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S U M M A R Y 

X-ray d i f f r p o t i o n methods have been used t o show the 

existence o f BeH^Be bridges and t o i n v e s t i g a t e the a s s o c i a t i o n , 

i n the s o l i d s t a t e , o f a l k y l s u l p h i d e s o f methyl-ainc. 

The d i e t h y l e t h e r complex of sodium h y d r i d o d i e t h y l b e r y l l a t e 

forms monoclinic cr-'stals w i t h a = 5-044 S, b = 11.17 -2, c = 20.90 fi, 

B = 101?15' and soace group P2_/c. There are two u n i t s o f NaJBt.Be„H„ 
" J - d k- 2. <L 

2Et2i0 i n the u n i t c e l l . The c r y s t a l can be thought o f as being made 

up of|NaOEt 2"j + and |Et^Be 2H 2] 2 ~ ion s . P a i r s of[NaOEtgJ + ions 

are r e l a t e d by the centre o f symmetry a t (0,0,0), the Na-Na distance 

being 3-620 S and the Na-0 distance 2.350 &. The carbon atoms o f 

the either molecule appear t o be disordered. The centrosymmetric 

t^BegHg^j 2 ~ ions are p o s i t i o n e d around the centre o f symmetry a t 

(^,0,0). The Be-Be distance i s 2.221 5. The two Be-C distances 

of I.766 and 1.809 A" are s i g n i f i c a n t l y d i f f e r e n t from each oth e r . 

The b r i d g i n g hydrogen atom l i e s almost .n the a a x i s , the mean 

Be-H and Na-H distances being 1.4-9 and 2.40 A r e s p e c t i v e l y . The 

Na-H-Na and Be-H-Be angles are the same w i t h i n experimental e r r o r 

as are the H-Ma-H and H-Be-H angles. There are some s i m i l a r i t i e s 

i n the environment o f the b r i d g i n g hydrogen atom w i t h respect t o 

the sodiums and b e r y l l i u m s . 

Me thy1zinc t e t i a r y b u t y l s u l p h i d e i s monoclinic w i t h 

a = 9.59 S, b = 39.04 5, c = 12.13 f?= Il6°3! and space group 

P2 n/c. There are 20 u n i t s o f MeZnSBufc i n the u n i t c e l l . 

\ 7 
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Thfi compound e v i s t p i n the c r y s t a l as descrete nentfuneric 
molecules, i n agreement w i t h the degree o f a s s o c i a t i o n found from 
molecular weight measurements i n benzene s o l u t i o n . The zinc atoms 
l i e near the corners of a square-based pyramid w i t h the a p i c a l 
atom, Zn5, closer t o Zn3 and Znif. 32, S3 and S4 l i e above the 
centres o f three o f the t r i a n g u l a r faces. S I i s above the face 
defined by Z n l , Zn2 and Zn? but i s much clos e r t o Z n l and Zn2. 
I t i s three-coordinate and pyramidal. 35 l i e s below the bp s a l 
plane, i s closer t o Zn3 and Znif end i c f i v e - c o o r d i n a t e . A l l o f 
the zinc atoms and 32, 3^ and Si+ are f o u r - c o o r d i n a t e . There anoea 
t o be no appreciable Zn-Zn nr 3-3 bonding. The Zn-3 bonding 
distances range from 2.273 t o 2.?R2 -?. Th^ mean Zn-C , S-C and 
C-G bond lengths are 2.01, 1.̂ 7 and 1-57 •& r e s p e c t i v e l y . 

Methvlzinc i.wonronylsulphide i s t e t r a g o n ? ! i " i t h a = 13-60 A*, 

c = 15.16 SL and spane group PZ^Amm. There "re 16 u n i t s o f 

CH Zn3C,H_, i n the u n i t c e l l . I n benzene s o l u t i o n the compound i s 3 .•> 7 
hexameric but i t must have a d i f f e r e n t degree of a s s o c i a t i o n i n the 

<?olid. Prom the Patterson f u n c t i o n i t seems t h a t atoms l i e i n 

s n e c i a l n o s i t i o n s . Atomic p o s i t i o n s which lead t o •?. s a t i s f a c t o r y 

agreement between observed and calculated s t r u c t u r e f a c t o r s have 

not y e t been obtained. 
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Two computer -programmes have been w r i t t e n . One c o r r e l a t e s , by s 

l e a s t squares treatment of common r e f l e c t i o n s , i n t e n s i t y date 

which have been recorded about two or three c r y s t a l exes. The 

other programme w i l l c o r r e c t i n t e n s i t y data, which have been 

recorded by e q u i - i n c l i n a t i o n Weissenberg technique, f o r a b s o r p t i o n , 

Lorentz and p o l e r i s a t i o n f a c t o r s and spot l e n g t h . The absorption 

c o r r e c t i o n can be computed f o r a c r y s t a l o f any shape subject t o 

the c o n d i t i o n s t h a t i t must have plane surfaces and no r e - e n t r a n t 

angles. 
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INTRODUCTION 

Conditions f o r d i f f r a c t i o n . 

A c r y s t a l i s an arrangement o f atoms, ions or molecules which 

i s p e r i o d i c i n three dimensions. I f an a r b i t r a r y p o i n t i s chosen 

as o r i g i n then t h a t p o i n t and a l l other p o i n t s w i t h an i d e n t i c a l 

environment form a space l a t t i c e . The l a t t i c e can be desoribed i n 

terms of three non-coplanar v e c t o r s , a, b, and c. The p a r a l l e l i p i p e d 

formed by these vectors i s named the u n i t c e l l . The o r y s t a l i s 

generated by the a c t i o n on the u n i t c e l l o f operations i n v o l v i n g 

t r a n s l a t i o n alone. 

Assume t h a t t h e re i s one e l e c t r o n a t each l a t t i c e p o i n t . Let 

A and B (Fig.1) be two l a t t i c e p o i n t s r e l a t e d by the vector r such 

t h a t 

r = xa + yb + zo 1 

where x, y and z are i n t e g e r s . 

B 

F i " . l 
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I f a beam o f x-rays i s i n c i d e n t on the l a t t i c e , each l a t t i c e 

p o i n t w i l l a c t as a source o f secondary r a d i a t i o n . Consider the 

r e s u l t a n t d i f f r a c t e d beam i n the d i r e c t i o n s. Let the u n i t vectors 

i n the d i r e c t i o n o f s be Xs and i n the d i r e c t i o n o f s be \s 
—o ~o — 

where jXs QJ = j \ s j . The phase d i f f e r e n c e f i n the d i r e c t i o n 

o f s between the rays from A and B i s 

AD - CB 
= X ( r . s - r . S Q ) 

where r . s i s the scalar product o f r and s . Let R = ^ - sq. 

]r =\r . R 2. 

D i f f r a c t e d rays w i l l have a non-zero i n t e n s i t y when 

^ = m ( 2 T ) 3. 

= mX 

where m i s i n t e g r a l andXis the wavelength of the i n c i d e n t X-rays. 

E l i m i n a t i n g ^ f r o m 2 and 3 gives r . R = m 

or ( xa + yb + zc ) . R = m 

The above equation can be r e w r i t t e n as three equations which are 

known as the •Laue equations'. 

a . R = h 

b . R = k 

c . R = 1 

Where h, k and 1 are i n t e g e r s . 

The r e c i p r o c a l l a t t i c e 

The Laue equations can be r e w r i t t e n t o give t h r e e equations 

o f the form a . R = 1 k-
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I f the equations 1+ are taken i n p a i r s then three equations of the 
type below are obtained. 

f _ J _ £ j • B = 0 5. 

The three equations5• describe the f a c t t h a t ( F i g . 2 . ) the v e c t o r 

- - R i s perpendicular t o the plane PQR which has i n t e r c e p t s along the 

a,b and c axes o f a : b and c r e s p e c t i v e l y . The vector R 
~ h ' T T " 

i s thus i n a d i r e c t i o n normal t o the plane o f M i l l e r i n d i c e s h k l . 

a 

a 
Fig.a. 
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I f S q makes an angle o f © w i t h the plane ( h k l ) , then as 
)l0\ = 1.2 I i 2 mist b i s e c t the angle between the i n c i d e n t 

and d i f f r a c t e d rays. The d i f f r a c t e d ray can thus be regarded as 
having been r e f l e c t e d from the plane ( h k l ) . 

R may be described i n terms o f three non-coplanar vectors 

a*, b* and c* 

R =Ja* + v)b» + f c* 7. 

I f equation 7 i s s u b s t i t u t e d i n t o the Laue equations then the 

f o l l o w i n g equations r e s u l t . 

a. ( f a * +i) b* +5 £*) = h 

b. (§ a* +ij b* + £c*) = k 

c. ( j a * +ij b* + / c * ) = 1 8. 

The equations are only s a t i s f i e d i f 
f = h,ij = k, £ =1, 

a. a* = b. b* = c. c* =1, 

and a. b* = a. c* = b. a* = b. c* = c. a* = c. b* = 0 

The l a t t i c e d efined by the vectors a*, b* and c* i s known as the 

r e c i p r o c a l l a t t i c e . Each p o i n t corresponds t o a r e f l e c t i o n from a 

plane w i t h M i l l e r i n d i c e s ( h k l ) , and i s a t a distance o f V " i ( h k l ) , 

along a vector i n the d i r e c t i o n o f the normal t o the plane ( h k l ) . 

The s t r u c t u r e f a c t o r 

I n the previous discussion the s c a t t e r i n g was assumed t o be 

by one e l e c t r o n a t a l a t t i c e p o i n t . I n c r y s t a l s , atoms are p o s i t i o n e d 

a t various places i n the u n i t c e l l , and the waves s c a t t e r e d by the 

d i f f e r e n t atoms w i l l have d i f f e r e n t phases. The r e s u l t a n t 

i n t e n s i t y and phase of the sc a t t e r e d ray w i l l be found by combining 
the waves from each atom. 



0 

c 

a 

Fig.5. 

I n Pig.3 l p t the e l e c t r o n d e n s i t y bey»(syz) a t some p o i n t 

P i n the u n i t c e l l where P i s a t the end o f the vect o r . 

r = x a + y b + z c o. 

I n equation 9jx, y and z are n o n - i n t e g r a l and are expressed as 

f r a c t i o n s of the u n i t - c e l l edge. The dotted l i n e i n Pig.3 

represents a plane ( h k l ) . The perpendicular from the o r i g i n t o 

the plane corresponds t o a phase change 27T, t h i s v e c t o r (see 

equation 7) i s R. The p o i n t P can be th. ought o f as l y i n g on a 

plane p a r a l l e l t o the plane ( h k l ) . The p r o j e c t i o n o f r on R w i l l 

be the l e n g t h o f the normal from t h i s plane which contains P t o the 

o r i g i n . 

The phase ^ o f the wave scattered by the volume element dV 

around P i s given by 

k = R . r 
2 7T 



= ( h a * + kb* + l c * ^. ( xa + yb * zc ) 

= 2.W (hx + ky + l z ) . 

The amplitude o f t h i s r a y w i l l be p'(xyz) dV. The r e s u l t a n t 

s c a t t e r e d wave i n the d i r e c t i o n s i s 
• 

P ( h k l ) = V J f J ^ ( x y z j e x p 2F.i (hx + ky + l z ) . dxdydz. 
o 

F ( h k l ) i s the s t r u c t u r e f a c t o r corresponding t o the plane o f M i l l e r 

i n d i c e s ( h k l ) . 

The s t r u c t u r e f a c t o r can be expressed i n a way which i s 

more convenient f o r computational purposes. The e l e c t r o n i c 

d i s t r i b u t i o n i n atoms can be c a l c u l a t e d and thus the atomic s c a t t 

e r i n g f a c t o r f can be found. This i s the r a t i o o f the s c a t t e r i n g 

power o f the atom compared w i t h t h a t o f one e l e c t r o n . Because 

o f i n t e r f e r e n c e between waves sc a t t e r e d by d i f f e r e n t parts of the 

same atom the s c a t t e r i n g f a c t o r decreases w i t h i n c r e a s i n g S . The 

s t r u c t u r e f a c t o r can be expressed as a summation, which i s made over 

a l l N atoms i n the u n i t c e l l . 

F ( h k l ) = f., exp 2.TTi (hx + ky + l z ) 
J = | J J J J 

I n the above equation f . i s the s c a t t e r i n g f a c t o r s and x., y. 
J J J 

and z, are the f r a c t i o n a l coordinates o f the . atom. The j J 

q u a n t i t y F ( h k l ) i s complex and may be expressed i n terms o f i t s 

r e a l and imaginary p a r t s . 
F ( h k l ) = f . cos 2M. (hx + ky + lss.) 

,4 y»i J J J J 
. + i T f; s i n 2JT ( h x . + ky. + l z . ) 

jTT J 0 J J 
or F = A + i B. 



The modulus of the s t r u c t u r e factor:-., | F ( h k l ) j + ^ 

and the phase constant et(hkl) = t a n ' ( B / A ) . 

The atoms i n a c r y s t a l perform thermal v i b r a t i o n s a t a l l 

temperatureSt Corresponding atoms i n d i f f e r e n t u n i t c e l l s w i l l 

not be a t the same p o i n t i n t h e i r o s c i l l a t o r y movement a t the same 

time and so F ( h k l ) w i l l be reduced by an amount which increases w i t h 

6. This i s allowed f o r by reducing the atomic s c a t t e r i n g f a c t o r 

f f o r an atom a t r e s t by m u l t i p l y i n g i t by an exponential term. 

exp ( - B s i n 2 €^X^) 
-2 

I f u i s the mean square displacement of an atom from a plane 
and the thermal motion i s i s o t r o p i c then 

2 -2 B = 8"fl u 

The thermal motion i s i n general not i s o t r o p i c and i s 

b e t t e r described i n terms o f an a n i s o t r o p i c v i b r a t i o n . 

The v i b r a t i o n s are described by a symmetrical tensor U which has 

s i x independent components, such t h a t the mean square amplitude 

o f v i b r a t i o n i n the d i r e c t i o n of a u n i t vector 1 = ( 1 , 1 , 1 ) 
3 3 - 1 2 3 

i s u = J 7u. • 1. 1 . • 

The transform o f the smearing f u n c t i o n i s 

q(s) = exp[-2TT 2 ( I I U . . s. s . ) J 

where £ = ( s ^ , s^, s^) i s the r e c i p r o c a l v e c t o r . I f the u n i t s o f 

U. . are and those o f s. are & ̂  bhen a t a r e c i p r o c a l l a t t i c e 

p o i n t - B = (ha*, kb*, i l c * ) . 

q ( h k l ) = exp [ - 2 f T 2 ( U ^ a ^ U g g k W + U ^ c * 2 

+2U 2 5klb*c'i' + 2U 5 1 l h c * a * + 2U 1 2hka*b*)J 
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F o u r i e r s e r i e s (Duane, 1925; Havinghurst, 1925; Bragg, 1929) 

The e l e c t r o n d e n s i t y o f a c r y s t a l i s p e r i o d i c i n three 

dimensions and i t can be represented i n terms o f a F o u r i e r s e r i e s . 

p U , y , z ) = Y~ J~ CCh'k'l 1) exp 2lTi ( h ' x + k ' y + l ' z ) , 

h' , k' , 1' = _«o 

C i s a F o u r i e r c o e f f i c i e n t and h 1 , k* and l 1 are three i n d i c e s 

which are a l l o t t e d t o i t . I f t h i s expression f o r the e l e c t r o n 

d e n s i t y i s s u b s t i t u t e d i n t o the s t r u c t u r e f a c t o r equation then the 

f o l l o w i n g re s u i t s(. + 

F ( h k l ) = j [ f XI 2 _ I Z C ( h l k l 1 ' ) e xP 2 " f f i (h'x+h'y+1'z) 

° "* iexp 2TJi (hx+ky+lx) V dx dy dz. 

Both o f the exponential f u n c t i o n s are p e r i o d i c and the i n t e g r a l o f 

t h e i r product w i l l be zero unless h = -h 1 , k = -k* and 1 = -1' . 

I n a c r y s t a l the i n t e g r a l cannot have a zero value so t h a t the 

above c o n d i t i o n must hold. 
i 

Thus F ( h k l ) = j | J C ( h l k , l ' ) V dx dy dz, 
v 

or CCHlcl') = 1 . F ( h k l ) , 
V 

the F o u r i e r c o e f f i c i e n t s are d i r e c t l y r e l a t e d t o the s t r u c t u r e f a c t o r , 

and the e l e c t r o n d e n s i t y f u n c t i o n i s 
-T-QO _ 

|° (x,y,z) = 1 ^ ~ ^ F ( h k l ) exp [ - 2 T i (hx+ky+lz )J 
hkl = - BO 
_+«*> 

o r p ( x , y , z ) = ± ^ £ [ ̂  l 1 ^ 1 * 1 ) ! cos L 2 T ( h x + k y + l z ) - c * ( h k l ) J 
h k l = - co 
where «<(hkl) i s a phase angle 



The Patterson f u n c t i o n ( P a t t e r s o n , 1935) 

The e l e c t r o n d e n s i t y i n a c r y s t a l a t a p o i n t x,y,z i s given 

by 
+ 00 

p { x,y,z ) = J ~ y F(h k 1 ) exp - 2"TTi (hx+ky+lz) 

h, k, 1 = - 00 

and a t a p o i n t ( x + u ) , ( y + v ) , (z+w) "by 

f ( x + u , y+v, z+w) = y I F ( h ' k ' l ' ) exp - 2 ir i |h« (x+u)+k« (y+v)+l'(z+w 

h ' k ' l ' = -«*> 

I f the two e l e c t r o n d e n s i t y f u n c t i o n s are m u l t i p l i e d t o g e t h e r and 

i n t e g r a t e d over the u n i t c e l l then the value of the Patterson 

f u n c t i o n a t a p o i n t (u,v,w,) i s given by 
1 

P(u, v, w) =Jjk x,y,z) y,(x+u, y+v, z+w) dv. 
o 

The i n t e g r a l s of each o f the products i s zero except when 

h = -h' , k= -k 1 and 1 --V . 

Thus 
+00 

P(u,v,w) = 1 y y J ^ F ( h k 1). F( h k I ) exp 2-iri (hu + kv + lw) 

K, k,£ - 00 

F( h k 1 ) and F ( h k 1 ) are complex conjugates and hence t h e i r 

product equals |F(h k 1 ) | 2 . The Patterson f u n c t i o n i s c a l c u l a t e d 

from the squares of the observed s t r u c t u r e f a c t o r s . 

I f there are atoms a t (x,y,z) and (x+u, y+v, z+w) i n the 

c r y s t a l then the Patterson f u n c t i o n w i l i have a maximum a t (u,v,w). 
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The h e i g h t o f a peale; w i l l be equal t o the product o f the e l e c t r o n 
d e n s i t i e s o f the atoms causing i t . 

The heavy atom method (Robertson and Y/oodward, 1940) 

The e l e c t r o n d e n s i t y d i s t r i b u t i o n o f a c r y s t a l cannot be 

computed d i r e c t l y from the observed s t r u c t u r e f a c t o r s as t h e i r . 

phases are -not e x p e r i m e n t a i l y observable q u a n t i t i e s . An atom o f ~ 

hi g h atomic number w i l l give r i s e t o l a r g e , e a s i l y i d e n t i f i a b l e 

peakjs i n the Patterson f u n c t i o n from which i t s coordinates may be 

deduced. S t r u c t u r e f a c t o r s may now be c a l c u l a t e d based on these 

known parameters, and an e l e c t r o n d e n s i t y map computed Using 

F as Fourier, c o e f f i c i e n t s , and g i v i n g them the'phases o f the 

Fc. From t h i s e l e c t r o n d e n s i t y map improved parameters f o r t h e 

heavy atoms w i l l be found and the p o s i t i o n s o f some or a l l o f 

the l i g h t e r atoms i n the c r y s t a l may also be found. This process 

can be continued u n t i l - the p o s i t i o n s o f a l l o f the atoms are known. 

S t r u c t u r e refinement. 

Two methods o f refinement have been used i n the' work 

described i n t h i s t h e s i s , namely the methods o f successive F o u r i e r 

syntheses and o f least*squares (Hughes, 19W-). F o u r i e r methods 

are most u s e f u l when a d d i t i o n a l f e a t u r e s o f the str u c t u r e have t o 

be determined during refinement. 

S t r u c t u r e f a c t o r s - a r e c a l c u l a t e d and from these an e l e c t r o n 

d e n s i t y map i s computed. The p o s i t i o n s o f the atoms are then 

determined from the e l e c t r o n d e n s i t y map. These improved p o s i t i o n s 

are used t o compute f u r t h e r s t r u c t u r e f a c t o r s . The atomic coor
dinates which are obtained from Fo syntheses are subject t o e r r o r s 
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due to termination of ser i e s effect as i n practice only a f i n i t e 

number of terms are ava i l a b l e . These can be obviated by ca l c u l a t i n g 

an Pc synthesis and applying a back s h i f t correction. 

I f the c o e f f i c i e n t s used i n a Fourier summation are of the form 

(Fo(hkl) - Fo(hkl) ) then the res u l t i n g electron density map shows 

the difference between the electron density i n the c r y s t a l and that 

i n the postulated structure (Cochran, 1951). From a difference 

synthesis corrections to positional and iso t r o p i c or anisotropic 

temperature factors can be found (Leung, HarBh and Sobomaker, 1957), 

These parameters are not subject to s e r i e s termination e f f e c t s . 

I f the parameters defining a structure are u., , u.^ . . vx^ 

then the calculated structure faotor oan be rewritten as a funotion 

of these parameters, 

where £ ^ are the s h i f t s required to give the true s t r u c t u r a l 

parameters. The expression for F Q can be expanded as a Taylor 

s e r i e s . I f the approximation i s good then only the f i r s t term 

need be considered. 

and F Q = f (u.,+ u.x + €^ , u. 

a. 
F a., u. i ' 

1 V 

a 
or 
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Each Fo i s subject to random er r o r s . The theory of errors 

gives the r e s u l t that the most acceptable set of & i s that which 

minimises the sum of the weighted squares of the discrepancies. 

i - 6 * yy w (|FO| - |FO I ) 2 = y~ wA 2 

where the summation i s c a r r i e d out over a l l observed struoture 

f a c t o r s . The weight w allows for the r e l i a b i l i t y of the observation 

and i t s value should be chosen so that w(hkl) i s equal to ( h k l ) 

.. .'", where o-is the standard deviation i n |Fo(hkl)|. 

When the l a s t two equations above are combined a set of 

equations known as the normal equations r e s u l t . 

The computations involved i n finding the £^ can be s i m p l i f i e d by 

making ce r t a i n assumptions i . e . i f the atoms are well resolved then 

some of the off-diagonal terms i n the f u l l matrix can be neglected 

( Ci-uickshank, P i l l i n g , Bujosa, L o v e l l and T r u t e r , \<\b\ ) 

I t has been shown (Cochran,1948) that the methods f o r determining 

corrections to the atomic parameters by l e a s t squares method and by 

difference syntheses are equivalent i f the l e a s t squares weights 
„ _ 1 / 
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Aoouraoy of parameters obtained from l e a s t squares refinement 

The normal equations are of form 
n 

i = 1 

i n matrix notation. The variance of the parameter i s given by 

( Cruickshank and Robertson, 1953) 

2 -1 —1 
C~ ( u. ) = ( a ) , where (a )..is a diagonal term of the 

matrix whioh i s the inverse of the matrix whose elements are a. .. 

In most cases however, only r e l a t i v e weights are known and the 

experimental standard deviation (e.s.d.) S(u.) i s given by 

where (m - n) i s the number of degrees of freedom of the system 

i . e . the excess of the number of observation over the number of 

parameters. I n the blook diagonal approximation the variances 

of parameters may be estimated from the diagonal terms of the 

inverses of the blook matrices, however, t h i s may lead to an 

underestimation because of the neglect of some interactions 

(Hodgson and R o l l e t , 1963). 

n 
x 
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COMPOUNDS CONTAINING HYDRO&EN BRID&ES 

I n the compounds which are t o be disoussed i n t h i s chapter, 

hydrogen atoms are bonded t o two metal atoms forming a brid g e * 

I n these compounds there are not s u f f i c i e n t valence e l e c t r o n s t o 

provide two electrons f o r each bond i f only l o c a l i z e d e l e c t r o n 

p a i r bonds are formed. For t h i s reason the compounds are sometimes 

r e f e r r e d t o as being e l e c t r o n - d e f i c i e n t . The s t r u c t u r e s and 

bonding o f some compounds o f boron c o n t a i n i n g hydrogen bridges w i l l 

be discussed so t h a t comparisons may be made w i t h compounds o f 

b e r y l l i u m . 

Boron Compounds 

The s t r u c t u r e o f diborane has been i n v e s t i g a t e d by several 

p h y s i c a l techniques. The r o t a t i o n - v i b r a t i o n spectrum ( P r i c e , 1947)» 

v i b r a t i o n spectrum (Longuet - Kiggins and B e l l . 1.943) > nuclear 

magnetic resonance spectrum (Schoolery, 1955)j^&nd e l e c t r o n d i f f r a c t i o n 

data (Hedberg and Schomaker, 1951) are a l l c o n s istent w i t h i t 

having a hydrogen-bridged s t r u o t u r e . The dimensions o f the 

diborane molecule quoted below are from the e l e c t r o n d i f f r a c t i o n 

study. 

Each boron atom i s bonded t o two t e r m i n a l hydrogen atoms, 

the t e r m i n a l H - B - H angle being 1 2 0 ° . The two boron atoms and 

f o u r t e r m i n a l hydrogen atoms are coplanar. The two b r i d g i n g 

hydrogen atoms l i e between the boron atoms i n a plane perpendicular 
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t o t h a t o f thf» t e r m i n a l hydrogen atoms. 

The t e r m i n a l B - H bonds are 1.19 ± 0.Q3 S. i n l e n g t h and 

can be explained i n terms of l o c a l i s e d e l e c t r o n p a i r bonds. 

Nuclear magnetic resonance studies (Ogg, 1954) i n d i c a t e t h a t the 

b r i d g i n g hydrogen atoms have l a r g e r negative charges than the 

t e r m i n a l hydrogens. 

There are f o u r e l e c t r o n s a v a i l a b l e t o ><ind the two b r i d g i n g 

hydrogen atoms and the two boron atoms t o o t h e r . Several explan

a t i o n s o f the bonding i n the hydrogen bridge have been put forward. 

Longuet - Higgins (1949) proposed t h a t the bonding should be e x p l 

ained i n terms o f three-centre molecular o r b i t a l s each covering 

both o f the boron atoms and one o f the b r i d g i n g hydrogen atoms. 

The 2s and 2p atomic o r b i t a l s o f the boron atoms are assumed 
2 

t o be sp h y b r i d i s e d . Two h y b r i d o r b i t a l s o f each boron atom 
p o i n t towards a t e r m i n a l hydrogen atom. Two h y b r i d o r b i t a l s are 

2 

formed from the sum and d i f f e r e n c e o f the sp o r b i t a l which l i e s 

along the boron-boron d i r e c t i o n and the 2pTT boron atomic 

o r b i t a l , which l i e s i n the plane o f the two uoron atoms and the 

two b r i d g i n g hydrogen atoms. These h y b r i d o r b i t a l s p o i n t d i r e c t l y 

towards the b r i d g i n g hydrogen atoms. 



Two molecular o r b i t a l s can be formed, each from the I s 

atomic o r b i t a l o f one of the hydrogen atom.s ("\jTg) z^A from one 

of the h y b r i d o r b i t a l s on each o f the boron gtO!ns,"\|r^ and 

Each molecular o r b i t a l , - ^ / " ^ , i s o f the form, 

where 'a.1 i s a .normalising constant. Two elec t r o n s are 

placed i n each molecular o r b i t a l . The b r i d g i n g B - H distance 

i s 1.53 ± 0.03 S. and the b r i d g i n g H - B - H angle i s 100°. 

C a l c u l a t i o n s using t h i s model (Hamilton, 1956 and 1958; Yamazaki, 

1957) show t h a t the b r i d g i n g hydrogen atoms ca r r y negative charges 

o f 0.22 e l e c t r o n s . 

P i t a e r (1945) describes the bridge i n terms o f a boron-

boron double bond w i t h two protons embedded i n the r e s u l t i n g 

e l e c t r o n d e n s i t y . 

