7 3 2 4 2 7 6 2 7 0 2 2 8 1 9 5 1 9 2 1 6 2 171 

[ F m a J 0 . 0 0 - 0 . 1 8 - 0 . 2 0 - 0 . 21 - 0 . 2 3 - 0 . 2 4 - 0 . 2 7 - 0 . 3 0 - 0 . 3 3 - 0 . 41 - 1 . 0 0 

N 2 3 2 1 7 5 1 0 3 2 2 8 8 6 2 0 6 1 5 5 1 2 4 1 6 3 1 5 3 

V 1 8 2 2 3 9 2 3 3 2 4 9 3 5 3 2 8 0 3 1 7 3 6 5 3 8 0 3 4 0 

1 4 3 



T a b l e 6 . 9 

( B u l

2 C : N l _ i ) 6 

F i n a l V a l u e s o f t h e O b s e r v e d a n d C a l c u l a t e d S t r u c t u r e F a c t o r s 
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C H A P T E R S E V E N 

T H E C Y C L O P E N T A D I E N Y L G R O U P 

A S A M E T A L C O - O R D I N A T I N G L I G A N D 



T h e C y c l o p e n t a d i e n y l G r o u p A s A M e t a l C o - o r d i n a t i n g L i g a n d 

I n t e r e s t i n t h e c y c l o p e n t a d i e n y l g r o u p a s a m e t a l c o - o r d i n a t i n g 

l i g a n d a r i s e s f r o m i t s a b i l i t y to p a r t i c i p a t e i n s e v e r a l m o d e s o f 

c o - o r d i n a t i o n , a n d to f u n c t i o n a s b o t h a b r i d g i n g a n d a t e r m i n a l 

c o n s t i t u e n t . 

T h e m e t a l d e r i v a t i v e s o f c y c l o p e n t a d i e n e c a n b e c o n v e n i e n t l y 

c l a s s i f i e d i n t o t h r e e g e n e r a l t y p e s , n a m e l y , a s y m m e t r i c a l n-

c o m p l e x w i t h a p e n t a h a p t o c o n f i g u r a t i o n ( F i g u r e 7 a ) , a a - b o n d e d 

c o m p l e x i n c o r p o r a t i n g a m o n o h a p t o c o - o r d i n a t e d c y c l o p e n t a d i e n y l 

r i n g ( F i g u r e 7 b ) a n d a n a s y m m e t r i c c o m p l e x c o n t a i n i n g d i - o r 

t r i h a p t o c o - o r d i n a t e d c y c l o p e n t a d i e n y l r i n g s ( F i g u r e 7 c ) . F r i t z , 

1 9 6 4 , s t a t e d t h a t c y c l o p e n t a d i e n y l m e t a l c o m p l e x e s m a y b e a s s i g n e d 

to o n e o f t h e s e t h r e e t y p e s b y e x a m i n a t i o n o f t h e i r s p e c t r a l p r o p e r t i e s . 

T h e g e n e r a l v a l i d i t y o f t h i s a p p r o a c h h a s b e e n s u p p o r t e d b y t h e m o r e 

r e c e n t w o r k o f H a r r i s o n a n d H e a l y , 1 9 7 3 . 

T h e p e n t a h a p t o c o n f i g u r a t i o n i s t h e m o s t f r e q u e n t l y o b s e r v e d m o d e 

o f c o - o r d i n a t i o n , a n d i s t y p i f i e d b y t h e s y m m e t r i c a l 7 r - b o n d e d c o m p l e x 

f e r r o c e n e ( B o h n a n d H a a l a n d , 1 9 6 5 ) . T h e b o n d i n g i n t h i s c a s e , 

i n v o l v e s c o m b i n a t i o n o f t h e d e l o c a l i s e d c y c l o p e n t a d i e n y l r i n g o r b i t a l s 

w i t h t h e s , p a n d d m e t a l o r b i t a l s g i v i n g r i s e to n i n e b o n d i n g m o l e c u l a r 

o r b i t a l s , w h i c h a r e o c c u p i e d b y t h e e i g h t e e n a v a i l a b l e b o n d i n g e l e c t r o n s 

( C o t t o n a n d W i l k i n s o n , 1 9 7 4 ) . 

C o m p o u n d s f o r m e d f r o m h i g h l y e l e c t r o p o s i t i v e m e t a l s , w h e r e d -

o r b i t a l s o f s u i t a b l e e n e r g y a r e n o t a v a i l a b l e f o r b o n d i n g , h a v e t e n d e d 

to b e r e g a r d e d a s e s s e n t i a l l y i o n i c i n c h a r a c t e r , a n d t h e e l e c t r o s t a t i c 

r e q u i r e m e n t s o f a n i o n i c s y s t e m a l s o f a v o u r t h e p e n t a h a p t o c o n f i g u r a t i o n . 

In s e v e r a l c o m p o u n d s , n o t a b l y , ( C g H j ^ B e ( W o n g , L e e , C h a o a n d 

L e e , 1 9 7 2 ) , ( C c H c ) _ M g ( B u n d e r a n d W e i s s , 1 9 7 5 ) , ( C c H c ) T l a n d 

( C ^ H ^ ) l n ( F r a s s o n , M e n e g u s a n d P a n a t t o n i , 1 9 6 3 ) , c o n s i d e r a b l e 

c o n t r o v e r s y e x i s t s a s to t h e e x t e n t o f i o n i c i t y i n t h e b o n d i n g . A n 
1 9 

a t t e m p t to r e s o l v e t h i s q u e s t i o n h a s b e e n m a d e b y s t u d y i n g t h e F 

n . m . r . s p e c t r a o f m - a n d p - f l u r o p h e n y l c y c l o p e n t a d i e n y l c o m p o u n d s 

o f u n i v a l e n t t h a l l i u m a n d c o l l a t i n g t h e s e w i t h t h e s p e c t r a o f t h e 

r e s p e c t i v e a l k a l i m e t a l d e r i v a t i v e s a n d p e n t a h a p t o m e t a l l o c e n e s ( K o r i d z e , 

G u b i n a n d O g o r o d n i k o v a , 1 9 7 4 ) . O n t h e b a s i s o f t h i s s t u d y a n d w i t h 

r e g a r d to a b o n d o f 1 0 0 % i o n i c i t y i n t h e s o d i u m d e r i v a t i v e , a n d 0 % 

i o n i c i t y i n f e r r o c e n e , e s t i m a t e s o f t h e b o n d p o l a r i t y h a v e b e e n m a d e 

1 5 0 
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in (C(.H^) T l and (C^H^) Mg B r , showing these compounds to be nei ther 

pure ly ionic nor pure ly cova lent . T h e bonds appear to be of an 

intermediate nature with the bond po la r i ty suf f ic ient ly high to permit 

a s igni f icant contr ibut ion of the ionic component to be assumed in the 

metal - cyc lopentadienyl bonding. 

T h e p-bonded (monohapto) mode of c o - o r d i n a t i o n is l e s s f requent ly 

o b s e r v e d , although s e v e r a l c r y s t a l lographic s t r u c t u r e s demonstrat ing 

this mode of co -o rd ina t ion have been r e p o r t e d , namely , (C^H^)^ In 

( E i n s t e i n , G i lbe r t and T u c k , 1972) , ( C 5 H 5 ) 3 M o (NO) ( C a l d e r o n , Cotton 

and L e g z d i n s , 1 969) , [ ( P h ) 3 P C 5 H 4 H g l 2 ] 2 (Holy , B a e n z i g e r , F l y n n and 

S w e n s o n , 1976) , ( C ^ H ^ J ^ T i ( C a l d e r o n , Cot ton , D e B o e r . and T a k a t s , 

1971) and ( C g H ^ B e (Wong, L e e , C h a o and L e e , 1972). In each of 

these s t r u c t u r e s , the authors be l ieve that the va r ia t ion in 

cyc lopentadienyl ca rbon - c a r b o n d i s t a n c e s is suf f ic ient to just i fy 

p r e s e r v a t i o n of the double bond c h a r a c t e r i s t i c s of the r i n g , as o b s e r v e d 

in cyc lopentadiene i tse l f ( L i e b l i n g and M a r s h , 1965). F o r example , in 

the compound (C^H^J^Mo (NO) , the cr-bonded r i n g has two carbon - ca rbon 

d i s t a n c e s of 1.349(5) and 1 .344(5 )A , compared with the remaining three 

d i s t a n c e s of 1 .468(5 ) , 1.468(5) and 1. 442(6)A. 

In the asymmet r ic di - and tr ihapto mode of c o - o r d i n a t i o n , the ev idence 

for r ing loca l i sa t ion i s l e s s c o n c l u s i v e . It h a s a l s o been suggested that 

a true tr ihapto conf igurat ion involving a n - a l l y l type interact ion 

cannot be r e a l i s e d owing to the geometr ic and bonding c o n s t r a i n t s 

inherent in the si tuat ion (Cotton, 1969). In ( C 5 H 5 ) 3 Mo(NO) (Cotton and 

L e g z d i n s , 1968) , s p e c t r o s c o p i c ev idence indicated the poss ib i l i t y of two 

trihapto c o - o r d i n a t e d cyc lopentadienyl r i n g s . In a later c r y s t a l lograph ic 

study of this complex ( C a l d e r o n , Cotton and L e g z d i n s , 1969), the 

var ia t ion in the molybdenum - ca rbon d i s t a n c e s 2 .347 (4 ) , 2 .324 (3 ) , 
o 

2 .444 (4 ) , 2 .682(5) and 2. 609(5)A, would appear to support the tr ihapto 

conf igurat ion. T h e r i n g c a r b o n - ca rbon d i s t a n c e s h o w e v e r , showed no 
o 

signi f icant v a r i a t i o n s about the mean va lue of 1. 373A. C h u r c h i l l and 

F e n n e s s e y , 1967 have studied a number of pentahapto Mo(C^H^) 

complexes and shown that r i n g t i l t ing and hence v a r i a b l e molybdenum-

carbon d i s t a n c e s a r e a common feature of such complexes . T h e authors 

c o n s i d e r that molybdenum - c a r b o n d i s t a n c e s within the range 2. 26 to 
o 

2. 40A a r e cons is tent with pentahapto c o - o r d i n a t i o n . S i n c e this range 

inc ludes the s h o r t e r Mo - C d i s t a n c e s found in (C^H^)^ Mo(NO), the 

apparent tr ihapto r ing may s t i l l be r e g a r d e d a s conforming to the 

pentahapto conf igurat ion. 
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C r y s t a l lographic s tud ies on the complexes ( C ^ H ^ J ^ T i ( F o r d e r 

and P r o u t , 1974) and ( C g H ^ C a ( Z e r g e r and S t u c k y , 1974) have 

repor ted the p r e s e n c e of dihapto and tr ihapto r i n g s r e s p e c t i v e l y . 

In ( c

5

H

5 ) 3

T i i m e t a l - c a r b o n d i s t a n c e s of 2 .448 (5 ) , 2 . 4 8 1 ( 5 ) , 3 . 346 (6 ) , 

3.775(6) and 3. 703(6 )A, s t rongly support the dihapto conf igura t ion , 

whi lst in ( C 5 H ^ C a , the v a r i a t i o n in metal - carbon d i s t a n c e s 2. 701 (1) , 

2 .789 (2 ) , 2 . 8 0 5 ( 2 ) , 2. 951(2) and 2. 943(2)A, although l e s s p r o n o u n c e d , 

support a tr ihapto conf igurat ion. In both of these c o m p l e x e s , a s l ight 

var ia t ion in r i n g carbon - ca rbon d i s t a n c e s h a s been taken by the authors 

to infer a degree of r i n g l o c a l i s a t i o n , cons is tent with T i - e t h y l i n i c and 

H - a l l y l i c c o - o r d i n a t i o n r e s p e c t i v e l y . 

S e v e r a l c r y s t a l lographic s t r u c t u r e s have been r e p o r t e d in which 

the cyc lopentad ieny l group funct ions in a br idging c a p a c i t y , namely , 

( C , . H 5 ) l n ( F r a s s o n , Menegus and P a n a t t o n i , 1963), ( C 5 H c . ) 2 P b 

(Panat toni , Bombier i and C r o a t t o , 1 9.66) , ( C 5 H & ) 3 S c (Atwood and S m i t h , 

1973) and ( C 5 H 5 ) Ga ( C H ^ (Mertz , Z e t t l e r , Hausen and W e i d l e i n , 1976). 

When the cyc lopentad ieny l group funct ions as a br idging group , the 

s t r u c t u r e is p o l y m e r i c with p u c k e r e d c h a i n s of metal atoms ( F i g u r e 7d) , 

the degree of p u c k e r i n g re f l ec t ing the spat ia l requ i rements of the 

terminal subst i tuents (Mer tz , Z e t t l e r , H a u s e n and W e i d l e i n , 1976) , or 

of the lone p a i r e l e c t r o n s on the metal atoms (Panat ton i , Bombier i and 

C r o a t t o , 1976). 

In ( C K H c ) In the cha in p u c k e r i n g i s 2 - dimensional and the I n - l n - l n 

angle is 137° , w h e r e a s in ( C ^ H J ^ P b , the cha in pucker ing is 

3 - dimensional with P b - P b - P b angles of 1 1 8 and 1 21 r e s p e c t i v e l y . In 

these br idged compounds, the conf igurat ion of the cyc lopentadienyl r i n g 

v a r i e s from pentahapto a s in ( C H , ) In to monohapto as in (C, . H j G a ( C H , ) 
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C H A P T E R E I G H T 

T H E C R Y S T A L S T R U C T U R E 

O F 

N a ( C 5 H 5 ) ( M e 2 N C 2 H 4 N M e ^ ) 



Introduct ion 

C r y s t a l lographic s tud ies on the c o - o r d i n a t i o n complexes of the 

Group I a lka l i metals has been mainly c o n c e r n e d with l i thium, and 

have adequately demonstrated the capac i ty of lithium atoms to 

c o - o r d i n a t e s t rongly to the n-systems of unsatura ted hydrocarbon 

groups or anions (Wakef ie ld , 1974, S t u c k y , 1974). 

By c o n t r a s t , organosodium c o m p l e x e s , in which the metal - ca rbon 

bonding would be expected to be more i o n i c , have been much l e s s 

ful ly s t u d i e d , although rc-type bonding in te rac t ions between 

b is ( te t rahydrofuran) sodium u n i t s , N a ( T H F ) 2 , and the benzene r i n g s 

of complex organo - aluminate anions d e r i v e d from naphthalene or 

an thracene have been o b s e r v e d from c r y s t a l lographic s tud ies on the 

compounds (Na ( T H F ) 2 ) (Me 2 Al H g ) 2 ( B r a u e r and S t u c k y , 1970) 

and (Na ( T H F ) 2 ) 2 ( M e 2 Al C 1 4 H ] 0 ) 2 ( B r a u e r and S t u c k y , 1972). 

In p a r t i c u l a r , no definite s t r u c t u r a l work has been done on a 

cyclopentadienylsodium complex , even though cyclopentadienylsodium 

has been the subject of many v ibra t iona l and n, m. r. s p e c t r o s c o p i c 

s tudies ( F r i t z and F o r d , 1971) , and is i tse l f widely used as a reagent 

for the s y n t h e s i s of t rans i t ion metal cyc lopentadienyl complexes (King 

and S t o n e , 1963). 

T h e c r y s t a l s t r u c t u r e d i s c u s s e d in the fol lowing s e c t i o n s , r e l a t e s 

to the cyc lopentadienylsodium tetramethylethylenediamine complex, 

Na ( C 5 H 5 ) ( M e 2 N C H 2 C H 2 N M e 2 ) wh ich by v i r tue of its c r y s t a l l i n e 

fo rm, was s e l e c t e d for X - r a y c r y s t a l lographic s tudy , with a v iew 

to e s t a b l i s h i n g the mode of attachment of the cyclopentadienyl group 

to the metal . T h i s work is be l ieved to be the f i r s t repor ted 

c r y s t a l lographic s t r u c t u r e of a cyc lopentad ieny lsodium complex. 

P r e p a r a t i o n 

T h e compound was p r e p a r e d by the r e a c t i o n of equimolecular 

propor t ions of cyc lopentadieny lsodium and tetramethylethylenediamine 

( T M E D ) in te t rahydrofuran ( T H F ) . T h e product w a s r e c r y s t a l I i sed 

from hot benzene as chunky , c o l o u r l e s s p l a t e s , which decompose 

immediately on exposure to a i r , turning dark brown and then b lack . 

C h a r a c t e r i s t i c absorp t ions in i ts i n f r a r e d spect rum and a s ingle t 

absorpt ion in the ' H n . m. r. s p e c t r u m , due to the cyclopentadienyl 

p r o t o n s , indicated a pentahapto in teract ion between the cyc lopentadienyl 

groups and metal atoms. 
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The p repara t ion and s p e c t r o s c o p i c c h a r a c t e r i s a t i o n of the 

compound was undertaken by Aoyagi and Wade, 1976. 

C r y s t a l Data 

T h e compound c r y s t a l l i s e d a s c o l o u r l e s s p la te le ts which rap id ly 

darkened on exposure to a i r . F o r the purpose of data c o l l e c t i o n , 

the c r y s t a l s w e r e s e a l e d in quar tz c a p i l l a r y tubes. T h e c r y s t a l 

s e l e c t e d had d imensions of 0. 40 x 0 .35 x 0. 35 mm. 