^ © H & 
B 

N e i t h e r o f these explanations i s completely s a t i s f a c t o r y 

(Coulson, 1961), the former because i t does not suggest any d i r e c t 

boron-boron bonding. The boron-boron distance i n diborane i s 

1.77 J?, which i s 0.15 S. longer than t h a t which would be expected 

f o r a boron-boron single bond on the basis o f a covalent r a d i u s 
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o f 0.81 % f o r boron. This corresponds t o a bond order of 0.74 
( P a u l i n g , 1961). Molecular o r b i t a l c a l c u l a t i o n s based on the 
three-centre model give a boron-boron bond order o f 0 .4 
(Hamilton, 1956). 

The higher boranes c o n t a i n hydrogen bridges which may also 

be described i n terms o f m u l t i - c e n t r e bonds. A d e t a i l e d d e s c r i p t i o n 

of the boron hydrides i s given by Lipscomb (1963)• 

The borohydrides o f l i t h i u m and sodium are i n v o l a t i l e 

s o l i d s , w i t h i o n i c l a t t i c e s made up o f d i s c r e t e c a t i o n s and BH, 
4 

anions. Proton resonance (Ford and Richards, 1955) and i n f r a r e d 

spectroscopic ( P r i c e , 1949) studies show t h a t i n the BH. i o n the 
4 

hydrogen atoms have a t e t r a h e d r a l d i s t r i b u t i o n about the boron 

w i t h a B - H distance o f 1.25- 0.02 JL. This distance i s greater 

by 1 .7 < 7"than the t e r m i n a l B - H distance i n diborane. An increase 

i n l e n g t h would be expected because of the negative charge on the 

borohydride i o n . 

A p a r t i a l X-ray s t r u c t u r e a n a l y s i s (Soldate, 1947) gives the 

Na - B distance i n NaBH^ as 3.07 X. Price (1947) has c a l c u l a t e d 

t h a t the Na-H distance i n NaBH^ i s 2.50 A* which may be oompared 
+ 0 

w i t h the Na-H distance o f 2.440- 0.001 A i n sodium hydride. 

(Brewer and Mastick, 1951). H a r r i s and Meihbohm (1947) obtained 

l i - B distance of 2.56 A* and 2.47 A* from a p a r t i a l X-ray s t r u c t u r e 

a n a l y s i s o f LiBH. . 
4 

I n c o n t r a s t t o NaBH. and LiBH. , b e r y l l i u m and aluminium • •••• 
4 4 
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borohydrides are v o l a t i l e , i n s o l u b l e i n p o l a r solvents and v i o l e n t l y 

hydrolysed by c o l d v/ater a t room temperature. Price (1949) 

combined the known i n t e r m e t a l l i o distances i n the borohydrides w i t h 

i n f r a r e d measurements and c a l c u l a t e d the metal-hydrogen distances. 

I n Be(BH.), and Al(BH, ) , hydrogen atoms l i e i n b r i d g i n g p o s i t i o n s 
4 4 4 3 

between "the two d i f f e r e n t metal atoms. The distance from the 

boron atom t o the b r i d g i n g hydrogen atom i s greater than the 

t e r m i n a l B - H distance. I t has been suggested (Longuet -

Higgins, 1946) t h a t there i s a c o n t i n u i t y i n metal-hydrogen bond 

type from the more covalent i n t e r a c t i o n i n diborane, through the 

mixed c o v a l e n t - i o n i c i n t e r a c t i o n i n Be(BH, )„ and Al(BH.)_ t o the 
4 <£ 4-3 

i o n i o s t r u c t u r e s o f LiBH. and NaBH. 
4 4 

B e r y l l i u m Compounds 

Several compounds have been prepared which c o n t a i n 

beryllium-hydrogen bonds, but 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 i s 

a v a i l a b l e . 

B e r y l l i u m h y d r i d e , i n o o n t r a s t t o diborane which i s a gas 

a t room temperature, i s an i n v o l a t i l e i n s o l u b l e s o l i d . Several 

d i f f e r e n t methods o f p r e p a r a t i o n have been r e p o r t e d (Barbaras, 

D i l l a r d , F i n h o l t , W a r t i k , Wilzbach and Schlesinger, 1951; 

Coates and G l o o k l i n g , 1954, Banford and Coates, 1966) but none 

has y e t y i e l d e d a c r y s t a l l i n e sample. The compound i s thought t o 
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be polymeric w i t h b r i d g i n g hydrogen atoms and i t s p h y s i o a l 
p r o p e r t i e s suggest t h a t the bonding i n i t i s more i o n i c than i n 
diborane. This would be expected as b e r y l l i u m i s more ele c 
t r o p o s i t i v e than boron. 

B e r y l l i u m atoms b r i d g e d by hydrogen atoms are known t o 

be present i n some compounds of formula M_Et Be„H_ (Coates and 
£. i f i. t 

Cox, 1962; W i t t i g and Hornburger, 1952) where M i s an a l k a l i 

metal and R i s an organic group. Some o f these compounds 

c r y s t a l l i s e as ether oomplexes. V/hile the X-ray s t r u c t u r e 
a n a l y s i s o f NaJSt Be_H_.2Et 0 was i n progress, B e l l and Coates 2 4 2 2 2 
(1965) assigned bands i n the i n f r a r e d spectrum o f the unsolvated 

compound t o the BeR^Be group. I f these compounds c o n t a i n 

d i s c r e t e anions o f formula (R^BegHg) then these anions are 

i s o e l e o t r o n i c w i t h t e t r a - a l k y l diboranes. 

E t h y l b e r y l l d i i m hydride has been prepared ( B e l l and Coates, 

1966,a) but not i s o l a t e d i n pure form. B e l l and Coates have 

found t h a t c e r t a i n compounds containing.; beryllium-hydrogen 

bonds w i l l reduce unsaturated organic groups g i v i n g r i s e t o 

reactions comparable t o the hydroboration r e a c t i o n s . 

The compound NagBeH has been prepared ( B e l l and Coates, 

1966,o), which i s analagons t o NaBH^. I t i s r e a c t i v e t o oxygen 

and water and i s i n s o l u b l e i n solvents w i t h which i t does not 

r e a c t . I t i s thought t o be an e l e c t r o n - d e f i c i e n t polymer 

c o n t a i n i n g h i g h l y p o l a r i s e d metal-hydrogen bonds. 
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THE CRYSTAL STRUCTURE OF THE DIETHYLETHSR COMPLEX OF SODIUM 
HYDRIDODIETHYLBERYLLATE 

I n t r o d u c t i o n 

The work t o be described was c a r r i e d out i n order t o o b t a i n 

— d i r e c t evidence f o r the existence o f BeHgBe bridges and t o a s c e r t a i n 

d e t a i l s of t h e i r s t r u c t u r e . While t h i s s t r u c t u r e a n a l y s i s was i n 

progress B e l l and Coates ( 1 % 5 ) i n v e s t i g a t e d the i n f r a r e d spectra • 

o f some compounds thought t o co n t a i n BeH^Be bridges and assigned 

bands t o absorptions due t o t h i s group. 

Sodium h y d r i d o d i e t h y l b e r y l l a t e i s a s o l i d w i t h a m e l t i n g p o i n t 

of 198$ (Coates and Cox, 1962). I t i s soluble i n d i e t h y l e t h e r 

from which i t c r y s t a l l i s e s as c o l o u r l e s s needle shaped c r y s t a l s . 

The oompound i s s t a b l e a t room temperature i n the absence o f 

oxygen and water, The presence o f sodium atoms i n the c r y s t a l 

made i t possible t o apply heavy atom methods w i t h a reasonable 

chance t h a t they would be successful. I n i t i a l l y i t was thought t h a t 

the substance whose s t r u c t u r e was being examined was o f formula 

NaJ3t Be.H_. However during the course o f the a n a l y s i s i t became 
Z k- 2 d 

apparent t h a t the compound was the ether complex Na„Et Be_H_ .2Et_0 

Experimental 

Preparation of Crystals and P r e l i m i n a r y X-ray Examination 

The c r y s t a l s inflame immediately i n a i r and r e a c t v i o l e n t l y 

w i t h water. They were prepared by heating sodium hydride w i t h 

d i e t h y l b e r y I l i u m i n d i e t h y l e t h e r s o l u t i o n under r e f l u x , i n an 
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atmosphere o f dry n i t r o g e n . The r e s u l t i n g s o l i d was t r a n s f e r r e d t o 
a Soxhlet apparatus and e x t r a c t e d w i t h d i e t h y l e t h e r when c r y s t a l s 
formed i n the r e c e i v e r . The cr y s t a l s were picked out o f the 
mother l i q u o r i n the dry n i t r o g e n atmosphere o f a glove-box and 
immediately sealed i n pyrex glass c a p i l l a r y tubes. The c r y s t a l s 
were needles, elongated along the a a x i s . 

Some crystalswere f i l t e r e d from the s o l u t i o n , washed w i t h 

d i e t h y l e t h e r , pumped under reduced pressure t o remove excess 

solvent and then s t o r e d i n a sealed glass tube. A de n s i t y 

determination was l a t e r c a r r i e d out on these c r y s t a l by f l o a t a t i o n 

i n a mixture of benzene and b e n z o t r i f l u o r i d e . 

The u n i t c e l l dimensions were determined from precession 

photographs o f the hOl, n i l , and hkO r e c i p r o c a l l a t t i c e nets taken 

w i t h Mo KCK r a d i a t i o n . The standard deviation) ok the u n i t c e l l 

lengths are of a 0.006 X, ok b 0.02 X and of: c 0.03 X. 

However i f systematic e r r o r s are i n c l u d e d , the u n c e r t a i n t y i s 

probably o f the order o f 0.2g£ The standard d e v i a t i o n on p i s 

about 10'. 

The c r y s t a l s were monoclinic. 

a = 5.0A4, b = 11.17, c= 2O.90X $ p = 101° 15^ 

The c o n d i t i o n s l i m i t i n g observed r e f l e c t i o n s were 

hOl, 1 = 2n. 

0k0, k = 2n. 
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Space group P2,/o, 
d = 1.04 g. cm~^ m 

With f o u r u n i t s o f NaJSt. Be„H_ per u n i t c e l l 
c. 4 & Z 

d would be 1.052 g. om~*. 
x. 

Data C o l l e c t i o n and Conception 
The c r y s t a l used f o r data c o l l e c t i o n was a t a p e r i n g needle 

2 
of mean oross-seotion 0.35 x 0.44 mm . The r e c i p r o c a l l a t t i c e 
nets Okl, I k l , 2 k l , 3kl and 4k l were recorded p h o t o g r a p h i c a l l y 
using m u l t i f i l m e q u i - i n c l i n a t i o n Weissenberg technique and 
Cu. Bx r a d i a t i o n . The r e c i p r o c a l l a t t i c e nets hOl, h l l , h21 

and h31 were recorded p h o t o g r a p h i c a l l y using timed exposures on 
a precession camera and Mo Kx r a d i a t i o n . 

The i n t e n s i t i e s were estimated v i s u a l l y by comparison 

w i t h a graduated scale and were c o r r e c t e d f o r Lorentz and 

p o l a r i z a t i o n f a c t o r s . The lengths o f r e f l e c t i o n s on the 

upper net Weissenberg photographs were found t o vary w i t h t h e i r 

p o s i t i o n s across the f i l m as w e l l as w i t h J and £ • The v a r i a t i o n 

o f s p o t - l e n g t h w i t h \ and \ was allowed f o r by using the expression 

deri v e d by P h i l l i p s (1956). The v a r i a t i o n o f s p o t - l e n g t h across 

the f i l m s was allowed f o r by measuring the spot-lengths o f a 

number o f r e f l e c t i o n s o f s i m i l a r i n t e n s i t y and w i t h s i m i l a r 

and £ coordinates. The lengths o f other r e f l e c t i o n s were found 

by i n t e r p o l a t i o n . No c o r r e c t i o n was made f o r a b s o r p t i o n . 

The data were put on the same r e l a t i v e scale by a l e a s t 

squares treatment of the common r e f l e c t i o n s . 



Structure Determination 

The i n t e n s i t i e s were m u l t i p l i e d by a weighting function 

The function was not allowed to take a value greater than 100 

so that too much importance was not given to re f l e c t i o n s with 

small, and thus subject to large errors i n measurement. 

The Patterson function was computed using as coefficients 

the weighted i n t e n s i t i e s prepared above. Each vosymmetrio u n i t 

of the u n i t c e l l was thought to contain one un i t of H&^it^Be^H.^ 

thus the positions of two sodium ions were to be found. The 

major features of the Patterson funotion were easily interpreted 

on the basis of there being one sodium i o n , Nal, i n the 

• asymmetric u n i t . Another sodftjim i o n , Na2, could only be placed 

i n the >-osymmetric u n i t by using smaller peaks i n the Patterson 

function. 

Further atomio coordinates were obtained by an application 

of the superposition method. The o r i g i n of the Patterson 

function was placed at the position of the single weight peak 

due to the vector between Nal and the atom related to i t by the 

centre of symmetry at the o r i g i n . The superposition was carried 

out over two aasymmetric u n i t s . 

w where 
if ( 

large sin© values. The magnitudes of these i n t e n s i t i e s are 
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Some of the res u l t i n g regions of overlap were eliminated by 

e comparison of th<? two asymmetric u n i t s . This gave s i x 

lar£9 regions of overlap and several smaller ones. 

Two of the large regions of overlap were at the positions 

chosen f o r the two sodium ions and were near the centre of 

symmetry at (0,0,0). Five of the other regions of overlap were 

near the centre of symmetry at (£,0,0) and together with the f i v e 

positions related by t h i s centre of symmetry were i d e n t i f i e d as 

being due to the carbon and beryllium atoms of an (Et BegHg) 

un i t . The beryllium atom was pieced at a smaller region of 

overlap, and the four carbon atoms at the remaining four larger 

regions. Positions i n the '.asymmetric unit had been given to 

tv/o sodium atoms and to the atoms of one half of an (Et.Be h* ) 

unit and so one half of an (Et.Be H_) unit was s t i l l to be 
4 2 2 

located. The space near the centres of symmetry was occupied 

and thus the remaining atoms had to be i n the region of the 2̂  

screw axes. The only other regions of overlap were near Na2 and they 

could not be understood i n terms of (Et.Be H ) un i t s . 
4 2 2 

Structure factors were calculated based on the two sodium 

ions, four carbon atoms, henceforth C1, C2, C3 and C4, and the 

beryllium atom. The residual was 0.475« An electron density 

map was computed and showed peaks at the positions to which atoms 

had been assigned. 
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The height of the peak due to Na2 was about 20^ lower than that 
of the peak due to Nal, and near Na2 were four broad peaks of 
height about 2.0C.X ̂ . No other peaks of height greater than 

^ were observed* 

I t was not found possible to reconcile the electron density 

map and Patterson function with the ohemical formula and unit 

c e l l contents given above. I t was deduced that the compound 

was an ether complex of formula NagEt^BegHg. 2Et20, with two 

formula units per u n i t c e l l . The asymmetric u n i t thus contained 

one less sodium atom, one less beryllium atom and one less 

bridging hydrogen atom, than had previously been thought. I t did 

contain an oxygen atom which i s located at the position given to 

Na2. 

The chemical constitution of the compounds was r e i n 

vestigated ( B e l l and Coates, 1965)• I t was found to be an 

ether complex with a dissociation pressure of 17 mm. Hg. at 20°C. 

This ether i s l o s t during the normal process of removing excess 

solvent by pumping at reduced pressure a f t e r c r y s t a l l i s a t i o n , 

and i t s presence had not been detected previously. In the case 

of the crystals which were used i n t h i s structure analysis, the 

precautions taken to avoid attack by oxygen and moisture also 

prevented the loss of ether. Crystals which have l o s t ether r e t a i n 

t h e i r shape, but do not give a sharp X-ray d i f f r a c t i o n pattern. 
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The density of some freshly prepared c r y s t a l whioh had 
not been subjected to reduced pressure was determined. 

Dm = 0.958, Dx = 0.955 g. om~3 

Z = 2 units of NaJSt Be H_.2Et 0 

F(000) = 368 electrons. 

Linear absorption c o e f f i c i e n t , Cu. Kix. r a d i t i o n = 8.49 cm , 

Structure Refinement 

The structure was refined by f i v e successive Fourier 

syntheses with adjustment of positional and isotropic temperature 

parameters. This reduced the residual to 0.296. Six cycles 

of least squares refinement were then computed with isotropic 

temperature factors. This produced a residual of 0.214* 

Four cycles of refinement with anisotropic temperature factors 

f o r each atom were calculated giving a residual of 0.186. 

At t h i s stage, an electron density difference map showed 

peaks of height 0.5 to 0.6e.?_ due to the hydrogen atoms 

which are bonded to C1, C2, C3 and C4. Positions f o r these 

hydrogen atoms were calculated assuming tetrahedral H-C-K angles 

a C-K bond length of 1.09.8. a n ( i a staggered arrangement f o r the 

methyl hydrogen atoms with respect to the methylene hydrogens. 

The observed hydrogen positions were very close to the calculated 

ones. The positions quoted i n t h i s thesis are those which were 

obtained from the difference map. 
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I n the region where the bridging hydrogen atom was 
o-3 

expected, a well shaped peak of height O.^eA was observed. 

ThiB hydrogen atom was designated H11. 

Up to t h i s point the carbon atoms of the ether molecule 

had refined with large temperature factors and the molecular 

dimensions had d i f f e r e d considerably from those expected. 

Features on the difference map could be interpreted as arisin g 

from disorder i n the positions of the carbon atoms of the ether 

molecule• 

The hydrogen atoms, H1 to H 10 , bonded to the methyl and 

methylene carbon atoms of the ethyl groups attached to beryllium 

were given isotropic temperature factors of U = 0.15 and 0.1iX^ 

respectively. These values were chosen because they were 50$ 

greater than the values of the temperature parameters of the 

carbon atoms to which they were bonded, as obtained from the 

la s t cycle of isotropic refinement. The inclusion of c o n t r i 

butions due to the hydrogen atoms H1 to H11 i n the structure 

factors lowered the residual to 0 . 16 . 

The hydrogen atoms of the ether molecule were not located. 

The contributions of the a l k y l hydrogen atoms H1 to H10 were 

included i n structure factor calculations from t h i s point but 

t h e i r parameters were not refined; The other atoms including 

H11, the bridging hydrogen atom, ware given anisotropic 

temperature factors i n the subsequent refinement. 
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Both the ordered and disordered arrangements were refined 

further so that a choice could be made between them. The 

parameters used i n the refinement of the disordered model were 

i d e n t i c a l with those used i n the case of the ordered model except 

that the four carbon atoms of the ether molecule, C5. C6, C7 and 

C8 were replaced by eight carbon atoms-, C5a, C5b, C6a, C6b, C7a, 

C7b, C8a, and C8b which were given oocupation numbers of 0.5» 

Five oycles of refinement were carried out on both ordered 

and disordered arrangements. For the disordered model residuals 

of E = HJlFol - IFoI I 

y^-iFo/ 

= 0.133 and .R« = r w l | ^ Q | - l fd I = 0.041 

L w | ^ o | Z 

were obtained. I n the case of the ordered model the residuals 

R and R' were reduced to 0.143 and 0.045* I n both oases, 

on the f i f t h cycle of refinement the parameter.- s h i f t s were less 

than t h e i r corresponding e.s.d.'s. 

The significance of t h i s difference i n residuals was 

assessed using the tests given by Hamilton (1965). I n the 

refinement, 1101 independent structure factors were used and the 

difference i n the numbers of parameters which were refined i n the 

tv/o cases was 36. For the disordered model 146 parameters were 

refined and thus the number of degrees of freedom was 955* There 

i s a 99. i $ p r o b a b i l i t y that the disordered model i s a better 

representation of the aotual arrangement than the ordered one. 
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The structure with ordered ether carbon atoms was rejected i n 
favour of the disordered model. 

Up to t h i s point refinement had been carried out by the 

block diagonal approximation, using a 9 x 9 matrix to calculate 

s h i f t s i n the positional and anisotropic thermal parameters of 

each atom. I n the disordered structure, the oarbon atoms i n the 

ether molecule had large temperature fa c t o r s , and some of them 

were within iX of eaoh other. I t was thought that f u l l matrix 

refinement might produce more accurate parameters f o r these atoms. 

From t h i s point i n the structure analysis, the ether carbon atoms 

were refined using a f u l l matrix least squares programme, each 

atom having anisotropic temperature factors. Two cycles of 

least squares refinement were carried out, i n each case the 

parameters refined were those of four atoms representing one 

. disordered ethyl group. These produced no large parameter 

s h i f t s . The e.s.d's of the disordered atoms however were larger 

than those previously obtained using the block diagonal approx

imation. 

The indexing of some high order r e f l e c t i o n s was cheoked. 

To allow f o r the effects of the changes i n the parameters of the 

disordered atoms, two cycles of least squares refinement using 

the block diagonal approximation were computed without refinement 

of these parameters. The parameters of each of the disordered 

ethyl groups were then given two cycles of f u l l matrix refinement. 
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F i n a l l y the parameters of Na, Be, 0, C1, C2, C3, C4, and H11 

were refined through two cycles of least squares calculations, 

using the block diagonal approximation. 

Final Cycle of Refinement 

Refinement was carried out over 1094 independent struoture 

factors. Unobserved reflections were given zero weight i n the refinement. 

The structure factors were weighted by the function JW 

The atomic scattering factors used were those given i n 

"InternationaLTables f o r X-ray Crystallography", Volume I I I . 

The scattering curve used f o r sodium was that of Na+ and f o r the 

bridging hydrogen atom that of H~. 

On the l a s t cycle of refinement, no parameter s h i f t was 

greater than 0.57 of i t s e.s.d. 

The f i n a l values of the atomic coordinates and t h e i r 

e.s.d 1s. are given i n Table I . The f i n a l values of the thermal 

parameters and t h e i r e.s.d's. are given i n Table 2. The co r r e l 

ation c o e f f i c i e n t s , a „, a and a , are given i n Table 3. 

£|Fo|-=-8-108, y^|Fc| = 7735, y i = 951 
- . ,2 r ^ . 5 - t — ~ 2 

, r ^ F c f = 207 , p A w4 = 5.5 214 R' = 0.026. 

R = 0.117. 

where /(32 * | Fo| + 2.4 Fo ) JW 
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Final Difference Map 

An difference electron density map was computed using the f i n a l 

values of the structure factors. This showed no pronounced features 

near any of the atomic positions. 
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Description of the Structure 

The arrangement of the atoms along the direction of the 

a axis, i s shown i n Pig. 1. Sodium ions are arranged i n pairs 

about the centre of symmetry at (0,0,0) and the beryllium atoms 

i n pairs about the centre of symmetry at ( i , 0 , 0 ) . The pairs 

of beryllium atoms are bridged by hydrogen atoms which l i e almost 

on the a axis. The bridging hydrogen atoms are surrounded by 

two beryllium atoms and two sodium ions which l i e at the corners 

of a distorted tetrahedron. An ether molecule i s coordinated 

to each sodium ion by i t s oxygen atom, and two ethyl groups are 

bonded to each beryllium atom. The bonding interactions are 

confined to chains which run through the c r y s t a l i n a direction 

p a r a l l e l to the a axis. The structure can be most simply 

described as being b u i l t up of (Na0St 2) + and (Et^BegH^^'ions. 

The bond lengths and angles are shown i n Table k and 

Table 5 respectively. The e.s.d.'s of the bond lengths and 

angles were calculated using the corr e l a t i o n c o e f f i c i e n t s 

which are shown i n Table 3» No allowance was made f o r the 

e f f e c t of errors i n the u n i t c e l l dimensions^ I n Fig . 1. the 

carbon atoms of the ether molecules are omitted, and i n the 

region of the bridging hydrogen atoms the drawing i s d i s t o r t e d 

s l i g h t l y . I n the tables, figures and following discussion the 

coordinates of an atom whose symbol i s primed (e.g. Na1) i s related 

to the atom whose coordinates are given i n Table 1 by the oper-

r a t i o n of the centre of symmetry at (0,0,0). 
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Double priming of a symbol denotes that the coordinates are 
operated on by the centre of symmetry at ( i , 0 , 0 ) , and Na'" 
i s related to Na by a tra n s l a t i o n of one unit c e l l length 

along a. The environments of the sodium, beryllium and 

bridging hy:lrogen atoms are .shown i n Fig. 2. The distance 

Na-Na' i s 3»620 - 0.004 X , which i s shorter than the distance 

found i n sodium metal, but longer than the distance of 3.078A 

i n the Nag molecule i n the gas phase (Herzberg, 1950). The 

3e-Be" distance of 2.219 - 0.013 X i s the same as that found 

i n metallic beryllium (2.226 X ) . The four Na-Be distances 

range from 3.051 - 0.006 X to 3.674 - 0.006 X, which can be 

compared with the value of 2.97 X f o r the sum of t h e i r respective metallic 

r a d i i . I n diborane the B-B distance i s 0.15 X longer than 

that expected f o r a B-B single bond and corresponds to a bond 

order of 0.6 (Pauling, 1960). I n Me^Alg (Lev/is and P.undle, 

1953) the Al-Al distance of 2.55 X i s 0.03 X longer than that 

expected f o r an Al-Al single bond. The Be-Be distance i n 

(Me2Be)n (P.undle and Snow, 1951) i s 2.11 X and corresponds to 

a bond order of 0.31. Thus i n the bridged compounds ment

ioned above, the direct Be-3e interaction, i s weaker than that 

between boron or aluminium atoms. 
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NagEt^BegHg.2Et20. TABLE 3 

Correlation Coefficients 

Atom a i 2 a l 3 a 2 3 
Na 0-10505 o-o646o -0-22079 
0 - 0 « 0 0 9 4 9 0-25556 -0-20287 
C1 0*00079 0-34705 -0-05413 
C2 -0-03456 0-22445 0-01.180 

C3 o«03760 0-21496 -0-00892 

C4 -0*03637 0-17433 -0-00959 
C5a -0-01313 0-29189 0-14581 

C5b 0-08788 0-06066 0-06174 

C6a -0-31028 0-07087 -0-47632 

C6b 0-06863 -0-03915 -0-18933 
C7a -0-44191 0-40722 -0-61805 

C7b 0-42658 -0-57951 -0-50511 
C8a -0-52241 0-26586 -0-27932 

C8b 0--'4.501k 0-30850 0-03884 

Be -0-04142 0-26813 -0-05099 
H11 : 0-31440 0-24454 0-02640 
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NagEt^Be^Ig.ZEtgO. TABLE If. 

Bond lengths and their Standard Deviations 

Na-Na' 3*62o£ ± O'OOhl Be-Hl1 1*53 

Na-0 2*350 0*005 Be"-H11 

Na-H11 2*38 0*03 Be-Be" 2*219 

Na'-Hl1 2-to 0*03 C1-H1 1*02 

0-C6a 1'397 0-037 C1-H2 1 *08 

0-C6b 1-385 0*036 C1-H3 1 *02 

0-C7a 1 *51*- 0*031 1*07 

0-C7b 1*350 0-03*- C2-H5 1*03 

C1-C2 l« 5 t e 0*008 C3-H6 1 *00 

C3-C4 1-532 0*008 C3-H7 1*03 

C2-Be 1*766 0*008 Cft.-H8 1*08 

C3-Be 1 *810 0*008 Cl«-H9 0*99 

C5a-C6a 1 *32 0*06 ck-m 0 1*07 

C5b-C6b 1-59 0*06 

C7a-C7b 1 *5t o*ot 

C8a-C8b 1 *18 0*05 
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NagEtjBe^.ZEI^O. TABLE 5. 

Bond Angles and their Standard Deviations 

Atoms Angle e.s»d* 

Na« -Na-0 1 6 7 - 2 ° 0 - 2 ° 
0-Na-H11 . 150-3 0*8 
0-Na-H1l' 127«3 0*8 
H11-Na-Hl1« 81-9 1«1 
Na-0-C6a 1 3 9 ^ 1-9 
Na-0-C6b 111*4 2.3 
Na-0-C?a 115-1 1.7 
Na-0-C7b 130-0 1«9 
C6a-0-C?a 112.6 2-8 
C6b-0-C7b 118.5 3-0 
C2-C1-H1 114 

C2-C1-H2 110 

C2-C1-H3 106 

H1-C1-H2 100 

H1-C1-H3 110 

H2-C1-H3 117 
C1-C2-Be 116.0 0-4 

C1-C2-H4 100 

C1-C2-H5 112 
Be-C2-H4 114 

Be-C2-H5 116 

H4-C2-H5 95 
C4-C3-Be 114-6 0.4 

C4-C3-H6 103 

C4-C3-H7 108 

Be-C3-H6 112 

Be-C3-H7 117 
H6-C3-H? 100 

C3-C4-H8 105 



TABLE 5 (cont.) 

11? 
C3-C*HH10 102 

H8-C4-H9 119 
H8-Cif-H10 106 

10? 
0-C6a-C5a 114-3 3.7 
0-C6b-C5b 105.7 2.5 
0-C7a-c8a 108-0 1-9 
0-C7b-C8b 119*9 ^•5 
C2-Be-C3 118.0 O.if 
C2-Be-Be" 123.9 O'k 
C3-Be-Be" 118.1 O'k 
H11-Be-H11' 83.4 1.7 
Na-H11-Na' 98.1 1*1 
Na-Hl1-Be 110-1 1.5 
Na-HH-Be" 103.2 1.8 
Na'-Hl1-Be 108.9 1-5 
Na*-H11-Be" 136.3 2«0 
Be-H11-Be" 96.6 1-8 
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The Na - H11 and Na' - H11 distances are 2.38^ 0.03 and 

2.41 - 0.03 X respectively and do not d i f f e r s i g n i f i c a n t l y from 
+ o 

each other. The mean value of 2 .40- 0.02 A does not d i f f e r 

s i g n i f i c a n t l y from the Na - H distance of 2 . 4 4 0 l 0.001 i n 

sodium hydride (Brewer and Mastick, 1951)• Likewise the Be- H11 

and Be" - K11 distances of 1.53- 0.03 and 1.44- ° ' ° 3 X respectively 

are the same within experimental error. 

The tetrahedral covalent radius of beryllium i s 0.18 X 

greater than that of boron, (Pauling, 1960) . The length of 

the bridging boron-hydrogen bond as determined by electron 

d i f f r a c t i o n i n the gas phase (Hedberg and Schomaker, 1951) i s 

1*33 X. From an x-ray structure analysis of 6-diborane 

(Smith and Lipscomb, 1965) bridging B - H bond lenghts of 

1 . 2 3 i 0.02 and 1.25- 0.02 X were obtained. I f 0.18 A i s added 

to these values f o r a bridging B - H bond lengths then the 

possible values f o r the length of a Be - H bridging bond .are. 1.. 42S 

and 1.51 X. The value of 1.49- 0.02 X obtained i n t h i s analysis 
does not differ.from either of these values. In Be(BH ) 0 X 4 2 

there i s an unsymmetrical hydrogen bridge and i n f r a r e d (Price,1949/ 

and electron d i f f r a c t i o n (Bauer , 1950) studies give values f o r 

the Be - H distance of 1.43 and 1.63 X respectively. No. e.s.d.'s 

are quoted f o r these values. The shortness of bond lengths 

determined by x-ray methods, as compared with electron d i f f r a c t i o n 

i s apparently a general phenomenon (Lipscomb, 1954)* I n the 

case of NagEt^BgH^Et^Q any lengthening of the Be-H11 bond lengths 
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would result i n diortening of the Na-H bond lengths. 

Thfi H-Be-H"and H-Na-H'' angles are 83 .4-1 .7° and 81.9^1.1° 

respectively and are not s i g n i f i c a n t l y d i f f e r e n t from each other. 

Likewise the Be-H-Be1' and Na-H-Na1 angles of 96-6-1 .8° and 

98.1-1.1° are the same within experimental, error. 
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The bond lengths of C2 - Be (1.?6C£ 0.008 X) and C3 - Be 

(1,810- 0.008 A) d i f f e r s i g n i f i c a n t l y from one another, and no 

satisfactory reason can be given f o r t h i s observation. The 

environments of C2 and C3 with respect to the sodium ions are 

di f f e r e n t . The \^are both shorter than the sum of the t e t r a -

hedral covalent r a d i i of beryllium and carbon, which i s 1.84 X 

(Pauling, 1960). The bond lengths of C1 - C2 ( l . 5 4 2 i 0.008 X) 

and C3- C4 ( 1 . 5 3 2 - 0.008 A) do not d i f f e r from each other or 

from the value of 1.5445 found i n diamond. The angles 

C1 - C2 - Be (116.6^ 0 . 4 ° ) and C4 - C3 - Be (l 1 4 . 6 i O .4 0 ) 

are s l i g h t l y larger than the tetrahedral angle as would be 

expected from a consideration of the r e l a t i v e sizes of the 

atoms bonded to C2 and C3. The angles C2 - Be - C3 (118.0^ 0 . 4 ° 

C2 - Be - Be" ( 123 .9 - 0 . 4 ° ) and C3 - Be - Be" ( 1 1 8 . 1 ^ 0 . 4 ° ) are 
o 

a l l near 120 , as are the corresponding angles i n diboFane. 
11 " 

The atoms, C2, C3» B-3, Be , C2, C3 are coplanar within 

experimental error. The equation of the mean plane i s 

-0.9957x f ' ' + 0 .09 l9y + -0 .0146a 1 -2.4556 = 0 

The equation i s referred to orthogonal axes where c* i s 

perpendicular to a and b. The largest deviation from the plane 

i s 0.002 X. 

The C - H bond lengths i n the ethyl groups which are 
o 

bonded to the beryllium atoms l i e between 0.99 and 1.08 A., 

compared with a value of 1.094 X i n methane (T.I.D. 1965) . 
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The positions of the hydrogen atoms were determined from a Fo - Fc 
synthesis and no significance i s attached to the d i f f e r e n t values 
obtained f o r the C - H bond length. 

One ether molecule i s bonded to each sodium ion by means 

of i t s oxygen atom. The Na - 0 distance of 2.350- 0.005 X i s 

equal to the sum of the ionic r a d i i of sodium and oxygen 

(Pauling, 1960). This distance i s similar to the value of 2.33 A* 

found i n NaCH (Ernst, 1948). The atoms Na, Na1, 0, 0', 

H11, H11' are nearly coplanar, the equation of the mean plane 

through t:\ese atoms being 

-0.2364x f + 0.7063y - 0.6672z« = 0 

The deviations of the atoms from the plane are 

Na +0.07 A 

H11 -0.01 

0 -0.03 

A drawing of the disordered ether moleoule, giving the 

bond lengths i s shown i n Fig . 3» I n the disordered ether 

molecule the four carbon-oxygen distances range from 1.350^ 0.034°i 

to 1.514^0.031 X, none of which i s considered s i g n i f i c a n t l y 

d i f f e r e n t from the value of 1.43^ 0.03 A found 

file://t:/ese
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i n MegO (Schomaker, 1951)• The mean C-0 bond length i s 1.4l" A . 

The bond lengths C5b-C6b (1-59-0 .06 J?) and C~/a-C8a (1.54-0.04 A ) 

are the same within experimental error as that found i n diamond. 

The lengths C5a-C6a (1-32^0.06 S) and C7b-C8b (1.18-0.05 &) 

deviate s i g n i f i c a n t l y from the accepted value f o r a C-C single bond. 

The bond angles i n the ether molecule do not d i f f e r greatly from 

those which might be expected. 

The sums of the C-0-C and C-0-Na angles at oxygen i n respect 

of the two sets of positions f o r the ether molecule are 358°and 

3 6 0 ° . I n both cases the oxygen atom l i e s almost i n the plane of 

the three atoms to which i t i s bonded. I n KtMgBr. 2Kt^0 

(Cruggenheimer and Rundle, I 964 ) there i s a similar arrangement of 

atoms around the oxygen. I n PhMgBr. 2Kt^0 (Stucky and Rundle, 1964) 

however the two carbon and one magnesium atom bonded to oxygen l i e 

at three of the corners of a distorted tetrahedron. I n the 

compounds i n which the oxygen atom i s coplanar with i t s three 

near neighbours, the bonding i s said to be more ionic than that i n 

which the oxygen has a tetrahedral environment (Guggenheimer and 

Rundle, 1964J Stucky and Rundle, 1964b). 

I t would seem that the disordered model used i n the refinement, 

although a better representation than the ordered one, does not 

lead to a r e l i a b l e set of molecular parameters. I n the disordered 

ether molecule four non-bonding carbon-carbon distances of less 

that 1 S. are found and the temperature parameters are large. 
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There i s thus considerable overlap of the electron densities due 

to the disordered atoms. 

The correlation coefficient&between the parameters of 

dif f e r e n t disordered carbon atoms are large and thus the covariance 

term i n the expression f o r calculating bond length e.s.d.'s w i l l 

be large (Cruickshank and Robertson, 1953)* No allowance was 

made f o r t h i s covariance i n calculating the e.s.d.'s and they w i l l 

thus be underestimted. I n addition the thermal parameters of the 

disordered carbon atoms are large and so some apparent shortening 

of the C-C bonds would be expected^ This effect would be 

greatest f o r the C-C bonds i n the ether molecule, and the mean 

value of the C-C bond length i n the ether molecule i s found to be 

l . U 5. 

In view of the high dissociation pressure of the ether i n 

t h i s complex, the p o s s i b i l i t y of ether loss must be considered. 

The temperature parameters of the oxygen atom are not appreciably 

greater than those of the other ordered atoms, suggesting that any 

such loss must be small. 

Some non-bonding distances are shown i n Table 6 and Fig. 4-

and the arrangement i n the unit c e l l i s shown i n Fig. 5- I f the 

value of the van der Waals radius of an a l k y l hydrogen atom i s taken as 

1.2 J?} and those of a methylene or methyl carbon atom as being 

2.0 S. (Pauling, 1960) , then none of the van der ifaals distances are 

unusually short. There are six a i k y l hydrogen-sodium contacts ranging 

from 2.Lfi to 2-97 ^ and two carbon-sodium contacts 
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NagEt^Be^. 2Et2<>. TABLE 6 

Non-bonding distances (A5) 

The position of the second atom i s indicated by the operations given 
in column 2. 

Na-Be - 3-24-5 
Na-Be" 3-051 
Na'-Be 3-675 
Na'-Be" 3-183 
Na-H5" 2 «49 
Na-H6 (-1 , 0, o) 2«60 

Na-B7 2-75 
Na-H2" 2-79 
Na-H8 2*80 
Na-C2' 2*86 

Na-H7 (H , 0, o) 2-97 
Na-C3 (-1 , 0, o) 3-02 

Na-C3* 3-13 
C1-C4 3-81 

C1-C8 (1-x, -* + y» 
1 

-2- - . ) 3-84 
C1-C7 0-x, i 

-2 + yf 
1 

-2 - • ) 3-95 
C1-C8 ( x, 1 

y* 
1 
I - 3-97 

C3-C9 (-1 . o, o) 3-71 
C3-0 (-1 , o, o) 3-79 
C4-C11 (-x , 1 

-2 + y» - i - •) 3"7k 
C4-C10 0-x, 1 

-2 + y» 
1 - . ) 3-88 

C4-C11 ( -x, -* + y» 
1 

-2 - •) 3-74-
C4-C11 3-88 
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of 2.86 and 3-02 S. Five of the shorter non-bonding distances are 
fo r contacts between sodium and C3, or hydrogen atoms bonded to i t , 
whereas there are only two comparable contacts between sodium and 
C2 or the hydrogen atoms bonded to i t . This may be related to the 
observed difference i n the Be-C bond lengths. 

The Allred-Rochow electronegativities of beryllium and 

carbon are 1.47 and 2.50 respectively. Thus i t would seem 

reasonable that i n a (Bt^BegHp) ~ ion , the negative charge would 

be associated with the bridging hydrogen atoms and the ethyl 

groups, rather than with the beryllium atoms. The sodium ions 

have an ether nxvgen atom (2. 55 A5) and tv:o bridging hydrogen 

Atoms (2.38 pnd 2.41 ̂ ) as nrer neiglnours pnd siv. a l k y l hydrogen 

ptoms at distpnces of -from 2.k?> and 2-97 two carbon atoms at 

2.86 f»nd ^.02 5 , and one sodium ion at 3.620 £. Apart from the 

neighbouring sodium ion a l l of the atoms ?round a sodium ion 

would be expected to c a r r y some negative chfrgpjWith which i t 

can interact by ion-dipole forces. 

Discussion 

The simplest description of the structure of the ether 

comolex of sodium hydridodiethylberyllate i s i n terms of discrete 

(NgOEtg)"1" «md {V-t^e.^i^2' ions. The CZ-ljp-Be" , C?-BP-BR U and 
o 

C.2-3e-C3 snrlei 5 ?re very close to 120 as are the corresponding 

onflep i n dihnr nne, p.nd i t seems rppponablp t o dpgoribe the ̂ °Hp3e 

bridpp i.n t.pr'ns of thrpe-nentre molecular o r b i t a l s , P S i n the case 
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of dihorane. I n diborpne -i.t h» = henn eplcu"i°ti?d ( hP"in 1.toni 1?56. 
Yam a7piri, 1-957) th*»t the 'bridging 1 hvdrojrpn "topm o»rry p nP£ ative 
ohpr^e of 0.22 e. The p l p c t r o n p f a t i v i t i p * of "boron end ORry'llium 
T P 2.01 pnd l.lf7 r e s p e c t i v e l y . Bec^Mse of the wore p l e c t r o -
n o p i t i vp n B t v i r e of hp.rv11.-i nip »nd the o v e r a l l ne£r;tivp charge 
<»hich the j ^ t ^ f t

2
H 2 l ?~ 1 

on c a r r i e s , i t would be expected +het the 

br i d g i n g hv^rop-en. pf.onsin t h i «> compound vr> uld c a r r y R g r e a t e r 

nee-stive r.hprp-e than thoee i n B^F^-

The nrpsonop of P l»rpp nep°ti.ve clvir^e on the b r i d g i n g 

hydroe-en pfoipp i s c o n s i s t e n t w i t h the observed KP-H di s t a n c e s , 

which are the s°me P.S t h a t i n sodium hydride. The Be-H bonds v n u l d 

thus be expected t o be h i f h l y p o l a r i s e d and i t has been r u r r e s t e d 

(iHbb, 1962) t h a t the ̂ a-H i n t e r a c t i o n i n sodium hydride i s of 

miyed c h a r a c t e r . 

The angles Na-Hll-Na 1 and 3e-Hll-Be'' a r e the same w i t h i n 

experimental e r r o r , a s are the H l l - N a - H l l 1 and H l l - B e - H l l 1 1 a n g l e s . 

The Na-Na1 d i s t a n c e i s s h o r t e r than t h a t i n m e t a l l i c sodium and 

the Be-Be 1 1 d i s t a n c e i s equal to t h a t i n metal Lie b e r y l l i u m . The 

simi l a r i t y i n pnvironment of H l l itbh r e s p e c t t o the b e r y l Mums 

•>nd podi'ims s u r e s t th°t the N s - K l l -".nd B e - H l l i n t e r a c t i o n s may 

not be too d i f f e r e n t i n c h a r a c t e r . 

http://hp.rv11.-i
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Na^EtjBegHg.aitgO. 

Table 7-

F i n a l V a l u e s of the Observed 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 . 
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ll 0 3 as . 4 4 4 . 3 n 
0 n 4 a s . 4 - 3 0 . 1 0 
0 0 • ao .a 1 1 . 3 0 
u II • » . a H . 4 0 
0 0 1 0 3J.B - 3 3 . B 0 
0 0 •a I4.B - I S . O 0 
0 0 14 1 1 . 3 10,1 0 
0 0 i t 1 .4 S . l 0 
a 0 t a 1 . 7 1 . 0 0 
a 0 ao 3 . S I . S 0 
0 1 l a s .a 43.1 0 
0 1 a 4 4 . S - 3 S . S 0 
0 1 3 i a . o S . S 0 
u 1 4 3 0 . 7 i s . s 0 
a 1 s 3 . 3 I . S 0 
0 1 • 1.1 - 1 . 0 0 
0 1 7 S . I -B . l 0 
0 1 a B . S 7 . S 0 
0 1 • S . S - S . 7 0 
u 1 1 0 » . 3 7 . S 0 
0 1 n 10.1 - S . B 0 
0 1 1a a o . 4 1 7 . T 0 
0 1 1 3 « . 4 1 . 0 0 
0 1 1 4 7 . 4 4 . 0 0 
0 1 I B s . o 1.1 0 
0 1 I S < i . s - l.B 0 
n 1 11 4 . 3 4 . 0 0 
0 1 0 B 0 . 4 - 4 B . 4 0 
0 1 l a . s I S . l 0 
a 2 a S . 7 1.4 0 
0 2 3 l l . S S . B 0 
0 a 4 4 S . 3 - 3 4 . 9 0 
0 a B S 7 . 0 - S 1 . 7 0 
0 a s 11.8 - 1 4 . 7 0 
a a 7 1 B . B - 1 S . S 0 
u a a < l . l o . s 0 
0 a B 1 S . B i s . 1 0 
a a 1 0 7 . 1 S . l 0 
0 a 11 1 9 . 3 1 7 . 1 0 
0 a l a S . B -4.1 0 
0 a 1 3 S . S B . S 0 
0 a 14 S . 3 - S . l 0 
0 a I B 7 . S 7 . 1 0 
0 a l ( < 1 . 0 1 . 1 0 
0 a 17 < 1 . 7 O . S 0 
0 a I B < 1 . 7 i . s 0 
0 a I I i . s -1.4 0 
0 a ao 4 . 4 - 3 . S 0 
0 3 I i . s - I . S 0 
0 3 a i s . s 1 1 . 1 0 
0 3 3 3 . 7 1 . 4 0 
0 3 « 4 7 . 7 - 4 1 . S 0 
0 3 B S . S - l . B 0 
0 3 0 l l . S - 1 S . 7 0 
0 3 7 7 . S S . 9 0 
0 3 B • 4 . 1 1 1 . 7 0 
0 3 • a.s T . S 0 
0 3 1 0 1 S . 0 1 4 . 1 0 
0 3 11 < 1 . 4 l . l a 
0 3 • a i . s 1 . 4 0 
0 3 1 3 S . S - S . 0 0 
0 3 14 i.s 1 . 4 0 
II 3 I B l . B - 3 . 4 0 
0 3 I B 3 . 1 3 . S 0 
0 3 17 3 . 4 - 1 . S 0 
a 3 I B 4 . B - 4 . B , 0 
0 3 I B a . 4 - 1 . 0 " o 
0 3 ao 1 . 3 - 1 . 0 0 
0 4 0 " . a - 1 1 . 4 0 
0 4 I 3 B . S 1 4 . B 0 
0 4 a a . s - l . B 0 
0 4 3 1 9 . 1 I 4 . S 0 
0 4 4 1 . 1 o . s 0 
0 4 B 1 1 . 1 S . S 0 
u 4 6 1 0 . 7 i s . o 0 
0 4 7 < 1 .1 - o . s 0 
0 4 B i s . o l l . S 0 
0 4 B 1 1 . 1 1 1 . 7 0 
a 4 i n 1 0 . 1 I S . B 0 
0 4 11 a . s I . S 0 
0 4 l a i . s l . o 0 
0 4 1 3 l . l i . s 0 
0 4 14 i . s 1 . 1 0 
a 4 i s s . o - S . B 0 
a 4 i s i . i - 1 . 4 0 
0 4 17 4 . 4 - I . S o 
II 4 i n l . l - I . S I I 
0 a 1 3 0 . 1 - i a . 7 0 
0 5 a s . a - 4 . 4 n 
a • 3 i . i - 1 . 1 0 
0 B 4 H . 4 1 0 . 1 D 
0 B s 1 0 . 3 S . O 0 
a B a 1 4 . 1 1 4 . S 1 
n B 7 1 1 . 1 1 4 . 4 1 
0 S s 4 . 1 - 3 . 7 1 
n 8 9 n . o I S . B 1 
0 a 1 0 1.1 1 . 1 1 n 
0 s I I I S . 7 l l . S 1 0 
o B 13 l . B 3 . a 1 0 
n 1 3 < l . « 1 . 4 1 0 

-)7b 

i m l r » h k 1 l l t a l 

« . l - 4 . 1 1 0 - 4 40 ,0 
1.7 - 1 . 0 1 0 - - 1 IS .B 
s . a - S . l 1 0 O — 

<• 1.7 o . s 1 0 1 IU3.S 
1 .1 l . l 1 0 4 1.0 

< i . s 0 . 1 1 0 S I . S 
1 . 1 1.7 1 0 S 1 1 . 1 

1 7 . 9 - I S . l 1 0 10 11.1 
1.4 7 . 1 1 0 11 • S .1 
S.B - 7 . 4 1 0 14 1 0 . 1 

" . s I B . l 1 1 - 11 i . i 
l l . S 1 1 . 1 1 1 - 1 0 < i . s 
•S.S l l . S 1 I - I S < 1.4 
7 . S -S .S 1 1 - I S < 1.4 
1 .0 - i . s 1 1 -17 l . l 
i . s - l . B 1 1 - I S < 1.1 

< i.s - 0 . 1 1 1 - I B 1 .1 
< i . s - 0 . 1 1 1 -14 l.B 
< 1.0 - 0 . 1 1 1 - 1 1 I . S 
< i . s 0 . 1 1 1 - 1 1 S.I 

B.S - S . S 1 1 - 11 S .1 
- 4 . 8 - - - S . I 1 1 - 1 0 a s . s 

4 . 1 - 4 . S 1 1 -S » . i 
< 1.7 - 0 . 1 1 1 - S « . a 
< 1.7 1.1 1 1 - 7 ».• * I . S l l .B 1 1 - 6 34.1 

l . B i . s 1 1 -S 1 1 . 1 
< 1.4 1.4 1 1 - 4 1.1 

11.1 " . 1 1 1 - 1 1B.I 
I.S - l . B 1 1 - 1 7 1 . 1 

i s . o 11 .1 1 1 - 1 1 . 1 
4.1 - 4 . 0 1 I 0 41.1 
s . o 4 . S 1 1 1 11.7 
« .7 - S . 1 1 1 1 61 .6 

< 1.1 1.4 1 1 1 16.1 
S . l - 1 . 1 1 1 4 4 . 1 

< i . s - l . l 1 1 I • 1 . 0 
7 . 0 - S . l 1 1 1 < o . s 
S.0 - S . O 1 1 7 I S . l 

< 1.7 0 . 0 1 I B i . s 
4.B -4.1 1 1 S 1 0 . 0 
I . S 1 .1 1 1 10 B.S 

11.4 10.S 1 1 11 4 . 1 
< l . « - 1 . 0 1 1 11 11.1 
< I . S o . s 1 1 11 10 .7 

4 . 0 4 . 0 1 1 14 • J 
a . s -1.1 1 1 I B l . l 

< i . s - 1 . 1 1 1 I S < 1.6 
i . s i . s 1 1 I T 1 .1 

< I .S - o . » 1 1 - 11 1 . 1 
3 . 1 - 1 . 1 i a - a o < 1.4 
4.1 - B . l 1 1 - I S < 1.4 
1 .4 -B .B 1 1 -11 I . S 
i . s - 1 . 6 1 1 -17 4 . 1 
l . B 1 .6 1 1 - I S 1 .1 

< 1.7 - o . s 1 1 - 1 1 B.S 
S . l 6 . 1 1 1 -14 < 1.1 

< I .S - 0 . 6 1 1 - 1 3 7 . 1 
1 .6 1 . 1 1 1 - 1 1 i s . s 
S.7 1 .4 1 1 - 1 1 l l . S 
7 .S - 6 . 4 1 1 - 1 0 7 . 6 
7 .S 7 . 1 I 1 - I 6 .4 
4 .S - 1 . 1 I 1 - I 10.0 
1.7 1.1 i a -T 17 .1 
S . l - 1 . 1 1 1 - 6 l . l 
1 .7 - 1 . 0 1 1 - I 33 .4 
7 . 4 - S . l 1 1 - 4 6 1 . 0 
4 . S - 4 . 0 1 1 - 1 •1 .0 
1 .1 - 1 . 1 1 1 - 1 I I . 1 
1.7 1 .1 1 1 - 1 B4.I 
1.1 1 . 1 1 1 0 11.6 
1 .1 1.B 1 1 1 < 0.7 

< I .S 0 .S I 1 1 31 .1 
l . l I . S 1 1 1 3 4 . 0 
1.7 - 1 . 7 i a 4 l . l 

< 1.7 1 .1 I 1 I 1 4 . 0 
1 . 1 I . S 1 1 1 6.7 
I . S - l . B 1 1 7 • l . B 
i . s l . B 1 1 1 • . 0 
s . o - B . S 1 1 s l . l 
1.S - i . s 1 1 10 » . o 
1 .1 -I.S 1 1 I I 4.1 
4 . 1 - 1 . 4 1 1 11 4 . S 
i . s 1 . 1 1 1 11 4 . 1 
1.1 - 1 . 1 1 1 14 I . S 
1.4 - 1 . 7 • 1 I I < 1.4 
l . l - 1 . 7 1 1 11 4 . 1 
4 . 1 - 4 . 0 1 1 17 l . l 

- 1 . 7 I 1 I I « 1.1 
I . S - l . l 1 1 IS l . l 

< I .S - 1 . 0 1 3 - 1 0 l . l 
1 .1 - I . S i a - i s < 1.4 
l . l i . s 1 1 -11 < 1.4 
1.4 - I . S 1 3 -17 1.4 
1.7 S . S • 3 - m 13 .7 
1 .1 S.B 1 3 - I B 1 .6 

IS.B - I S . S 1 3 -14 4.4 
I S . O - 1 6 . 4 1 3 - 1 3 S.S 
11 .0 - 1 6 . 1 i 3 - i a 1.1 
0 4 . 0 -B6.S 1 3 - 1 1 1 1 . 1 

re • k 1 IFIil r . 