P r e l i m i n a r y s t u d i e s us ing the W e i s s e n b e r g and p r e c e s s i o n methods 

e s t a b l i s h e d the unit ce l l a s or thorhombic . T h e condit ions l imit ing 

r e f l e c t i o n s w e r e 

hkl No condi t ions hOO (h = 2n) 

Okl I = 2n OkO No condit ions 

hOI I = 2n 001 (I = 2n) 

hkO h = 2n 

and these defined the s p a c e group as P c c a . 

More a c c u r a t e unit ce l l d imensions wer e obtained from a least -

s q u a r e s treatment of the pos i t ions of twelve high o r d e r r e f l e c t i o n s , 

measured on a f o u r - c i r c l e d i f f ractometer . 

Na ( C 5 H 5 ) ( M e 2 N C H 2 C H 2 N Me 2 ) 

M = 2 0 4 . 3 

a = 1 5 . 9 6 1 A 

b = 8. 949A 

c = 1 8 . 408A 

Z = 8 

D c = 1. 031 g. c m - 3 

Absorpt ion coef f ic ient for M o K a radia t ion = 9 . 6 cm \ 

Data Col lect ion 

T h e intensity data w e r e co l l ec ted on a f o u r - c i r c l e d i f f ractometer 

as p r e v i o u s l y d e s c r i b e d , us ing a 9 - 20 s c a n technique. E a c h 
o 

re f lec t ion w a s s c a n n e d in eighty s teps of 0.01 with a counting time 

of three s e c o n d s per s t e p , and a background count of s ix ty s e c o n d s 

at the beginning and end of each s c a n . T h r e e s tandard r e f l e c t i o n s 

were m e a s u r e d e v e r y forty r e f l e c t i o n s , and w e r e used to p l a c e the 

data on a common s c a l e . 



T h r e e equivalent octants of r e c i p r o c a l s p a c e w e r e s c a n n e d up to 
0 

a limit of 0 = 20 , to give after averag ing a total of 1234 unique 

r e f l e c t i o n s of wh ich 771 w e r e c l a s s e d as o b s e r v e d r e f l e c t i o n s having 

net counts g r e a t e r than a. 

T h e data w a s c o r r e c t e d for L o r e n t z and p o l a r i s a t i o n e f f e c t s , but 

not for a b s o r p t i o n . 

So lut ion And Ref inement 

T h e s t r u c t u r e w a s so lved by the symbol ic addit ion p r o c e d u r e , 

using a mul ti - solut ion p rogram. A set of normal i s e d s t r u c t u r e f a c t o r s 

were c a l c u l a t e d and s i g n s wer e given to 170 of these w i t h | E Igreater 

than 1 . 5 . T h e program in i t ia l ly chose three r e f l e c t i o n s to define the 

o r i g i n , and these w e r e a r b i t r a r i l y given pos i t i ve s i g n s . A fur ther 

four r e f l e c t i o n s w e r e c h o s e n , the s i g n s of wh ich w e r e v a r i e d 

s y s t e m a t i c a l l y so that e a c h of the s ix teen p o s s i b l e combinat ions w a s used 

together with the or ig in determining r e f l e c t i o n s a s a s ta r t ing set for the 

symbol ic addition p r o c e d u r e . T h e s e r e f l e c t i o n s together with a summary 

of the r e s u l t s a r e shown in T a b l e 8. 1. 

T h e most s e l f - cons is tent set c o r r e s p o n d s to set 10 which h a s a 

c o n s i s t e n c y index of 0. 85. T h r e e other s e t s have a high c o n s i s t e n c y 

index, namely s e t s 9 , 12 and 1 4 , with v a l u e s of 0. 81 , 0. 81 and 0. 79. 

At the end of e a c h c y c l e , the s igns of the r e f l e c t i o n s in the s ta r t ing 

set a r e r e c a l c u l a t e d from the s i g n s of the remain ing r e f l e c t i o n s , 

although no s ign changes w e r e made. In e a c h of the last three s e t s , 

a change in s i g n of one member of the s ta r t ing s e t , makes them all 

equivalent to set 10. 

An E - m a p w a s computed using the p h a s e s est imated from set 10 , 

and r e v e a l e d the c o r r e c t pos i t ions of all of the non - hydrogen-atoms. 

In the E - m a p , two r e l a t i v e l y large peaks lay on mutually p e r p e n d i c u l a r 

2 - fold a x e s , at the pos i t ions (0. 25 , 0. 0 , 0. 1 25) and (0. 0 , 0. 30 , 0. 25 ) , 

and with peak heights of 5 . 8 and 5 . 7 . T h e s e two p e a k s w e r e attr ibuted 

to the sodium atoms. T h e remaining peaks which o c c u r r e d in genera l 

pos i t ions had heights v a r y i n g from 1.1 to 2 . 0 , against a genera l 

background of peak heights up to 1. 

A l l of the atoms w e r e included in two c y c l e s of least - s q u a r e s 

re f inement , us ing the block diagonal approximat ion, at the end of 

which the R - va lue w a s 0. 1 34. A fur ther c y c l e of ref inement in 

which al l atoms w e r e given an iso t rop ic temperature f a c t o r s , fu r ther 

reduced the R - v a l u e to 0 . 1 2 5 . A fur ther d i f f e rence map showed peaks 

due to the hydrogen atoms. 
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T a b l e 6. 1 Na ( C 5 H 5 ) (Me 2 N C H 2 C H 2 N M e 2 ) 

S y m b o l i c Addit ion P r o c e d u r e 

O r i g i n De te rmin ing | E | 

R e f l e c t i o n s 

R e f l e c t i o n s Whose | E | 

S i g n s W e r e V a r i e d 

2 3 4 3. 01 8 5 4 3. 20 

2 1 3 3. 30 4 7 8 3. 93 

1 4 13 3 . 4 8 4 3 8 2. 1 1 

6 5 8 2. 08 

R e s u l ts 

S e t No. S i g n s C h a n g e s C y c l e s No. + No. - C o n s i s t e n c y Index 

1 ++++ 16 1 31 39 0. 536 

2 +++- ++++ 16 1 05 65 0. 555 

3 ++-+ ++++ 16 1 32 38 0. 496 

4 ++— ++++ 16 79 91 0. 472 

5 +-++ 8 79 91 0. 364 

6 • +-+- + 16 76 94 0. 478 

7 +—+ + 16 82 88 0. 451 

8 + 16 76 94 0. 516 

9 -+++ -++- 6 81 89 0. 814 

10 -++- 5 81 89 0. 853 

1 1 -+-+ + 9 98 72 0.471 

12 -+— -++- 6 81 89 0. 807 

1 3 —++ + 1 1 94 76 0. 567 

14 —+- -++- 7 81 89 0 .786 

15 + 16 90 80 0. 605 

16 + 16 86 84 0. 531 

1 

15 

10 



T h e s e atoms w e r e p laced at their c a l c u l a t e d posi t ions and al lotted 

i so t rop ic temperature f a c t o r s which w e r e a l lowed to r e f i n e . A 

fur ther ref inement c y c l e now r e d u c e d the R - v a l u e to 0. 10. F u r t h e r 

ref inement us ing full matr ix least - s q u a r e s saw the R - v a l u e c o n v e r g e 

to its f inal va lue of 0 . 0 8 7 . T h e parameter sh i f ts in the final c y c l e 

w e r e all l e s s than 0 . 3 a . A d i f fe rence s y n t h e s i s ca lcu la ted from 
o _3 

the final s t r u c t u r e f a c t o r s showed no peaks grea te r than 0. 2e. A 

An empi r i ca l weighting scheme was used in the init ial s t a g e s of 

re f inement , but w a s r e p l a c e d in the f inal s tages by one based on 

counting s t a t i s t i c s as d e s c r i b e d e a r l i e r . T h e optimum va lue for P 
2 

w a s 0. 1 2 a s determined by an even dist r ibut ion of w A a s a function 

of | F o | . T h e unobserved r e f I e c t i o n s w e r e not included in the 

ref inement. 

T h e weighting a n a l y s i s i s g iven in T a b l e 8 . 8 , and the final .atomic 

and thermal p a r a m e t e r s a r e given in T a b l e s 8 . 2 and 8 . 3 . 

Atomic s c a t t e r i n g f a c t o r s w e r e taken from International T a b l e s , 
vol . nr. 

S t r u c t u r e f a c t o r s a r e l i s ted in T a b l e 8 . 9 . 

D e s c r i p t i o n And D i s c u s s i o n of T h e S t r u c t u r e 

T h e s t r u c t u r e , F i g u r e 8 a , c o n s i s t s of puckered c h a i n s of sodium 

atoms, each with a che la t ing T M E D molecule a t tached, and l inked by 

pentahapto cyc lopentadienyl g r o u p s . S i n c e the sodium atoms l ie on 

p e r p e n d i c u l a r 2 - f o l d a x e s , the cha in pucker ing o c c u r s in two 

mutually p e r p e n d i c u l a r p l a n e s . E a c h sodium atom is s u r r o u n d e d by 

a d is tor ted te t rahedra l ar rangement of two nitrogen atoms from the 

same T M E D group , and two pentahapto cyclopentadienyl g roups . T h e 
O 

cyclopentadienyl groups a r e inc l ined at 88 to the metal - metal v e c t o r s , 
o 

but the r i n g c e n t r e s a r e d i s p l a c e d 0. 1 1 A from these v e c t o r s . 

T h e - M ( C 5 H 5 ) M ( C 5 H 5 ) M ( C 5 H 5 ) - cha in s t r u c t u r e of 

Na ( C 5 H^) ( M e 2 N C H 2 C H 2 N Me,,) may be compared wi th the cha in 

s t r u c t u r e s of I n ( C ^ H ^ ) ( F r a s s o n , Menegus and Pana t ton i , 1963, 

P b ( C 5 H 5 ) 2 (Panat ton i , Bombier i and C r o a t t o , 1966), G a ( C 5 H j X C H ^ 

(Mertz , Z e t t l e r , Hausen and W e i d l e i n , 1976) , Z n ( C 5 H 5 ) C H 3 

(Aoyag i , S h e a r e r , Wade and Whi tehead , 1978) and T l ( C 5 H 5 ) ( F r a s s o n , 

Menegus and P a n a t t o n i , 1963). 

In N a ( C 5 H 5 ) ( M e ^ C ^ C ^ N M e ^ , the two dist inct Na - Na - Na 

angles of 128° and 119° (Tab le 8 .5 ) define the degree of p u c k e r i n g of 

the chain and r e f l e c t s the d is to r ted te t rahedra l co -ord ina t ion of the 
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o 

sodium atoms. T h e s e angles may be compared with angles of 1 1 8 

and 121° in P b ( C 5 H 5 ) 2 and 137° in l n ( C 5 H 5 ) . 

T h e chela t ing T M E D groups have ni t rogen - n i t rogen s e p a r a t i o n s 
o 

of 3 .03(1) and 3. 0 4 ( l ) A (Tab le 8 . 4 ) , and both subtend an angle at 
o 

sodium of 7 0 . 5 . T h e s m a l l n e s s of th is angle i l l u s t r a t e s the r e s t r i c t e d 

bite of th is p a r t i c u l a r l igand, and a l s o e m p h a s i s e s the importance of 

meta l l ic r a d i u s in determining whether T M E D che la tes or b r i d g e s , as 

found in the potassium f luorenyl complex , K 3 Hg ( T M E D ) 2 ( S t u c k y , 

1974). 
o 

T h e sodium - ni trogen s e p a r a t i o n s of 2 .618(9) and 2. 628(7)A a r e 

intermediate in va lue between the o b s e r v e d Na - N separa t ion of 
o o 

2. 50A in sodium a z i d e , Na N 3 ( P r i n g l e and N o a k e s , 1968) , 2. 49A in 

N a ( C 1 2 H 4 N 4 ) {Konno and S e i t o , 1974) , 2. 61 A in N ( C H 2 C H 2 O H ) 3 Na I 

(Voege le , F i s c h e r and W e i s s , 1974) , 2. 46A in N (C H 2 C H 2 O C H 3 ) 3 Na I 

( V o e g e l e , T h i e r r y and W e i s s , 1974) and the theoret ica l Na - N v a l u e s 

c a l c u l a t e d for v a r i o u s complexed sodium ca t ions ( R a o , R a n d h a w a , 
o 

Reddy and C h a k r a v o r t y , 1978). T h e s e c a l c u l a t e d v a l u e s include 2. 8A 
Na ( N H 3 ) + , 2. 8A in [Na (pyr id ine) ] + and 2. 9 A in [ N a f N H ^ 3'4 
T h e chelat ion of T M E D to the sodium atoms p r o d u c e s 5 - m e m b e r e d 

r i n g s , both of which a r e found to be non - p lanar (Tab le 8. 7 ) . Within 

the T M E D m o l e c u l e s , the ca rbon - c a r b o n d i s t a n c e s a r e 1.432(15) and 
o 

1. 429(1 2 ) A , and the ni trogen c a r b o n d i s t a n c e s range from 1.442(15) -

1 .477(10)A and 1.449(13) - 1 .463(12)A r e s p e c t i v e l y . 

T h i s s t r u c t u r e is cons is ten t with an ionic model of the bonding in 

terms of Na ( T M E D ) cat ions and C , . H .̂ anions and may be compared 

with the s t r u c t u r e s of Z n ( C C H , ) C H , and Ga ( C C H C ) ( C H j 0 . T h e s e 
D O J D O O Z 

compounds a l s o have chain s t r u c t u r e s , but with a g rea te r degree of 

cova lency in the metal - cyc lopentad ieny l bonding, which may be 

re f l ec ted in the d istor t ion of the cyc lopentad ieny l r ing from pentahapto 
0 

geometry namely , 65 inc l inat ion to the metal - metal v e c t o r s in Z n ( C c H j C H - and 50° inc l inat ion in G a ( C c H c ) ( C H , ) 0 . o o 3 5 5 3 2 
T h e sodium - cyc lopentadienyl c a r b o n d i s t a n c e s range from 2.856(15) 

to 2. 963(1 2)A for N a ( l ) , and from 2.829(14) to 3 .033 (12 )A for Na(2) . 

A compar ison may be made between these v a l u e s and r e l a t i v e d i s t a n c e s 

found in the magnesium c o m p l e x e s , Mg ( C 5 H 5 ) B r [ ( C 2 H 5 ) 2 N (C H 2 ) 2 N ( C 2 H 5 ) 2 ] 

( Johnson , Toney and S t u c k y , 1972) and M g ( C g H 7 ) 2 (Atwood and S m i t h , 

1974). 
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T h e latter two compounds a r e c o n s i d e r e d to p o s s e s s a degree of 

cova lency in the metal - cyc lopentad ieny l bonding, and the m a g n e s i u m -
o 

carbon d i s t a n c e s of 2 .55 and 2. 4 3 A r e s p e c t i v e l y , can be r e g a r d e d as 
o 

7r - type in terac t ion d i s t a n c e s . T h e s e va lues differ by 0 .33 and 0.21 A 
o 

from the va lue of 2. 2 2 A , attr ibuted to an e l e c t r o n - def icient Mg - C 

br idging in teract ion (Atwood and S m i t h , 1974). If the sodium - c a r b o n 
o 

distance of 2. 6 3 A found in N a ( C 2 H 5 ) ( W e i s s and S a u e r m a n n , 1970) , 

can be c o n s i d e r e d as r e p r e s e n t a t i v e of a br idging Na - C i n t e r a c t i o n , 

then a c o r r e s p o n d i n g i n c r e a s e in this v a l u e , would give a p r e d i c t e d 
o 

7t-type N a - C in teract ion in the o r d e r of 2. 9A . T h e o b s e r v e d Na - C 

d i s t a n c e s in the N a ( C j H j ) T M E D complex a r e of th is o r d e r , and this 

may be in te rpre ted as implying a degree of cova lency in the s o d i u m -

carbon bonding. 

A fur ther compar ison can be made between the m e t a l - s o d i u m and 

metal - n i t rogen d i s t a n c e s o b s e r v e d in Na (C, . H,.) T M E D and the 

magnesium complex , M g ( C 5 H 5 ) B r ( C 2 H 5 ) 2 N ( C H 2 ) 2 N ( C 2 H 5 ) 2 j . 

In the magnesium complex the mean Mg - N d is tance is 2. 61 A , and 
o 

the mean Mg - C d i s t a n c e i s 2. 55A giv ing a d i f fe rence (Mg - N) - (Mg C ) 

of 0. 29A. 
o 

In the sodium complex , the mean N a - N d is tance is 2. 62A and the 
o 

mean Na - C d i s t a n c e is 2 . 92A with a d i f fe rence (Na - N) - (Na - C ) of 
o 

0. 3 0 A , in -ve ry good agreement with the value above. 
T h e cyc lopentad ieny l groups a r e p lanar within exper imental e r r o r , 

o 
and the r i n g c a r b o n - ca rbon d i s t a n c e s range from 1. 37(2) to 1 .40 (2 )A , 

o 

with a mean va lue of 1 .38(1)A. T h i s va lue appears s h o r t e r than the 

mean C - C d i s t a n c e s in other metal - cyc lopentadienyl complexes in 
o 

which the degree of c o v a l e n c y is thought to be g r e a t e r , s u c h a s 1. 4 3 A 

in F e ( C 5 H 5 ) 2 (Bonn and H a a l a n d , 1965) , 1. 42A in Mg ( C 5 H 5 ) 2 

(Haa land , L u s z t y k , Novak , B r u n v o l l and S t a r o w i e y s k i , 1974) , 1 . 4 3 A 

in N i ( C 5 H 5 ) 2 (Hedberg and H e d b e r g , 1970) and 1. 41 A in B e ( C 5 H 5 ) 2 

(Wong, L e e , C h a o and L e e , 1972) , and is a fur ther indicat ion as to 

the anionic c h a r a c t e r of the cyc lopentadienyl r i n g s . 