- 4 4 . 0 1 3 -111 S . l - 1 . 3 
I S . l 1 3 - 9 1 .8 -• .• 
• B.S 1 3 - B < O.y n.B 

i m . a 1 1 - 7 10.4 10.7 
i . s 1 3 -S a i . s 1 1 . 0 
i . i 1 3 -B i . i - 9 . 0 

- s a . i 1 3 - 4 19.1 • 0 . 9 
- • S . 7 1 3 - 1 1 1 . 8 - 1 0 . 7 

•4.1 1 3 - 1 1.9 0 . 1 
S.B 1 3 - 1 SO.3 - 4 1 . 1 
1 . 1 1 3 O 1.3 - l . l 

- 0 . 4 I 1 1 o.s -0.1 
o . « 1 3 1 3 4 . 6 -31.1 

- 0 . 7 1 1 1 7 . 4 1.1 
1.B 1 1 4 4 6 . 1 -41 . 0 
1.4 1 1 B 11.1 • 1.1 
l . l 1 3 6 < i . o 0 .7 

- B . l 1 1 7 10 .7 •0.1 
4 . 1 1 1 B 8.1 6 .6 
-1.6 1 1 9 U . 4 18.1 

-10.1 l 1 i n 1.1 • -1.1 
• B . B 1 1 11 1.4 1.7 

-10.1 1 1 1 1 < 1.3 -0.1 
11.1 1 1 11 1.4 1.0 

- 1 S . 6 1 1 14 1.0 1.1 
SS.1 I 1 1 B < l . l - 0 . 6 
11.1 1 1 1 6 < 1.1 0.1 
1.1 1 1 17 l . l - l . l 

34.1 X 1 18 1.9 -1.9 
61.1 1 1 IS < 1.4 -1.1 
-1.1 1 1 10 •.1 -0.1 

- 4 4 . 1 1 4 - 1 1 1 . 1 - 1 . 6 
- « . l 1 4 - 1 0 < 1.3 -0.1 
- 6 1 . 6 1 4 - 1 1 < 1.4 0 . 6 
11.1 1 4 - 1 1 6 .7 - 6 . 6 
- 6 . 7 1 4 - 1 7 < 1.4 0 . 1 

-11.1 1 4 - 1 1 6 . 6 - 6 . 8 
- 1 . B 1 4 -11 1.0 - l . l 

- « . B 1 4 - 1 4 l . l 1.1 
- l . B 1 4 - 1 1 4.1 - 4 . 7 

-10.1 1 4 - 1 1 l . l 1.0 
6 .6 1 4 - 1 1 1.4 6.1 
4 . 7 1 4 - 1 0 1.7 1.0 

11 .0 1 4 - 1 1.8 l . l 
10.1 1 4 - 1 1.0 1.4 

4 . 1 1 4 - 7 6 . 0 s .a 
4.1 1 4 - 6 4.1 4 .7 

-0.1 1 4 - 6 1.7 -1.1 
I . I 1 4 - 4 11.1 -11.7 
1.4 1 4 - 1 • 1 . 6 •1.1 
0.7 1 4 - 1 19.1 -»•• 
l . l 1 4 - 1 1.4 - l . « 
4 . 1 1 4 0 1 6 . 6 -•1.7 

- l . o 1 4 1 • 6 . 1 -11.1 
-1.1 1 4 1 • 6 . 6 - • 8 . 9 
-6.1 1 4 1 1 1 . 0 - 1 B . B 
- • . 6 1 4 4 < 1.0 -0.1 
-6.1 1 4 1 6.1 - 6 . 7 
• 6 . 7 1 4 6 • l . l •0.1 
-11.7 1 4 7 l . l - 1 . 4 

l . l 1 4 6 s . a 7 . 7 
B.S 1 4 1 < 1.7 o .« 
-S . l 1 4 10 1 . 1 - » . 4 
M . l 1 4 11 < 1.1 - 1 . 7 
1.1 1 4 11 l . l - s . o 

l l . l 1 4 11 1.0 1 .6 
4 7 . 4 1 4 14 1.1 - l . l 

-•I.S 1 4 IS 1.6 0 . 8 
M . l 1 4 16 7 . 1 - l . l 
40 .S 1 4 17 < 1.6 0 . 1 

-16.1 1 4 11 1.1 - l . l 
1.1 1 1 - I B 1.4 -1.1 

10.1 1 8 - I B 1.4 l . l 
- 1 6 . 7 1 8 -17 1.0 - 1 . 0 
1 .4 1 8 - I S 1.1 B . l 

-11.4 1 B - I S 10.1 -1 .0 
- 7 . 1 1 B -14 1.1 - l . « 
l l . S 1 6 -IS 1.9 -1.0 
-o.s 1 B - 1 1 1.1 B . l 

4 . 1 1 1 - 1 1 1.1 1.1 
1.7 1 1 - 1 0 l . B I . S 
l . o 1 1 - I l . l 1.1 
1.1 1 1 - I 1 .4 -S.S 
4 . 9 1 1 - 7 1.6 l . l 
l . l 1 1 - S •1.1 - 1 4 . 1 
1.6 1 8 - 8 4.1 1.9 
4 . 6 1 8 - 4 1.7 9.1 

- l . l 1 8 - 1 • S . l - 1 1 . 0 
1.6 1 8 - I 14.3 • 9 . 4 

-1.4 1 1 - 1 •9.1 -11.9 
1.0 1 1 0 • . 0 0.1 

- 0 . 1 • 1 1 B . l -6.1 
-0.1 1 8 1 «. 1.0 1 .1 
- 1 . 7 1 8 3 1.1 - l . l 

- 1 1 . 6 1 8 4 • 6 . 0 •4.1 
1.0 1 8 8 < l . l - 0 . 1 

- 4 . 0 I B S 4.1 S.S 
9 .7 1 8 7 4 . 4 8 . 4 
-1.7 1 8 8 4 . 1 -S.S 
14.7 1 8 9 l . l I . S 



1 rr. h ft 1 ir . . | ft h ft l m i l Fr h ft 1 1 roi rr 

Wl 3 . 9 - 4 .S 1 « , 9.1 - 1 . 9 a i 9 J.9 - 4 . 0 1 4 - 1 3 1.9 - 3 . 3 
I I 1.9 - l . » 1 1 H 1.9 - 3 . 3 2 1 - • 3.» -1 .9 1 4 - I I 4 . 1 4.1 
r j l.T - 4 . 4 1 9 9.0 -3 .1 a i - T l.T -1.0 1 4 - 1 1 T . 3 -1 .0 
u •••> 1 9 11 l .S -1.1 a i - 1 < 1.3 O.T a 4 - i n 9.1 
14 J.9 -4.1 1 V - 1 J l . l - * . l a i - 9 9 . 9 9.4 a i -9 3.T - 3 . 1 
19 1 . 1 -9.1 1 « -13 1.0 -1.4 i i - 4 9.4 3.9 9 4 19.9 • 4 .4 
i l < 1.1 0.1 1 9 -11 1.1 - 4 . 0 i i - 3 9.3 9.1 2 4 1 1.0 1.9 
17 l.T -1 .9 1 9 -111 < 1.4 1.1 a I T .9 16.9 a < - a 3.1 - 3 , 3 

-IT a .o 1.9 1 9 - 9 4 .9 - 1 . 9 i i - 1 14.1 13.1 1 4 - 9 9 .4 1.3 
- I t < 1.4 - 1 . 4 1 H -3 < 1.4 0.1 1 i 0 31.9 -40.1 1 4 - 4 19.3 -14,11 
-19 1.4 1 .3 1 • -T 4.0 - 4 . 3 1 l 1 30 .4 a o . a 3 4 -.1 9.1 1.1 
-14 1.1 - » . l 1 9 -9 1.1 -1.1 *j l 1 11.3 -18.9 1 4 - 1 • .1 -9 ,3 
-11 1.1 4.1 1 11 - 3 3.1 - 4 . 1 1 i 1 < 1.0 1 . 0 1 4 - 1 l . l 1.4 
-11 < 1.1 1.3 1 » -4 < 1.4 -0 .9 1 l 4 3.T 4.V 1 4 O v l . l 1.3 
-11 8.1 9 .4 1 » -3 1 .0 l . » a i 9 11.1 • I T .9 1 4 1 0 .4 1.3 
- 1 0 1 .0 1 . 4 1 9 - 1 1.9 3.9 i i 1 9.9 - T . l 3 4 3 3.9 - 1 . ' 
-» < 1 .1 0.4 1 9 -1 1.0 1 . 9 i i 1 1 . 9 -1,1 3 4 a 9.9 ».• 
- 1 l.T 1.1 1 9 1 .0 -1.4 H 3 .4 -3 ,1 1 4 4 1 1 . 1 •4 .9 
-T 1T.0 -14.1 1 9 1 < 1.4 1.1 a i 9 1.3 1 ,0 1 4 9 1 . 4 1.9 
- a 1 .0 3.0 1 9 1 < 1.4 -1.1 a i l 0 10.3 9.9 1 4 S 33.0 9 1 . S 
- i 10.8 -19.4 1 9 1 < 1.4 -3.1 i l l 1 3.3 1.9 1 4 1 » 1.9 -0 .1 
- 4 11.3 10.4 1 9 4 1.1 3.9 i i i 3 4 . 9 4.3 1 4 a 9 .4 S . l 
-1 1.3 1.3 1 9 3 4 . 9 -9 .1 2 1 1 3 v 1.1 -0.3 1 4 9 3.1 1.0 
-1 •.0 -9.1 1 9 9 1.9 1.1 i l l 4 3.3 -3.1 1 4 10 < 1.9 - 1 . 4 
-1 10.0 10.0 1 9 T 3.3 -9.1 i i I 8 < 1.1 1 .1 1 4 11 4.3 4.1 
0 1.1 -3 .9 1 9 9 < 1.3 -0.4 i l l 9 3.1 - 1 . 3 1 4 11 < l . l -0,1 
1 1 1 . 4 14.3 1 • 9 3.3 -1 .3 1 1 - 1 4 3.3 -9.9 1 4 13 < l . l 0.1 
1 11.1 11.3 1 9 10 3.0 1.3 1 1 - 1 1 8.1 -1 .1 1 4 14 1.3 - 1 . 1 
3 11.3 13.1 1 9 11 » 1.4 -0.1 1 1 - 1 a < i . » -0.4 1 4 19 3.9 -3 .1 
4 15.1 •1.3 1 » 13 1 .3 3.0 i i - i 1 4 .4 -9 .0 1 4 19 3.4 -1.9 
8 10.1 10.7 1 9 13 1.3 -1.0 1 1 - 1 0 l l . l -11 . 8 3 9 - I S 4 .3 3.3 
• 1.1 3 . 3 1 10 -9 1.4 0.3 a a -a l a . s 13.0 3 3 -18 1 . 3 3.3 
1 » 1.1 0.1 1 10 - 8 1.0 -1 .1 a a - a i 3 . o -13.3 1 8 - 1 4 < 1 . 3 0,1 
1 8 . 3 3.3 1 10 -1 4.1 1 . 4 a a -1 19.9 10 .4 1 8 -13 3.1 3 ,3 
• 1 . 6 -4.1 1 10 - 8 1.0 - 1 . 4 3 3 -9 9 .8 -9 . 1 1 9 - 1 1 v 1.8 0.1 

10 1.1 1.3 1 10 - 3 1.1 1 . 1 3 3 - 3 4.3 -4.8 3 3 - 1 1 3 . 3 S . 4 
11 1.4 - 9 . 9 1 10 - 4 1.3 - 1 . 3 a a -4 3 . 3 -9.9 a 3 -1 il 11.3 - l O . l 
11 I .B -1.0 1 10 -3 < 1.1 -1.1 a a -1 11.3 -13.3 3 9 - 9 1 . 4 a . i 
11 4.4 -T.0 1 10 - 1 < 1.3 -0.4 3 3 -3 19.0 -13.1 3 9 - 8 13.1 -13 ,4 
14 1.1 -1.9 1 10 -1 1.1 -1.1 3 1 -1 31.4 - 1 8 . 3 3 3 - 1 l . S 1.4 
1 1 < O.T 1 10 0 < 1.3 1.3 i i 0 < 0.9 - l . l 3 9 - 8 l . l -1.1 
11 < 1.4 0.9 1 10 1 < 1.3 -0.1 a i 1 3T.9 -34.8 3 8 - 3 4.3 - 1 . 9 
IT l . o 1.3 1 10 1 3.3 1 . 1 i i 9 13.3 1 8 . 3 3 9 - 4 < 1.3 - 1 . 3 

- I T 1.0 1.9 1 10 1 4 . 9 -4.9 i a 1 18.9 - I T . 8 3 9 -3 13 .8 - 1 1 . 8 
- I f « 1.4 - 1 . 3 1 10 4 1.1 - 1 . 4 a 3 4 9 .8 •11.9 3 8 - 3 10.9 -13 .4 
-11 «• l . « 0.1 1 10 8 1.9 -1.1 i a 8 < 1.3 I ,9 3 9 - 1 9 . 3 - B . 4 
-14 1.1 3 .9 1 10 3 1.4 -1 .1 a i a i i . i - I O . T a 8 o 3,3 - 1 . 3 
-13 4.1 -9.1 1 10 T 1 .0 1.3 1 3 i a .4 1 .1 a a i >.9 l . « 
• 11 (.1 ' .1 1 10 8 1.4 1.1 a a a 4 . 8 9.0 3 9 3 9.9 11.0 
-11 S . S - 3 . 1 1 10 9 1 . 4 1.1 a a 9 I4.T 14.3 3 9 3 S . O 1.0 
-10 1.3 1.1 1 10 10 1.9 1.1 s a i 0 < l . S 0.9 3 9 4 9.9 9 .4 

l .T 1 .1 1 10 11 3 . 3 1.9 a a I 1 18 .0 18.3 3 9 9 11.9 l l . l 
- I «.• -9.1 1 10 13 < 1.1 -0.1 a a i 3 8.3 -B.I 3 8 8 9.0 -0 .0 
-T < 1.3 0.1 1 10 13 1.3 1.1 a a i 1 l . o J.9 3 8 1 11,1 11.0 
- • *.• -1.3 1 11 -1 1.3 1.0 a a i 4 1 . 3 - 4 . 1 3 3 • 8 l . S - i . a 
-• 1 . 3 1 . 3 1 11 - 8 1 . 3 1 . 1 a a I 8 3.S -1.1 3 9 9 1 . 9 1.3 
-« * . T - 3 . 4 1 11 - 8 1.9 - 0 . 1 a i l S < 1.1 -0.4 1 9 10 l . l 1.1 
- 1 3.1 3.1 1 11 - 4 1.4 1.1 i l l 1 3.0 -3 .1 3 3 I I < l . l -0 .8 
- 1 3 . 3 - 3 . 4 1 I I - 3 < 1.4 0.1 a a l 8 < 1.1 -1 .8 3 8 13 C l . l -0.1 
-I 13.1 13.4 1 11 - 1 < 1.4 -1 .1 a a I * < l . l -I .3 3 9 13 1.0 - 3 . 9 
0 < 1.3 0.3 1 11 -1 1.9 1 . 4 a a ] 0 3.4 - l . l 3 8 14 3,0 -3 .8 
1 11.1 10.1 1 11 0 < 1.4 -o.a 1 3 - 1 8 4 . 3 3.1 3 a - I S 3,9 - 3 . 9 
1 3.1 3.3 1 I I 1 1.4 1.0 a a - i 4 8.0 1 . 3 3 S -13 1.9 3.9 
1 4.1 3.1 1 11 a 1.0 - a . i a a - i 1 < 1.4 0.0 3 8 - 1 4 < 1.9 -0.9 
4 < 1.3 -0.1 1 11 3 < 1.4 -0.0 a a - i 3 4 . 3 - 4 . 8 a 8 -13 4 . 9 3.9 
• < 1.3 1.1 1 11 4 1.3 -1 .9 a s - i 1 1.1 I . 3 a a - l a S . l 0.4 
1 < 1.1 1.0 1 11 8 < 1.4 0.4 3 3 - 1 0 S . 8 - 1 . 3 a 8 - 1 1 4 . 3 - 4 . 8 
T 3 .4 3.3 1 11 8 < 1.3 0.4 3 3 -9 3.8 3 . 3 a s - i o 3.0 1.1 
• < 1.4 0.0 1 11 1 < 1.1 1.9 3 3 -8 18 .1 18.9 3 8 - 9 11.0 -10.8 
• < 1.4 0.1 1 11 a 1 . 1 1.9 3 3 -1 14 .8 14 .8 1 9 - 8 « l . l -0 .9 

10 4.1 -4.9 1 11 9 1.1 1.0 3 3 - 3 1 1 . 1 33 .8 a 8 - i l l . l -10 .8 
11 < 1.1 -1 .3 1 11 10 1.0 1.9 8 1 - 3 33.3 -34.4 3 8 - 8 3.0 4 . 3 
11 4 . 3 -3.3 1 11 11 < 1.1 0.0 a s  4 1.3 -0.3 a a - B l . l -8 . 0 
11 < 1.3 0.3 1 11 18 1.0 1.1 s a  1 3 1 . S -•9.8 3 8 - 4 3.4 3.1 
14 3.1 1.1 1 13 - 3 3 .3 - l . S i l - 3 13.3 -14 .3 3 8 - 3 8 .3 -10.1 
1 1 1.4 1.1 I 13 -3 1.4 - 1 . 1 8 3 -1 3.4 - 3 .1 3 8 - 8 1.1.8 -14.0 
I t 3 .4 1 . 1 1 11 -3 < l . o - o . a 3 3 0 3.3 - 4 . 3 3 8 - 1 < 1.4 -0 . 8 

- 1 1 1.4 -1.1 1 11 -1 1 . 1 - l . S 3 3 1 1.1 -1 .9 a a o 11,4 -13.3 
-14 1.4 -1.1 1 0 -13 3 3 . 3 -34.1 3 3 3 1 .8 -1.9 3 8 1 l l . l 11.3 
- 1 1 < 1.4 -0.3 1 0 -10 1 .3 3 . 4 3 3 1 1 1 . 4 -11 .1 a a a 3 . 8 - 3 . 9 
- 1 1 11.1 -10.4 1 0 -a 3.0 3.1 3 3 4 4.1 - 4 . 4 a s . 3 1 .3 9.4 
-11 3.0 3 . 3 1 0 -9 4 .3 1 .1 3 3 3 < l . l 1 .1 8 8 4 3 .3 - 4 . 9 
-10 t . l - 1 . 3 1 0 - 4 H.O 11.1 3 3 8 11.4 13.3 3 8 8 « ' . 4 -0.8 
-1 < 1.4 0 .3 a o - 1 •*.» 3 3 1 4.3 3.1 a s s « . l - S . O 
-1 C 1.4 1.4 1 0 0 30.3 1 3 . 3 8 3 a M.o 13.1 3 8 1 4 .4 - 3 . 3 
-T 3 . 3 -0.1 1 0 1 11.3 - 1 4 . S 3 3 3 «. l . S 1.8 3 8 8 < l . S - 1 . 3 
-• < 1.4 0.9 1 0 4 •3.0 -13.1 3 1 1 0 9 .3 9.9 3 8 9 3.4 - 3 . 8 
-» 3 . 1 - 3 . 1 1 0 a 11.4 - 1 3 . 1 1 1 1 1 4.1 - 9 . 3 3 8 10 < l . l -1 .1 
-4 < 1.3 - I . I 1 0 • 3 . 4 -1.1 1 3 1 1 3.4 3.9 a a i i 3.1 - 3 . 4 
- 1 3.3 - 1 . 3 1 0 10 4 .4 1 . 3 1 1 1 1 4 .« - 3 . 3 a s i s 1.1 - 1 . 3 
- 1 13.0 1 1 . 0 1 0 1 1 3.3 3 . 3 8 3 1 4 t . l I .4 a s 13 3 .4 - l . l 
-1 1.1 1.1 3 0 14 3.3 3.3 3 3 1 1 1.1 - 3 . 8 3 1 - I B 3.1 - 3 . 3 
0 13 .9 13 .3 1 0 I S 3.0 4 .4 3 3 1 3 1 . 3 - 1 . 1 a i - i 4 3 .3 3.3 
1 3.T - 3 . 3 1 0 18 3.4 1.1 3 3 1 1 < 1,1 -1 .1 a T - i s 1.3 - l . l 
1 1.4 -3 .0 1 0 30 1.3 -1.1 1 1 1 3 3.3 - 1 . 0 a T - l a 1.9 1 . * 
J < 1.4 0.3 1 1 -14 14.1 - 1 4 . 1 3 4 - 1 3 4 . 8 - 4 . 4 3 T -11 < 1.9 0.1 
4 3 . 4 -3.1 1 1 -13 11.4 -11.3 3 4 - 1 1 < 1.8 1.7 3 T -10 T .4 - S . 8 
t 3 .4 1 . 1 1 1 - 1 1 .10.4 -11.1 3 4 - 1 3 3 . 0 9 . 3 a i - a « 1.9 O.I 
* 4 . 1 - 4 . 3 1 1 -11 • 1.0 - I S . S 8 4 - 1 8 < 1.1 0 .3 3 1 - 3 4.9 -4 . 8 
T 3 . 1 1.1 • 1 - I D 1.1 3 . 1 3 4 - 1 4 0.1 9.1 3 1 - 1 1 . 1 - 1 . 1 



•39 
k k 1 I M *> k k 1 

-« 1.1 4.1 1 0 -11 
- 4 4.1 13 1 0 - 1 0 
- 4 l . « J 0 .1 -1 1.4 l . T S 0 -1 
- I < 1.6 -1 .1 J 0 - 4 
-1 S . I -4.1 1 0 - 1 0 14.1 14.1 1 0 0 
1 103 -10.4 1 0 1 1 14 .0 14 .0 1 0 4 1 T.0 -1.1 1 0 1 
4 < 1.1 1.0 1 0 | • 1.1 - T . 4 1 0 10 • 1.4 -1.1 1 0 11 
T 1.1 -1.1 1 0 14 
• J . 4 -1.1 I 1 -14 
• I . I -4.1 I 1 -11 
10 4.1 - 4 . 7 1 1 -11 
11 l.T -0.1 I 1 -11 
I I 1.0 -1.1 1 1 -10 
I I 1.1 1.0 1 1 - » 

- I I 1.1 1.1 1 1 - 1 
- I I 1.1 -1.1 1 1 -T 
-11 0.4 4.1 1 1 - • 
-10 < 1.1 -1.1 1 1 - 1 

- I 1.1 1.1 1 1 - 4 
- I 1.1 - l.T 1 1 - 1 
-T < 1.1 0.1 1 1 - 1 -4 < 1.1 -0.0 1 1 - 1 
- I 1.1 1.0 1 1 0 
- 4 4.1 4 . 4 1 1 1 
-1 1 1 1 1 
-a T . I T . i i l l 
-1 1.1 1.1 1 1 4 0 < 1.0 -0.T 1 1 1 
1 < 1.1 l.T 1 1 1 
I 4.1 -1.1 1 1 T 
1 l.T l.T 1 1 1 
4 < l.T -0.1 1 1 0 
• < l.T 1.4 1 1 10 • 1.1 -1.1 1 I 11 
T 1.4 -1.1 1 1 11 
• 1.4 -1.0 1 1 11 
0 1.4 -1.0 1 1 14 

10 < 1.4 0.1 1 1 I I 
11 < 1.1 0.1 1 1 - I f 
11 l.T 1.1 1 1 - I I 
11 < 1.0 U.f ] 1 -14 
14 1.1 1.1 1 1 -11 
-10 1.1 1.0 1 1 -11 

- 0 1.1 -1.1 1 1 -11 
- I 1.1 1.4 1 1-10 
-T < 1.1 0.1 1 1 - t -4 < 1.1 0.1 1 1 .1 
• I 4.1 I.T 1 1 -T 
- 4 < 1.0 0.1 1 I - I 
-1 1.1 T . I 1 1 - 1 
-1 < l.T .1.1 1 1 - 4 
-1 < l.T 0.1 1 1 - 1 0 1.1 -I.T 1 1 - 1 
1 < l.T -0.1 1 1 - 1 
I l.T -1.1 1 1 0 1 < l.T 0.0 1 1 1 
4 < l.T -0.1 1 1 1 
I 1.4 -1.1 1 1 1 
I < l.T -1.0 1 1 4 
T 1.1 -1.0 1 1 1 
I < 1.0 -0.4 1 1 1 
I < 1.1 0 .4 1 1 T 
10 1.1 1.1 1 1 1 
11 I . I 1.4 1 1 1 
11 1.0 1.1 I 1 10 
15 I . I 1.4 1 I 11 
- I 1.1 1.1 I I 11 
- I 1.1 -1.0 1 I 11 
-T 1.1 l.T 1 I 14 
- I < 1.1 -0.1 1 1 -11 
- I < 1.1 1.1 1 I - I T 
- 4 S . l S . I 1 1 . 1 * -1 < 1.1 0.1 I 1 - I I 
- I < 1.4 0.1 S I -14 
-1 < 1.0 -0.4 I | - I I 
0 < 1.1 -0.T I 1 -11 
1 < 1.1 -1.1 1 I .11 1 < 1.0 -0.1 I I -10 
I 1.1 -1.1 I I - I 
4 1.0 -1.1 S 1 - I 
1 < 1.C - l . T S 1 - T 
I 1.1 -1.4 1 1 •• 

- I 1.1 -1.0 1 1 4 
-1 1.4 1.1 1 1 - 4 
-T 1.1 -1.1 1 1 - 1 -4 1.1 1.1 1 1 - 1 -0 1.1 -1.1 1 1 .1 
- 4 1.1 1.1 1 1 0 -1 < 1.1 -1.4 1 1 1 
- I < 1.1 0.1 1 1 1 
- I < 1.1 -1.1 1 1 1 
0 < 1.1 -0.1 1 1 4 
1 1.1 -1.1 1 1 1 
I < 1.1 -1.1 1 1 1 

I f k l Tm k k 1 

1.1 -4.0 • I T 3.0 
I . S - l . T 1 1 1 3.1 
1.1 -1.1 1 1 1 3 . 3 
1.0 0.0 1 1 10 S . S 

11.0 10.1 1 1 11 1 . 3 
' 13 1 4 -10 !.• 1.1 -1.0 1 4 - I T < 3.1 

11.1 • I M 1 4 -11 0.1 
11.0 -11.0 1 4 -11 3.1 0.1 -T.0 1 4 - 14 < 3.1 
1.0 -0 .1 1 4 -11 S.0 < 1.1 -0.T 1 4 -11 < . l . l 
1.0 4.0 1 4 -11 1.0 
1.0 1.0 1 4 - 1 0 4.1 
4.1 -».• 1 4 - 1 1.0 
1.1 4.0 1 4 - 1 S . T 

10.0 10.0 1 4 - T 1.1 1.1 1.1 1 4 - 1 10.1 11.0 " 3 1 4 - 1 1.3 < 1.0 -1.0 1 4 - 4 0.0 
« 1 . 1 -0.0 1 4 - 1 l . T 
s.o 1.0 1 4 - 1 < l . T 
1.1 4.4 1 4 - 1 l . T 

1T.1 11.0 1 4 0 1.4 0.0 10.1 1 4 1 l . T 
1.1 l . T 1 4 1 1.0 
4.1 -4.0 1 4 S s.o 1.0 -0.0 S 4 4 13 .3 

l l . t -10.1 1 4 1 1.1 
l l . T -11.4 1 4 1 0.0 
1.0 1.0 1 4 T 1.1 u.» -11.0 1 4 1 1.0 
T.T 1.1 1 4 0 < 1.3 
I . T -1.0 1 4 10 1.1 
l . T 0.0 1 4 11 I . S 
l . T -1.4 1 4 11 3 .S 
T.0 0.1 1 4 11 1.1 < 1.1 -0.0 1 4 14 4.1 
1.0 0.0 1 4 11 < S.0 
4.T 4.1 1 4 11 1.0 < 1.1 -o.s S 1 -10 33 
e.4 1.0 1 1 -11 1.4 1.1 -1.4 1 1 - I T < 3.0 
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11.1 11.4 S O T S . S 
1.1 -0.T S I S 3 . 3 
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3.0 3 1 3 3.8 -3.4 -1.1 1 10 -4 S . O 0.S 
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-3.1 3 10 - 3 3.0 1.3 
-3.8 3 10 -1 < S . O -3.4 
- 3 3 3 10 0 3.8 S . S 
-33 3 10 1 3.3 -0.3 
- S . S 8 10 3 1.0 1.8 
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4.T 4 0 0 3.8 8.3 0.1 4 0 1 S . T -1.3 
1.1 4 0 4 3.3 -3.8 
8.8 4 0 8 3.0 3.8 
-1.1 4 0 8 43 4.T 
14.8 4 0 10 O.T 4.T 
0.T 4 0 18 8.0 8.T 
8.3 4 1 - 1 3 83 - 3 3 
8 3 4 1 -18 3 3 43 
.13 4 1 -11 T3 - S . T 
5.5 4 1 -10 < l . T -03 
-1.0 4 1 -0 < 1.0 03 
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THE CRYSTAL STRUCTURE OF THE METhYLZINC T-BUTYLSULPHIDE PENTAMER 

Introduction 

The reaction between equimolar quantities of a dialkylzina 

(Coates and Ridley, 1965) or dialkylcadmium (Coates and Lauder. 1966) 

and a compound containing active hydrogen yields a hydrocarbon and 

a derivative of the metal a l k y l . Thus the reaction between 

dimethylyzino and t - b u t y l t h i o l gives methane and methylzinc 

t-butylsulphide. 

Me„Zn + Bu t s f i MeZnSBu* + CH, 2 4 
The reactions of Me^Zn and Me^Cd with alcohols produce 

alkoxides, which are a l l tetramerio except methylcadmium t-butoxide 

which i s dimeric. The molecular weights were determined 

oryoscopically i n benzene* An x-ray structure analysis 

(Shearer and Spencer. I966.a) has shown that (MeZnOMe). i s 

also tetrameric i n the c r y s t a l l i n e state, with zinc and oxygen 

atoms near the corners of a d i s t o r t e d cube. The molecular 

symmetry approximates to 43»« The X-ray powder d i f f r a o t i o n patterns 

of (MeZnOMe). and (MeCdOMe) are similar (Shearer and Spencer, 1966b) 

and crystals of the compounds are probably isomorphous. 

I t i s possible that a l l of the tetrameric alkoxides of dimethylzino 

and dimethylcadmium are i s o s t r u c t u r a l with (MeZnOMe)^. The 

reaction of aoetoxime with dimethylzinu (Coates and Ridley, i966) 

gives a compound which i s also tetrameric i n benzene solution. 
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Dirathylzinc reacts with diphenylamine to give the dimerio 

compound (MeZnNPhg)^. I n the c r y s t a l the molecule oontains 

a four-membered zinc-nitrogen r i n g i n which the zinc atoms are 

three-coordinate (Shearer and Spencer, 1966.C.). I t seems 

l i k e l y that (MeCdOBu*)^ w i l l have a similar structure. 

The products of reactions w i t h t h i o l s show d i f f e r i n g 

degrees of association. Methyl inethylzino sulphide i s insoluble 

i n benzene and i s assumed to be polymeric i n the s o l i d state. 

Methylzinc i-propylsulphide and methylcadmium i-propylsulphide 

v/ere found to be hexameric i n benzene solution but methyl zinc 

t-butylsulphide and ethylzinc t-butylsulphide are pentameric and 

methylcadmium t-butylsulphide i s tetrameric. A l l of the molecular 

weight measurements were made at more than one concentration. 

In a preliminary x-ray study of (MeZnSBu*),. 

(Shearer and W i l l i s , 1965) the size and contents of the u n i t c e l l 

were determined but the space group was not unambiguously ident

i f i e d . These observations were consistent with there being f i v e 

or ten units of M9ZnSBu* i n the assymmetric u n i t . The c r y s t a l 

structure of t h i s compound was determined with the object of 

f i n d i n g the atomic arrangement and the reasons f o r i t s degree of 

association. I t was thought that t h i s information would help 

i n explaining the d i f f e r e n t degrees of association and structures 

found i n the other compounds mentioned above. 
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Experimental 

Preparation of Crystals and Preliminary X-ray Examination 

Metliylzino t-butylsulphide was prepared by adding a solution 

of t - b u t y l t h i o l to an equimolar quantity of dimethylzinc i n hexane. 

Crystals suitable f o r the structure analysis were obtained by 

r e e r y s t a l i i s a t i o n from hexane and were sealed i n d i v i d u a l l y i n 

pyrex glass c a p i l l a r y tubes i n the dry nitrogen atmosphere of a 

glov9-box. The crystals were i n the form of transparent needles, 

elongated along a and with an eight-sided cross-section. 

The unit c e l l dimensions were determined from precession 

photographs of the hOl, h1l, and hlcO reciprocal l a t t i c e nets 

taken with Mo. KM r a d i a t i o n . The standard deviations of the 

uni t c e l l lengths are of a, 0.004, of b 0.06 and of c, O.OO5X. 

However i f systematic errors are included, the uncertainty i n 

these lengths i s probably of the order of 0.25/2. The standard 

deviation of p i s about 10*. 

The c r y s t a l were monoclinic. 

a = 9.59. b = 39.04 0 = 12.13X. 

0 = 117°08'. 

The conditions l i m i t i n g the observed re f l e c t i o n s are 

hOl, 1 = 2n. 

Oke, k = 2n. 

Space group P2^/o. 

dm = 1.39 g» cm ̂ . 

With 20 units of CH_Zn S C (CH_)_ per unit c e l l the 
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calculated value of the density i s 1.382 g. cm ̂ . 

Linear absorption coefficients Cn. Koi radiation = 58.04 cm 

Data Collection and Correction 

The c r y s t a l used i n the c o l l e c t i o n of the i n t e n s i t y data 

was a needle with p a r a l l e l faces and about 3mm, i n length. 

I t had an eight-sided cross-section which was i n the form of a 

rectangle with each corner replaced by an additional face. The 

ends of the needle were not well developed. 

The Ofcl, 1kl, 2kl, 3kl, 4kl, 5kl, and 6kl reciprocal l a t t i c e 

nets were recorded photographically using the m u l t i f i l m equi-

i n c l i n a t i o n "feissenberg technique and Cu- Kex radiation. At the 

end of the data c o l l e c t i o n i t was noted that the crysbal,which 

was o r i g i n a l l y transparent,had aquired a milky appearance. 

There was, however, no noticeable deterioration i n the quality 

of the data. The i n t e n s i t i e s of ref l e c t i o n s were estimated 

v i s u a l l y by comparision with a graduated scale. The i n t e n s i t i e s 

were placed on a common scale using i n t e n s i t y measurements 

derived from photographs on which timed exposures of di f f e r e n t 

nets had been made. 

The i n t e n s i t i e s were corrected f o r anisotropic absorption and 

f o r Lorentz and polarisation factors. I n the case of upper layers 

the i n t e n s i t i e s were also corrected f o r spot length ( P h i l l i p s , 1956). 

As the whole of the length of the c r y s t a l was not bathed i n 

the X-ray beam the absorption correction was computed by dividing 



65 

the cross-sectional area of the c r y s t a l i n t o 18 elements. The 

transmission c o e f f i c i e n t was then determined by carrying out a 

summation over two dimensions. The cr y s t a l faces were represented 

by the 10 inequalities given below. The faces were referred to 

three orthogonal axes, X, Y and Z where b* l i e s along X, c* along 

Y and a, the r o t a t i o n axis, along Z. 

-y + 0.080 0 

y + 0.080 0 

-X + 0.175 0 

X + 0.175 0 

-z + 1.500 0 

z + 1.500 • 3 . 0 

-0.558 X -y + 0.108 0 

0.558 X +y + 0.108 0 

0.558 X -y + 0.108 0 

-0.558 X +y +• 0.108 0 

The lengths are expressed i n millimetres. 

The exact values of the constants i n the inequ a l i t i e s involving 

z are not important, as faces represented by these inequalities 

are included only because the programme requires that the cr y s t a l 

shape should be a closed s o l i d . 
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Structure Determination 

The i n t e n s i t i e s were multiplied by a weighting function w, 

where w = exp |12 Sin ^Q] The weighting function was not 

allowed to take a value greater than 100. The Patterson function 

was calculated using the weighted i n t e n s i t i e s as coe f f i c i e n t s . 

The examination of the Patterson function was carried out 

i n order to determine the positions of f i v e zinc atoms i n the 

asymmetric u n i t . The Harker sections are shown i n F i g . l . 

On the Harker section at (u,2,w)., where peaks due to vectors 

between atoms related by 2^ screw axes occur, there were eight 

peaks of a s u f f i c i e n t height to represent zinc-zinc vectors of 

t h i s type. On the Harker section (o,v,v?), where peaks due to 

atoms related by the ax i a l glide plane occur, there were four 

peaks large enough to be due to zinc-zinc double-weight vectors. 

Two of these peaks were large enough to arise from the coincidence 

of such vectors. From the possible occurrence of multiple peaks 

along (o,g-,w) and of extra peaks on (u,-2-,w) i t was deduced t h a t , 

i n the unit c e l l , zinc atoms which were unrelated by symmetry 

might have similar y-coordinates. 

The positions of Zn2, Zn3 and Zn5 were found from t h i s 

examination of the Patterson function. These positions were 

confirmed by finding suitable peaks on the Patterson function, 

corresponding to vectors between Zn2, Zn3 and Zxij and the atoms 

12 Sin "ft 
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related to them by the symmetry operations of the space group* 
Structure factors were calculated, based on the parameters of these 
three atoms, giving a residual of O.67. 

The positions of Zn1 and Zn4 were found from a superposition 

of the Patterson function on the single-weight peak due to the 

vector between Zn3 and the atom related to i t by the centre of 

symmetry at the o r i g i n . from t h i s superposition 23 regions of 

overlap resulted. A l l but two of these regions were eliminated 

by placing i n turn a zinc atom i n each of these regions of overlap, 

calculating the vectors which t h i s atom would give with symmetry 

related atoms and checking the Patterson function f o r suitable 

peaks. Zn1 and Zn4 were placed at the remaining two regions of 

overlap. 

I n order to check the correctness of t h i s solution, the 

positions of a l l peaks due to Zn-Zn vectors were calculated and 

checked with the Patterson function. No attempt, was made to 

determine the positions of the sulphur atoms at t h i s stage. 

Structure factors were calculated, based on the f i v e zinc 

atoms, giving a residual of 0.343* An electron density map was 

then computed and t h i s allowed the positions of the f i v e sulphur 

atoms, S1 to S5, to be found. Several small peaks were observed. 

Twenty f i v e of these peaks could be interpreted as being due to 

the carbon atoms of the molecule. 



69 

The interatomic distances and angles involving the carbon 
atoms were i n poor agreement with the accepted values and the 
heights of the peaks due to these atoms were low. For these 
reasons positions were not given to the carbon atoms at t h i s 
stage. 

The positional and isotropic thermal parameters of the 

zinc and sulphur atoms were then refined by two cycles of 

least squares calculations' This produced a residual of O.36O. 

Another Fo synthesis was computed and from this,positions 

were given to the carbon atoms, C1 to C5, bonded to the zinc 

atoms, and to the carbon atoms, C6 to C25, of the t - b u t y l groups 

bonded to sulphur. The heights of the peaks due to the carbon 

atoms ranged from about 1.9 to 4.2 e.X ̂ . 

The parameters of the zino, sulphur and carbon atoms 

were refined by the method of least squares using the block 

diagonal approximation. One cycle of least squares refinement 

was computed with iBOtropio temperature parameters, followed 

by s i x cycles i n which the zinc and sulphur atoms were given 

anisotropic thermal parameters. This reduced the residual t o 

0.170. Five cycles of refinement with anisotropic temperature 

parameters f o r the carbon atoms also, f u r t h e r reduced the residual 

to 0.138. 

Up to t h i s point i n the refinement the bond lengths and 

angles i n the t - b u t y l group which i s bonded to 83 d i f f e r e d 
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considerably from the accepted values. An Fo synthesis v/as 
calculated. This showed that the peaks due to the methyl 
carbon atoms, C15, C16 and C17* of t h i s t - b u t y l group were 
broad and that t h e i r heights were low at about 2.1 e.A* ̂ . 

Three cycles of least squares refinement were then 

computed using anisotropic temperature factors f o r the zinc, 

sulphur and carbon atoms and with refinement of the i n d i v i d u a l 

scale factors of the reciprocal l a t t i c e nets okl to 6kl. 

This treatment would be expected to lead to a high correlation 

between i n d i v i d u a l scale factors and the anisotropic vibration 

tensor element , as the data were collected i n nets up the 

a axis. In t h i s case quite accurate values of the i n d i v i d u a l 

scale factors were obtained experimentally and the refinement 

of the structure was almost complete before the refinement of 

the- i n d i v i d u a l scale factors was started. The scale factors 

changed very l i t t l e during t h i s process, the mean difference 

between the observed and refined values being 2«?/J. 

The f i n a l value of the residual, calculated over the 

observed r e f l e c t i o n s only, was 0.136. 
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Final cycle of refinement 

j^|Fo| = 101011, 

= 437.4, 

]_|Fcj = 95500 , ^ _ A = 13745 
- i 2 v— A 2 

421 , 4 V » ^ 17.7 R 0.040 

0.136 

Number of independent reflections.=2230. 

On the f i n a l cyole of refinement the largest parameter 

shif t was 0.61 of i t s e .s .d . The structure factors 

were weighted by a function yw" where, 

M = 1/ (300 + |Fo 0.1 I Fol ) 2 

Unobserved reflections were given zero weight in the 

refinement. The atomic scattering factors used were those 

(1962) Vol I I I ' . The real part of the dispersion correction 

was applied in the case of zinc and sulphur. 

The f i n a l values of the positional and anisotropic 

thermal parameters together with their e.e.d.'s are quoted in 

Tables 1 and 2. The f i n a l values of the structure factors are 

quoted in Table 8. 

Final Difference Map 

An electron density difference synthesis was computed 

using the structure factors obtained from the f i n a l cyole of 

refinement. 

This showed a peak of height about 0.5 e.S~' / in the 

vic inity of C17i one of the atoms which gave rise to a broad 

peak in the previous Fo synthesis. An examination of the 

quoted in 'InternaticnalTables for X-ray Crystallography* 
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electron density in the region of the atoms C14j C15» C16 
and C17 of the t-butyl group bonded to S3 did not give any 
indication of disorder in the positions of the methyl carbon 
atoms, or of free rotation about the S3 - C1^ bond. Outside 
this region there were no pronounced features near any of the 
atomic s i tes . 
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Description of Structure. 

The bond lengths and angles with their e .s .d . ' s are shown in 

Table If and Table 5 respectively. The correlation coefficients 

a^shown in Table 3 were included in the calculation of the 

e . s .d . ' s . Some non--bondinf intramolecular distances are shown in 

Table 6, and the non-bonding intermolecular distances less than 

iffi are shown in Table 7* 

In the crystall ine stete, methylzinc t-butylsulphide exists 

as discrete oentameric molecules. The zinc and sulphur atoms are 

in a polyhedral arrangement, as shown in Fig 2, which also shows the 

bond lengths involving the zinc and sulphur atoms. The numbering 

of the atoms i s shown in Fig .3 . The sine atoms l i e near the 

corners of a square-based pyramid. The apical zinc atom, Zn5, 

i s displaced from the position above the centre of the base such 

that i t i s closer to Zn3 and Znk than to Znl and Zn2. One sulphur 

atom l i e s above each of the faces of the pyramid formed by the 

zinc atoms. S I , which l i e s above the face formed by Znl , Zn2 

and Zn5, i s much closer to Znl and Zn2, and i s three-coordinate. 

S 5 , which l i e s below the basal plane of the figure formed by the 

zinc atoms, seems to be five-coordinate. A l l of the zinc atoms 

and S2, 33 and SI+ are four-coordinate. 

The atoms Znl , Zn2, Zn3, and Zn4, which form the base of the 

pyramid are almost coplanar. The equation of the mean plane of 

the atoms i s . 

0.6762x' + O.V?68y - 0o780z' + 4-396 = 0 
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The equation i s referred to an orthogal coordinate system, in 
which C i s perpendicular to a and b. A l l of the atoms l i e 
0.03 X from the plane. The distance around the perimeter of the 
base range from 3*387 to 3-492 X, individual values being shown 
in Table 6, The angles are Zn1-Zn2-Zn3 = 94»5°, 
Zn2-Zn>Zn4 = 8 6 . 8 ° , Zn3-Zn4-Zn1 = 91-5° and Zn4-Z-n1-Zn2 = u7 .1° . 
The shape of the base of the pyramid deviates significantly from 
a square. 

Zn5 l ie8 above this plane, and i s closer to Zn3(3«514 X) 

and Zn4(3«511 X) than to Znl(4.4l8 X) and to Zn2(4.343 A) . 

The shortest zinc-zinc distance i s between Zn1 and Zn2, and i s 

3»387 X. This i s greater than the distances of 2.665 and 2.913 X 

found in metallic zinc (international Tables, 1962-) and shows that 

there i s no appreciable zinc-zinc bonding. 

One sulphur atom l i e s above each face of the pyramid 

formed by the zinc atoms, the shortest sulphur-sulphur distance 

being 3.34 X for jS2»S5. The single bond tetrahedral covalent 

radius of sulphur i s I . 0 4 X (Pauling, 196O) and so there i s 

no appreciable sulphur-sulphur bonding in the molecule. 

S1 l i e s above the plane of Zn1, Zn2 and Zn5 but i s much 

closer to Zn1 (2.273* 0.009 X) and Zn2 (2 .32 l£ 0 .J09 X) than to 

Zn5 (4.503 X ) . Thus S1 i s bonded to Zn1 and Zn2 but not to Zn5 

and so i s three-coordinate. The bond angles at S1 are 

Zn1 - S1 - Zn2 = 95.0^ 0 . 3 ° , Zn1 - S1 - C6 = 110.6^1 4 ° and 

Zn2- S1- C6 = 107.7- 1 .1° . 
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(MeZnSBu ) g . TABLE 3 

Correlation Coefficients. 

a 12 a 13 a 23 

Zn1 -O.O8312 0.40824 0.01041 
Zn2 0.08615 0.49117 0.06576 
Zn3 "-0. 01790 0-49684 -0.12522 
Zn4 -0.04321 O.36851 -0.02875 
Zn5 -O.O8074 0.49336 0.06804 
S1 0.07321 0.46438 0.11490 
S2 -O.O546O 0.37538 -0.00170 
S3 0*10016 0.40456 0.12575 
S4 0.04862 0.45292 0.02333 
S5 -0.04382 0.44061 0.01291 
C1 -0.26716 C57577 -0.23832 
C2 -0-09309 0.34431 0.09371 
C3 -0.05538 0.52918 -0.31760 
C4 0-17027 0-26809 -0.1797^ 
G5 -0-38259 0.53819 -0.21059 
C6 0-32175 0'55^ 0.37694 
C? 0.18991 0.26659 0.30909 
C8 -CO8513 O.70781 0.13070 
C9 0.34558 0.50924 0-11193 
C10 -0.11319 0.30132 -0-21253 
C11 0.19337 0-34043 -0-21414 
C12 -O.I7715 0.24581 0-00118 
C13 0.01692 0.45591 -O.OO832 
C14 -0-00110 0.42285 0-16128 
C15 0.26341 0-00775 -0-02230 
C16 -0-07022 -0-00082 0-03620 
C17 0-60765 0-75675 0.50707 
C18 0-01977 0.50792 0.02751 
C19 0-13112 0-41493 0-00505 
C20 0-17931 0-50577 0-09741 
C21 O.13829 0-43788 0-07899 
C22 0-00720 0-54621 O.26702 
C23 -0-56779 0-70774 -0.55795 
C24 0-04739 0-40253 -0-12586 
C25 -0-09530 0-66158 0-02378 



(MeZnSBu*)_. TABLE 4 

Bond Lengths (X) and their Standard Deviations (X x 10 3) 

Zn1-S1 2.273(9) S1-C6 1-918(30) 
Zn1-S4 2.457(8) S2-C10 1-906(35) 
Zn1-S5 2.982(8) S3-C14 1.783(36) 
Zn2-S1 2.321(9) S4-C18 1.888(24) 
Zn2-S2 2.456(8) S5-C22 1-845(33) 
Zn2-S5 2.713(8) 
Zn3-S2 2.420(8) C6-C7 1-566(53) 
Zn3-S3 2.457(9) C6-C8 1.625(52) 
Zn3-S5 2.513(8) C6-C9 1-451(^7) 
Zn4-S3 2.426(9) C10-C11 1.482(50) 
Zn4-S4 2.404(8) C10-C12 1-571(55) 
Zn4-S5 2.513(8) C10-C13 1-562(52) 
Zn5^S2 2.426(8) C14-C15 1-475(66) 
Zn5-S3 2.474(9) C14-C16 1.619(78) 
Zn5-S4 2.439(8) C14-C17 1-784(81) 

C18-C19 1.445(51) 
Zn1-Cl 1-915(35) C18-C20 1-620(49) 
Zn2-C2 2.072(31) C18-C21 1.666(50) 
Zn3-C3 1-982(33) C22-C23 1-599(67) 
Zn4-C4 2-043(32) C22-C24 1-533(50) 
Zn5-C5 2.023(41) C22-C25 1-522(46) 



(MeZnSBu ) . . . TABLE 5 

Bond Angles with their Standard Deviations 

Atoms Angle e.s.d> 

S1-Zn1-S4 99-0° 0-3° 
Sl-Zn1-S5 92.8 0.3 
S4-Zn1-S5 76-3 0.3 
S1-Zn1-C1 135-1 1-1 
S4-Zn1-C1 122-4 1-0 
S5-Zn1-C1 111-1 1-1 
S1-Zn2-S2 99.4 0.3 
S1-Zn2-S5 99.O 0.3 
S2-Zn2-S5 80.4 0-2 
S1-Zn2-C2 131-0 1-0 
S2-Zn2-C2 122-0 1-0 
S5-Zn2-C2 112-0 0-8 
S2-Zn3-S3 88-2 0.3 
S2-Zn3-S5 85-3 0.3 
S3-Zn3-S5 89-6 0.3 
S2-Zn3-C3 128-5 1-0 
S3-Zn3-C3 125-4 1-0 
S5-Zn3-C3 126.7 1.0 
S3-Zn4-S4 88.5 0-3 
S3-Zn4-S5 90.4 0.3 
S4-Zn4-S5 86.9 0.3 
S3-Zn4-C4 127-3 1-2 
S4-Zn4-C4 125-9 1-1 
S5-Zn4-C4 125-5 1-1 
S2-Zn5-S3 87-7 0-3 
S2-Zn5-S4 97-9 0-3 
S3-Zn5-S4 86.6 0-3 
S2-Zn5-C5 125-5 1-2 
S3-Zn5-C5 122-6 1»2 
S4-Zn5-C5 125-2 1«2 
Zn1-Sl-Zn2 95-0 0-3 
Zn1-S1-C6 110-6 1-1 
Zn2-S1-C6 107-7 1-1 
Zn2-S2-Zn5 126-7 0-3 
Zn2-S2-Zn3 89-0 0-3 
Zn3-S2-Zn5 93-0 0-3 
Zn2-S2-C10 118-7 1-2 
Zn3-S2-C10 108-9 1-0 
Zn5-S2-C10 111.8 1-2 
Zn3-S3-Zn4 91-0 0-3 
Zn3-S3-Zn5 91-0 0.3 
Zn4-S3-Zn5 91-5 0-3 
Zn3-S3-Cl4 122-1 1-3 
Zn4-S3-Cl4 124-2 1-3 
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TABLE 5 (cont.) 

Zn5-^3-Cl4 127-0 1*4 
Zn1-S4-Zn4 91'8 0-3 
Zn1-S4-Zn5 128.9 0-3 
Zn4-S4-Zn5 93*0 0-3 
Zn1-S4-Cl8 117*4 1-0 
Znlf -^jif-C-l 8 109.0 1-1 
Zn5-S4-Cl8 108.8 1.0 
Zn1-S5-Zn2 72.8 0-2 
Zn1-S5-Zn3 130.6 0-3 
Zn1-S5-Zn4 78. if C 2 
Zn2-S5-Zn3 81.6 0.2 
Zn2-S5-Zn4 130.2 C 3 
Zn3-S5-Zn4 87-7 C 3 
Zn1-S5-C22 120-7 1-2 
Zn2-S5-C22 118.9 1-1 
Zn3-S5-C22 108-6 1-2 
Zn4-S5-C22 110-6 1.1 
S1-C6-C? 103-0 2-0 
S1-C6-C8 105-6 2«1 
S1-C6-C9 109'2 2-5 
C7-C6-C8 10^.4 2.9 
C7-C6-C9 121-3 3.0 
C8-C6-C9 112-0 2-5 
S2-C10-C11 104-4 2-4 
S2-C10-C12 104-6 2.3 
S2-C10-C13 106-3 2-8 
C11-C10-C12 114-1 3-3 
C11-C10-C13 120-4 3-6 
C12-C10-C13 105-8 2-9 
S3-C14-C15 107-5 3-3 
S3-C14-C16 105-7 2-6 
S3-C14-C17 106*3 3-0 
C15-C14-C16 104-1 4.1 
C15-C14-C17 120.4 4-2 
C16-C14-C17 112«0 4-1 
S4-C18-C19 11C3 2.3 
S4-C18-C20 108.3 2*1 
S4-C18-C21 107-0 1.8 
C19-C18-C20 112-4 2-8 
C19-C18-C21 112-9 2.8 
C20-C18-C21 105-0 2-4 
S5-C22-C23 110-1 2-8 
S5-C22-C24 109-2 2-5 
S5-C22-C25 108-7 2-2 
C23-C22-C24 107-3 3-1 
C23-C22-C25 119-1 3-3 
C24-C22-C25 101-9 2-8 
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As the environment of 33 i s pyramidal, the sulphur atom w i l l be 
sp^ hybridised, although i t i s three-coordinate. I n a pyramidal 
molecule the bond angles would be expected to be l e s s than 109°28' 
because the repulsion between non-bonding electrons and the electron 
i n the bonding o r b i t a l s w i l l be greater than those between the 
electrons i n the different bonding o r b i t a l s ( G i l l e s p i e and Nyholm, 
i9o7). The small value of the Znl - SI - Zn2 angle w i l l lead to 
some increase i n the size of the angles Znl - 51 - C6 and Zn2 - SI -

32 l i e s near a point above the centre of the face defined by 

Z n 2 , Zn3 and Znp, S4 i s positioned above Z n 4 , Zn5 and Znl and 33 

i s above Z n 3 , Zn4 and Zn5- 32, 33 and 34 are four-coordinate. 

The nine Zn-3 bonds formed by these atoms have lengths between 

2.404^0.008 5 and 2.V74^0.X>9 X. 35 l i e s below the plane of Znl, 

Z n 2 , Z n 3 , and Z n 4 , and i s closer to Zn3 and Zn4 (both 2.313^0.008°.) 

than to Znl (2 .982^0.008 S.) and Zn2 (2.713-0.008 £). 

The seven atoms, Zn3 , Z n 4 , Z n 3 , S 2 , 33» 3 4 , and S5 l i e near 

corners of a cube. I n addition the molecule has an approximate 

mirror plane which passes near 31, S 3 , S5 and Z n 5 - The equation 

of the mean plane through 31, 33, S5 and £n5 i s 

-0 .3R38x' -0 .4799y -u .7890z' - 1 0 . 1 0 3 7 = 0 

The deviation of the atoms from the plane are. 

SI 0.019 # 

33 0 . 053 

35 -0 .023 

Zn5 -0 .029 
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The lengths of the Zn-S bonds are related in pairs by the approximate 
mirror plane* The lengths of pairs of bonds which are related by 
the approximate mirror plane are l i s t ed below, the differences 
between the lengths of related bonds are expressed as multiples 
of cr-. 

Zn1 - S1 2.273 X. Zn2 - S1 2.321 X. 3.7 <r-

Zn1 - S5 2.982 Zn2 - 35 2.713 24.5 

Zn1 - S4 2.457 Zn2 - S2 2.456 0.1 

Zn3 - S2 2.420 Zn4 - S4 2.404 1.5 

Zn3 - 33 2.457 Zn4 - S3 2.426 2.6 

Zn3 - S5 2.513 Zn4 - 35 2.513 0.0 

Zn5 - S2 2.426 Zn5 - S4 2.439 1.2 

Apart from the lengths Zn1 - S5 and Zn2 - S5 the agreement 

between members of a pair i s very olose. The positions of 

the carbon atoms are also related by the approximate mirror 

plane. 
10 2 

The outer eleotronic configuration of zinc i s 3d ,4s . 

In i t s known ionic compounds zinc does not show an oxidation 

number greater than two. In compounds in which zinc i s regarded 

as forming oovalent bonds i t i s usually four-coordinate involving 

the use of 4s and 4p atomic orbitals . Zinc does not use i t s 'd1 

orbitals to any appreciable extent in bonding and i s not regarded 

as a transition element. 
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Sulphur has the outer electronic configuration 3s , 3p , 

In the sulphides of the most electropositive elements i t can he 
2-

thought of as being present as S ions; however, in most of i t s 

compounds i t forms bonds with considerable covalent character. 

The Allred - Rochow electronegativities of zinc and sulphur ar9 

1.66 and 2.44 respectively. 

In zinc sulphide the zinc and sulphur atoms are foar-

coordinate with each atom using tetrahedral sp^ hybrid orbitals . 

I f the electrons in the Zn-S bonds were shared equally between the 
2— 2+ 

zinc and sulphur atoms, this would lead to the polarity Zn - S • 

Detailed calculations (Coulsan, 1961) suggest that the ionic 

character of the bonding i s such that the zinc atom carries a 

charge of about +0.33e. The sum of the covalent rad i i of zinc 

and sulphur i s 2.35 A* (Pauling, 1960), this being equal to the 

Zn - S distance in zinc sulphide, and in ĵ NHgJgS"] ZnClg 

(Kunchur and Truter, 1958). The sum of the ionic rad i i of zinc 

and sulphur i s 2.58 A (Pauling, 196O). The nine Zn - S honds 

formed by S2, S3 and S4 have lengths of between 2,404- 0.008 and 
+ 9 

2.474— 0.009 A . In zinc diethyldibhiocarbamate (Bonamioo, 

Mazzone, Vaciago and Zambonelli, 1965) four Zn -S bond lengths 

range from 2.331 to 2.443 -°- and there i s one long bond of 2.815 X. 

The three sulphur atoms S2, S3 and S4 and the f ive zinc atoms are 

four-coordinate. The lengths of the Zn - S bonds formed by S2,S3 

and S4 are significantly longer than those in zinc sulphide. The 
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difference can be thought of as a r i s i n g from a larger ionic 

contribution to the bonding and, as the bond angles are very close 
o 

to 90 , from a largerp character in the atomic o r b i t a l s used by 

the zinc and sulphur atoms* 

I n the methylzinc inethoxide tetramer (Shearer and Spencer, 1966^ 

the mean Zn - 0 distance i s 2.09 X, which again l i e s between the 

values of 1.97 and 2.14 X which would be expected for covalent and 

ionic bonding respectively (Pauling, 196O). 

I n (MeZnSB u) c 1 when one pair of electrons has been allocated 

to each Zn - C and each S - C bond, there remain 30 electrons to 

bond the zinc-oulphur polyhedron together. I f bonds to S5 are 

excluded, there are 11 Zn - S bonds, to v/hioh 22 electrons must be 

assigned. Two electrons must be placed i n the non-bonding sp^ 

hybrid o r b i t a l of S1• There remain 6 electrons to bond S5 to 

the polyhedron. 