A t rend has been o b s e r v e d for t rans i t ion metal T i -cyclopentadienyl 

complexes which r e l a t e s the metal - r i n g cen t re d i s t a n c e , with the 

meta l l ic r a d i u s of the metal atom ( J o h n s o n , Toney and S t u c k y , 1972). 
o 

In the c a s e of N a ( C ^ H j j T M E D , the sodium atoms l ie 2. 68A from the 

cent re of the cyc lopentad ieny l r i n g , and this d is tance cannot be f i tted 

into s u c h a s c h e m e . 



Non - bonding C o n t a c t s 

Non - bonding contac ts o c c u r r i n g within a chain a r e g iven in 

Tab le 8. 6. 

Two contac ts o c c u r between adjacent cyc lopentadienyl r i n g s and 

these involve atoms C(1 ) . . . C ( 2 a ) wi th a s e p a r a t i o n of 3. 8 2 5 A , and 
o 

C(1) . . . C ( 5 I V ) with a separa t ion of 3. 925A. T h e s e in te rac t ions a r e 
o 

probably the c a u s e of the 0. 1 1 A displacement of the cyc lopentad ieny l 

r ing c e n t r e s away from the metal - metal v e c t o r s . 

S e v e r a l contac ts o c c u r between ni t rogen and the cyc lopentad ieny l 

carbon a toms, and a l s o between the methyl ca rbon atoms. No contacts 
o 

l e s s than 4 A o c c u r between the c h a i n s . 

1 64 
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T a b l e 8. 2 Na ( C 5 H 5 ) ( M e 2 N C H 2 C H 2 N Me 2 ) 

F i n a l Atomic C o - o r d i n a t e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

Atom x / a y / b z / c 

N a ( l ) 0 .2500( 0) 0. 0000( 0) 0. 1237(2) 

Na(2) 0 .0000( 0) 0. 301 3( 5) 0. 2500(0) 

N(1) 0 .3059( 6) 0. 1 366( 9) 0. 0076(5) 

N(2) 0.0457( 5) 0. 5409( 7) 0. 3224(4) 

C(1) 0. 1263( 9) 0. 0724(14) 0. 2301(7] 

C(2 ) 0. 081 1( 6) 0. 0798(16) 0. 1658(9) 

C(3) 0. 1056( 7) 0. 2077(15) 0. 1 303(5] 

C(4) 0. 1661( 7) 0. 2767(10) 0. 1 708(8] 

C(5) 0. 1782( 7) 0. 1934(17) 0. 2345(6] 

C(6) 0. 2535(12) 0. 0798(1 2) - 0 . 0524(5] 

C(7) 0. 2888( 8) 0. 2966(15) 0. 0108(7] 

C(8) 0. 3946( 8) 0. 1 145(13) - 0 . 0024(6] 

C(9) 0. 0012( 9) 0. 6661( 9) 0. 2888(5] 

C(10) 0. 1360( 7) 0. 5551 (1 2) 0. 31 84(6 

C(11) 0. 0226( 7) 0.5363(1 1) 0. 3992(6 

H O ) 0. 1 219 - 0 . 0 1 5 4 0. 2698 

H(2) 0.0371 - 0 . 0 0 4 0 0. 1520 

H(3) 0. 0772 0 .2409 0. 0772 

H(4) 0. 1980 0. 3808 0. 1566 

H(5) 0 .2226 0 . 2 2 0 9 0. 2778 

H(6) 0. 1975 0. 1401 - 0 . 0495 

H(7) 0 .2906 0. 1 1 15 - 0 . 1009 

H(8) - 0 . 0 5 7 7 0 .6737 0. 3152 

H(9) 0. 0401 0 .7680 0. 3066 

H(10) 0. 4271 0. 1555 0. 0414 

H(11) 0 .4052 0. 0014 - 0 . 0106 

HO 2) 0. 4134 0. 1738 - 0 . 0505 

H(1 3) 0. 2236 0. 3160 0.0131 

H(1 4) 0. 3176 0. 3457 0 .0557 



Tab le 8. 2 (cont. ) N a ( C r H 5 ) ( M e 2 N C H 2 C H 2 N M e 2 ) 

Atom x / a y / b z / c 

H(15) 0. 31 1 8 0 .3506 - 0 . 0373 

H(16) 0. 1643 0. 4630 0. 3431 

H(17) 0. 1552 0. 5682 0. 2657 

H(18) 0 .1529 0. 6531 0 .3492 

H(19) - 0 . 0 4 3 7 0.5251 0. 4056 

H(20) 0. 0496 0. 4399 0. 4262 

H(21) 0. 0420 0. 6310 0. 4281 



T a b l e 8. 3 N a ( C 5 H 5 ) ( C H ^ N C ^ C H ^ l C H ^ 

A n i s o t r o p i c T h e r m a l P a r a m e t e r s (A ) And T h e i r E s t i m a t e d S t a n d a r d 

Atom 

Na ( l ) 

Na(2) 

N(1 

N(2 

C ( l 

C ( 2 

C(3 

C(4 

C(5 

C(6 

C(7 

C(8 

C(9 

C(10) 

C(1 

H(1 

H(2 

H(3 

H(4 

H(5 

H(6 

H(7 

H(8 

H(9 

H(10) 

H(11) 

H(12) 

U 

648 

696 

950 

870 

1 020 

668 

943 

1 073 

1 036 

21 89 

1678 

940 

2154 

954 

1419 

1 065 

1 170 

101 2 

1082 

1 159 

1881 

1881 

1592 

1592 

1 550 

1 551 

1551 

th x 1 0 4 ) 

1 u 22 U 33 U 23 U 1 3 U 1 2 

24) 6521 i 26) 694 [ 27) o( - ) o( - ) 25(27) 
28) 576| 26) 717! 29) o( - ) 76( 25) 0 ( - ) 
66) 1 1 37( 76) 9641 69) 396( 59) 146( 55) - 43(59) 

54) 602 [ 56) 899 [ 61) - 106( 50) - 90( 49) - 62(45) 

47) 8161 81) 1 097| 105) 1 14( 79) 3094( 82) 289(73) 
69) 1024 [ 98) 1324 [112) - 309( 89) 270( 77) - 37(69) 

80) 791 [ 73) 980 [ 78) - 262( 83) 22( 73) 153(68) 

82) 725( 70) 9721 82) - 249( 79) 304( 72) - 285(69) 

82) 1 101 [ 88) 825| 88) - 1 82( 89) - 6( 70) 92(87) 

116) 1 892 [149) 6771 70) 451 ( 76) 258(1 11) 374(20) 

116) 1257 1 02) 2002 [1 29) 787( 111) 782( 98) 58(97) 

82) 1594 107) 1 968< 1 24) 801 ( 95) 398( 79) 1 18(79) 

1 1 3) 558 59) 1 1 25 78) - 87 ( 55) - 100(116) 198(87) 

73) 16381 111) 1 289 [ 89) - 495( 77) 1 17( 71) - 305(77) 
97) 1039 [ 84) 10001 76) - 102( 66) 14( 69) - 90(71) 
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T a b l e 8. 3 (cont. ) N a ( C 5 H 5 ) ( C H 3 ) 2 N C H 2 C H 2 N ( C 

A t ° m U 1 1 U 2 2 U 3 3 U 2 3 U 1 3 

H(13) 1727 

H(14) 1727 

H(15) 1727 

H(16) 1290 

H(17) 1290 

H(18) 1290 

H(19) 1262 

H(20) 1262 

H(21) 1262 



Tab le 8. 4 Na ( C 5 H 5 ) (Me 2 N C ^ C H j N M e 2 ) 

F i n a l Bond D i s t a n c e s (A) And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

(A x 10 3 ) 

Na(D N(1) 2.618(9) Na(2) - N(2) 2. 628(7) 

Na( l ) - C O ) 2. 856(15) Na(2) - C(1 ) 2. 897(14) 

Na ( l ) C (2 ) 2 . 894(10) Na(2) - C(2) 2. 829(14) 

Na(D C(3 ) 2. 963(12) Na(2) - C(3) 2. 898(1 1) 

Na(D C(4) 2. 946(10) Na(2) - C(4 ) 3. 033(1 2) 

Na ( l ) C (5 ) 2 .909(13) Na(2) - C(5) 3. 017(1 1) 

N(1) C(6 ) 1.477(10) N(2) - C(9) 1. 463(1 2) 

N O ) C(7) 1.459(9) N(2) - C(10) 1. 449(13) 

N O ) C(8) 1.442(15) N(2) - C(11) 1. 460(1 3) 

C(6) - C ( 6 « ) 1.432(15) C(9) - C ( 9 f ) 1. 429(12) 

C(1) C(2) 1. 387(20) 

C(1) C(5) 1. 366(19) 

C(2) C(3) 1. 375(19) 

C{3) C(4) 1. 376(19) 

C(4) C(S) 1. 402(1 8) 

170 



T a b l e 8. 5 N a ( C 5 H 5 ) ( M e 2 N C H 2 C H 2 N M e 2 ) 

F i n a l Bond A n q l e s And T h e i r E s t i m a t e d S t a n d a r d C 

N{1) N a ( l ) N(1 n ) 70. 5 

N(2) Na(2) N(2 I V ) 70. 5 

C(6) N(1 ) C(7) 105. 1( 9) 

C(6) N O ) C(8) 1 14. 4( 9) 

C(7 ) N(1) C(8) 108.9( 9) 

C(9 ) - N(2) C(10) 1 1 3. 2( 7) 

C(9 ) N(2) C(11) 107.9( 7) 

C(10) - N(2) - c( i i ) 107.6( 7) 

N(1) - C(6 ) C (6 ° ) 1 1 2. 8( 11) 

N(2) C(9) C(9 I V ) 1 15. 8( 8) 

C(2 ) C O ) C(5) 109. 1( 10) 

C(1 ) C(2) C (3 ) 107. 3( 10) 

C(2 ) - C(3) C(4 ) 108. 5( 10) 

C(3 ) C(4) C(5) 1 08. 2( 11) 

C(4 ) C(5) C ( l ) 1 06. 8( 11) 



T a b l e 8. 6 Na ( C c H c ) (Me. N C H . C H . N Me. ) 
p D Z Z Z Z 

N o n - bonding C o n t a c t s Within T h e C h a i n ( < 4 . OA) 

Atom A Atom B Equ iva len t A - B (A) 

Na(D C(6) i 3. 321 

Na(l) C(7) i 3. 429 

N a d ) C(8) i 3.431 

Na(2) C(9) i 3. 342 

Na(2) C(10) i 3. 386 

Na(2) c ( n ) i 3 .477 

N(1) N(1) 3 3. 031 
N(1) C(2) 3 3. 935 

N(1) C(3) 1 3. 965 

N(1) C(4) 1 3. 946 

N(1) C(8) 3 3. 915 

N{2) N(2) 5 3. 041 

N(2) C(3) 5 3. 935 
N(2) C(10) 5 3. 892 

cd ) C(2) 5 3. 825 

C(1) C(5 ) 3 3. 925 

C(2) C(8 ) 3 3. 572 

C(3) C(7) 1 3. 746 

C(3) C(8) 3 3. 779 

C(3) C ( l l ) 5 3. 623 
C(4) C(7) 1 3. 543 
C(4) cdo) 1 3 . 7 1 8 

C(5) cdo) 1 3. 650 
C(6) C(7) 3 3. 627 

C(7) C(7 ) 3 3. 845 
C(8) C(8) 2 3. 940 

C(9) C(10) 5 3. 1 1 1 
C(9) c ( n ) 5 3. 669 
C(10) cdo) 3 3. 770 
C(11) C(11) 2 3. 838 



T a b l e 8. 6 (cont. ) Na ( C 5 H 5 ) (Me 2 N C H 2 N Me 2 ) 

T h e in termolecu lar contac ts r e f e r to the posi t ion of atom A in the 

or ig inal c o - o r d i n a t e s l i s t , and atom B as obtained from this us ing 

the symmetry opera t ions g iven . 

Equiva lent P o s i t i o n 

1 x , y , z 

2 - x , - y , - z 

3 0 . 5 - x , - y , z 

4 x - 0 . 5 , y , - z 

5 - x , y , 0 . 5 - z 

6 x , - y , z - 0 . 5 



T a b l e 8. 7 Na ( C 5 H 5 ) (Me 2 N C H 2 N M e 2 ) 

Mean P l a n e s 

P l a n e 1 

- 1 1 . 4229 X + 4. 6557 Y + 8. 5779 Z = 0 .8669 

Atom C(1) C(2 ) C(3) C(4) C(5) N a ( l ) * Na (2 ) * 

P 0 . 0 0 2 - 0 . 0 0 9 0 .012 -0 .011 0 .005 - 2 . 6 5 2 . 6 7 

P l a n e 2 

14. 5 7 6 8 X + 0. 000 Y - 7. 4982 Z = - 1 . 8745 

Atom Na(2) N(2) C(9) C ( 9 I V ) N(2 l V ) C ( 1 0 ) * C ( l l ) * 

P 0 . 0 0 0 . 1 2 - 0 . 2 7 0 .27 - 0 . 1 2 1.47 - 0 . 7 9 

P l a n e 3 

13. 6626 X - 4 . 6264 Y + 0. 000 Z = 3 .4156 

Atom N a ( l ) N ( l ) C(6) C ( 6 n ) N ( 1 = ) C ( 7 ) * C ( 8 ) * 

P 0 . 0 0 . 1 3 - 0 . 3 2 0 .32 - 0 . 1 3 - 0 . 8 5 1.44 

T h e s u p e r s c r i p t s H and IV r e f e r to equivalent pos i t ions (0. 5 - x , - y , 

and ( - x , y , 0. 5 - z ) 

X , Y j Z r e f e r to f rac t iona l c o - o r d i n a t e s along the unit ce l l a x e s and 

P r e f e r s to the d i s t a n c e of the atom from the mean p l a n e . 

Atoms marked * a r e not included in the mean plane c a l c u l a t i o n s . 



T a b l e 8. 8 N a ( C . H j ( M e . N C H . C H . N M e J 
D O z z z z 

A n a l y s i s of V a r i a n c e 

IFO I R a n g e s N J£w A2/N R 

5 - 8 146 0 . 5 6 0 .344 

8 - 1 1 173 0.71 0 .203 

1 1 - 1 4 127 0 .89 0 .110 

14 - 24 170 1.02 0 .055 

24 - 175 155 0 . 7 3 0 .036 



T a b l e 8. 9 

N a ( C c H c ) T M E D 

F i n a l V a l u e s of the O b s e r v e d and C a l c u l a t e d S t r u c t u r e F a c t o r s 



• X L l o r o l o r e 

„ 0 2 / H U - C 1 U 
0 0 4 9 4 4 V.I 9 
6 0 A 7 U 0 J u l 
0 0 4 • J ' J U t 2 4 
(1 0 l u 0 - I I I 
c 0 1 2 7 3 6 2 b ' l 
c 0 I * I B 1 - 1 7 3 
0 0 l b | V 4 ; o z 
1 c 2 61 2 - 3 6 8 
1 0 4 b / 3 3 2 0 
1 0 A 4 3 9 4 / 0 
1 0 a 0 - 7 
1 0 10 4 9 U - 4 8 3 
1 0 I.: 0 1 7 
1 0 14 AO - 1 1 3 
1 0 16 0 - I I 
2 0 0 0 - 1 6 
i 0 2 1 3 2 2 - | 4 U 0 

0 « 4 9 0 - 4 6 7 
m 0 A 4 0 0 - « I 9 
i 0 0 2 9 6 - J 1 9 
2 0 1 0 3 7 4 8 
i 0 1 2 2 3 3 2 J / 
& 0 14 11 3 - 1 4 0 
i 0 1 6 V « - 8 0 
3 0 2 0 - 1 4 
3 o 4 2 3 3 - 2 1 2 
3 I A I I S - 1 2 2 
3 0 a 7 A - U 5 
3 0 10 0 3 9 
3 0 1 2 2 A 3 2 0 0 
J 0 14 6 9 - 1 0 
3 0 l o 0 1 2 
4 0 0 2 7 2 2 0 3 
4 0 2 3 b 7 3 6 1 
4 0 4 0 - 2 3 
4 0 A 5 9 9 - 3 9 4 
4 0 a 1 7 5 i a e 
4 0 1 0 0 6 
4 0 1 2 7 4 - 9 2 
4 0 14 - 6 1 - 0 6 
4 0 1 6 l l t i 1 0 9 

0 2 1 J A 1 4 0 
C 0 4 A / 4 7 

5 0 A s o a 5 3 3 
S e 8 9 b - 9 7 
3 0 1 0 1 2 b - 1 4 0 

0 1 2 9 6 - 6 3 
0 I * 1 3 0 1 2 3 

5 0 1 6 9 0 - 1 0 7 
C 0 0 1 6 9 1 A b 
A 0 2 it.in - 1 1 1 4 
4 0 4 A V I 6 1 : 4 
C 0 6 3 J 9 - J - . . 4 
A 0 a 0 A l 
C a 1 0 r.n - 6 9 
C 0 12 2 7.1 3 0 2 
A 0 !« H<J - 1 1 6 
€ 0 16 9 2 - 4 6 
7 0 2 S 2 0 9 1 4 
7 0 4 an* - 1 9 1 
7 0 6 4 b n - 4 ' » 0 
7 0 U I 2 H - 1 3 3 
7 0 10 8 1 8 2 
7 0 12 0 3 1 
7 0 14 O b - I O I 
b o 0 3 2 3 2 V 4 

0 2 J 2 2 - J J 7 
8 0 « U 2 - 4 8 
4 0 A 4 2 6 - 4 2 2 
C 0 0 2 / 0 3 0 0 

u 10 9 U - 9 9 

ft 0 1 2 I b b - 1 3 3 
0 14 0 - 3 1 
0 2 2 7 9 2 7 B 
0 4 I J b - 1 4 2 

9 0 A 2 7 » 2 9 1 
a 8 9 ( 1 I J H 
0 10 I 4 ' < - 1 4 8 

% 0 1 2 1 • .' 8 4 
S 0 14 - J H 91 

1 C 0 0 U J 1 3 7 
1 c 0 2 1 3 3 1 3 0 
1 0 0 4 4 6 6 4 H 4 
1 0 0 A 6 3 - s a 
1 0 0 A 2 1 0 2 4 5 
1 c 0 1 0 6 8 2 8 
10 0 1 2 0 VO 
1 1 0 2 l U b I B » 
1 1 0 4 6 b - 4 7 
1 1 0 A 1 2 9 - 1 2 8 
1 1 0 8 -S> 1 0 0 b 
1 1 0 1 0 0 - 1 2 
1 1 0 12 6 4 2 0 
1 2 0 0 1 6 ) 1 5 5 
1 k 0 2 1 2 4 - 1 3 7 
1 2 0 4 I O 0 - 0 3 
1 2 0 6 1 0 * - 1 0 7 
1 i 0 K 1 0 7 1 0 8 
1 2 0 10 l l ' J - 1 2 4 
1 3 0 2 1 7 7 - 1 9 4 
13 a 4 1 6 2 1 3 0 
1 3 0 A 0 3 7 
1 3 a a 0 - 4 0 
I 4 0 0 7 J - 8 6 
I 4 0 2 7 3 - B B 
1 4 0 4 1 1 0 1 0 6 
1 4 c A 0 - 4 6 
1 5 0 2 - 4 0 3 3 

t 1 0 5 1 2 4 6 1 
• t f t~ i\ R O 1 

If lo ro l o r e 

4 6 7 0 A A 4 
6 - 3 0 - 1 A 
a 7 I J It 1 

1 0 2 2 6 - 2 2 0 
1 2 2 4 1 - 2 2 4 
1 4 1 9 1 1 0 7 
l b (JO 9 3 

1 6 2 9 - 3 0 A 
2 7 3 3 - 7 3 A 
3 1 6 7 1 7 8 
4 9 2 3 C 9 2 
S 0 - 4 8 
A 3 3 6 3 3 9 
7 4 6 0 4 7 6 
8 U 8 1 0 3 
9 4 3 9 - 4 3 2 

1 0 1 7 3 - 1 9 0 
1 1 J l 3 3 3 7 
: 2 UO - 7 3 
1 3 66 - 1 0 6 
14 - 4 9 - I S 
1 5 I S O 1 0 4 
1 6 - 4 1 • 4 
1 7 - s a - 5 1 

0 1 A b b - I M 9 
1 0 6 0 
2 0 - 7 
J 1 6 9 2 1 6 4 3 
4 1 0 7 1 9 3 
5 1 0 9 121 
A 4 3 2 4 2 9 
r I b 9 1 6 0 
u 1 2 / - I J S 
9 1 6 6 • 4 2 

10 1 2 3 - 1 1 1 
I 1 1 3 0 1 3 9 
1 2 - 5 J 81 
1 3 6 4 - 2 9 
14 1 1 5 91 
1!> 9 6 7 7 
l b 1 2 4 - 1 2 9 
1 7 - 6 1 - 3 3 

1 0 8 8 0 4 8 
2 8 2 7 - 7 9 6 
J 2 0 4 - 2 1 4 
4 4 0 4 3-12 
5 3 3 9 - 3 J 9 
6 5 0 4 - 3 4 1 
7 7 3 101 
8 1 6 2 - 1 6 2 
9 2 5 1 - 2 J 4 

10 3 4 4 3 5 5 
11 - 4 4 6 7 
1 2 A S J 6 
1 3 9 7 - 1 1 3 
1 4 9 b - 7 9 
1 5 - 4 1 3 6 
1 6 1 0 2 B 4 
1 7 7 6 —>U 

0 5 1 4 - 9 2 0 
1 5 0 2 - 4 - 1 1 
< 3 6 I I J O j 
3 . J i l l , - . - . •12 
4 UVO - 6 0 4 
6 0 - 6 
6 1 6 3 1 / 4 
7 7 U 3 - 2 0 1 
8 1-16 - 1 4 3 
9 12 1 - 1 0 3 

10 V U - 1 0 2 
1 1 9 0 - U 9 
1 2 2 U I ) - 2 1 0 
1 3 0 3 2 
14 0 1 7 
1 5 8 9 - 9 0 
1 6 - 4 9 9 / 

1 - 4 5 - / 6 
2 b l 3 - 5 0 2 
3 5 9 0 3119 
4 1 2 0 1 3 0 
5 3 J 9 - 3 0 6 
6 4 3 4 4 4 9 
7 2 3 0 2 2 3 
a 8 7 - 7 0 
9 6 U - 7 2 

10 - 3 3 - 2 
1 1 2 / 4 2 6 2 
1 2 1 3 0 - 1 3 2 
1 3 1 4 3 - 1 4 3 
14 - 3 3 3 0 
1 5 1 1 2 1 2 6 
1 6 0 4 

0 1 0 7 / - 1 0115 
1 3 4 6 3 3 5 

2 0 6 9 
J ! 3 I 1 1 2 
4 .197 3 7 3 
5 1 3 b 131 
6 6 1 - 6 2 
7 1 6 0 1 7 3 
8 0 7 - 0 1 
9 1 2 5 1 2 7 

10 - 4 0 7 3 
1 1 - 3 7 - 2 9 
1 2 81 9 2 
1 3 0 2 4 
14 9 0 4 3 
1 3 0 3 7 
1 6 0 - 4 b 

1 OU - 1 1 0 
2 - 2 b 3 2 
.1 1 9 0 2 0 3 

H K L l o r o l o r e 

7 | 4 9 3 - 1 2 1 
i 1 it ? 4 U - 2 4 9 
7 1 6 2»,.J - 2 6 3 
7 1 7 1 4 0 1 2 9 
7 1 8 ul - 3 8 
7 1 9 2 J 2 - 2 2 0 
7 1 1 0 1 3 4 1 7 0 
7 1 I I U O 1 1 2 
7 I 1 2 - S l l - 3 9 
7 1 I J I U 9 - 1 3 2 
7 1 • 4 9 6 - 1 1 2 
1 1 1 3 71 4 3 
t 1 0 1 6 0 1 7 9 

I 1 2 J 7 - 2 2 1 
t 1 2 - » 3 2 8 
I I 3 l 3 o - 1 3 3 
8 i 4 1 1 1 3 - 1 0 4 
t 1 5 2 v O - 2 d 0 
8 I b 9 2 - / 3 
d I 7 0 - 3 * 
t 1 a 7 5 3 3 
B 1 9 7 2 - J 2 

fl 1 10 0 - 3 9 
t 1 i i 7 2 - 9 7 

I 1 2 1 7 4 - I S S 
t I 1 3 6 3 - 4 7 
t I 14 0 - • 1 1 5 0 3 3 

I 1 9 4 - i o a 
$ 1 2 2 7 2 - 2 U 1 
9 1 3 5 b 2 1 
•t 1 4 9 3 U 4 

1 S I 2 J - I l l 
I b l f>3 1 4 U 

*• I 7 1 6 7 1 5 1 
% 1 8 UO 1 0 1 
9 I 9 1 4 0 - 1 4 6 
•J 1 I O ui - 7 2 
9 1 11 - 4 9 2 1 
9 I 1 2 9 6 - 4 9 

^ I 1 3 0 - 9 
9 1 1 4 0 3 0 

1 C 1 0 1 2 8 1 4 0 
10 1 1 3 4 2 6 
l u I 2 0 2 8 
1 0 I 3 0 - S I 
1 0 1 4 1 2 4 1 2 7 
1 0 1 5 UO a o 
: o 1 o 2 / 0 2 v 0 
• J I i - 3 9 1 1 
1 0 1 a 1 7 3 - 1 3 9 
I C I 9 7 2 - 1 9 
1 0 1 1 0 1 0 0 9 7 
1 0 | 11 - 3 7 1 6 
1 0 1 1 2 1 3 9 1 2 6 
1 0 | 13 6 / 4 3 
11 1 1 2411 - 2 3 6 
11 t 2 1 0 9 1 0 8 
11 1 3 1 3 6 I S O 
11 I 4 0 - 2 7 
11 I b - 1 8 - 3 
11 I A 1 2 1 - | 0 6 
11 I 7 9 2 7 9 
11 I a - 6 2 7 2 
11 I 9 8 0 - 3 4 
11 1 1 0 6 6 « n 
11 1 1 1 - 1 4 1 0 1 
11 1 1 2 0 1 6 
i a \ 0 70 .1 1 9 2 
1 i I 1 0 4 3 
1 ? | 2 0 - 1 1 
t i 1 J 9 3 101 
12 I 4 2 : : n - 2 2 1 
1 2 I ' j 1 0 2 7 3 
1 i 1 A 6 a 1 2 3 
1 i I / o 4 0 
12 I 8 0 - 5 2 
i ; I 9 6 4 - 1 2 
12 I l b 6 1 1 
1 J I 1 9 0 - U O 
13 I 2 8 0 - 7 / 
1 3 I 3 0 5 3 
1 J 1 4 0 - 3 7 
13 1 5 0 - 4 6 
1 3 I 6 1 1 6 1 1 0 
1 3 I 7 - 2 J - 1 2 
I J I a 6 / 1 4 
1 3 I 9 / I - 4 7 
1 4 | 0 1 3 1 - 1 1 6 
1 4 I 1 6 2 - 4 4 
1 4 I 2 - 3 3 - 1 1 
14 I 3 0 - 4 
1 4 1 4 0 - 9 
1 4 I 9 0 - 1 2 
1 4 1 6 0 1 3 
I S I • 0 - 1 3 
i : 1 2 9 2 4 2 
13 | 3 9 J 5 4 

0 2 2 4 2 2 4 
c 2 2 1 OU 7 3 
0 4 • O O I - 1 0 0 5 
Q 2 6 1 2 4 • 3 2 
0 2 a 3 / 4 - J 4 4 
0 10 1 7 4 1 6 0 
c 2 12 1 3 3 - 1 1 3 
c 2 14 0 - 4 a 
0 2 16 - 4 2 1 9 
1 2 1 1 1 6 6 - 1 1 1 4 
1 2 2 5 2 0 4 6 0 
1 2 3 1 1 0 10 1 
1 2 4 l b J - 1 4 U 
1 2 9 2 5 3 2 6 3 

K L l o r o l o r e 

7 6 « b / 4 A I 
2 7 ; />i - 1'J 9 
7 a 2 7 2- S I 9 
2 9 2 0 4 2 . 2 
2 1 0 2 0 3 -v\ 2 
2 11 1X4 - 1 1 1 
2 1 2 - 3 2 2 1 
2 1 3 - 4 0 6 0 
2 14 11 ;. 1 0 8 
2 1 3 - 1 / - 2 / 
k 1 6 - 3 3 - J J 
2 1 / - J 9 4 / 
2 0 3 3 / 3 2 4 
3 1 44(1 4 J . l 
2 2 2 3 d 2 o J 
2 J 4 A 9 4 / 3 
2 4 - 4 6 4 5 
2 ^ 3 3 3 3 4 8 
2 6 3 3 1 5 2 4 
2 7 2 b l 2 6 6 
2 a 3 1 6 - 2 9 3 
2 9 0 - 3 
2 10 14 1 2 5 3 
2 1 1 2 9 3 2 9 3 
2 1 2 2 3 V 2 2 b 
2 1 3 - 3 3 - 5 0 
2 14 - 1 6 - 3 3 
i 1 5 0 5 7 
2 16 1 1 9 - 1 4 0 
2 17 - J O I 
2 1 2 1 4 2 3 3 
2 2 6 6 6 6 6 2 
2 3 4 J f J - 4 3 1 
2 4 1 1 6 - I J S 
a 5 4 4 2 4 2 9 
2 A 4 d l - 4 6 3 
2 7 3 4 2 - 3 4 1 
2 a 0 2 6 
2 9 2 5 4 2 6 6 
a 1 0 1 2 7 1 3 0 
2 1 1 1 / 9 - 1 7 0 
2 1 2 1 3 4 i : w 
2 1 3 6 3 4 2 
2 14 1 2 5 - 1 1 J 
2 1 5 6 3 - 9 0 
2 16 0 3 
2 0 • - 4 0 9 0 
2 1 1 3 2 - ; 3 4 
2 2 O l d 3 2 0 
2 3 I 6 U 1 7 3 
2 4 1 1 5 3 - 1 I S 7 
2 3 I I - 9 6 
2 6 - 3 3 4 7 
2 7 2 8 7 - 2 9 9 
2 a - 4 4 2 3 
2 9 - 4 9 / 
2 1 0 0 4 2 
2 11 - 4 0 - 6 U 
2 1 2 2 2 2 - 2 2 1 
2 1.1 7b - 5 1 
2 14 U 3 1 i l 
i I'. - 4 1 - 4 4 
2 l b - 2 3 3 3 
2 1 2 / 4 2 6 6 
2 2 j " i - 3 J I ) 
2 3 t l - 6 8 
2 4 2 4 9 2 7 d 
2 5 1 0 4 - 1 2 8 
2 6 2 0 3 2 1 7 
2 7 0 4 3 
2 8 1 0 4 - 9 4 
2 9 1 6 2 1 7 1 
2 1 0 I U 3 - 1 0 9 
2 1 1 1 2 / - l i e * 
2 1 2 0 10 
5 1 3 1 0 1 7 3 
3 14 no 2 1 
2 1 3 uo - 2 1 
2 16 / 1 3 
2 0 / Z 2 - 7 1 1 
2 1 1 0 1 9 9 
2 2 «•_>') 4 J . I 
2 J 6 6 -113 
2 4 11.4 - 1 6 0 
2 9 - 3 4 7 
2 6 - 3 4 4 3 
2 7 6 0 2 2 
2 8 1 0 6 - I 2 U 
2 9 I I 0 ii n 
2 1 0 1 7 2 1 6 3 
2 I I 0 4 
2 1 2 7 3 - 2 8 
2 1 3 -511 2 5 
2 14 7 7 0 0 
2 1 5 0 - 1 
2 1 l i b 3 1 
2 2 4 1 6 4 0 / 
2 3 0 2 6 
2 4 2 3 7 - 2 6 1 
2 5 7 9 - U l 
2 6 - 1 9 1 0 
2 7 - 2 6 6 

2 a O - 3 0 
2 9 » 7 9 H 
2 1 0 - 2 0 2 4 
2 11 I Z U - I Z H 
2 1 2 / b U J 
m 1 3 UO 6 0 
£ 14 U 4 / 
2 I S - 3 1 - 4 0 
2 0 1 9 9 2 3 4 
8 1 0 a a 

177 



B K L l o r e l o r e 

6 2 2 1 2 0 I 2 » 
t 2 3 J / 0 - J 6 2 
a 2 4 7 b - 9 / 
t 2 3 ftb - 4 0 
a 2 ft 0 
a 2 / - 1 2 2 0 
t 2 B O i l J ft 
e 2 •J l i f t - 1 0 1 
a 2 10 - 4 9 7 3 
t 7 11 -•_•» a s 
e 2 12 V 3 - 1 1 7 
i 2 1 3 - 4 9 - 3 2 
t 2 14 0 1 3 
9 2 1 0 4 3 
1 2 2 0 - 1 9 

2 J 1 4 7 - I 3 J 
9 2 4 b l - I 0 J 
1 2 5 1 0 0 7 2 
*j 2 6 1 0 2 9 1 
<. 7. 7 1 1 7 - 1 0 4 
1 2 0 0 ftO 
« 2 V 0 4 1 

2 10 2 4 / - 2 4 7 
4 2 11 1 2 0 - I I I 
9 2 1 2 - 3 6 3 2 
•S 2 1 3 0 9 3 

1 0 2 0 4 9 9 - 4 6 7 
1 0 2 1 - I V 511 
I C 2 2 1 4 7 1 4 0 
10 2 3 1 0 7 - 1 1 9 
1 0 2 4 7 2 9 0 
I C 2 5 0 - 1 
l e 2 6 7 3 4 4 
1 0 2 7 - 2 9 9 
1 c 2 a 1 7 0 - 1 6 7 
1 0 2 9 8 7 - 6 a 
1 c 2 10 0 5 1 
1 0 2 11 a 2 5 
• a 2 1 2 - 3 9 2 1 
• i 2 1 BO 8 2 
11 2 2 1 4 7 1 5 6 
11 2 1 9 2 - 7 6 
11 2 4 O a o 
11 2 S 1 0 0 9 V 
11 2 6 1 7 1 - 1 7 6 
11 2 7 0 7 
11 2 8 6 7 2 3 
11 2 V 7 1 3 b 
i > 2 10 1 2 3 1 0 9 
11 2 11 - S O - 2 
1 2 2 0 1 1 4 - « a 
1 ~i 2 1 toft 7 4 
I S 2 2t 2 1 9 1 9 9 
1 2 2 3 1 2 9 I J S 
1 2 2 4 1IS2 - 1 6 6 
l < 2 S 9 0 4 3 
1 2 2 ft ft J S B 
1 2 2 7 O S 7 7 
12 2 a 7 5 6 2 
1 2 2 9 8 b 5 2 
1 2 2 1 0 BO 3 b 
1 j 2 1 - 3 9 6 4 
1 J 2 2 ftV - 6 0 
1 3 2 3 - S O - 3 6 
i ; 2 4 - 3 B 3 * 
i J 2 5 0 3 6 
1 3 2 6 0 3 3 
1 J 2 7 - s o - 4 7 
1 3 2 a - S I - 1 9 
I * 2 0 7 3 - 7 3 
1 4 2 i 0 - 4 0 
14 2 2 - 3 5 - 1 
1 4 2 3 0 I S 
1 4 2 4 - 3 f t - V 
1 4 2 3 0 - S I 
14 2 ft 0 4 6 