To describe the Zn - S bonds involving S5,jthe ^ s and 3P a 

atomic o r b i t a l s are assumed to be hybridised. One sp hybrid 

o r b i t a l i s used to form a bond to C22. The other i s directed 

towards the plane of Zn1, Zn2, Zn3 and Zn4. The 3p and 3p 
x y 

o r b i t a l s of S5 l i e i n the plane p a r a l l e l to that of the four zinc 

atoms* Each of the four zinc atoms w i l l have one atomic o r b i t a l 

which i s directed approximately towards S5. 
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These o r b i t a l s of the four zinc atoms can be combined, and of 

the three combinations of lowest energy, one w i l l have 'a 1 symmetry 

and the other two w i l l have 1 e^1 symmetry. The sp hybrid of 

S5 can interact with the combination of 1 a* symmetry and the 3p and 3p 

o r b i t a l s have the correct symmetry to interact with the 1e^' 

combination. The s i x electrons are placed i n the resulting three 

molecular o r b i t a l s . Some modification of t h i s treatment would be 

necessary i n order to allow for the variation i n the lengths of 

the bonds between the four zinc atoms and S5-

The Zn3-S5 and Zn4-S5 bond lengths are both 2 .513^ 0.008 5, 

and are not very much outside the range of the ibigths of the Zn-S 

bonds formed by S 2 , 33 and Sif. The Znl-S5 (2.9821 0.008 JJ) and 

Zn2-S5 ( 2 . 7 1 3 - 0.008 S) bond lengths are larger than the other 

Zn-S bonds, and are also greater than the value of 2-58 5, for 

the sum of the ionic r a d i i of zinc and sulphur (Pauling, 1 9 6 0 ) . 

In zinc diethyldithiocarbamate (Bonamico, Mazzone, Vaciago and 

Zambonelli, 1965) one Zn-S bond length i s 2 .815 This indicates 

that the Zn2-S5 and p a r t i c u l a r l y the Znl - 3 5 bonds are very weak. 

The weakness of the Znl-S5 and Zn2-S5 bonds i s also indicated by 

the bond angles at Znl and Zn2. The sums of the bond angles, 

excluding bonds to S5, at Znl and Zn2 are 356-9° and 3 5 2 ° 

re sp e ct i ve l y -
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Thus Znl and Zn2 are bonded to three atoms with which they are 
almost coplanar. Znl and Zn2 are both displaced from these 
planes, i n the direction of S 5 . 

The bond lengths Znl-Sl ( 2 . 2 7 3 - 0 .009 5) and Zn2-Sl ( 2 . 3 2 l i 0 .009 

are shorter than the other zinc-sulphur bonds i n t h i s compound, 

and are also shorter then the sum of the tetrahedral covalent r a d i i 

of zinc and sulphur, which i s 2 .35 J? (Pauling, I 9 6 0 ) . The Znl-Sl 

and Zn2-Sl bond lengths would be expected to be short as S I , 

although i t i s sp^ hybridised i s only three-coordinate. Znl and 

Zn2 interact weakly with S5 and thus have only three near neighbours, 

so that the use of the tetrahedral r a d i i i s not wholly s a t i s f a c t o r y . 

There i s also the p o s s i b i l i t y of some Zn-S ir-bonding involving the 

non-bonding p a i r of electrons on S I , and the empty 4d o r b i t a l s on 

Znl and Zn2. 

The sum of the tetrahedral covalent r a d i i of zinc and carbon 

(Pauling, 1960) i s 2.08 5. The mean Zn-C bond length found i n 

(MeZnOMe)^ i s 1.9*4- S. (Shearer and Spencer, 1966^. I n He 2Zn 

(Rundle, 1963) the Zn-C distance i s 1 .94 ^ and the zinc atoms 

are two-coordinate. A shortening of the Zn-C bond i n Me^Zn was 

explained by invoking, hyperconjugation involving the empty Lp 

o r b i t a l s on the zinc atom. I n (MeZnSBu*1)^ the lengths of the Zn-C 

bonds range from 1 -915- 0 .035 5 for Znl-Cl to 2 .072^ 0 .031 for 

Zn2-C2. The difference i n length between Znl-Cl and Zn2-C2 i s 3 -3 <r 

and i s considered s i g n i f i c a n t . 
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The Zn2-C2 bond length i s not s i g n i f i c a n t l y longer than any of 
the other Zn-C bond lengths. Some difference i n the values of the 
Zn-C bond lengths might be expected i n (MeZnSBu* ),., i n view of the 
different environments of the zinc atoms. The r e l a t i v e shortness 
of the Znl-Cl bond length might be related to the fact that the 
Znl-S5 interaction i s very weak and thus Znl can form a stronger 
bond to CI. The mean Zn-C bond length i n (CH^ZnSBu k). i s 2.007 5. 

The S-C bond lengths i n t h i s compound vary from 8 3 - C I I 4 . 

( 1 . 7 8 3 - O.O36 S.) to S1-C6 ( 1 . 9 1 8 - 0 .030 S.). Apart from S3-CI /4-, 

a l l of the S-C bonds have lengths which are the same within 

experimental error. The atom 33 i s the only sulphur atom at which 

there are three Zn-3-Zn bond angles which are very nearly 9 0 ° . 

Thus atomic o r b i t a l s which S3 uses to form bonds to the zinc atoms 

w i l l have a large *p' character and the atomic o r b i t a l used by S3 

i n the S^-ClU. bond w i l l have large 1 s 1 character, leading to a 

short bond. The mean S-C distance i s 1 .868 The S-C bond 

length i n CH^SH i s 1 . 8 1 5 - (Kojima and Nishikawa, 1957 ) -

Some difference between the S-C bond length i n (MeZnSBu^)^ and 

that i n CH^SH i s would be expected as i n CH^SH, sulphur i s two 

coordinate whereas in (MeZnSBu^,. sulphur atoms are three-, 

four - and f i v e - coordinate. 

The mean C-C bond Ingth i s 1 .56b •£ which can bt> compared with 

the value of 1 . 5 W £ 5 found in diamond. The C-C bond length which 
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deviates most from that i n diamond i s C14-C17 ( l - 7 8 J | i 0.081 S.) 
where the deviation i s 2 .95<^ This would normally be considered 

s i g n i f i c a n t . I n the electron density maps, C17 gave r i s e to 

peaks which were very much smeared out, and showed that there was 

appreciable overlap of the electron densities due to C14 and C17. 

The atomic parameters were refined using the uebhod of l e a s t squares 

with the block diagonal approximation. This refinement r e a i t s 

i n C17 having very large temperature parameters. Neglect of 

certain off-diagonal elements i n the matrix may lead to under

estimates of the e.s.d.'s of the atomic parameters (Hodgson and 

R o l l e t t , 1963) p a r t i c u l a r l y i f there i s large overlap of electron 

density. The correlation c o e f f i c i e n t s and a ^ which are 

normally very small, were large i n the case of CI7- I n view 

of the possible underestimate of the e.s.d.'s i t i s not considered 

worthwhile to discuss the length of the C14-C17 bond. 

The S-Zn-C and Zn-S-C bond angles are related i n p a i r s by 

the approximate mirror plane. The Zn-S-C angles at S I have been 

discussed e a r l i e r . At S5 the angles Zn3-S5-C22 and Znit~S5-C22 

are s i g n i f i c a n t l y larger than Znl-S5-C22 and Zn2-S5-C22. I n the 

case of the C-C-C bond angles, i t i s noted that i n each t-butyl 

group there i s one large C-C-C angle of about 1 2 0 ° , one angle of 

about 111°, and one of about 104°. Only one angle, at C18 does 

not appear to f i t into t h i s pattern but the difference i s 2-5<r: 

This distortion of the bond angles i s such that a methyl group 

bonded to a zinc atom l i e s i n a direction between thflGft of the two 
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C-C bonds which have the large angle between them. 

Eight intramolecular non-bonding contacts, and nine 

intermolecular contacts are l e s s than 4 5. Pour intramolecular 

contacts and two intermolecular contacts, a l l involving C 2 , l i e 

between 3 .60 and 3 .81 S. Hie shortest non-bonding contact i s between 

G5 and C17 i n the molecule at ( l + x,y,z) and i s 3-48 S.. However 

the position of C17 may be i n error by up to about 0 . 2 S.. The value 

of the van der Waals radius of a methyl group, i s quoted as 2 .0 J? 

(Pauling, 1 9 6 0 ) . The intramolecular contacts between methyl 

carbon atoms are comparable with those found between molecules, so 

that no unusual s t e r i c e ffects are operating. 

The temperature parameters of the zinc atoms are larger than 

those of the sulphur atoms. The form factors used for zinc and 

sulphur were those of the neutral atoms. I n t h i s compound the 

zinc atoms w i l l carry a small positive charge and the sulphur atoms 

a small negative charge. The temperature parameters obtained 

from the refinement w i l l tend to allow for t h i s e f f e c t . The 

temperature factors of a l l atoms are large, in p a r t i c u l a r those of 

carbon atoms are much greater than those normally encountered. 

The molecules might have large thermal motions due to t h e i r 

approximately spherical shape and because t h e i r outer region i s 

made up of a l k y l groups. The large thermal parameters might be 

attributed i n oart to positional disorder due to some deterioration 

of the c r y s t a l . 
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(MeZnSBu*).. TABLE 6 

Some Non-bonding Intramolecular Distances (&) 

Zn1-Zn2 3.387 C1-C21 3.75 
Zn1-Zn3 4.997 C2-C23 3-81 
Zn1-Zn4 3-^92 C2-C8 3.74 
Zn1-Zn5 4.418 C2-C12 3.73 
Zn2-Zn3 3-Vl8 C2-C25 3-57 
Zn2-Zn4 4*7̂ 1 C3-C24 3.88 
Zn2-Zn5 4-3^3 C4-C21 3.97 
Zn3-Zn4 3-1*83 C5-C19 3«92 
Zn3-Zn5 3-515 
Zn4-Zn5 3*511 

Zn5-Sl 4.503 

S1-S2 3*645 
S1-S3 5»842 
S1-S4 3«597 
51- S5 3.836 
52- S3 3-396 
S2-S4 3*668 
52- S5 3-3^2 
53- S4 3-370 
53- S5 3-504 
54- S5 3-384 
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(MeZnSBu )... TABLE 7 5-

Non-bonding Intermolecular Contacts (X) 

The position of the second atom i s indicated by the operations given 
in column 2 . 

C1-C8 i - y . + z 3.87 
C2-C20 y. 1 + z 3* 60 
C2-C4 1 + X, yi 1 + z 3*77 
C3-C13 -1 + X, yi z 3*90 

C3-C15 - x, 1 - y, 1 - z 3*9^ 
C3-C11 - x, 1 - y, 1 - z 3«96 
CU-C20 -1 + X, y» z 3'76 
C5-C17 1 + X, yi z 3-W 

C7-C23 1 + X, * - y . + z 3»95 
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Discussion 

In B,."-̂  (Lipscomb, I963) and. Fe^CO) (Braye, Dahl, 

Hubel and Wampler, 1962) metal atoms are situated at the corners 

of a square-based pyramid. The structures of these compounds 

di f f e r from that of (MeZnSBu"1)-. i n that they contain metal-metal 

bonds, and the molecules are much more symmetrical. In (MeZnSBu^-)c, 

sulphur i s found bridging two, three and four zinc atoms. Many 

dimeric t r a n s i t i o n metal complexes containing sulphur bridges are 

known. In the compound Pe 2(C0)g(EtS) 2 (King, 1963; Dahl and Wei, 

1963) the S t S r i o n can be thought of as bridging two iron atoms. 

There i s an Fe-Fe bond in t h i s oompound and i t i s analagous to 

Co(C0)^» These compounds oan be regarded as complexes of the R3~ 

ion, i n which the sulphur atoms share two electron, pairs with 

the metal atoms. The RS bridges found i n these compounds seem 

stronger than halogen bridges. In compounds where RS acts as 

a bridge between two metal atoms, i t i s tercovalent and pyramidal. 

A review of compounds containing sulphur ligands has been written 

(Livingstone, 1965)• 

I f the (MeZnSBu^) molecule i s regarded as being formed 
5 

from RS and RZn + ions then S1 i s tercovalent and pyramidal as 

found i n several compounds mentioned by Livingstone. However, S2, 

S3 and S4 are four-covalent with tetrahedral coordination, and 

S5 shares three electron pairs to bridge four zinc atoms and i s f i v e -

coordinate. 
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Compounds in which RS~ bridges three or four metal atoms are 
not w e l l known. However, i n (C^H^PeS)^, sulphur bridges three iron 
atoms (C.J. F r i t c h i e , Jr. 9C.T. Prewitt, R.A. Schunn end R.M. Sweet, 
1966) and in the sulphides of cadmium and z i n c the su.Lt)hur i s 
surrounded bv four metal atoms at tetrahedral corners. I n 03P 

A-

(Bauer and Kimura, 19&3) the sulphur atom i s five-coordinate 

with a trigonal bipyramidal arrangement of atoms around i t . 

I n the compounds (MeZnSR)^, the value of n i s found to 

depend on the nature of R. rfhen R i s t-butyl or i-propyl the 

molecular weights i n benzene solution correspond to degrees of 

association of five and s i x respectively. I f R i s methyl, 

n -T)ropyl or phenyl, the compounds are insoluble i n benzene and 

believed to be polymeric. I t would appear that the degree of 

association varies inversely with the buikiness of the groups 

bonded to the w-carbon atom. There i s no evidence to show that 

the s t e r i c interactions between organic groups i n (MeZnSBu),., 

i s great since only eight of the intramolecular contacts between 

the carbon atoms of different a l k y l groups are l e s s than A-.oS. 

On s t e r i c grounds there seems to be no reason why an Mein unit should 

not be accommodated at the eighth corner of the cube. Indeed i t 

seems that the presence of the f i f t h MeZnSBu"unit near t h i s location 

d i s t o r t s the structure i n such a way that the intramolecular contacts 

involving CI and C2 are shorter than they would be i n a cubane-type 

arrangement with Zn2 at. the eighth corner. 
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The compounds (MeZnOR)^ are tetrameric when R i s Me.Bu^jPr1 

or Ph, and are probably i s o s t r u c t u r a l with (MeZnOMe). . The 
4 

mean Zn-0 distance i n (MeZnOMe)^ i s 2.09 -8 (Shearer and Spencer, 

196ba) which i s smaller than the Zn-3 distance i n (MeZnSBu).. Thus 

the s t e r i c interaction between the organic groups bonded to zinc and 

oxygen w i l l be more pronounced, leading to lower degrees of polymerisation. 

The change from the cubane-type structure of (WeZnOMe)^ to 

the pentameric arrangement found i n (MeZnSBu),. i s of i n t e r e s t . 

In the cubane-type of arrangement the bond angles i n the central 

part of the molecule must be near 90° and i t resembles part of an 

NaCl type l a t t i c e . The Zn-3 and Zn-0 bond lengths i n (MeZnOMe)^ 

and (MeZnSBu)j. indicate a large ionio contribution to the bonding. 

The radius r a t i o s of the central atoms i n (MeZnSBu)^, (MeZnOiMe)^, 

(MeCdSBu)^ and (MeCdOMe)^ are 0.40, 0-53, 0-53, and O.69. The 

tetrameric cubane-type structure i s found in (MeZnOMe)^, and 

(MeCdSBu)^ and (MeCdOMe)^ probably also have t h i s structure. The 

ra t i o of Z n + + / „ — \ however i s outside the range i n which the NaCl 

type l a t t i c e i s stable. Thus the deductions which can be made from 

a consideration of radius r a t i o are i n agreement with the observed 

degrees of association. 
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(MeZnSBu ) , 
0 

Table 8. 

F i n a l Values of the Observed and 

Calculated Structure Factors. 
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3 5 - 3 i s • 3 0 3 33 1 3 1 3 1 
35 - 3 3 5 33 3 3 8 1 » 3 T 
3 1 - 3 11 8 1 3T 1 3 3 3 4 

1 - l - 8 1 0 3 ^ S 4 
3 - l 1 1 3 TO 1 1 1 3 1 3 1 7 7 
3 - l 3 3 1 I B S 1 3 1 1 1 3 9 3 
4 - l 33 3 4 3 3 1 3 4 I T 
B - l 1 3 3 - 1 3 3 3 4 1 1 - 4 
a - l 3 1 1 3 3 3 1 3 9 -33 
7 - i 3 3 - 3 3 3 8 1 1 8 9 - 1 8 T 
a - i I B - 3 3 3 T 1 4 9 4 4 
9 - l 3 8 4 1 1 a 1 1 4 - 9 

1 0 - i 35 - 3 3 1 9 1 4 4 - 4 4 
1 1 - i 1 0 1 - B T 1 1 0 1 9 0 9 4 
1 8 - l T S 8 8 1 I I 1 1 9 I T 
1 3 - i I S I T 1 1 3 1 3 1 - 3 3 
1 4 - i 3 1 3 3 1 1 1 1 4 3 4 9 
I B - i 3 3 4 3 1 1 4 1 - 3 - 1 3 
1 8 - i 3 - I T 1 I S 1 1 8 3 4 
1 7 - i 4 3 ST 1 I S 1 7 7 3 0 
1 8 - l 1 4 - I B 1 I T 1 ST 8 8 
1 9 - l 4 4 - 3 3 1 I S I » T 4 
3 0 - i 3 9 - 3 1 1 1 9 3 8 9 - 1 0 1 
3 1 - i 9S - 1 0 1 1 3 0 3 1 0 4 - 1 0 1 
3 3 - l 7 - 1 1 1 3 1 3 33 - i s 
33 - i as 3 3 1 3 1 1 < 8 i 
3 4 - i 4 9 33 1 11 1 < 8 i 
3 3 - i T 7 1 3 4 1 9 3 9 3 

0 0 I I I - 3 3 1 3 3 1 1 1 - 1 4 
1 0 1 9 3 1 1 3 8 1 < 8 - S 
3 0 1 0 17 1 I T 1 3 3 3 1 
1 0 aa T S a I S 3 4 3 - 4 7 
4 0 i n 1 1 1 1 39 2 1 9 I S 
3 0 9a 3 4 1 1 0 2 « 9 -1 
S V I B S - 1 3 4 1 3 1 2 11 - 2 4 
7 0 I S - 1 9 1 1 1 2 <. 9 -1 
S 0 5 9 - S S 1 ] ] 1 1 2 - 2 1 
9 n 9 7 9 4 1 3 4 1 i !* - 9 

1 0 0 as 1 1 1 33 2 <• 9 -11 
11 0 4 0 - 4 7 1 I S 2 I B I ! " 
1 3 0 < S - S 1 17 2 1 9 11 
1 3 0 1 9 -11 2 1 J 1 4 9 -1 I V 
1 4 0 SO S9 1 1 J 1 3 7 I N 



r>T. 

k 1 j F » i r e h k 1 j r u | Pc k k 1 | M I * 9 k 1 i M Pc 

.1 , i i " 1 9 4 3 1 0 - 1 0 i t - 1 3 7 1 0 9 1 I f . ] I I I - 1 1 4 

4 1 4 9 4 1 3 1 _ l l » 7 - 1 1 1 - f 1 I I 1 I T - 1 17 I I 

It 3 « 7 1 1 1 - f . < i - 9 1 9 - t 4 0 4 1 1 I I - 3 1 1 I I 

• 1 v 7 - I I 3 3 - p » 7 1 0 3 1 0 - f 9 9 7 9 3 1 9 - 3 * T I 

7 3 1 3 - 3 9 3 4 - u f l 1 9 3 I I - f TO • I 3 1 0 -I 1 0 9 9 9 

• 3 9 4 - 4 1 1 1 - 9 11 -11 1 1 1 - f 4 9 - 1 3 • 1 - 3 I I 4 9 
3 I f - 3 1 3 f - 9 < 1 1 3 1 1 - 4 II - 1 1 1 1 1 - 1 • 9 3 4 

1 0 3 3 9 -11 3 7 - 9 14 1 1 3 14 - f 9 f - I I 3 1 1 - 3 19 - 1 0 

I I 3 9 « - 9 0 3 1 - 9 1 1 - 4 4 3 I I - 1 TO - I t 3 M - 1 99 - 1 1 
I I 3 I f - I T 3 V - 9 1 1 1 1 3 I t - f 1 1 - 1 0 3 • 1 . 1 < 9 - I T 
1 1 3 4 4 9 0 3 I P - 9 - 1 1 3 I T - f I f I * 1 M . 1 < 9 - 4 
14 3 3 3 1 1 3 I I - 9 < 9 - 1 3 1 1 - 1 4 1 1 9 1 I T - 1 » 9 • T 
1 1 3 1 9 - 1 1 3 1 1 - 9 1 1 1 4 3 1 1 - f I T 1 9 1 I I - 1 I f - 4 1 
I * 3 9 4 T O 3 1 3 - H < 9 1 1 3 t o - f I t - I T 1 1 9 - I «. t 0 
I T 3 9 9 T l 3 14 - 9 v 9 - 1 1 1 1 - f 1 1 1 1 1 SO - | I I - I I 
I S 3 1 3 1 1 3 1 1 - 9 97 - I f 1 1 1 - f 1 0 1 1 1 1 1 . 1 n •1 
1 9 3 3 9 1 9 1 11 - 9 < 9 1 1 1 1 - f 1 1 -11 1 3 9 . 3 M 3 9 
1 0 3 4 1 - 4 0 3 I T - 9 1 9 - 1 4 1 M - f M I I 1 1 3 - s 1 1 - I I 

1 1 3 1 1 - 9 9 3 1 9 - 9 1 1 1 1 1 a - f 1 1 - 1 1 1 3 4 _ | 1 9 11 
1 1 3 1 9 - 4 0 3 I V - 9 v 1 f 1 i t - f 37 - 3 4 1 S t - J v 9 4 
1 J 3 » 9 9 3 1 0 - 9 I t - 1 0 1 17 - f •. 9 - 1 I M . 1 % 9 1 
1 4 3 < 9 - 1 9 1 1 1 - 9 < 9 • 1 11 . f < 9 -11 1 17 . 1 < 9 T 
1 1 3 • - 1 0 1 1 1 - 9 1 1 - 4 9 1 1 9 - • 1 1 -11 1 11 . 1 •0 - 1 7 
I f 3 4 0 4 0 1 1 1 - 9 I t 1 4 1 1 0 - f 1 1 1 9 1 0 . 1 1 1 4 
1 7 1 s 9 - 1 1 1 1 4 - 9 t 9 4 1 1 1 - f 1 9 I I 1 1 . 1 - 7 1 
11 3 I T 3 9 1 1 9 - 9 < 9 - 1 1 1 1 - f < 9 - I 1 1 . ] • 1 4 1 
I W 3 4 4 1 9 1 I f - 9 I I 1 1 1 1 1 - f I f 14 1 1 . 1 1 1 1 - 1 1 1 
3 0 3 t 9 - 1 1 3 0 - 9 • 1 - 4 1 1 1 - | I T - f t 1 4 . 1 1 1 1 - 1 1 0 
1 1 3 - 9 1 3 1 - 9 f l -11 1 1 - 1 11 - t l 1 1 - 1 f - 1 
1 1 3 1 1 - 1 0 3 1 - 1 I f ' - I 1 1 1 - | 1 4 1 1 9 1 1 f . 1 1 9 - 7 1 

0 4 1 9 9 - I f f 1 1 - 1 I f 1 0 1 4 - 1 1 1 1 0 1 7 _ | 1 1 1 1 3 1 
1 4 3 0 - 1 9 1 4 - f 1 9 1 1 1 9 . 1 T l - 7 1 1 f 1 4 - 1 1 
1 4 I T - 1 ] 1 9 - 9 7 1 9 1 1 9 -I < f 1 1 1 . 1 v 4 4 
1 4 » T 1 1 f - 1 3 4 1 1 1 7 -I I f -M 1 1 0 _ ] 1 1 1 I I I 
4 4 9 0 t o 3 7 - 9 4 1 -tl 1 9 - 1 s f 1 1 1 1 1 .fl 1 0 I I 
• 4 9 1 1 1 9 1 1 - 9 14 1 1 1 9 - 9 M f l 1 1 1 . 1 I I I f 

• 4 3 0 I T 9 I* - 9 I f - 3 4 1 1 0 - | v f I I 1 1 1 . 1 < 1 t 
7 4 » T 9 1 1 0 - 9 v t - 1 4 1 11 - | • 1 9 0 1 1 4 . 1 I I I I 
I I 4 9 1 T l 1 11 - 1 - 9 - 1 1 I I - 1 < T - I f 1 11 . 1 4 0 - 1 1 
1 4 11 I T 1 1 1 -1 9 1 - I f 1 1 1 - | 1 1 - 1 1 1 I f . ] M - I I 

1 0 4 4 1 - 4 1 1 1 1 - 1 17 1 1 1 1 4 - 9 • 4 1 1 17 _ i f f - 7 1 
1 1 4 M - 1 0 1 1 1 4 - 1 t 9 9 1 1 1 -I 9 4 - T l I I t - 1 1 9 9 - 1 1 1 
1 1 4 7 9 - T f 1 1 1 - 1 I t I T 1 11 -I I t - I I 1 1 9 . 1 9 9 - 1 1 
1 1 4 9 f 1 I f -I •. 9 - 4 1 I T -I < T 17 1 9 0 . 1 n - 1 9 
1 4 4 1 0 - 1 1 1 I T - 1 » 9 - 1 1 11 - 1 f l - f l 1 9 1 - 1 m i n 
1 9 4 9 1 9 4 1 1 1 - f t 9 0 1 1 9 -I < I 1 1 9 1 . 1 9 9 I I 
I * 4 1 9 1 1 1 1 9 - 1 < 9 - 1 1 1 0 -I 1 9 I f 1 1 1 . | 9 1 I I 
I T 4 I T - I f 1 1 0 - f 4 0 I t 1 1 1 - 1 I T - 1 9 1 M .g I S 1 0 
1 1 4 9 1 • 1 1 1 1 - 1 M - 1 0 1 1 1 - 1 i 9 1 3 U . | 1 * - 4 1 
1 9 4 1 9 1 1 1 1 1 - f t 9 1 3 1 1 - | t r t f 1 I t _ j •. 9 - I I 
1 0 4 14 - T 1 1 3 - 1 < 9 - 1 1 1 4 - | < fl I f 1 17 . ] < t - 7 
1 1 4 1 1 • 1 1 M -fl 1 1 - 1 1 1 1 1 - 1 11 - 9 9 1 1 1 .fl I 9 - 1 
1 1 4 1 1 - 1 1 1 1 9 - 1 1 1 1 9 3 I f . | «. 9 4 1 I f . j 3 0 - 1 7 
1 1 4 1 1 - 1 7 1 11 -fl 1 9 - I f 3 I T - 1 I f - 3 9 1 1 0 . 1 I T - I I 
M 4 < 9 - 1 1 17 - f < 9 1 3 1 1 - | 1 4 - 9 1 1 1 . a I I 1 0 
U 4 1 1 - I f 1 1 1 - f 1 9 I t 3 1 1 -I I T 1 1 1 1 1 . 1 1 1 - 1 1 
I t 4 I T - 1 1 1 1 1 -fl < 9 1 1 3 1 0 - 1 < 9 1 4 1 I S . 1 I I 1 1 
I T 4 I f - 1 4 1 1 0 - 9 M 1 1 3 1 1 - | 1 1 9 1 94 _ 3 9 1 1 
1 9 4 < 9 f 1 1 1 -fl < 9 0 3 0 - 4 1 0 - 4 1 1 11 . 1 » 9 1 
1 9 4 M 9 4 1 1 1 -fl < 9 - T 3 1 - 4 T 7 - 9 1 1 M . | 1 1 1 1 
1 0 4 1 1 1 0 3 3 1 -fl 17 - 1 1 3 1 - 4 1 0 17 1 1 _ | 1 1 0 1 7 0 

1 9 - 1 - 1 0 1 1 - T < T - i n 3 1 - 4 I f 9 1 1 1 . 1 1 7 0 1 9 1 
1 9 «. 9 1 3 1 - 7 9 - i t 3 4 - 4 1 4 9 1 1 3 . 1 1 3 1 9 4 
1 9 I T - 1 7 3 1 - T v 7 - f 3 1 - 4 3 1 - 3 4 1 4 - I I I f 
4 9 1 1 - I f 1 4 - T < 7 0 3 • - 4 3 3 - 1 1 1 1 . 1 3 1 1 - I I I 
1 9 1 1 1 4 1 1 - T 1 0 i i 3 T - 4 9 1 - 7 1 1 f . 1 1 9 0 - 1 1 0 
9 9 1 0 - 1 1 1 1 - T 3 4 1 0 3 1 - 4 * 1 0 1 7 - 1 1 1 1 - 1 0 1 
T 9 11 f 1 T - T 1 1 1 9 3 9 - 4 1 3 4 1 1 1 1 t . 1 1 4 1 1 
9 9 T l 94 1 1 - T i n 1 ] 3 1 0 - 4 1 1 1 1 0 9 1 9 . | I T 4 1 
9 9 1 4 3 1 1 9 - T f i 1 1 3 11 - 4 1 9 - 1 9 1 1 0 . 1 I T 1 4 