0 J 0 0 - J 2 
0 J 2 4 4 0 - 4 4 9 
c J 4 9 3 1 0 4 
0 3 ft 2 H I - 2 7 4 
0 J a I U U 1 0 4 
c J 10 I b 4 - 1 * 0 
0 J 1 2 ir>7 - 1 4 9 
c J 14 a 1 2 
0 3 I f t - 4 6 b n 
1 J 1 4 ' f t 
1 3 2 «:.«, - 4 * / 
1 3 3 U f t ft4 
1 3 4 i t ? |!>V 
1 J b 7 * - 7 3 
1 J Ci 1 / f t I H 4 
1 J 7 9 2 - I 0 U 
1 3 a 1 0 2 - l o a 
1 V 0 - 4 9 
1 3 10 0 3 4 
1 3 11 - I V 
1 3 12 1 0 1 - 9 2 
1 J 13 lO'l 1 0 3 
1 3 14 9 b '72 
1 3 l b - 4 1 - I I I 
1 3 16 - 2 7 4 9 
i 3 0 14 1 - 1 2 7 
3 3 1 l b * 2 0 7 
2 3 2 b ' / b - V j 3 
if 3 J 4 1 b 4 2 0 
2 3 4 V 4 7 •>J7 
2 3 b 11.3 - I 7 B 
k 3 ft 2 7 4 - 2 6 2 

K L l o r o l o r e 

J 7 2 5 V 2 4 4 
3 a 6 7 bft 
3 V 1 2 b 1 0 V 
J 10 1 1 4 - 1 1 2 
3 11 - 4 6 - 1 4 
3 12 I 2 H 1 2 9 
3 1 J - i ' b 1 1 
J 14 - 3 f t 2 0 
3 l b - 5 9 S 9 
3 1 6 - S U - 2 3 
3 1 - 4 3 S O 
J - 2 2 0 0 1 9 0 
3 3 - 3 S - 2 4 
3 4 2 3 2 2 4 3 
3 S 3 0 7 2 8 7 
3 6 3 4 0 - 3 2 9 
3 7 2 2 f t - 2 3 3 
J a 7 0 3 7 
J 9 1 1 3 1 0 3 

10 J O S 31 7 
3 11 - 2 3 - 2 4 
J 1 2 0 - 3 7 
J 1 3 8 0 7 2 
3 14 I O S - 1 0 9 
3 15 0 - 2 6 
J l b 6 5 3 5 
3 0 7 1 6 7 0 9 
J 1 I U U - 1 9 3 
3 2 J 2.2 - 2 2 5 
3 3 4 0 4 4 0 9 
3 4 1 0 4 1 0 9 
3 5 2 3 0 - 2 4 1 
3 6 6 0 - a s 
3 7 - 3 8 - 3 5 
3 a 3ft 5 . 3 6 7 
3 9 1 3 9 I J 7 
3 10 1 2 4 - 1 0 3 
3 I I 1 1 3 - 1 0 6 
3 12 |O f t - 7 9 
3 1 3 - 3 3 - 2 6 
3 14 0 1 ft 
3 1 5 - 5 5 7 3 
3 1 4 1 4 4 1 9 
3 2 3 4 1 - 3 5 1 
3 3 3 0 8 - 3 1 S 
3 4 O 7 0 
3 5 1 6 4 1 7 4 
3 ft I I S 1 9 3 
3 7 - 3 4 - 5 0 
3 a - 4 1 4 5 
3 ' 9 ftl 4 4 
3 10 I b V - • 6 2 
3 I I 1 1 2 - 1 1 4 
3 12 9 0 - 6 1 
3 13 1 2 b 1 2 5 
3 14 bft 4 9 
3 15 — S O - I S 
3 0 0 1 
3 1 1 4 4 - u a 
3 2 1 9 2 - 2 0 8 
3 3 - 3 0 1 3 
3 4 2 2 S 2 1 V 
3 S l i b 1 1 9 
3 6 0 - 2 0 
; 7 1 7 0 - I V 9 
3 8 1 3 b - 10 7 
3 9 0 5 4 
3 10 1 2 1 - 1 3 1 
3 1 1 7 6 - 5 3 
3 1 2 CO 7 3 
3 1 J 0 3 3 
3 14 - 5 ft - 2 0 
3 15 - S 9 - I I 
3 1 2 1 4 2 2 3 
3 2 0 4 - 7 3 
3 3 0 - 4 
3 4 9 3 7 7 
3 9 2 - 1 1 8 
3 C - 2 a - 3 2 
3 7 b v 3 2 
3 8 a s - 1 1 3 
3 9 0 3 1 
3 10 2 1 0 , 2 0 b 
3 I I 9 4 - 7 6 
3 12 0 - 3 9 
3 13 . 7 b 7 1 
3 14 0 - l b 
3 0 4 8 7 6 1 3 
3 1 1 0 0 - « 6 
3 2 2 4 4 - 2 3 f t 
3 3 or - O B 
3 4 1 7 0 1 7 3 
3 5 - 4 2 6 7 
J ft I I S - 1 3 4 
3 / 0 - I a 
3 a 2 1 7 2 J 6 
3 't I.I - ' i i 
J l u 6 3 — j / 
J 11 0 > 2 
3 12 0 1 i 
3 • J 0 4 2 
3 1 M U - 3 7 
3 2 2-1 i - 2 U I 
3 3 I I i t 
3 4 0 4 8 
3 ' j b'i *-4 
3 6 1 2 4 I J 3 
3 7 I 7 i - 1 6 0 

U K L 1 P F 0 1 0 F C 

\ 3 It 0 - J l 
9 3 9 .1 l b u / 

3 10 l i b - O H 
t 3 I I VI - 1 7 
l> 3 12 0 - 3 4 

1 0 3 0 A 4 - 4 3 
1 0 J 1 0 - 4 3 
10 3 2 2 2 6 - 2 4 6 
1 0 3 3 101 4 0 
10 3 4 1 7 2 2 0 1 
10 3 b 121 - 9 8 
11 3 6 t i l l - 9 8 
1 0 I 7 U 9 a a 
1 0 3 a 1 4 b - 1 4 4 
I C 3 V V « - 6 2 
I U 2 I U 1 0 b - 3 5 
I C 3 1 1 bft - 2 9 
11 J | - b V 2 4 
11 3 2 1 4 0 1 3 3 
I I ' 3 3 7 9 - 7 6 
11 3 4 - 6 | - b l 
11 3 5 14 2 I C O 
11 3 6 8 2 - 9 4 
11 3 7 1 6 0 - 1 6 Z 
11 3 a 7 b 4 2 
11 3 9 9 9 9 4 
11 3 1 0 - 4 9 -46 
1 2 3 0 2 0 b 2 1 4 
1 J 3 1 0 0 1 
li 3 2 a s - 7 7 
1 2 3 3 0 - 4 
12 3 4 - 6 1 - 9 3 
12 3 5 a u 7 7 
1 2 3 6 0 2 1 
12 3 7 - 4 9 3 4 
1 2 3 a 0 5 9 
1 2 3 9 0 3 1 
1 3 3 1 0 • M S 
13 3 2 0 - 3 3 
1 3 3 3 1 0 2 - 4 7 
1 3 3 4 - 2 3 - 3 3 
1 3 3 S - 2 1 1 0 3 
1 3 3 6 0 8 2 
1 2 3 7 0 - S O 
1 « 3 0 0 5 2 
1 < 3 1 6 b - 5 
1 4 3 2 0 - 4 3 
14 3 3 - S I - . 1 7 

C 4 0 3 0 3 3 0 0 
0 4 2 4 4 5 - 4 5 0 
0 4 4 6 6 2 - 6 6 3 
c 4 6 1 0 8 - 1 1 7 
0 4 a - 2 3 6 4 
c 4 1 0 - 4 7 - 3 1 
c 4 12 0 - 2 3 

4 14 1 2 9 - 1 2 4 
1 4 1 5 3 0 - 5 3 0 
1 4 2 2 - / 9 - 3 1 0 
I 4 3 l U b 1 8 % 
1 4 4 - 4 2 - 1 a 
1 4 5 - 3 0 - 2 8 
1 4 6 2 2 2 2 1 1 
1 * 7 6 4 - 6 1 
1 4 a - 3 5 2 6 
1 4 9 - 1 7 - 3 2 
1 4 10 1 0 1 - 1 0 9 
1 4 1 1 1 5 2 1 5 9 
1 4 1 2 0 - I 
1 4 13 2 3 9 - 2 7 0 
1 4 14 1 1 1 1 2 6 
1 4 1 5 9 0 1 0 2 
2 4 0 0 2 1 
2 4 1 1 4 0 131 

4 2 I U 4 1 7 2 
2 4 3 0 - 4 5 

4 4 2 2 3 2 1 6 
2 4 S 0 - 1 4 
2 4 6 - 2 a - 4 6 
2 4 7 0 4 4 
2 • 4 a 5 8 - S S 

4 C 0 6 0 
2 4 1 0 0 - 3 2 
J 4 I I 0 1 3 
2 4 12 1 4 4 1 4 3 

4 13 7 6 - 6 9 
2 4 14 0 - 5 6 
2 * I S 6 6 4 * 
3 4 | 1 6 0 - 1 7 4 
3 4 2 3 2 2 3 1 2 
3 4 3 0 1 9 
3 4 4 1 2 1 - i t s 
J 4 5 1 3 3 - 1 2 9 
J 4 ft 8 7 - • * 2 
3 « 7 2 V b 3 1 4 
3 4 a 0 2 4 7 
3 4 9 1 / V - 1 / 4 
J 4 10 - 3 4 S O 
3 4 1 1 1 4 3 1 2 8 
J « 12 - f t l 9 
3 4 1 J 1 2 0 - 9 8 
3 < 14 - 3 0 - 4 0 
3 4 1 3 7 1 9 1 
4 4 0 2 7 2 2 8 1 
4 4 1 - 1 0 3 9 
4 4 2 - 4 2 2 7 
4 4 3 1 bit - I U 3 
4 4 4 6 7 - 7 | 
4 4 6 - 3 6 - 3 6 

K L l o r o l o r e 

, 4 ft no 
4 4 / 1 0 b ' I I 
4 4 a 2 1 6 S J ' l 
4 4 V -̂ ft - b l l 
4 4 1 U - i 1 * 3 
4 4 1 1 <I7 9 0 
4 4 12 8 . . 9 
4 4 1 3 0 - 3 3 
4 4 1 4 0 - I V 
t 4 1 8 2 3 8 
6 4 2 6 7 - 1 4 

4 3 I C O - 1 3 6 
b 4 4 1 6 4 - 1 / 5 
3 4 b 1 . 0 3 0 

• ft l ! » 4 I 4 U 
b 4 7 i-'Oi. 2 1 3 

4 8 - 3 6 b l 
£ 4 4 1 2 1 - 1 2 0 
b 4 1 f? I b l - 1 6 2 

« 11 u 7 7 4 
4 12 6.1 4 0 

S 4 13 UU - 3 3 
4 14 1 2 3 7 9 

4 4 0 - 4 1 - 7 1 

ft 4 1 6 8 5 8 
6 4 2 6 2 - 6 6 
C 4 3 - 4 3 - 8 0 

ft 4 4 1 2 4 1 1 3 
C 4 b 1 1 3 1 1 7 
C 4 6 0 6 2 
6 4 7 1 0 0 - 9 2 
t 4 a 1 6 0 - i a i 
6 4 9 - 3 2 4 1 

ft 4 10 0 - 7 9 
t 4 1 1 0 I S 
6 4 12 1 19 1 3 6 
6 4 13 0 3 3 
4 4 1 4 - 4 9 - 4 8 
7 4 1 I B I - 1 9 2 
7 4 2 2 4 3 2 2 9 
7 4 J 1 4 7 1 3 5 
7 4 4 - 2 4 5 0 
7 4 3 r o o - 1 0 4 
7 4 6 I 3 J - I b l 
7 4 7 2011 I f l O 
7 4 a - b l -1 3 
7 4 9 1 2 6 - I l - l 
7 4 10 1 1 5 1 2 2 
7 4 1 1 1 0 6 UO 
7 4 12 0 3 7 
7 4 1 3 0 7 - 7 3 
t 4 0 1 5 8 1 6 3 

4 1 0 3 
8 4 2 6 4 1 0 0 

fe 4 3 9 U - 1 1 4 
a 4 4 1 0 9 - 1 2 4 
b 4 5 1 1 2 7 6 
t 4 ft - 2 4 - 3 6 
a 4 t 1 1 4 - 1 0 6 
t 4 a 2 1 3 2 2 0 
8 4 9 - 2 4 - 3 2 
8 4 10 - b 4 - 2 4 
t 4 1 1 5 7 5 4 
6 4 1 2 - 3 9 - 3 4 
9 4 1 0 - 5 2 

4 2 1 1 8 - 9 3 
9 4 3 1 7 4 1 6 6 
( 4 4 6 2 - 3 7 
( 4 b 2 3 4 - 2 6 6 

4 6 1 1 1 1 0 6 
4 7 1 7 4 1 / 2 
4 a 1 0 1 - 6 7 
4 V 8 5 - 8 7 
4 10 - 1 8 - 8 2 

9 4 I I 7 2 4 6 
1 0 4 0 1 9 / - 2 0 9 
I C 4 I 1 1 2 1 0 9 
10 4 2 1 0 8 - 7 6 
1 0 4 3 U S - 8 7 
1 0 4 4 1 1 2 f t 
1 0 4 S 0 1 6 
1 0 4 6 1 6 1 - 1 6 2 
1 0 4 7 - 4 3 9 4 
1 0 4 8 0 - 3 4 
1 0 4 9 7 0 - 9 0 
1 0 4 10 - 3 b - 5 4 
1 1 4 1 6 U 5 3 
1 1 4 2 1 0 4 a i 
t 1 4 3 - 4 3 2 
1 1 4 4 - 2 6 I I 
1 1 4 5 - u l - 5 8 
1 1 4 ft O S - S 3 
1 1 4 7 0 4 0 
1 1 4 a 6 b - 1 3 
1 1 4 9 - 6 1 - 4 7 
1 2 4 0 - 3 7 8 3 
I 2 4 1 0 3 2 

4 2 7 0 - 3 
1 2 4 3 - 5 6 - 2 3 
I 2 4 4 - 4 4 - 1 7 
1 2 4 5 - 4 0 - 5 2 
I 2 4 6 0 - 2 2 
1 j 4 7 - 2 1 2 7 
1 3 4 1 - 3 1 - 6 5 
1 3 4 2 7 8 - 9 0 
I 3 4 3 0 3 5 
1 3 4 4 - 0 9 4 3 
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K L lo ro 10PC 

6 0 4 2 4 - • 3 7 
e 2 0 • I t 
6 4 4 0 / - 6 1 J 
a ft 1 1 / - 1 3 1 
s It / O 4 9 
9 10 6 9 5 1 
e 12 211.1 - 2 9 0 

* 14 IJ 6 1 
1 ft - 3 7 
2 I I I " - 2 1 4 

s 3 1 1 9 6 
D « 10 1 - I I J 
b a 1 4 4 - 1 9 0 
a a I U 6 1 1 1 

ft / - J J - 1 2 
* n 0 2 6 
6 •i 4 4 - 6 J 
5 I U 1 / I - | u 0 
b 11 111* - j 3 
3 17 0 3 4 
a i J - 4 a y * 
s 14 - » j <u 
a a J - - j - : i / ' i 
a I J O ' / - 2 9 6 
0 2 4#,a 4 C J 
9 J 2 0 3 2 0 4 
• 4 - ^ 1 3 9 
9 9 2 / 1 - 2 6 4 
a 6 2 / 9 a / o 
a 7 - 2 4 1 
a U 2 2 6 - 2 1 3 
a •J - U J U 
a 10 A H H 4 
» I I 1 1 0 - 9 6 
a 12 - 3 7 - 9 
9 1 J 0 1 6 
a l « 1 1 6 6 0 
a 1 1 1 0 1 2 0 
9 2 u a I S J 
a J 1 2 2 1 3 7 
a 4 0 - 2 2 
a 6 - 3 9 - 6 2 
a 6 0 - 2 1 
a I 0 8 7 
a A 0 - 9 
a V - 2 7 3 1 
• 10 7 9 9 0 
s 11 0 1 4 
a 12 0 - z a 
£ 13 1 0 2 10 1 
a I * 0 - 3 7 
a 0 I 0 « - 1 1 3 
a 1 - 4 1 - 1 1 
a 2 1 2 2 I I ? 
6 3 2 0 9 2 0 7 
5 4 2 7 7 - 2 7 2 
a a - J 7 • a * 1 6 9 1 8 1 
a 7 - 4 6 3 5 
5 8 - 2 9 - 3 1 
« 0 3 2 
9 10 7 7 6 5 
a 1 1 - 5 9 - 2 6 
• 12 0 - 4 9 
a 1 3 0 2 0 
s 1 9 0 3 7 
a 2 2 7 6 - 2 J 0 
a 4 - 4 3 9 9 
a 4 9 4 3 7 
a 9 0 - 9 
a 6 9 3 6 2 
a 7 1 2 1 - 1 2 3 
a a - S 4 - 2 
9 9 6 3 1 7 
£ 10 7 2 - S O 
t I I - 4 1 - J 3 

: 2 7 5 - 1 4 
9 u - S 4 1 / 
a 0 2 9 2 - 3 1 9 
a I 8 2 - 9 3 
a 2 1 6 8 1 3 3 
a 3 0 l b 
9 4 7 6 BW 
.9 9 - 4 4 - 4 0 
s £i •if 1 0 8 
a ? - j 9 - 4 6 
5 8 1 7 7 - 1 9 7 
a 9 6 7 6 1 
9 I C 0 4 A 

1 K L l o r o l o r e 

4 » 1 1 - 1 4 - 7 9 
6 9 12 0 1 4 
1 5 1 0 - 2 8 
J a 2 13-i l » 
7 5 3 u a J O 
7 a 4 - 4 a 8 2 
7 a a 0 4 
7 9 6 1 7 7 - 1 7 1 
7 a / - 3 5 2 8 
7 a 8 1 0 1 9 6 
7 a 9 - 9 6 I 4 
7 a 10 A 1 7 9 
I a 1 1 0 9 
a a 0 - 9 6 2 
t a 1 0 - 1 2 
C a ! i a s l o » 
0 a 3 10 1 i n 
( a 4 29.1 - 3 1 9 
a 3 a - Ji.» - 1 1 
r. a 6 :: l l> 2 1 6 
< a 7 c 6 
8 a a 0 • 2 0 
a a 9 0 9 1 
« • 10 7 6 l l ' J 
ii a I f - I v - 4 4 
• a i - S I -115 

i 6 2 1 3 / l . ! t 
s a 3 7 1 6 / 
f a 4 7 0 - I V 

a 9 - 3 9 - J B 
V a 6 - 6 0 • I 
\ a 7 - 2 2 - 4 
V 6 B to - 9 2 
9 a V 0 - 1 
S 8 1 0 - 8 6 - 1 7 

l o 8 0 1 2 5 - l l » 
1 0 a 1 0 - 1 
1 0 a * - 2 4 a 
10 8 3 0 2 3 
1 c a 4 9 / - '71 
1 0 a r> 0 If J 
I I I 8 6 - 1 9 a 4 
1 0 a r 6 / 2 7 
10 t a 1 0 / — I I - . * 
11 9 I 9 6 -'in 
11 a 2 - « b - I 
1 1 a 3 0 2 
11 a 4 - i * 2 6 
11 c 5 0 6 6 
11 a l> 7 6 - 1 2 
12 6 0 - 2 1 - 8 
1 7 a 1 (12 - 4 J 
1 . a 2 V I 7 / 
12 a J - : i o - 3 1 
1 2 3 4 - !•> - 5 4 

0 6 0 1 / / 1 6 6 
c 6 <r u -» c 6 4 - 4 a - 2 J 
0 • 6 i i . i - 9 2 
c « 4> l \ d 111/ 
c 6 ! 0 0 - I 
a 6 12 '••i - 7 1 
i 6 1 1 1 4 - 1 0 3 
i 6 2 1 2 0 - 1 1 3 
i 6 3 I aa - 1 6 1 
i 0 4 I J / . - 1 4 9 
i 6 9 1 7 2 1 7 2 
i 6 6 » 4 3 9 
i 6 7 9 9 - | 0 » 
i 6 S - a s - 6 9 
l 6 •J 9 J 9 7 
i 6 10 1 9 9 - 1 4 6 
i 6 11 0 - 1 0 3 
i a V 2 " - 7 9 - — J O 
2 o 0 0 1 1 
2 6 1 7 4 - 9 » 
S « 2 1 4 4 - 1 * 3 
2 6 3 1 0 3 - 1 6 4 
2 6 4 I / O 1 8 3 
2 6 9 0 - 1 4 
2 6 6 9 3 - 6 3 
i 6 7 6 3 - 9 2 
3 6 S 7 4 - 1 2 2 
2 6 9 1 / 6 - 1 8 9 
i 6 1 0 0 - 6 
2 6 11 8 1 7 9 
2 6 1 2 - 2 3 3 4 
3 6 1 1 1 0 8 4 
3 6 2 2 1 9 21 1 

X t l o r o l o r e 

6 3 2 0 6 - - 1 9 6 
a 4 6 0 9 
6 9 2 3 9 2 3 3 
6 6 - 4 3 - 6 0 
6 7 I 4 S - 1 5 3 
6 8 0 I I 
4 9 1 7 4 1 6 0 
6 1 0 i l l 9 0 
6 I I 0 - 2 2 
a 12 6 J - I 9 
a 0 3 / 0 3 6 8 
6 1 1 0 9 9 0 
6 2 1 9 4 - 1 8 6 
6 3 - 3 0 4 3 
A 4 - 3 7 3 
4 3 8 2 1 0 0 
6 A 0 - 3 6 
6 7 toO 1 3 
a 6 I J o 1 1 6 
6 9 - 3 3 3 8 
6 1 0 7 9 4 7 
4 11 0 4 8 
4 1 1 3 3 1 9 3 
6 2 1 1 9 - 1 2 3 
a 3 - 1 6 - 9 3 
a 4 - 3 6 - 6 
6 9 - 3 3 2 2 
6 6 0 9 9 
6 7 1 2 3 - 4 2 
6 8 0 1 3 
6 9 - 5 2 7 4 
6 1 0 7 4 - 7 6 
a 11 - 1 5 - 4 0 
6 0 4 3 
6 1 0 I B 
6 2 0 - 6 7 
6 3 1 4 8 - 1 6 0 
a 4 l / J 1 6 9 
6 3 0 - 3 7 
6 6 - 1 4 - 4 3 
« 7 - 4 / - 2 7 
6 a 0 - 5 3 
6 9 0 - 1 3 
6 1 0 0 - 3 7 
6 1 1 3 9 1 3 1 
A 2 1 1 1 I I I 
C. 3 m o - 1 1 1 

• 4 0 S 
4 3 - 3 3 3 0 
a 6 0 - 8 4 
c •» 0 - 9 
6 It - 2 0 3 6 
« 9 0 3 7 
6 0 - 2 9 7 9 
6 1 | 4 U 1 3 1 
6 2 1 2 3 - 3 2 
6 3 9 6 - 9 6 
a 4 1 1 9 - 1 1 2 
6 s 0 2 in 
6 6 0 2 U 
4 / - 6 1 6 7 
a 8 0 4 1 
6 1 7 a 3 0 
6 2 1 0 0 - 1 0 2 
6 3 I Oi l - i o a 
6 4 o 4 4 
6 6 1 2 3 • a 

a 7 .» -To a 0 0 - 1 3 
a 1 •) 6 
4 .* i» - * » 4 3 0 - I 1 
a 4 1l\ l l ' l 
o 3 0 - a 
; 0 I I J 1 3 0 
7 2 0 it 
7 4 6 6 3 0 
7 a 7 3 u a 
7 6 1 1 9 1 1 3 
7 10 0 2 V 
7 1 - 6 1 I I I 
7 2 11} -It 
7 3 0 6 3 
7 4 - 3 4 - 3 7 
7 9 7 | - 9 8 
7 6 7 2 6 7 
7 7 1 0 / 1 2 1 
7 6 (12 - U l 
7 9 1 1 2 - 1 0 7 

• X L l o r o l o r e 

1 0 2 - 1 l u 
9 2 - 4 6 

1 1 1 - 1 0 2 
0 .10 

141 1 3 9 
0 - 9 4 

1 4 7 - 1 3 3 
0 - 2 6 

- 3 2 - 4 1 
- 1 , 0 - 2 3 

7 3 - 9 7 
0 4 4 

2 1 4 2 0 1 
9 2 1 4 
9 * - 4 5 
6 3 - 4 J 

- J 9 - 6 3 
0 - 3 
O - 1 0 

- 3 1 - 7 3 
1 9 2 2 1 0 
10 / - 5 2 

O S - 7 9 
6 7 8 9 

0 - 1 4 
0 - 4 4 

- 4 6 - 7 9 
0 t 

2 0 9 2 0 O 
a 4 0 

- 9 4 2 6 
6 6 - 4 3 

- 5 9 6 0 
- 4 6 - 4 3 

O - 4 9 
9 6 5 9 

- 4 2 7 9 
7 / 6 9 

O 7 6 
O - 1 6 

- 3 6 - 6 1 
O 4 3 
0 5 3 
0 -« 0 2 7 
0 2 4 

- 3 0 - 3 0 
0 - 1 

- 3 3 I B 
- 4 1 3 7 
I I Z - 2 6 
- 3 0 - 2 8 

0 J 9 
0 - 2 3 

7 4 - S I 
0 4 6 
u — 4 1 

1 4 6 - 1 4 3 
1 6 0 2 0 0 
1 J 2 - I J 3 

7 7 7 1 
1 2 4 - 1 2 J 

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

0 -1 
7 3 6 1 

2 0 2 - 2 0 1 
- 5 2 4 9 

9 3 1 0 2 
6 3 - 3 6 

0 1 3 
- 6 0 - J 

0 9 
1 3 6 - 1 2 6 
I I 1 0 2 

6 2 9 7 
7 3 - 1 8 

- J J I - 6 0 
0 2 2 

6 3 4 1 
0 2 0 

n-t - I 1 B 
1 J 1 - 1 1 6 
I 3 J - 1 2 8 

o - 7 8 
0 2 6 
0 0 
a 0 
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C H A P T E R N I N E 

T H E C R Y S T A L S T R U C T U R E 

O F 

Z n ( C 5 H 5 ) C H 3 



Introduction 

T h e s t r u c t u r e d e s c r i b e d and d i s c u s s e d in this s e c t i o n , r e l a t e s to 

a c y c l o p e n t a d i e n y l z i n c d e r i v a t i v e in which the z i n c is involved in multi -

cen t re bonding to c a r b o n . 

T h e c r y s t a l s t r u c t u r e s of s e v e r a l cyc lopentadienyl - group I I metal 

complexes have been r e p o r t e d , namely , b iscyc lopentad ieny l bery l I ium 

(Wong, L e e , C h a o and L e e , 1972, Haa land and Novak, 1974) , 

d icyclopentadienylmagnesium (Bunder and W e i s s , 1975), 

d icyc lopentad ieny lca lc ium ( Z e r g e r and S t u c k y , 1974) and a l s o of a 

cyc lopen tad ieny lmercury d e r i v a t i v e ( P h j P C 5 H ^ H g ^ ^ (Holy , B a e n z i g e r , 

F l y n n and S w e n s o n , 1976). T h e in tervening group I1B meta ls , z i n c and 

cadmium, appear to have been n e g l e c t e d , and although s e v e r a l 

c y c l o p e n t a d i e n y l z i n c d e r i v a t i v e s have been s y n t h e s i s e d ( S t r o h m e i e r 

and L a n d s f e l d , 1960) and v a r i o u s s p e c t r o s c o p i c s tud ies repor ted 

( L o r b e r t h , 1969, B r u n v o l l , C y v i n and S c h a f e r , 1970)-, the p r e s e n t 

work is be l ieved to be the f i r s t r e p o r t e d c r y s t a l lographic study of a 

eye I opentadieny I z i n c der i vati ve . 

P r e v i o u s to this w o r k , the abi l i ty of z i n c to par t ic ipa te in multi -

cen t re bonding to c a r b o n , could only be i n f e r r e d from indirect s t u d i e s , 

namely , the degree of a s s o c i a t i o n of b ispheny le thyny lz inc (Je f fe ry and 

Mole, 1968) , the observa t ion of in t ramolecu lar metal - d o u b l e bond 

i n t e r a c t i o n s , in the c y c l i s a t i o n of d i - 5 - h e x e n y l z i n c ( S t . D e n i s , O l i v e r , 

Do lz ine and S m a r t , 1974) , s tud ies of the r a t e s of a lkyl group exchange 

r e a c t i o n s of z i n c a l k y l s ( O l i v e r , 1970) and of the s p e c t r o s c o p i c s tud ies 

of other a l k e n y l z i n c compounds ( S t . D e n i s , O l i v e r and S m a r t , 1972). 

P r e p a r a t i o n 

T h e compound w a s p r e p a r e d from the r e a c t i o n of methylz inc iodide 

and sodium cyc lopentad ien ide in t e t r a h y d r o f u r a n , giving c o l o u r l e s s 

n e e d l e - s h a p e d c r y s t a l s , which r e d i s s o l v e d r e a d i l y in te t rahydrofuran . 

C r y o s c o p i c measurements on the s o l u t i o n , suggested the p r e s e n c e of 

monomeric units of Z n ( C j H ^ C H ^ . T h e i n f r a r e d and ' H n . m . r . s p e c t r a 

of the solut ion w a s cons is tent with a pentahapto co-ord ina t ion of the 

cyclopentadienyl g r o u p s , s u c h a s would al low full use of the meta ls 

va lence she l l atomic o r b i t a l s , the cyc lopentadienyl groups functioning 

as f ive e l e c t r o n l igands . 

T h e p r e p a r a t i v e and s p e c t r o s c o p i c work on this compound was 

undertaken by Aoyagi and Wade , 1977. 
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C r y s t a l Da ta 

The compound c r y s t a l l i s e d as whi te , a i r - s e n s i t i v e need les which 

we re s e a l e d in quar tz c a p i l l a r y tubes for the purpose of data co l l ec t ion . 

T h e c r y s t a l s e l ec ted had d imensions of 0. 16 x 0. 26 x 0. 42 mm, wi th 

elongation along the c - a x i s . 

P r e l i m i n a r y s tud ies us ing the p r e c e s s i o n method showed the unit 

ce l l to be or thorhombic . T h e condit ions l imiting r e f l e c t i o n s w e r e : -

h k l h + k = 2 n 

Ok I k = 2 n 

hOI h = 2 n ( l = 2 n ) 

h k O h + k = 2n 

hOO h = 2 n 

OkO k = 2 n 

001 I = 2 n 

and these e s t a b l i s h e d the s p a c e group a s e i ther C m c m or C m c 2 i . 

More a c c u r a t e unit ce l l d imensions w e r e obtained from a l e a s t -

s q u a r e s treatment of the pos i t ions of twelve high o r d e r r e f l e c t i o n s , 

measured on a f o u r - c i r c l e d i f f ractometer . 

Z n ( C 5 H 5 ) C H 3 

M = 145.49 

a = 8 .944(2) A 

b = 7 .044(2) A 

c = 9 .476(2) A 

Z 4 
_3 

Dm = 1. 60 g. cm 
- 3 

D c = 1. 60 g. cm 
Absorp t ion coef f ic ient for Mo K rad ia t ion = 3 8 . 5 7 cm \ 

Data Col lect ion 

T h e intensi ty data w e r e co l l ec ted on a H i lger and Watts f o u r - c i r c l e 

d i f f ractometer us ing Mo K a , Z r - fi I tered rad ia t ion . 

A 9 - 2 9 s c a n n i n g technique was employed c o n s i s t i n g of eighty s teps 

of 0.01° . A counting time of three s e c o n d s per step w a s chosen 

together with a background count of s ix ty s e c o n d s m e a s u r e d at the 

beginning and end of each s c a n . T h r e e intense r e f l e c t i o n s w e r e chosen 

as s t a n d a r d s and m e a s u r e d af ter e v e r y forty r e f l e c t i o n s . 
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T h e s e s tandard r e f l e c t i o n s w e r e used to c a l c u l a t e a s c a l e factor 

enabl ing the data to be p laced on a common s c a l e . 

T w o equivalent octants h k I and h k I of r e c i p r o c a l s p a c e w e r e 

s c a n n e d , up to a limit of 8 = 25° . A f ter a v e r a g i n g , a total of 300 

unique r e f l e c t i o n s w e r e obtained of which 250 w e r e c l a s s e d as o b s e r v e d 

r e f l e c t i o n s , having net counts ^ 2 . 5 a . T h e data was c o r r e c t e d for 

L o r e n t z and p o l a r i s a t i o n ef fects and a l s o for absorpt ion . 

So lut ion And Refinement 

T h e s t r u c t u r e was so lved through the use of the P a t t e r s o n function 

which for both the c e n t r i c and non - c e n t r i c s p a c e groups takes the form 

g oo os OA 2 

P ( u , v , w ) = T - . ^ X ^ I ^ h l c l l c o s 27r h u c o s 2nk v cos 2n I w 
v 0 0 0 

T h e function was ca lcu la ted over o n e - e i g h t h of the unit ce l l and 

sharpened by us ing as coef f ic ients the p roduc ts | F o | | E | . 

S i n c e the unit ce l l conta ins four f o r m u l a - u n i t s , c e r t a i n c o n s t r a i n t s 

a r e p l a c e d upon the posi t ions of the z i n c and methyl carbon atoms, and 

of the cyc lopentadienyl groups . In the c e n t r i c c a s e , both the z i n c and 

methyl c a r b o n atoms must occupy 4 - fold s p e c i a l p o s i t i o n s , w h e r e a s in 

the n o n - c e n t r i c c a s e both atoms must l ie on the s ing le m i r r o r plane at 

x = 0. C e r t a i n c o n s t r a i n t s a r e a l s o imposed upon the posi t ion of the 

cyc lopentadienyl group, and in the n o n - c e n t r i c c a s e , one atom must l ie 

on the m i r r o r p lane . 