1 0 9 9 1 I f 1 1 0 - 7 < I 9 3 1 1 - 4 1 1 1 - 1 1 9 1 1 1 . 1 1 1 1 1 
1 1 9 1 9 - I f 1 1 1 - T 4 1 - I t 3 1 1 - 4 1 1 - I T 1 1 1 _ | 1 1 - 1 1 
1 1 9 4 1 - 4 1 1 1 1 - T 1 1 - l l > 3 14 - 4 9 9 - f l 1 1 1 - 1 9 9 f f 
1 3 9 9 1 - 9 9 1 1 1 - T f l - 9 0 3 1 1 - 4 4 4 4 1 1 14 - | ST I t 

0 9 t 1 0 1 1 4 - T 4 4 - 9 1 1 11 - 4 1 9 f f 1 1 1 - 1 1 1 14 
1 • 14 I f 1 1 1 - T 17 11 1 I T - 4 9 4 - f l 1 I f . 1 I I f f 
1 9 I - 1 1 1 I f - T 1 1 I T 1 1 1 - 4 7 9 9 4 1 17 . 1 1 0 - I I 
1 9 14 - 1 1 1 I T - T 7 4 1 4 1 1 9 - 4 1 9 I f 1 I t . 1 f l - t l 
4 9 I I 1 0 1 11 - 7 9 I f 1 1 0 - 4 f t - I I 1 I I - I l i t - 1 1 1 
9 9 1 0 - I T 1 1 9 - T < 9 4 1 1 1 - 4 7 1 1 I 1 0 _ 1 4 1 - 1 0 
9 9 1 f 1 M - T v 9 - 4 1 1 1 - 4 I ( 1 0 I 1 1 . 1 9 1 - 1 1 
T 9 1 0 1 1 1 1 1 - T I t - 1 4 1 1 1 - 4 I S - 1 1 1 1 1 . | W 1 1 
1 9 I T - 1 1 1 1 1 - T 1 0 I f 1 1 4 - 4 t f 4 1 • 1 - 1 M 9 0 
9 9 v 1 - 1 1 1 1 - T \ 9 - I t 1 I I - 4 4 1 3 9 1 9 4 . 1 < 1 1 

1 0 9 1 1 - 1 9 1 1 4 - T s 9 f 1 1 1 - 4 I T - 3 9 I 1 1 . 1 < 9 4 
1 1 9 « 9 -• 3 1 1 - 7 \ 9 - t 1 1 - 1 1 1 4 - 9 1 1 I t . 1 1 9 17 
1 1 4 1 1 1 1 1 H - 7 1 0 - 3 0 1 I - 3 f ! - t f 1 17 - 1 » 9 1 
1 1 4 31 1 4 3 I T - 7 1 3 - 1 7 1 1 - 3 9 3 1 1 1 1 9 . 1 - 9 - 9 

1 - 1 1 < 9 - 1 1 1 1 - T < 9 - 1 0 1 4 - 3 < 4 1 0 1 1 9 - 1 «. 9 - 4 
1 - 1 1 1 0 - 1 1 1 1 1 - 7 1 1 I f 1 1 - 3 1 7 1 I 4 t 3 1 0 - 1 s « - 1 
0 - 1 0 - 1 9 1 1 0 - 7 I t 14 3 • - 3 I T 9 3 11 - 1 1 1 - 1 9 
1 - 1 0 I T - 1 1 1 1 1 - 7 3 3 3 0 1 1 - 3 1 1 1 - 1 1 0 3 1 1 - 1 1 1 - 1 9 
1 - 1 0 1 0 1 0 1 1 1 - 7 1 3 11 1 1 - 3 4 4 9 0 3 1 1 - 1 1 3 1 9 
1 - 1 0 1 1 - 1 9 3 0 - 9 I f f - 1 4 1 3 9 - 3 4 1 1 1 3 0 0 1 1 1 1 
4 - 1 0 1 3 - 1 9 3 1 - 9 •. f 4 3 1 0 - 3 9 1 9 4 3 1 1 1 3 T 9 

• - i n M 4 1 3 3 - f 4 v • 1 1 I I - 3 1 1 1 1 0 1 1 1 0 3 1 1 4 
9 - 1 0 3 9 - 1 3 1 1 - f 1 0 - 1 1 1 1 1 - 3 < 9 T 1 1 0 1 1 1 1 H 
7 - i n s •> 1 1 3 4 - f 9T • 1 3 1 1 - 3 1 1 1 - 1 1 0 1 4 0 • 7 1.1 
• - i n 1 9 1 4 3 9 - f 1 1 9 3 14 - 3 M -11 3 I 0 1 1 19 
u - 1 0 1 0 - 1 9 3 1 - f S i - 7 3 1 19 - 1 17 - I f 3 1 0 71 - 3 9 



1 "/<. 

K k 1 | F o | I V h k 1 i r o | r c 

1 7 0 I f - 1 7 1 • , 1 1 9 - 9 9 
.1 • 0 1 0 1 - 9 3 3 9 3 8 3 - 9 1 
1 9 0 1 0 3 0 1 1 0 3 1 3 9 - 1 3 1 
3 10 0 17 10 3 I I 3 3 8 4 4 
3 11 p ' • 4 9 - 1 1 8 3 1 3 1 4 8 9 0 
1 1 3 • 3 7 4 J 1 1 3 8 8 8 4 
3 1 3 14 1 9 J 14 3 8 1 8 1 
3 14 0 I S - i a 1 1 8 1 4 0 - 3 8 
3 I S 0 1 4 4 i i a 3 I S 3 9 1 9 0 
3 I I 0 - 1 4 3 17 3 - S -1 
3 n 0 47 - 9 8 1 I I 3 i a - 3 1 
3 1 3 0 » 7 -1 J 1 9 3 10 1 1 
3 1 9 0 < 7 - 1 9 3 1 0 3 3 8 - 3 S 
3 3 0 0 « 1 -1 3 1 1 3 1 3 - 1 8 
3 3 1 0 * 7 0 3 1 1 3 » 9 1 
3 3 3 0 i a 3 4 3 1 1 3 1 3 - 8 
3 3 3 0 < a - 4 3 1 4 3 17 - 3 8 
3 M 0 4 3 - 4 1 3 1 1 3 < 9 0 
3 I S 0 » 1 8 3 I S 3 1 1 1 4 
3 I f 0 v a 4 3 17 3 - 9 I S 
3 17 0 < a 8 3 I S 3 3 1 1 1 
3 1 * 0 i i 1 1 3 l a 3 V 9 1 
3 1 9 0 17 I S 3 3 0 3 3 0 - 3 0 
3 3 0 0 I I - 1 1 3 0 4 1 1 - 1 1 
3 3 1 0 1 0 - 1 1 3 1 4 3S 1 1 
3 3 3 0 <. 9 - 7 3 3 4 1 0 - 1 1 
3 3 3 0 < 9 - B 3 3 4 9 8 1 4 
3 3 4 0 s » 11 3 4 4 4 1 - 4 1 
3 3 8 0 1 7 1 0 3 9 4 I S I S 
3 1 1 1 0 11 3 S 4 1 0 9 1 1 
3 3 9 7 5 3 3 7 4 < a - 4 
3 3 1 1 1 - 1 1 8 3 8 4 1 1 4 1 M 
3 4 1 - I 4 3 f 4 a i - S I 
3 S 1 8 4 T 3 3 1 0 4 i n - f f 
3 • 1 8 - 3 3 3 11 4 9 9 - t o 
J 7 1 11 1 1 3 1 3 4 8 4 - B 7 
3 S 7 0 8 7 1 1 1 4 A: 8 8 
3 9 1 I I I S 1 1 1 4 » f f 
3 1 0 1 1 0 - 1 1 J 1 1 4 4 1 4 1 
3 11 1 I I 1 8 1 I S 4 - f I B 
3 1 1 7 1 - T 9 1 1 1 4 1 1 - 1 4 
3 1 3 9 1 - M 1 I S 4 1 1 1 1 
1 1 4 1 i n 9 8 3 1 B 4 4 - 1 1 
3 1 9 1 4 0 4 1 3 1 B 1 1 1 9 
3 I f 1 9 1 4 3 1 B 1 1 - I f 
3 1 7 1 1 9 - I f 3 4 B < 1 - 1 0 
3 I I 1 f f - 8 8 1 B B I I 4 0 
3 1 1 a i - 8 1 3 8 B I f - 9 1 
3 1 0 1 a - 1 0 1 1 8 I f M 
a 1 1 1 4 3 4 8 1 8 8 11 I f 
3 1 1 7 1 11 1 B 8 1 1 - I f 
1 1 1 1 < a - 3 3 1 0 8 3 1 3 8 
3 1 4 1 < a 8 3 11 B 3 1 - 1 1 
1 I S 1 •. a 8 3 1 1 s » 1 4 
3 I f 1 4 3 - 4 0 3 1 1 8 1 0 - 1 8 
3 3 7 < f 1 3 1 4 8 < f - 1 
1 1 1 9 1 3 1 9 9 * f 1 
1 I f 1 1 1 - 1 8 3 I S 8 1 1 - 1 7 
1 3 0 1 I f I T 1 17 8 < I 9 
3 3 1 < 9 4 1 1 8 8 s f - 1 
3 3 1 1 1 - I B 3 I f 8 1 1 1 0 
3 0 3 1 7 7 1 4 0 3 1 0 8 v 9 - 1 
1 1 1 1 1 4 1 7 1 1 1 1 s < 9 1 
3 1 1 1 7 - 1 1 3 1 1 8 I S - 1 1 
1 3 1 1 9 7 9 3 1 1 8 11 - 1 1 
3 4 1 11 - 1 8 1 3 4 8 1 1 1 0 
3 B 1 111 - I B S 1 0 f 1 0 M 
3 1 1 1 7 - 1 8 1 1 s 1 1 - 1 1 
3 7 1 < T 1 1 1 8 1 1 - 1 1 
3 1 1 8 4 - 1 4 1 3 f I S - 3 4 
3 I 1 11 1 1 1 4 f < 9 1 
3 1 0 1 1 0 1 8 9 1 8 f » 9 1 
3 11 1 4 8 4 4 1 8 f 4 1 4 1 
3 1 1 1 1 1 1 1 1 1 f I S 1 4 
3 1 1 1 1 9 - 1 1 1 8 I 1 1 - I f 
3 1 4 1 1 8 - 1 8 1 8 f I f - 1 0 

3 I S 1 1 1 I B 1 1 0 f 1 3 - 1 4 
3 11 1 3 1 1 1 1 1 1 f < f f 
3 1 7 1 8 1 4 4 1 i a f < f 8 
3 1 1 1 a a - 4 1 1 1 3 f 1 1 I f 
3 I f 1 7 3 - I f 3 1 4 f M I f 
3 1 0 1 . 3 1 - 1 1 3 1 8 f < f - 1 1 
3 1 1 1 < a -11 1 1 8 8 < f - 1 
3 1 1 1 < a 1 3 1 1 8 < I - I f 
3 1 1 1 17 1 4 3 1 8 S •. f - 1 1 
3 M 3 1 4 I f 3 I f 8 < f 0 
3 » 1 < 9 - 1 3 1 0 8 1 1 I S 
3 11 1 4 1 1 3 1 1 1 8 1 1 1 0 
3 1 7 1 1 7 1 4 1 1 1 8 I f - I f 
3 11 1 1 1 - 1 7 3 1 1 8 » J) 8 
3 I f 1 < 9 -1 1 1 4 8 1 0 - 1 1 
3 1 0 3 i a - 1 1 3 I S f v 9 - 1 
3 3 1 3 3 1 - I f 3 I S f I S I f 
3 1 3 i a - 1 4 1 1 7 1 1 I f 
3 3 3 1 1 0 1 0 1 J 1 7 1 1 3 3 
3 1 3 8 1 8 3 1 1 7 1 1 - 1 1 
3 4 3 8 8 8 8 3 4 7 < 9 - 1 

3 S 3 < 8 1 4 3 8 7 < 9 - 4 
.1 I 3 7 8 S f 1 a 7 I S I f 
3 7 3 7 4 - 8 0 3 7 1 8 1 8 0 

k 1 i r o j r c h k 1 | F M [ Te 

a 7 < 9 - 9 4 1 77 8 1 

9 7 t - 9 4 1 - s 4 3 - 4 0 
10 7 1 9 -11 4 1 - 8 1 1 1 - 9 9 
I I 7 4 4 - 4 1 4 4 - 1 1 V I 1 9 3 
1 1 7 v 9 0 4 1 - 8 4 0 - 9 0 

11 7 < 9 4 4 1 - 8 3 3 4 0 
1 4 7 1 1 - 9 4 I - 8 1 3 1 9 9 

0 a 4 1 - 4 9 4 B - 8 3 1 - 3 1 
1 8 9 1 8 4 9 - 8 8 8 4 9 
1 a < 9 - 4 4 1 0 - s 3 8 4 1 
1 a 1 9 1 4 1 1 - 8 < 7 1 0 

4 8 1 9 11 4 1 1 - f 17 - 1 1 
9 1 1 1 - 1 8 4 1 1 - f 3 8 - I f 
1 9 3 9 - 9 4 1 4 - f 9 3 - 8 1 
U - 1 1 1 1 - 1 4 4 1 1 - f 4 1 - 4 1 
1 - 1 1 < * -• 4 1 1 - f < 1 1 
1 - 1 1 * 1 4 4 1 1 - f 1 1 1 9 
1 - 1 1 «. 8 1 4 I I - f 8 1 • 1 
4 - 1 3 s 8 1 1 4 1 9 - a I S - 1 4 
9 - 1 3 % a I P 4 1 0 - 8 I S 1 1 
8 - 1 1 1 4 - 1 4 4 1 1 - 8 S I 8 1 
1 - 1 1 n - 1 4 4 1 1 - 8 1 1 - 3 4 
8 - 1 1 a i - 1 4 4 1 1 - S < f 8 
S - 1 1 1 4 - 1 0 4 M - a < f 8 

1 0 - 1 1 1 9 1 1 4 1 1 - s 8 8 - 8 4 
11 - 1 1 1 1 1 1 4 1 1 - 8 « f - 9 
1 3 - 1 1 < 1 1 4 1 7 - f I S 1 1 
1 3 - 1 1 1 9 1 1 4 1 - 8 - 8 S 
1 4 - 1 1 1 1 - 1 1 4 1 - 8 s a - 8 3 

1 - 1 1 < 1 - 1 0 4 1 - 8 s i 4 1 
3 - I I 1 1 - I I 4 4 - 8 1 0 1 - I f f 
1 - 1 1 < 9 1 4 9 - 8 1 1 0 - 1 1 3 
4 - 1 1 1 1 I I 4 S - s 7 1 M 
8 - 1 1 < 1 1 1 4 7 - 9 4 1 4 3 
a - 1 1 1 8 1 1 4 8 - 9 1 8 1 1 0 8 
1 . - 1 1 1 1 - I ] 4 f - 9 1 1 I S 
s - I I 1 1 - 1 1 4 1 0 - 9 I S - 1 9 
f - 1 1 1 1 - 1 4 1 1 - 9 I S - 1 8 

I I I - 1 1 1 1 - 1 1 4 1 3 - 9 v 8 - 1 
1 1 - l k s 9 I 4 1 3 - 8 I S 1 1 
1 1 - 1 1 1 1 1 0 4 1 4 - 8 I S - I S 
1 1 - 1 1 < 1 - 1 4 4 I S - 9 < 8 - 8 
14 -11 11 1 4 I S - 8 I S - 1 1 
I S - 1 1 1 1 1 9 4 11 - 9 < 1 - 1 

0 - 1 0 1 1 - 1 4 4 I S - a 1 1 - 3 0 
1 - 1 0 1 9 1 1 4 1 9 - 8 * 1 1 
1 - 1 0 < f - I 4 1 0 - 8 1 1 3 3 
1 - f 1 0 - I f 4 1 1 - 8 1 1 - 3 8 
1 - f < f I U 4 1 1 - 9 7 4 SB 
1 - f I f 1 1 4 1 1 - 8 3 1 4 1 
0 - 8 < 1 - 1 4 M - 8 4 1 - 4 0 
1 - a 1 4 - 1 4 4 I B - 8 < I - 1 
1 - a < a - 1 4 I f - 8 1 0 - 1 1 
1 - 8 i i 1 1 4 n - B M - 1 1 
4 - a < a 1 4 i t - 8 1 1 1 1 
9 - a I I I I 4 i t - B 1 1 1 1 
S - a < a 1 1 4 0 - 4 < 9 0 
1 - a < a 1 4 • - 4 4 0 1 1 
8 - a « a - 4 4 a - 4 8 4 1 1 
f - a i i - 1 1 4 i - 4 4 1 4 1 

10 - a < 8 - 1 4 4 - 4 1 1 - 1 9 
1 1 - a S l - B l 4 8 - 4 B l - 4 1 
1 1 - a 19 - 1 0 4 a - 4 S I - 1 4 
1 1 - a 3 1 I f 4 i - 4 1 1 - 1 1 
1 4 - a < f 1 1 4 a - 4 I S 8 1 
I S - a 4 8 4 4 4 i - 4 1 1 1 1 1 8 
I S - a I S 1 1 4 1 0 - 4 I S - 3 8 
1 - 7 4 8 - 4 8 4 n - 4 8 8 - 8 1 
1 - 7 1 8 1 1 1 4 4 1 3 - 4 3 1 4 1 
1 - 7 1 8 - 1 8 4 1 3 - 4 a t - 8 8 
4 - i 1 7 - 1 1 4 1 4 - 4 v 8 a 
9 - i f f 8 1 4 I B - 4 < 8 1 
S - 7 8 4 - 3 4 4 1 8 - 4 1 1 - 2 4 
1 - i 4 1 1 1 4 • 1 - 4 1 1 1 1 
8 - i 1 1 M 4 1 8 - 4 < 8 1 
9 - i I S 1 0 4 I f - 4 1 0 1 3 

1 0 - i < s - 1 4 1 0 - 4 1 4 - 1 1 
11 - i 1 1 - 1 1 4 1 1 - 4 < 1 - 3 
1 1 - i 7 8 - f f 4 1 1 - 4 < 1 - 1 
1 1 - i 1 1 1 - 1 0 1 4 1 1 - 4 1 1 - 1 1 
1 4 - i < 8 - 1 1 4 1 4 - 4 1 4 31 
I S - i I f 1 1 4 I B - 4 v a 0 
I S - i 1 0 f l 4 a s - 4 i i - 1 1 
1 1 - i 8 1 1 4 4 i - 1 i n - a a 
I B - i < f 1 4 4 i - 3 1 0 1 - 8 1 
I f - i < f 4 4 i - 1 1 0 1 1 
1 0 - i I f - 1 1 4 4 - 3 1 1 - 1 1 
1 1 - i 1 1 - 1 1 1 4 B - 1 3 1 4 8 
1 1 - 7 I B 1 1 4 a - 3 3 8 as 
1 1 - 7 I S - I f 4 i - 3 a 8 
1 4 - 1 < f - I 4 B - 3 3 3 1 1 
I B - 1 » B - 1 4 9 - 3 8 11 
1 8 - 1 1 1 - 1 1 4 1 0 - 3 1 3 1 1 
1 1 - 1 < t - 4 4 1 1 - 3 3 1 1 1 
I B - 1 I f 1 1 4 1 1 - 3 3 3 - 4 1 
I f - 1 < 9 1 1 4 1 1 - 3 3 - 9 
1 0 - 1 < f 1 1 4 14 - 3 1 1 M 
1 1 - 1 1 0 1 1 4 I B - 3 3 f - 1 3 
1 1 - 1 I f - 1 4 4 I S -.1 9 1 - 9 9 

0 - 8 aa i - 1 1 9 4 11 - 3 4 0 - 4 J 
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4 ' 4 » 1 1 4 J4 0 11 I I 1 30 4 < 9 ! • • 9 l b -9 30 14 

4 . ] f l i s 4 1 1 73 t i 4 31 4 11 -14 9 11 -I t 10 - 3 
« J O . 3 I f 14 4 1 1 < T - f 4 31 4 19 11 S 11 - 9 30 -18 
4 3 1 . 3 •1 41 4 3 1 111 - t o t 4 13 4 10 -31 9 11 -9 « 10 I f 
4 11 . 3 «. 7 T 4 4 1 140 117 4 34 4 < 1 -1 S 14 -9 33 10 
4 11 . 3 41 -41 4 I 1 11 -41 4 39 4 13 11 S I I -9 I I -10 
« 14 . 3 11 -11 4 f 1 44 -49 4 I f 4 17 -17 S 11 - 9 < 10 11 
« 1 1 _3 < 1 1 4 7 1 t o * 101 4 17 4 I I I t 9 17 -9 < 10 7 
4 I t . 3 I f -11 4 I 11 -31 4 1 9 11 -31 I 11 -9 31 - I S 
4 0 _ j . . . 101 4 * 1 11 10 4 3 S < 1 7 9 11 -9 I S I I 
4 1 .1 - t f 4 10 7 -11 4 3 9 < 9 -11 9 0 -1 S I 14 
4 1 .1 li - I T 4 11 1 31 -41 4 4 S 31 4J S 1 -1 < T - 7 
4 J -1 111 -139 4 11 1 S I -13 4 9 9 31 17 S 3 -1 < T 1 
4 4 .1 310 - I I I 4 13 1 4 7 -7 4 f S 31 - M S 1 -1 I S 17 
4 > .1 7 7 - f l 4 14 71 73 4 7 9 11 11 B 1 - S 4S -31 
4 1 - 3 31 I I 4 I S 1 < 7 0 4 1 1 T l - M S -1 < 7 - 4 
4 7 -1 114 11 4 I f 1 13 7 4 9 1 I S - I f 6 1 -I 11 33 
4 • -1 i n 71 4 17 31 -44 4 10 9 11 31 S 7 -1 I S - I T 
4 a -1 101 to 4 I I 1 37 -31 4 11 S < 9 -1 B 1 -1 11 12 
4 10 -3 41 -11 4 I I < 1 1 4 11 S < 9 1 S 1 -I I S 30 
4 i i -1 41 31 4 10 1 < I 9 4 13 S < 9 3 S 10 - I 19 -11 
4 i i - 3 M -43 4 11 1 11 33 4 14 S I f 14 S I I - I 41 - I t 
4 13 -1 11 - I f 4 11 1 IT -31 4 I S t 11 -13 9 11 - | < 1 -1 
4 14 - 3 » f l 4 11 1 i I 7 4 11 t < 9 - 3 9 13 -1 < I S • f 
4 I S -1 71 -77 4 34 1 IT 11 4 17 9 9 - 3 t 14 - I 34 11 
4 l « - I 1 ] -13 4 11 1 11 7 4 IB S - 1 - 4 S I S - I S t 11 
4 17 -1 47 -10 4 I t 1 11 14 4 19 S 31 11 S I t - I 17 19 
4 :• -1 »o - I I 4 n 1 I I - I S 4 10 t < • - I t S IT -I 34 -19 
4 l i -1 V - I 4 31 1 v I f 4 31 S 3D 19 t I I - | 4 10 - f 
4 10 -1 41 41 4 I I 1 10 -11 4 13 S I f - I f B 11 - | < 10 - f 
4 i i -1 71 7* 4 10 1 < 9 1 4 11 S I f - I I S 30 - | 11 - I f 
4 » -1 * 7 • 4 11 4 1 1 4 14 S 30 17 B 31 - | 11 11 
1 11 - 3 30 11 4 11 1 11 -17 4 3S S 33 -33 S 1 -T 14 - 1 0 
4 M - 3 < 1 f 4 0 1 41 11 4 31 t 11 I f S 3 -T i t s 141 
4 U -1 31 -11 4 1 1 10 11 4 0 f 11 10 9 3 -T f l - f l 
4 1 -1 117 I fO 4 1 1 < S - f 4 1 f 13 -33 I 4 -T 37 IT 
4 1 -1 174 111 4 1 1 » 34 4 3 f IT -13 • • -T T4 TT 
4 1 -1 30 -17 4 4 1 < 1 T 4 3 f < 1 -I 1 f -T 90 -TT 
4 4 -1 117 -117 4 S 1 11 -30 4 4 f < 9 1 1 T -7 4T 41 
4 I -1 MO -111 4 f 1 < I - f 4 I f 11 31 S 1 -T 10 34 
4 0 -1 101 - I f 4 T 1 I f -11 4 f f I S 13 S 1 _7 I I -11 
« 7 -1 43 -40 4 1 3 I t - 1 0 4 7 f < I -1 B 10 -T I 10 
4 i -1 111 I I I 4 I 1 31 31 4 1 f 19 -17 B 11 -T < t -14 
4 0 -1 < I 1 4 10 1 41 t f 4 9 f IT -31 S 11 _7 111 - I S 
4 10 -1 111 110 4 11 1 34 33 4 1 7 < I I f S 13 . 7 11 -31 
4 11 -1 37 17 4 11 1 43 41 4 3 T < I 31 B 14 -7 4T 47 
4 11 -1 03 - f l 4 11 3 39 -31 4 3 T 11 -11 B I t . 7 < I t 
4 11 -1 341 I I S 4 14 3 « I -I 4 0 I 11 - I I S I f _T 41 4 f 
4 14 -1 111 • 101 4 11 3 « I - 1 0 1 0 - 1 3 t 1 * l l S IT . 7 9 I f 
4 11 -1 I f - I S 4 I f 2 I f -19 t 1 -11 < I 1 S I I _7 < 9 -1 
4 I f -1 4T 47 4 IT 3 s 1 10 I 1 -11 < I I f 1 19 -T < 10 1 
4 IT -1 140 -131 4 11 3 < I -1 1 3 - 1 3 < I 7 S 30 -T IT -11 
4 I I -1 «. f - 3 4 I I 1 < I 1 1 4 - 1 3 11 I S B 11 -T M M 
4 I I -1 i f -13 4 I t 1 M 31 t S - I S < I -1 B 11 .7 % 10 - T 
4 10 -1 I t -1 4 11 3 13 -14 1 t - 1 3 IT -11 B 13 - T IT - I I 
4 11 -1 : T T 4 11 3 13 - 19 I T - I I < 1 - I B 0 _f 1S7 -110 
4 11 -1 30 31 4 11 1 < > -1 1 1 - I I I t - I S S 1 _f 11 11 
4 11 -1 I f 11 4 34 1 < f - I t 1 9 -11 « 9 3 S 1 _f 141 -111 
4 M -1 13 -1 4 11 1 U 31 I 10 -11 10 11 S 1 _g t l - S I 
4 U -1 13 U 4 I f I I I 31 1 11 -11 < 1 - 4 S 4 _g l i t I f 
4 I t -1 14 -13 4 IT 1 v I 1 t 11 - 1 3 11 11 S S _g * f - I 
« 17 -1 < I T 4 11 1 I f -11 I 1 - 1 1 11 19 B f _g I f O i n 
4 11 -1 < 1 7 4 31 1 13 - 9 I 1 - 1 1 < 10 I S • T _Q IT 30 
4 11 -1 < 1 - 3 4 1 1 31 40 1 I -11 ( 10 -11 S 1 _g 11 -31 
4 10 -1 » I -1 4 3 3 33 -11 S 4 -11 31 37 B I - f 11 -13 
4 11 -1 11 -17 4 1 1 13 -1 S B -11 < 10 -T S 10 _| «. T -1 
4 0 0 11 IT 4 4 1 41 41 B f -11 < 10 1 S 11 _g * 1 -T 
4 1 0 IT - 1 3 4 I 1 11 -11 I T -11 <• 10 -S B 11 _g 34 - 3 3 
4 1 o t o • I 4 I 1 101 • 1 1 1 -11 30 - I I S 11 . g I f I f 
4 1 0 71 « 4 7 1 14 -41 1 9 - 1 1 < 10 - I S 14 - g T t -11 
4 1 0 43 -41 4 I 3 II - T I 1 10 -11 33 -13 B I S . f I f 11 
4 • 0 l o t M 4 1 3 < I -7 t 11 -11 < 10 4 S I f _g 11 11 
4 • 0 111 -HI 4 10 3 TT -71 I 11 -11 < 10 - 3 1 IT _ l I t - 3 0 
4 7 0 3 f -34 4 I I 3 44 49 1 13 -11 < 10 0 1 I I -1 41 41 
4 I 0 < 1 - 3 4 13 3 11 IT 1 14 -11 33 17 1 I I . f I t -33 
4 I 0 41 -4T 4 11 3 37 30 t 0 - 1 0 * 1 1 1 10 . g 39 37 
4 10 0 < f 1 4 14 3 11 IT 1 1 - 1 0 41 • 1 I 11 . g 39 31 
4 I I 0 111 -111 4 I t 1 11 - I f 1 3 - 1 0 I f - I I 1 13 _ l 3S - 3 3 
4 I I 0 171 I f f 4 11 1 v I I 9 3 - 1 0 41 44 S 33 . 4 11 11 
4 I I o I I I I 4 17 1 I I - I I 1 4 - 1 0 v 1 -1 S 14 . 4 11 -14 
4 14 • 11 11 4 0 4 11 31 1 9 - 1 0 19 -11 S I t . g 11 -33 
4 • • • M • 4 4 1 4 17 I S 1 1 - 1 0 31 14 S I f _g M 39 
4 10 I N -113 4 I 4 < I -1 1 7 - 1 0 31 -11 B 1 .g 34 31 
4 IT o «. T 0 4 1 4 •7 94 I I - 1 0 30 3t S 1 _| 104 - I S 
4 I I I t 7 1 4 4 4 71 - f 7 1 9 - I D v 9 0 I 1 . g 79 - 7 0 
4 I I 0 < T -1 4 I 4 71 t l t 10 - 1 0 11 -31 1 4 -g I fO -119 
4 10 0 n 11 4 f 4 11 11 S 11 - 1 0 < 10 -1 1 t _g I S I I 
4 11 o i i 7 4 7 4 91 -4.1 3 ' 3 - 1 0 31 -11 1 f . g S I 41 
4 11 o < i -1 4 I 4 I I t l 9 13 - 1 0 < 10 1 9 T . g 114 101 
4 13 o I I -17 4 W 4 71 - t l I 14 -10 < 10 I 9 f -1 14 41 
4 M o i f 10 4 10 4 11 -11 9 19 - 1 0 39 I I 9 9 . g 10 - I I 
4 11 o - • - t 4 I I 4 < 9 7 9 1 -9 19 -11 S 10 -g SB 91 
4 I f 0 * • I I 4 11 4 11 -34 9 3 - 9 1 ] 11 S 11 _g 107 -99 
4 *7 o * • 3 4 11 4 11 31 9 3 - 9 19 11 9 13 - S 4k 49 
4 I I 0 •. i - f 4 14 4 - 1 3 9 4 - 9 i n - I I 9 13 . g » 7 -10 
4 1* o I I 10 4 I I 4 - 9 9 9 9 - 9 31 37 S 14 - S f t -13 
4 30 0 i t -10 4 11 4 11 - 1 » 1 1 - 9 11 - I f 9 19 _ g I S 31 
4 11 o i i 1 4 17 4 k 9 3 1 7 - 9 I I 19 9 I t . g f l - t l 
4 11 o >. » 1 4 I I 4 < 1 0 9 1 - 9 11 11 S IT . g 3S I t 
4 31 0 *• • -14 4 I I 4 I f 13 • 9 - 9 14 -19 9 I I -9 < I - 3 
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3 19 - 8 < a -1 
S t o - 3 33 13 
t 31 - 3 31 - 3 3 
t 33 - 8 13 39 