In the vec to r map, a la rge peak w a s o b s e r v e d at the posi t ion ( 0 . 0 , 

0. 1 825 , 0. 50) with a peak height of 435 with r e s p e c t to the or ig in peak 

of 999. T h e z i n c atom was p l a c e d at the posi t ion (0. 0 , 0. 091 2 , 0. 25) 

and for both s p a c e g r o u p s , a r e l a t e d z i n c atom would be s i tuated at the 

posi t ion ( 0 . 0 - 0 . 0 9 1 2 , 0 . 7 5 ) , d e r i v e d by the 2 - f o l d s c r e w a x i s along 

c , and in the c e n t r i c c a s e , by the c e n t r e at the o r i g i n . In both c a s e s , 

this r e s u l t s in a cent rosymmetr ic ar rangement of the z i n c atoms, and 

in the c e n t r i c s p a c e group, the z i n c atoms would occupy the 4 - f o l d 

pos i t ions r e s u l t i n g from the i n t e r s e c t i o n of the two m i r r o r p l a n e s . 

T h e pos i t ion of the z i n c atom w a s r e f i n e d us ing least - s q u a r e s 

methods, and an e lec t ron densi ty d i f f e rence map computed, based upon 

the phas ing of the z i n c atoms. T h i s map which is consequent ly 

centrosymmetr i c , r e v e a l e d a wel l def ined peak of height 4. 6 e. A at 

the posi t ion ( 0 . 0 , 0 . 3 7 3 4 , 0 .25) and this w a s in terpreted as being due 

to the methyl ca rbon atom. 
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F u r t h e r peaks w e r e o b s e r v e d with heights ranging from 3 . 8 to 
° - 3 

4. 6 e. A , but as these w e r e poor ly def ined, an attempt was made 

to improve the reso lu t ion by computing a fur ther e l e c t r o n densi ty 

d i f fe rence map based upon the r e f i n e d posi t ions of both the z i n c and 

methyl carbon atoms. With a n i s o t r o p i c temperature f a c t o r s a l loted to 

both atoms, ref inement r e s u l ted in an R - value of 0. 205. 

S i n c e the z i n c and methyl ca rbon atoms a r e c e n t r o s y m m e t r i c , then 

the computed e lec t ron densi ty i s a l s o cen t rosymmet r ic and shows the 

symmetry of the c e n t r i c s p a c e group C m c m . C a r e f u l examination of 

the map r e v e a l e d three peaks in the asymmetr ic unit,- elongated along 

an a r c in a plane p a s s i n g through the or ig in and p e r p e n d i c u l a r to the 

m i r r o r plane at x = 0. T h i s p lane a l s o contains the 2 - f o l d a x i s p a r a l l e l 

to a , which p a s s e s through the o r i g i n . . T h e elongation of the peaks w a s 

attr ibuted to there being s e v e r a l c l o s e l y s p a c e d atoms per peak , and 

the atomic posi t ions w e r e s e l e c t e d s o that 5 - m e m b e r e d r i n g s w e r e 

generated in two d is t inct o r ien ta t ions 

m m 

Orientation A Orientation B. 

In or ientat ion A , one atom l i e s on the m i r r o r plane at x = 0, w h i l s t 

in or ientat ion B , one atom l i e s on the 2 - f o l d a x i s p a r a l l e l to a . 

F o r e i ther or ientat ion the cyc lopentadienyl groups l ie m i d - w a y 

between the z i n c atoms and there fore act as br idging uni ts . 

Ref inement In T h e Non - c e n t r i c S p a c e Group 

A cyclopentadienyl group with or ientat ion A s a t i s f i e s the symmetry 

requ i rements of s p a c e group C m c 2 i . With an iso t rop ic temperature 

fac to rs for the z i n c and methyl ca rbon atoms, and i so t rop ic temperature 

fac to rs for the cyc lopentad ieny l carbon atoms, the R - v a l u e becomes 

0 .0643 . With a n i s o t r o p i c temperature f a c t o r s for the cyc lopentad ieny l 

carbon atoms, the R - v a l u e became 0 .0546 . 
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With M o K a r a d i a t i o n , the z i n c atoms make an anomolous contr ibut ion 

to the s c a t t e r i n g , which r e s u l t s in different v a l u e s of the s t r u c t u r e 

f a c t o r s c a l c u l a t e d for the arrangement d e s c r i b e d above , and the 

a l ternate arrangement in which the y and z c o - o r d i n a t e s of the 

cyc lopentadienyl ca rbon atoms have been r e v e r s e d in s i g n . In this 

latter conf igura t ion , R - v a l u e s of 0. 0645 and 0. 0549 w e r e obtained 

c o r r e s p o n d i n g to i s o t r o p i c and an iso t rop ic temperature f a c t o r s being 

attr ibuted to the cyc lopentad ieny l carbon atoms. T h e s e v a l u e s a r e in 

v e r y c l o s e agreement with the v a l u e s obtained p r e v i o u s l y . E l e c t r o n 

density d i f f e rence maps computed for both a r rangements showed smal l 
° —3 

peaks (0. 5 - 0. 75 e. A ) lying in posi t ions mid - way between the r i n g 

carbon a toms, and s t rong ly suggested the p o s s i b i l i t y of d i s o r d e r i n g in 

the cyc lopentad ieny l g r o u p s , and that the s p a c e group w a s the c e n t r i c 

C m c m. 

Ref inement In T h e C e n t r i c S p a c e Group 

In the c e n t r i c s p a c e group C m c m , cyclopentadienyl groups may be 

posi t ioned with or ienta t ion A or with or ientat ion B . F o r e i ther 

or ientat ion the c e n t r e of symmetry at the or ig in would generate a second 

5 - membered r i n g , r e s u l t i n g in d i s o r d e r i n g of the cyc lopentad ieny l 

groups. 

The s t r u c t u r e was re f ined for both or ientat ions with a n i s o t r o p i c 

temperature f a c t o r s for the z i n c and methyl carbon a toms, and i s o t r o p i c 

temperature f a c t o r s for the cyclopentadienyl ca rbon atoms. 

The cyc lopentad ieny l ca rbon atoms w e r e a s s i g n e d s i te occupat ion 

f a c t o r s of 0. 5. C a l c u l a t e d R - va lues wer e 0. 0629 for or ientat ion A 

and 0 .0647 for or ienta t ion B . An e lec t ron density d i f f e rence map 
o _3 

computed for e a c h or ien ta t ion , showed small peaks (0. 5 e. A ) ly ing 

between the r i n g ca rbon atoms. T h e s e peaks o c c u r r e d at the atomic 

s i t e s s e l e c t e d for the a l te rnate or ien ta t ions . T h e a p p e a r a n c e of these 

peaks led to the c a l c u l a t i o n of s t r u c t u r e f a c t o r s for a composite 

s t r u c t u r e in which atoms w e r e p laced at the s i t e s found for both 

or ienta t ions A and B . 

T h e z i n c and methyl ca rbon atom C(4) wer e a l lowed to r e f i n e , but 

the posi t ion of the cyc lopentadienyl carbon atoms remained f i xed . With 

iso t rop ic temperature f a c t o r s for the cyclopentadienyl ca rbon atoms, 

and occupat ion f a c t o r s of 0 . 2 5 , the R - v a l u e d e c r e a s e d to 0 . 0 6 0 . 



Cyclopentad ieny l hydrogen atoms w e r e then p l a c e d at their 

c a l c u l a t e d p o s i t i o n s , and a weighting scheme appl ied . In the final 

re f inement , the hydrogen atom pos i t ions remained f ixed but their 

i so t rop ic temperature fac to rs w e r e re f ined as a common fac tor . T h e 

r e s u l ting R - v a l u e s were now 0 .057 for or ientat ion A and 0 .059 for 

or ientat ion B . An R - v a l u e based on the composite s t r u c t u r e was 

0. 055. 

T h e c a l c u l a t e d R - va lues for the three mode ls , re f ined with 

weight ing, and with ca lcu la ted cyc lopentadienyl hydrogen atoms, a r e 

I isted below. 

C a l c u l a t e d R - v a l u e s 

Model C e n t r i c C e n t r i c C e n t r i c 

Or ienta t ion A Or ienta t ion B Composi te 

R - v a l u e 0.0571 0 .0590 0 .0550 

R w - va lue 0.0711 0 . 0792 0 .0698 

E a c h model w a s compared by the use of s t a t i s t i c a l s i g n i f i c a n c e tes ts 

on the R - v a l u e s (Hamil ton, 1965) , and for the composite a r rangement , 

the number of p a r a m e t e r s was taken a s the number of p a r a m e t e r s re f ined 

in the two or ien ta t ions . At the 0 . 5 % s i g n i f i c a n c e l e v e l , no s ign i f icant 

d i f fe rence w a s found between any of the m o d e l s , suggest ing that no 

s ing le model was a p r e f e r r e d r e p r e s e n t a t i o n of the e l e c t r o n densi ty . 

T h e continued p r e s e n c e of smal l peaks lying m i d - w a y between the 

r ing atoms in the two or ien ta t ions , s t rong ly s u g g e s t s that the 

cyc lopentadienyl groups a r e highly d i s o r d e r e d or even rotat ing a s 

implied in the composite s t r u c t u r a l a r rangement . 

A unit weighting scheme was used in the e a r l y s tages of ref inement 

but was r e p l a c e d in the final ref inement by the weighting scheme 

1 
w = 

[ c 2 ( F ) + g . F 2 ] 

The finaj va lue of g was 0 .01375 . 

T h e weight ing a n a l y s i s is given in T a b l e 9. 8 , and the final atomic 

and thermal p a r a m e t e r s a r e given in T a b l e s 9. 1 and 9. 2. Atomic 

s c a t t e r i n g f a c t o r s w e r e taken from 

A c t a C r y s t . , A 2 4 (1968) 321 

A c t a C r y s t . , A24 (1968) 390 

1 86 



T h e complex components of the s c a t t e r i n g f a c t o r s for z i n c wer e 

obtained f r o m : -

J . Chem. P h y s . , 53 (1970) 1891 

S t r u c t u r e f a c t o r s a r e l i s ted in T a b l e 9 . 9 . 

D e s c r i p t i o n And D i s c u s s i o n of T h e S t r u c t u r e 

In the c r y s t a l l i n e s ta te , the s t r u c t u r e c o n s i s t s of p u c k e r e d c h a i n s 

of z i n c a toms, each with a methyl group a t tached , l inked by br idging 
o 

cyclopentadienyl groups inc l ined at an angle of 65 to the z i n c - z i n c 

v e c t o r s ( F i g u r e 9a) . 

In the cen t rosymmet r i c s p a c e g roup , two d is t inct or ientat ions of the 

cyc lopentadienyl group (Or ienta t ions A and B , F i g u r e s 9b and 9 c ) , 

have been c o n s i d e r e d , but the most r e a l i s t i c in terpreta t ion of the 

s t r u c t u r e is a d i s o r d e r e d ar rangement c o n s i s t i n g of both o r i en ta t ions , 

or p o s s i b l y , rotat ion of the cyc lopentadienyl g roups . T h e individual 

o r ien ta t ions A and B , can h o w e v e r , be taken - to r e p r e s e n t the two 

ex t remes of the s t r u c t u r e . 

Smal l p e a k s lying m i d - w a y between the r i n g atoms w e r e o b s e r v e d 

in the c a s e of f e r r o c e n e , and a d i s o r d e r e d arrangement of the 

cyc lopentadienyl r i n g s w a s postulated in o r d e r to d e s c r i b e the s t r u c t u r e 

(Duni tz , Orge l and R i c h , 1956). 
o 

S i n c e the cyclopentadienyl groups a r e inc l ined at 65 to the metal -

metal v e c t o r s , some atoms in e a c h r i n g a r e brought into c l o s e proximity 

to the z i n c atoms. In or ientat ion A , atoms C ( l ) A , C(2) A and C ( 2 D ) A 

a r e c l o s e r to Z n 1 , with z i n c - c a r b o n d i s t a n c e s of 2. 22 , 2. 65 and 
o _ 

2. 65A r e s p e c t i v e l y , whi ls t atoms C(3) A and C ( 3 n ) A a r e c l o s e r to Z n , 
o 

both with d i s t a n c e s of 2. 31 A ( T a b l e 9. 3) . 
0 

T h e s h o r t e r z i n c - c a r b o n d i s t a n c e s , 2 . 2 2 and 2. 31 A , a r e c o n s i d e r e d 

to involve s t rong Z n - C bonding i n t e r a c t i o n s , and may be compared 
o o 

with the copper - ca rbon d i s t a n c e s of 2. 24A and 2. 30A in 

( C 5 H 5 ) C u P ( C 2 H G ) 3 ( D e l b a e r e , M c B r i d e and F e r g u s o n , 1970) and 

T T ( C 5 H 5 ) C u P ( C G H 5 ) 3 (Cotton and T a k a t s , 1970). T h e longer Z n - C 

d is tance of 2. 6 5 A , is s t i l l c o n s i d e r e d to involve some degree of 

bonding, and thus the cyc lopentadienyl group may be r e g a r d e d as 

contr ibut ing f ive e l e c t r o n s to the two z i n c atoms. 
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F i g u r e 9a 
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In or ienta t ion B , atoms C ( 2 ) B and C ( 3 ) B a r e c l o s e r to Z n , with 

z i n c - c a r b o n d i s t a n c e s of 2. 25 and 2. 41 A , wh i ls t C ( 2 r a )B and C ( 3 r a ) B 
o 

a r e c l o s e r to Z n , a lso with d i s t a n c e s of 2 . 2 5 and 2. 41 A . A s be fore , 

these d i s t a n c e s a r e c o n s i d e r e d to involve z i n c - c a r b o n bonding 
0 j 

i n t e r a c t i o n s . T h e atom C ( 1 ) B is equ id is tant , 2. 7 4 A , from bothZn and 

Z n , and impl ies a s m a l l e r in te rac t ion . A g a i n the cyclopentadienyl 

group may be r e g a r d e d as contr ibut ing f ive e l e c t r o n s to the two z i n c 

atoms. 

F o r both o r i e n t a t i o n s , each z i n c atom i s thus sur rounded by a 

d is tor ted tr igonal arrangement of three l i g a n d s , a methyl group 

funct ioning as a one e l e c t r o n l igand, and two cyclopentadienyl groups 

of hap t ic i t i es in the range 2 to 3 , contr ibut ing f ive e l e c t r o n s between 

them. 

T h e extent of d isplacement of the z i n c atoms away from the 
o 

cyclopentadienyl 5 - fold a x i s , i s r e f l e c t e d in the 69 incl inat ion of 

the r ing to the m e t a l - m e t a l v e c t o r s . In Z n ( C j H ̂ )C , this 

d isplacement is intermediate between that found in N a ( C ^ H ^ j T M E D , 

( A o y a g i , S h e a r e r , Wade and Whi tehead , 1976) , where the metal atoms 

l ie on the 5 - f o l d a x i s , and in G a ( C ^ H ^ ) M e 2 (Mer tz , Z e t t l e r , Hausen 

and W e i d l e i n , 1976) , where the metal atoms l ie outs ide the r i n g 

p e r i m e t e r , enabl ing the metal atoms to bond monohapto to the 

cyclopen.tadienyl r i n g . S i m i l a r d isp lacements away from the 5 - f o l d 

a x i s a r e found in c r y s t a l l i n e B e ( C , . H , . ) 2 (Wong, L e e , Chao and L e e , 

1972) , C a ( C 5 H 5 ) 2 ( Z e r g e r and S t u c k y , 1974) , Al ( C 5 H 5 ) M e 2 (D rew 

and H a a l a n d , 1972) and in the tin complex , C g H g S n ^ C I ( B o s , Bul ten 

and N o l t e s , 1 975) . 
o 

T h e z i n c atom l i es 2. 43A from the c e n t r e of the cyc lopentadienyl 
o 

r i n g , and 2. 22A p e r p e n d i c u l a r to the plane of the r i n g , and as w a s 

found in the c a s e of Na (C , . H^) T M E D , the e m p i r i c a l p red ic t ion method 

of J o h n s o n , Toney and S t u c k y , 1972, again becomes inva l id . 
o 

T h e 2 . 22A d i s t a n c e , p e r p e n d i c u l a r to the r i n g plane is of in te res t 

h o w e v e r , in that it a g r e e s wel l with the c o r r e s p o n d i n g d i s t a n c e s in 
o 

other cyc lopentad ieny l metal c o m p l e x e s , namely , 2. 21 A in G a ( C ^ H g ) M e , 

(Mer tz , Z e t t l e r , Hausen and W e i d l e i n , 1976) , 2 . 2 l A i n 

C 5 H 5 M g B r E t 2 N ( C H 2 ) 2 N E t 2 ( J o h n s o n , Toney and S t u c k y , 1972) and 

2. 30A in C 5 H 5 S n ( n ) C I ( B o s , Bul ten and N o l t e s , 1975). 

T h e - M ( C 5 H 5 ) M ( C 5 H 5 ) M ( C 5 H 5 ) - cha in s t r u c t u r e of Z n ( C 5 H 5 ) C H 
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may be compared with those of In ( C ^ H,.) and T l ( C , . H , . ) ( F r a s s o n , 

Menegus and P a n a t t o n i , 1963) , P b ( C 5 H , . ) 2 (Panat ton i , Bombier i and 

C r o a t o , 1966) , Ga ( C 5 Hg) M e 2 (Mertz , Z e t t l e r , H a u s e n and W e i d l e i n , 

1976) and with the sodium d e r i v a t i v e , Na (C , . H,.) T M E D ( A o y a g i , 

S h e a r e r , Wade and Whi tehead , 1976). 

T h e degree of p u c k e r i n g of the c h a i n , 149° in Z n (C , . H,.) C , 

121° i n P b ( C 5 H 5 ) 2 , 137° in l n ( C 5 H 5 ) and angles of 1 28° and 1 1 9° 

in N a ( C j H ^ ) T M E D , r e f l e c t s the spat ia l requ i rements of the terminal 

subst i tuents (Mer tz , Z e t t l e r , H a u s e n and W e i d l e i n , 1976) or of the 

lone p a i r e l e c t r o n s (Panat ton i , Bombier i and C r o a t o , 1976) on the 

metal atoms. 

In both o r i e n t a t i o n s , the cyc lopentad ieny l groups a r e p lanar within 

exper imental e r r o r (Tab le 9 . 5 ) . T h e mean carbon - carbon d i s t a n c e s 

a re 1 . 4 0 6 ( 7 ) A f o r or ientat ion A and 1. 391 (1 0 )A for or ientat ion B , and 
o 

these v a l u e s can be compared with 1 .41 (2 )A in B e ( C g H , . ) 2 (Wong, L e e , 

Chao and L e e , 1972) , 1. 39(2)A in Mg ( C 5 H 5 ) 2 (Bunder and W e i s s , 1975) , 

1 .43(3)A in ( C 5 H j ) Mg B r E t 2 N ( C N E t 2 ( Johnson , Toney and S t u c k y , 

1972), 1. 386A in P b ( C 5 H 5 ) 2 ( Pana t ton i , Bombier i and C r o a t o , 1966) 

and a va lue of 1 .39(2)A in the c a l c i u m d e r i v a t i v e , C a ( C g H ( . ) 2 ( Z e r g e r 

and S t u c k y , 1 974) . 
o 

T h e z i n c - c a r b o n s ing le bond d i s t a n c e , Z n - C ( 4 ) 1 .96(1)A is in 
o 

good agreement with the z i n c - c a r b o n d i s t a n c e s of 1. 92(1 )A found in 

C 2 H 5 Z n l (Moseley and S h e a r e r , 1966) and 1. 94(1 )A found in ( C H ^ Z n 

(Rundle , O l s o n , S t u c k y and E n g e b r e t s o n , 1963). 

Non - bonding Contac ts Within T h e C h a i n 

Non - bonding contacts o c c u r r i n g within each individual cha in a r e 

given in T a b l e 9 . 6 . Only the methyl ca rbon atoms and the 
o 

cyclopentadienyl carbon atoms a r e involved in contacts l e s s than 4 A . 
o 

T h e s h o r t e s t of these c o n t a c t s , 3. 2 5 A , invo lves atoms C ( l ) A and C ( 1 ) A 

in equivalent pos i t ion (x , y , 0. 5 - z ) , and r e p r e s e n t the posi t ion of 

c l o s e s t contact between adjacent cyc lopentadienyl r i n g s in the same 

c h a i n . S i n c e th is contact invo lves ca rbon atoms both of or ientat ion A , 

then this r a i s e s the quest ion as to whether adjacent cyc lopentad ieny l 

r i n g s can both have this or ien ta t ion . 
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Non - bonding C o n t a c t s Be tween C h a i n s 

Non - bonding contac ts o c c u r r i n g between c h a i n s a r e given in 
o 

T a b l e 9 . 7 . Up to a limit of 4 A , these contacts o c c u r between 
o 

cyclopentadienyl ca rbon atoms and the s h o r t e s t contact i s 3. 69A . 
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T a b l e 9. 1 Z n ( C 5 H 5 ) C H 3 

F i n a l Atomic C o - o r d i n a t e s And T h e i r E s t i m a t e d S t a n d a r d D e v i a t i o n s 

Atom x / a y / b z / c 

Z n 0. O(-) 0. 0908( 2) 0. 25( - ) 

C(4) o . o { - ) 0. 3690(17) 0. 25( - ) 

C ( 1 ) A 0. O(-) 0. 1240(25) - 0 . 0785(21) 

C ( 2 ) A 0. 1297(12) 0. 0350(1 8) - 0 . 0 1 6 7 ( 1 5 ) 

C (3 )A 0. 0679(1 1) - 0 . 1085(12) - 0 . 0701(1 1) 

C ( 1 ) B 0. 1352(15) 0. O(-) 0. O(-) 

C ( 2 ) B 0. 0454(14) 0. 1218(16) - 0 . 0780(13) 

C ( 3 ) B - 0 . 0994(19) 0. 0794(1 8) - 0 . 0504(17) 

H(1)A o . o ( - ) 0 .2346 - 0 . 1541 

H(2)A 0 .2422 0. 0705 - 0 . 0 3 5 5 

H(3)A 0. 1443 - 0 . 2026 0. 1276 

H(1)B 0 .2549 0. O(-) 0. O(-) 

H(2)B 0 .0834 0. 2212 - 0 . 1523 

H(3)B - 0 . 1933 0. 1482 - 0 . 0 9 4 0 



T a b l e 9. 2 Z n ( C 5 H 5 ) C H 3 

A n i s o t r o p i c T h e r m a l P a r a m e t e r s (A ) And T h e i r E s t i m a t e d S t a n d a r d 

D e v i a t i o n s (both x 10 ) 

Atom U 1 1 U 22 U 33 U 23 U 1 3 U 12 

Z n 71 3( 10) 

C(4) 807( 88) 

C ( 1 ) A 531( 45) 

C ( 2 ) A 527( 30) 

C ( 3 ) A 31 8( 20) 

C ( 1 ) B 302( 28) 

C ( 2 ) B 426( 32) 

C ( 3 ) B 534( 31) 

H(1)A 1204(394) 

H(2)A 1 204(394) 

H(3)A 1 204(394) 

H (1 )B 1 209(460) 

H(2 )B 1209(460) 

H(3)B 1209(460) 

317( 9) 

475(71) 

422( 8) 

570(76) 

0. 0 

0. 0 

0. 0 

0. 0 

0. 0 

0 .0 
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T a b l e 9. 3 Z n ( C . H c ) C H 

o 
F i n a l Molecular D i s t a n c e s (A) And T h e i r E s t i m a t e d S t a n d a r d 

o •» 
Dev ia t ions (A x 1 0 ) 

Or ienta t ion A Or ienta t ion B 

Zn C O ) 3. 122 2. 736 

Z n C(2) 2 . 808 3. 142 

Zn C(3) 2 .313 2 .983 

Z n C(4) 1.959(12) 1. 959(1 2) 

Z n 1 - C(1) 2 . 221 2 .736 

Z n 1 - C(2 ) 2 . 649 2. 250 

Z n 1 - C(3) 3. 1 1 3 2. 409 

Z n 1 - C(4) 1.959(12) 1.959(12) 

C(1) - C(2 ) 1.443(16) 1. 388(15) 

C(2) - C(3) 1. 386(16) 1.355(25) 

C(3) - C ( 3 n ) 1. 376(20) 1.471(28) 

T h e s u p e r s c r i p t I r e f e r s to the atom at the posi t ion ( - x , - y , - z ) 

T h e s u p e r s c r i p t n r e f e r s to the atom at the posi t ion ( - x , y , z ) 

T h e s u p e r s c r i p t m r e f e r s to the atom at the posi t ion ( x , - y , - z ) 
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Tab le 9 .4 Z n ( C c H , ) C H 

F i n a l Bond A n g l e s And T h e i r E s t i m a t e d S t a n d a r d Dev ia t ions 

C ( 1 ) A Z n C(4) 85 .7 (1 ) 

C ( 2 ) A Z n C(4) 98. 0(1) 

C ( 3 ) A Z n C(4) 1 27. 4(2) 

C ( 1 ) B Z n C(4) 103. 5(1) 

C ( 2 ) B Z n C(4) 86. 0(2) 

C ( 3 ) B Z n C(4) 91 . 5(2) 

C (1 )A C ( 2 ) A - C ( 3 ) A 1 06. 5(9) 

C ( 1 ) B C ( 2 ) B - C ( 3 ) B 108. 3(9) 



T a b l e 9. 5 Z n ( C 5 H 5 ) C H 3 

Mean P l a n e s 

P l a n e 1 

X + 4. 5546 Y + 7. 2282 Z = 0 .020 

Atom C ( 1 ) A C ( 2 ) A C ( 3 ) A C ( 2 D )A C ( 3 D )A Z n * 

P - 0 . 0 2 0 . 0 2 -0 .01 0 . 0 2 -0 .01 2 . 2 

P l a n e 2 

- X + 4 . 5 8 4 1 V + 7. 1944 Z = 0 . 0 

Atom C ( 1 ) B C ( 2 ) B C ( 3 ) B C ( 2 m )B C ( 3 m ) B Z n * 

P 0 . 0 - 0 . 0 0 0 6 0 .0009 0 .0006 - 0 . 0 0 9 2 . 2 

Ang les Between P l a n e s 

P l a n e 1 P l a n e 2 0. 32 

X , Y , Z r e f e r s to f rac t iona l c o - o r d i n a t e s along the unit c e l l a x e s , 
o 

and P r e f e r s to the d i s t a n c e in A of an atom from the mean p l a n e . 

Atoms marked * a r e not included in the mean plane c a l c u l a t i o n . 



T a b l e 9. 6 Z n ( C , H c ) C H 

N o n - b o n d i n q C o n t a c t s Within T h e C h a i n ( < 4. OA) 

Atom A Atom B Equiva lent C e l l A - B (A 

C(1 )A C(1 )A 5 0 , 0 , 0 3. 250 
C(1 )A C(4) 1 0 , 0 , 0 3. 559 
C(1 )A C(4) 2 0 , 0 , 0 3. 834 
C ( 2 ) A C(4) 1 0, 0 , 0 3. 642 
C ( 2 ) A C(4) 2 0 , 0 , 0 3. 785 
C ( 3 ) A C(1 )A 6 0 , 0 , 1 3. 402 
C ( 3 ) A C ( 3 ) A 8 0 , 0 , 1 3 .677 
C ( 3 ) A C(4 ) 2 0 , 0 , 0 3. 785 
C ( 3 ) A C ( 2 ) A 7 0 , 0 , 0 3. 978 
C (3 )A C(4) 1 0 , 0 , 0 3. 833 
C(1 )B C(4) 2 0 , 0 , 0 3 .719 
C ( 2 ) B C(1 )A 5 0 , 0 , -1 3. 961 

C ( 2 ) B C ( 3 ) A 6 0 , 0 , 0 3. 51 1 

C ( 2 ) B C ( 3 ) A 7 0 , 0 , -1 3. 348 

C ( 2 ) B C(4) 2 0 , 0 , 0 3. 843 
C ( 2 ) B C(4) 1 0 , 0 , 0 3. 586 
C ( 3 ) B C(1 )A 5 0 , 0 , -1 3. 641 
C ( 3 ) B C ( 3 ) A 7 0 , 0 , -1 3. 932 
C ( 3 ) B C(4) 1 0 , 0 , 0 3. 613 
C(4) C(1 )A 5 0 , 0 , 0 3. 559 
C(4) C ( 2 ) A 4 0 , 0 , 0 3. 642 
C(4) C ( 2 ) A 5 0 , 0 , 0 3. 642 
C(4) C ( 3 ) A 4 0 , 0 , 0 3. 833 



T a b l e 9 . 7 Z n ( C , H K ) C H 

N o n - b o n d i n g C o n t a c t s B e t w e e n C h a i n s 1 < 4 . OA) 

A t o m A A t o m B E q u i v a l e n t C e l I A - B ( A ) 

C ( 2 ) A C ( 2 ) A 2 0 . 5 , 0 . 5 , 0 3 . 729 

C ( 3 ) A C ( 3 ) A 2 0 . 5 , 0 . 5 , 0 3 . 9 1 5 

C ( 1 ) B C ( 2 ) A 2 0 . 5 , 0 . 5 , 0 3 . 896 

C ( 1 ) B C ( 3 ) A 2 0 . 5 , - 0 . 5 , 0 3 . 831 

C ( 2 ) B C ( 2 ) A 2 0 . 5 , 0 . 5 , 0 3 . 885 

C ( 3 ) B C ( 2 ) A 3 - 0 . 5 , 0 . 5 , 0 3 . 6 9 5 

T h e n o n - b o n d i n g c o n t a c t s r e f e r to the p o s i t i o n of a tom A in the o r i g i n a l 

c o - o r d i n a t e s l i s t , and atom B a s o b t a i n e d f r o m t h i s , u s i n g the s y m m e t r y 

o p e r a t i o n s g i v e n , a n d r e f e r to the c e l l q u o t e d . 

E q u i v a l e n t P o s i t i o n 

1 x , y , z 

2 _ x , - y , - z 

3 x , - y , - z 

4 - x , y , z 

5 x , y , 0 . 5 - z 

6 - x , - y , z - 0 . 5 

7 x , - y , 0 . 5 + z 

8 - x , y , - z - 0 . 5 
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T a b l e 9 . 8 Z n ( C , H , ) C H 

A n a l y s i s of V a r i a n c e 

S i n 0 0 . 0 - 0 . 1 8 - 0 . 23 - 0 . 26 - 0 . 30 - 0 . 32 - 0 . 34 - 0 . 37 - 0 . 39 - 0 . 41 - 0 . 4 3 

N 27 28 21 30 22 23 32 27 27 13 

V 190 148 130 89 104 86 128 105 146 140 

x J 0 . 0 - 0 . 24 - 0 . 27 - 0 . 29 - 0 . 32 - 0 . 36 - 0 . 38 - 0 . 4 2 - 0 . 4 8 - 0 . 55 - 1. 0 

N 33 23 20 26 31 20 25 24 25 23 

V 162 171 127 102 131 92 85 87 101 184 

2 0 0 



T a b l e 9 . 9 

Z n ( C c H j C H 

F i n a l V a l u e s of the O b s e r v e d a n d C a l c u l a t e d S t r u c t u r e F a c t o r s 



« l i i r o n ' C N I L t i r o l i r e 

M93 I 

H « I i i r o \trc N K i i a r o ia»e N i l l t ' 0 I87C 

f 4 J 991 1 » 4 | 7 I • I I I 
a i l <•« 4 M ' 1 « I D • 299 
4 4 1 747 ft 2 4 4 i l l • 292 
8 4 S 199 • • I 4 « 4 J?J • 219 
• 4 J e< 1l>« • • 4 | } 4 • 111 
• 4 1 1 ! } • t < 4 1 7 4 |87 •163 
a • i w a • I J « 3 7 4 |49 •178 
I 7 1 273 • 776 1 1 8 }»S • i n a 
] M i ' l • 7»B 3 1 9 797 • 111 
« ; i i i g •117 » 1 9 2 ' t • 231 
• • 1 2 36 •23a r i 9 \n • | i 9 
• * 4 933 IR3B • 2 9 779 • K 4 
a • 4 711 799 2 2 ( 399 • 161 
4 1 4 494 471 M 1 1 M • 368 
• f 4 17} 14* • 2 • 749 .799 
• 1 4 129 212 • 2 9 l i t •129 
1 1 4 67 ] 692 1 1 S 479 • 418 
1 1 4 397 349 1 1 9 431 • 439 
• I 4 262 247 9 1 6 343 • 187 
7 1 4 213 774 7 1 9 | H -?t>9 
« I 4 I B J i n * a 4 a 279 • 291 
• a 4 476 4 t | 2 4 9 294 • i e « 
) ) ' ! < ) 239 4 4 8 J71 • 294 
4 a 4 *9 111 • ' • l » • 148 
« a 4 u 7 112 1 9 8 99 • 44 
1 3 4 47 99 3 9 9 99 • • 1 
1 1 4 an 63 1 7 8 |49 144 
3 1 4 Off • 76 3 7 9 174 112 
• 4 4 » | • 3B8 • 9 9 699 • 714 
a 4 4 349 • 3 4 4 2 • • 6 M • 7B1 
4 4 4 a t « • H I 4 • 9 4 4 } • 8 8 | 
6 4 4 199 • I 9« « • » 21a • 211 
• 4 4 77 • 74 • a a a* •88 
I 9 4 134 •143 1 1 • 484 • 484 
S 6 4 332 •312 J 1 • 432 • 448 
I 1 4 214 • a a i 8 I 8 243 • 2 4 1 

i a * 1(9 114 1 3 8 298 •278 
4 a • ' « 79 3 3 t 246 -214 
i a • i »» • 1 8 1 9 |A9 •147 
• 4 » IB2 • 1 * 2 8 4 9 |69 • 188 
a 4 • \t? • 139 2 4 9 167 •193 
4 4 I M l •139 8 a i a 2 4 7 • 219 
i e » \*> • 111 2 a | l 738 • 218 
i e • i 7 t •141 4 a |4 |6.1 • 172 
1 l • J IB • 244 I I ta i 68 • 197 
3 1 9 162 • 164 3 1 l a | 6 | • 183 
I I ' < 97 • m a 8 2 18 73 • 72 
S i 9 SCJ • 271 2 2 I I 78 • 91 
a a < 24 * •24a * 2 18 18 •72 
4 a • i 7 » • 1 7 1 1 1 I I 98 61 

2 0 2 
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