• 33 - 3 13 - I T 
1 34 - 8 80 - 3 0 

• 13 - 8 < 9 1 

• 11 - 8 < 1 - 7 
3 17 - 3 a i 18 
S 33 - 3 17 - 7 
S 0 - 4 80 48 
3 1 - 4 89 - 4 8 
6 a - 4 8 - 1 8 
• 3 - 4 «. 3 - T 
3 4 • 4 11 - 3 3 

• 3 - 4 < 4 
3 1 - 4 8 I t 
1 7 - 4 9 11 
3 1 - 4 a -11 
3 9 - 4 u 87 
3 10 - 4 77 - a t 
3 11 - 4 81 81 
3 13 - 4 T8 T t 
9 13 - 4 T4 - 9 9 
9 14 - 4 • a 89 
9 11 - 4 a a - 8 8 

• 11 - 4 38 - 4 0 
t IT - 4 13 18 
3 19 - 4 < 3 - 8 
3 19 - 4 84 83 
3 30 - 4 18 - 7 
9 11 - 4 < a - 3 
9 33) - 4 < a 14 
9 13 - 4 < a 0 
3 34 - 4 « a - I T 
3 14 - 4 «. a - 3 
3 34 - 4 18 11 
3 37 - 4 83 - a a 
3 38 - 4 18 14 
9 31 - 4 < a - 1 4 
3 30 - 4 31 - 1 3 
9 1 - 3 - 3 0 
9 3 - 3 101 - 3 3 
3 3 - 3 100 - T 7 
3 4 - 3 43 17 
3 3 -1 87 33 
3 3 - 3 41 31 
3 7 - 3 43 37 
9 3 - 3 < 4 - 4 
3 9 - 3 18 -14 
3 10 - 3 33 - 4 0 
3 11 - 3 IB 13 
3 13 - 3 14 - 9 
3 13 -1 31 a a 
3 14 - 3 27 IT 
3 13 - 3 14 -39 
3 i a - 3 I B - 4 3 
9 17 - a 33 -34 
9 13 - 3 19 33 
3 19 -1 11 3 
3 30 - 3 11 18 
3 .11 - 3 34 31 
3 33 - 3 : B - 3 
3 33 - 3 9 - 1 3 
3 34 - 3 13 14 
3 33 - 3 < 9 18 
3 33 - 3 18 -13 
3 17 - 3 33 33 
3 38 - 3 < 9 - 3 
3 3 * - 3 33 - 3 8 
3 30 - 3 v 10 T 
3 31 - 3 18 - 1 3 
3 0 - 3 313 1BT 
9 1 - 3 78 - 3 3 
3 a - 3 103 -91 
3 3 - 8 90 -87 
3 4 - 3 113 -BB 
3 • - 3 «. 3 - 3 
3 a -1 178 138 
3 7 -1 43 43 
3 a -1 19 11 
3 i -1 < a -11 
3 10 -1 47 -49 
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3 13 -1 34 -41 
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3 14 -1 33 33 
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t 3 -1 SS 44 
r 3 -1 83 - I S 
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t 3 -1 < T - T 
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8 7 -1 38 - 3 3 
t 3 -1 73 SB 
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t 13 -1 43 48 
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3 aa -1 33 37 
3 33 -1 38 -89 
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1 88 -1 31 -31 
8 87 -1 31 38 
1 88 -1 < 10 - 3 
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8 30 -1 « 10 8 
3 31 -1 30 - I S 
t 33 -1 30 14 
I 0 0 43 44 
8 1 0 30 -31 
8 3 0 71 80 
3 3 0 41 -41 
8 4 0 33 - I S 
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3 3 0 < 3 - 4 
3 9 0 93 -87 
3 10 0 < 8 -1 
3 11 0 33 -31 
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t 14 0 17 I S 
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8 18 80 - 5 3 
8 17 0 33 31 
t 18 0 - 9 8 
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3 20 0 43 - 4 3 
3 31 0 < 3 4 
3 33 0 < 9 - 3 
3 3 ] 0 < 9 10 
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3 38 0 17 - 3 8 
8 38 0 «. 10 13 
3 37 0 «. 10 - 8 
3 33 0 i 10 - 1 3 
8 39 0 < 10 13 
8 30 0 10 - a a 
8 31 0 30 13 
8 1 1 33 SS 
t 8 1 17 13 
8 3 1 < 9 3 
8 4 1 39 31 
S 3 1 83 -81 
B 3 1 31 -38 
S 7 1 < 8 3 
3 8 1 11 -31 
3 9 1 I S 38 
9 10 1 < 9 B 
3 11 1 < 9 - 4 
3 11 I < 9 9 
3 11 1 19 I B 
9 14 1 < 9 i n 
3 I S 1 ( 9 - B 
3 13 1 C 9 -1 
3 IT 1 <. 9 -14 
8 I S 1 31 33 
8 19 1 9 - I T 
3 30 1 17 -17 
3 31 1 14 - I S 
3 33 1 81 -B9 
3 33 1 31 19 
3 34 1 » 10 9 
S 33 1 < 10 11 
B I S 1 I S I S 
3 0 3 30 - 1 0 
3 1 3 I S - I S 
3 1 1 < 9 -1 
3 1 1 % 9 1 
1 4 1 33 SS 
3 3 1 » 11 
3 S 1 I S - i n 
3 T 2 C 9 - s 
3 1 2 so -49 
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10 1 1 35 31 
11 1 1 < S 3 
13 1 < 5 10 
13 1 ( 5 17 
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IT 1 38 30 
13 1 14 13 
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80 1 1 < 10 11 
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1 : 1 < 9 1 
a : 1 31 - 3 8 
a : 1 < a S 
4 i 1 < a 8 
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S J SS 58 
T J 1 18 - 1 9 
8 9 1 I S -17 
9 3 1 34 24 

i o : 1 M - 3 3 
11 1 < 10 1 
18 1 » 17 13 
13 1 1 81 - 3 3 
14 1 30 -19 
18 1 1 < 10 3 
18 1 1 < 10 0 
IT 1 < 10 13 
18 1 38 18 
0 4 14 - I S 
1 4 I » 10 - 8 
a 4 10 18 
3 4 < 10 a 
4 4 1 14 - I T 
3 4 1 10 80 
8 4 14 - I S 
T 4 1 » 10 - 8 
8 4 30 40 
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10 4 < 10 -1 
11 4 38 39 
13 4 < 10 1 
13 4 < 10 - 4 
14 4 « 10 -1 
13 4 1 17 - 1 2 
18 4 30 -34 
IT 4 35 37 
18 4 1 < 10 - 4 
13 4 20 I S 
30 4 < 10 T 
31 4 38 - I T 
38 4 14 13 
33 4 IT - 3 0 
1 -11 31 39 
3 -11 < T 8 
3 -11 33 - 3 8 
4 -11 < 11 14 
3 -1 31 - 1 4 

. 0 -1 > a s 35 
1 - I I 1 37 41 
3 -1 1 13 - I S 
3 -1 > 33 3T 
4 -1 > 18 - 1 8 
5 -1 1 «. 7 - 3 
5 -1 > 14 13 
7 -1 > 18 - I T 
S -1 1 17 13 
3 -1 1 31 -34 

10 -11 > 13 - 1 3 
11 -1 ) v 11 - 4 
13 -1 I * 11 4 
13 -1 ) < 11 10 
14 -11 ) < 11 14 
I S -11 I 19 IT 
18 -14 1 18 -24 
IT -11 ) 18 IT 
I B -11 1 18 -14 
19 -11 1 I S - 1 3 
30 -11 ) 33 31 
31 -11 > 34 31 
1 -1 I 13 - 1 3 
3 -1 34 33 
3 -1 > V 7 - 3 
4 -1 14 - 1 3 
3 -1 1 < 7 13 
S - ! 1 v 7 11 
T - I » 35 40 
S -1 1 14 - 9 
S - i < 7 - 3 

10 -1 17 - 3 3 
11 -1 33 -33 
13 -1 «. 11 3 
13 -1 I S 13 
14 - ! 30 33 
I S -1 - 11 -14 
I S - i 10 I S 
IT -1 1 «. 11 - 4 
I S -1 13 -34 
1* -1 > 33 33 
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30 38 - 3 8 
81 - 9 < 11 1 
33 - 9 33 14 
83 - 9 88 -24 

0 - 8 < 7 3 
1 - S < 7 1 
3 - 8 C 1 11 
3 _3 10 18 
4 - 8 18 -34 
3 _ g < 7 - 3 
8 - 3 10 - 3 
T - 3 < 3 - 4 
8 _3 t o 51 
9 - 8 « 7 t 

10 - 8 43 - 4 3 
11 - 8 , < 7 3 
18 - 8 ' «. 11 - 3 
13 - 8 < 11 - 3 
14 - 3 37 13 
I t - 3 < 11 1 
I t - 3 < 11 - 3 
IT - t < 11 - 3 
I t - 8 11 31 
19 - 8 < I I 9 
80 - 3 C 11 - 7 
a i - 3 < 11 5 
aa - 8 33 - I S 
i - 7 < 3 - 8 
3 ml 13 81 
3 - 7 < 3 - 1 3 
4 - 7 48 SO 
t - 7 < 3 4 
f - 7 31 -24 
T - 7 11 I t 
1 - T < 8 - f 
a - 7 < a - 7 

10 - 7 < 8 - 3 
11 - 7 < 8 - 9 
13 - 7 83 - 3 3 
13 - 7 24 3 t 
14 - T < 10 11 
IB - 7 24 - 3 3 
I t - 7 < 10 14 
IT - 7 a s - 3 3 
11 - 7 < n 3 
19 - T 17 24 
10 - 7 < 11 3 
11 . 7 31 1* 
11 -7 38 - 3 3 
11 - 7 13 - 1 3 
0 - t » -34 
1 - 8 49 -44 
1 - t 34 -37 
1 - t 7 8 
4 - 8 31 34 
t - t 33 43 
t - 4 30 30 
T - t 38 - 3 3 
I - t 11 13 
1 - t 43 - 3 t 

10 - 8 11 I t 
11 - f < 3 4 
11 - 8 37 - 1 5 
11 - t 33 33 
14 - 8 39 -43 
I t - t 18 18 
18 - t 14 7 
17 - 3 17 -17 
• 8 - t 24 33 
I B - t as -34 
10 - t 33 31 
11 - 8 10 - 1 0 
11 - f 31 - 1 3 
11 - 8 < 11 10 
34 - t < 11 - 3 
a s - 8 aa 30 
a s - 8 < n - 3 
27 - 8 < i i - t 
SB - 8 19 - 3 3 
81 - 8 < 11 - 3 
30 - 8 11 14 
31 - 3 < I I 3 
33 - 8 as 17 
1 - 3 19 - 3 0 
3 - 3 81 -33 
3 - 3 10 -14 
4 - 9 i n 9 
3 - 3 83 34 
3 - 3 < 3 9 
1 - 3 38 S3 
a - a 43 -41 
» - 3 < 4 1 

10 - 3 44 41 
11 - 3 39 - 4 9 
i a - 3 102 • 4 
13 - 3 I t - I k 
14 - 3 S t - 39 
I S - 3 19 I S 
13 - 5 SO -44 
IT - S 40 I S 
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l i 11 11 8 as _ ] 10 -14 
1 * u 11 8 11 - 1 M -10 
10 . 5 11 11 I 11 < 10 1 
11 . 9 19 -31 1 11 v 10 -11 
11 . 9 < 10 - 1 8 1 M - 1 < 10 0 
11 . 9 11 - 3 1 I 18 .3 40 41 
M -1 10 9 I 14 .] 11 14 
>• -9 I 1 0 -4 I 1 c s -4 
11 - 9 10 as I 1 -] 11 - I I 

I T - 9 < 11 -1 1 1 < 9 - I 
11 . 9 34 -11 I 4 - 1 11 -11 

» - I I t 18 I 1 - 1 41 •1 
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n - I 31 19 I 7 - 1 11 -11 
i i - 9 34 11 1 • - 1 <• 9 -10 
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i -4 84 -74 1 1 0 - 1 < 9 -3 
l -4 19 14 I l : 11 11 
i -4 SO -88 8 11 - 1 11 14 
4 - 4 10 11 S 11 - 1 « 9 1 
9 - 4 11 80 • 14 - 1 < 9 -1 
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7 . 4 10 - 8 s 11 - 1 14 11 
S -4 11 -10 a I T - 1 ( 10 -1 

9 -4 81 11 s 11 - 1 10 -11 
10 -4 44 -41 s 19 - 1 I B -11 
11 . 4 •1 81 8 t o - 1 < 10 -1 
11 -4 43 I S 8 11 - 1 < 10 8 
11 . 4 33 -11 s •1 - 1 18 •1 
14 - 4 17 11 a 11 -] 84 - n 
I S - 4 S I -11 a M - 1 < 11 4 
I S -4 M -10 a 11 - 1 < 11 0 
17 -4 11 -11 a 11 - 1 < 11 -14 
I I . 4 11 9 a I T -] 19 I f 
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10 -4 < 10 T s 1 14 11 
11 -4 33 M s I 10 I T 
11 -4 < 10 1 s 1 14 -11 
11 -4 < 10 - a s 4 < 10 1 
14 -4 < 10 -11 s 1 17 - I T 
2 t -4 < 10 9 a I as -34 
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10 -4 < 11 -1 a 1 1 < 10 1 
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11 -4 11 14 s 14 34 -34 

1 - 3 . . . 41 8 11 < 10 - 1 
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U -1 31 13 a 11 < I I - I T 
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I T - 3 < 10 - 4 a 17 «. 11 4 
11 - 3 34 -10 a 11 < 11 11 
19 - 3 31 -10 s 19 17 - M 
10 - 3 18 1 1 4 10 v 11 •4 
11 - 3 11 -".4 1 11 < 11 -11 

0 -1 a U 1 11 11 - I I 
1 -1 18 -2: 4 11 aa I f 
1 -1 14 - : s 4 0 i t -11 
1 -3 I S i t 4 1 < 11 -1 
4 - a 11 -14 4 1 < 11 -1 
1 -1 < 7 -4 s 1 84 n 
1 - 3 I S :* 1 4 M i i 
T - a 7 7 -11 a 1 17 19 
I -1 5: - 4 9 a S < 1 1 1 
£ -1 11 M 1 7 1 1 -10 

1 0 -1 i n 3 9 a 3 11 - i i 
1 1 -1 s o 41 s f at - i i 
• 1 -1 < a a a 10 < 11 11 
11 - 2 10 1 9 a 1 1 aa -18 
14 • 2 17 14 a 11 < 11 1 
19 - I 9 -9 a 11 u 84 
14 - 2 17 i a a 14 < 11 -8 
! T - I I S -18 a 11 i i 71 
: i -1 11 -37 a 11 11 11 
: t -1 < 1 0 - 1 a 17 I S I 

M 
11 
11 
11 

I I 

I T 
I I 

c I I 
•1 

< 11 
1 9 

< 11 
< I I 

4 1 
< 11 

1 0 
< 1 1 

11 

1 1 
I T 

0 
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THE CRYSTAL STRUCTURE OF MKTHYLZINC ISOPROPYLSULPHIDE 
Introduction 

The compound i s produced when equimolar amounts of 

dimethylzinc and isopropylthiol react at-70°C. (Coates and Ridley, 

1965). 

Me0Zn *• Pr^-SH MeZnSPr1 + CH, 

The molecular weight of t h i s compound as determined 

cryoscopically i n benzene solution corresponds to degrees of 

association of 6 .05, 6.05, 6.20 and 5*90 at concentrations of 

1.66, 1-97, 2.03 and 2,lf9 wt..'r. Methyl cadmium isopropyl -

sulphide (Coates and Lauder, I966) was found to have molecular 

weights i n benzene solution which corresponded to degrees of 

association of 6.10, 6.09, 5>98 and 6.03 at concentrations of 

3-75» 4.33> 5-11 and 6.24 wt.?b. Both compounds are thus 

believed to be hexameric in benzene solution. Coates and Lauder 

(1966) proposed a structure for the cadmium compound in which 

the hexaraeric molecule i s ma.de up of six-membered rings with 

alternate cadmium and sulphur atoms. Two such rings are held 

together by bonds between the cadmium atoms of one ring and 

the sulphur atoms of the other. A l l of the cadmium and sulphur 

atoms are four-coordinate. 

This structure analysis was started a f t e r the structure of 

(MeZnSBuM. had been determined. I t was thought that a '5 
comparison of the structures of (MeZnSB^)^ and (MeZnaPr" ) ^ 

http://ma.de
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would help to explain the different degrees of association and 

structures of these compounds. 
l ivnertnental . 

Preliminary X-ray Study 

Crystals suitable for X-ray analysis w©re obtained by 

r e c r y s t a l l i s a t i o n from hexane and were sealed i n pyrex-glass 

c a p i l l a r y tubes i n the dry nitrogen atmosphere of a glove-box. 

The c r y s t a l s were of irregular shape, with poorly developed 

faces but were approximately rectangular prisms. 

The unit c e l l and space group were found from precession 

photographs of the hkO, hkl, hOl and h1l reciprocal l a t t i c e 

nets. The errors i n unit c e l l length given by a s t a t i s t i c a l 

treatment of the measurements from the photographs were 

0.001 i i n a , and 0.0008 A* i n c. Independent measurements 

of a on two films gave values which differed by 0 . 1 $ . V/hen 

allowance i s made for systematic errors, the uncertainty i n the 

unit c e l l lengths i s probably of the order of 0 . 2 5 $ . 

The c r y s t a l s are tetragonal. 
a = 1 3 . 6 1 X f C = 1 5 . 1 6 Am 

Conditions l i m i t i n g observed r e f l e c t i o n s , 

hoi, h + 1 = 2n, 

hko, h + k = 2n. 
1 2 

Space group P4 /nnm. D, ' No. 132|.. 

D = 1.49 g.cm. ^ 
Hi 

I f there are 16 unit3 of CH^Zn S C^K^ per unit c e l l the density 

would be 1 .W-S-om"5. P(000) = 1280e. 
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Linear absorption coe f f i c i e n t Cu radiation = 67.3.cm. , 
Data Collgction and Correction 

I t was noted that the r e f l e c t i o n s given by c r y s t a l s 

became weaker and more diffuse upon exposure to x-rays. 

Int e n s i t y data were recorded photographically using the eyui-

i n c l i n a t i o n Weisseriberg technique and Cu.K.i\ radiation. After 

each reciprocal l a t t i c e net had been photographed, en exposure 

of part of the okl net was made i n order to check that there had 

been no marked deterioration of the c r y s t a l . Three c r y s t a l s 

were used i n c o l l e c t i n g the i n t e n s i t y data. They were of 

irr e g u l a r shape but th e i r cross-sections were approximately 

rectangular. The dimensions of the cross-sections of the 

cr y s t a l s used are given below. 

okl, l k l , 0.43 x 0.46 mm2. 

2 k l , 0.12 x 0.14 mm2. 

3 k l , 4 k l , 5 k l , 6lcl. O.36 x 0.4Q ram2. 

The i n t e n s i t i e s of r e f l e c t i o n s were measured v i s u a l l y by 

comparison with a graduated sc a l e . They were corrected for 

Lorentz and polarisation factor,* and als o , i n the case of 

re f l e c t i o n s on the upper layers, for spot length ( P h i l l i p s , 1 9 5 6 ) . 

Corrections for absorption were applied by assuming that the 

c r y s t a l s had a rectangular cross-section and summing over the 

cross-sectional area. 
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C r ystals were mounted about a and equivalent r e f l e c t i o n s 

appeared on different nets. The data were put on a common 

scale by a l e a s t squares treatment of these r e f l e c t i o n s . 

Structure Determination 

The corrected i n t e n s i t i e s were multiplied by a weighting 

function w, where w = exp ( 12 Sin 2Q. ) This function was 

not allowed to tflke a value greater than 100. 

The Patterson function was computed using the weighted 

i n t e n s i t i e s as c o e f f i c i e n t s . From an examination of the d i s t r i 

bution of pe<?ks in the Patterson function i t seems probable that 

atoms l i e at special positions. Several possible sets of 

positions for the zinc atoms have been found. While these 

arrangements s a t i s f i e d many of the features of the Patterson 

function, none of them was f u l l y consistent with i t . Structure 

factors were calculated on these models, the lowest value of the 

residual obtained being 0.68. 

An electron density map was calculated using the structure 

factors which gave a residual of 0.68. No useful deductions 

have been made from t h i s electron density map. 

The observed structure factors are shown in Table 1. 

12 Sin 9. 
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Methylzinc Isopropylsulphid 

Table 1. 

Observed. Structure Factors. 

(Arbitrary u n i t s ) . 



h k 1 ; n > l r c k k 1 

o n 1 tin n 1 1 9 v 9 
I I U 4 • i t D 1 3 7 1 8 
It a t i ap 0 1 4 I t v * 
a . I I H 4 1 * 0 1 4 3 1 1 
u 0 I D B 4 0 1 1 1 1 4 
II 0 1 ] i a i 0 11 0 3 1 
0 I I 11 aa 0 l a 3 3 
0 0 11 3 4 1 I 
0 I I 1 1 a 1 1 BO 
0 1 1 4 S 9 1 i 1 M O 
I I 1 1 ai 1 i 3 3 4 5 
0 1 I a n 1 i 4 1 3 4 
I I 1 1 aaa 1 i B 1 3 1 
0 1 I S 3 1 i 4 < 11 
0 1 I I aa 1 i 7 3 3 
II 1 13 aa 1 i 3 1 1 3 
n 1 I I 4 1 1 i H 4 1 
II 1 11 «. 7 1 i I I I 4 3 
0 1 11 a 1 i 11 3 9 
0 1 1 m 1 i 1 3 7 0 
II i : 1 0 O 1 i 1 3 3 1 
0 1 4 aa 1 l 1 4 31 
0 l i a i 1 i I B « 14 
0 i i 1 4 3 1 i 1 3 1 1 
0 a I I 1 7 1 i I 5 1 
0 1 1 ! aa 1 i 3 1 1 7 
c I w 1 4 1 i 3 1 9 1 
II a I I 1 < 8 1 i 4 1 9 0 
I I i i u 1 i B 1 3 1 
0 1 3 s» 1 i 1 1 1 7 
0 I 1 i i 1 i 7 4 3 
0 ] 1 i i 1 • | 1 3 
0 a i i i 1 i p 7 0 
0 l n •a 1 i i n 3 1 
0 1 13 n 1 i i l < 1 3 
0 a i l < • 1 i 11 4 7 
0 4 1 i i i 1 i i l 3 0 
0 4 3 8 4 1 i 1 4 3 3 
0 4 4 8 4 1 3 1 1 3 
0 4 1 1 1 0 1 3 l 7 1 
0 4 1 v 7 1 3 1 4 0 
0 4 1 i < a 1 1 1 1 3 4 
0 4 I I » 1 3 4 11 
0 a 4 5 1 3 1 1 3 4 
0 a i 1 4 4 1 1 3 1 5 
0 a i 1 < 7 1 1 7 3 1 
0 a I 1 0 1 3 • 7 3 
0 a i > 1 4 1 3 3 1 
0 a l ( a 1 3 1 0 3 1 
a a 13 - 1 0 1 3 1 1 3 5 
0 a i i < • 1 3 1 3 1 1 
0 a i i I I 1 3 1 3 3 9 
a a i aoi 1 3 1 4 <• 3 
0 a a 7 0 1 3 1 3 ( 1 
0 a 4 aa 1 3 1 3 1 3 
0 a 4 aa 1 3 17 9 
0 a i i aa 1 4 | 4 8 
0 a i i • i i 1 4 3 1 1 0 
0 a i i 1 7 1 4 3 aa 
0 a n < • 1 4 4 1 1 4 
0 a i i I* 1 4 3 7 3 
II T 1 7 4 1 4 3 aa 
0 1 J 111 1 4 7 4 4 
0 1 | 1 1 1 1 4 • 1 3 
0 1 1 U 1 4 3 4 
0 1 t • 1 1 4 1 0 1 1 
0 1 11 1 1 1 4 1 1 v 3 
I I 1 11 I B 1 4 i s 3 1 
0 a « 4 8 1 4 1 3 1 3 
n a i aav 1 4 1 4 1 1 
0 a 4 3V 1 3 0 1311 
a a i 1 0 1 1 3 1 4 3 
II a 1 4 1 1 B 3 1 9 
0 a I I iaa 1 B 3 7 8 
a H I I 1 0 1 ) 4 14 
0 * i aa 1 3 3 aa 
0 » i tea 1 3 4 4 3 
a * I I B 1 B 7 4 1 
0 » i v 1 0 1 4 H an 
a * t 7 4 1 B f t V I I I 
a » 11 14 1 B 111 an 
a i n II 34 1 B 11 14 
0 i n a 11 1 B ia •. 1U 
u 1 0 4 1 1 1 3 ia ao 
II 1 0 ) 1 1 1 i 14 s 1 0 
0 i n • 1 0 1 B 1 9 » k 
0 i n m 111 1 3 1 4 11 
II I I i » II 1 3 I 8 7 

n I I i 1 0 1 4 3 I I 
II i i a I B 1 3 3 1 3 
0 I I i - k 1 4 4 1 1 1 
I I • i • k 1 a 8 ei 

1 1 n 4 4 1 3 8 aa 
i i i I I - 1 3 1 1 3 
1 1 4 •f 1 3 • - 14 
t l 1 « V t 4 |f v I I 
' 1 • JO 1 4 l i t \ I I 

i l :•• • 1 4 11 I I 
I . I I 1 1 1 4 1 3 i a 
i i 1 < If 1 7 II 5 8 

1 3 
1 1 1 

SB 
3 4 ' 
5 1 
SO 

i I S 
I S 

< I S 
7 4 
3 3 
3 4 

1 3 
1 8 7 

v 14 
1 3 3 

<. I S 
< 1 5 
< I S 

9 3 
< 17 

17 
«. I B 

1 7 
BO 
1 3 

1 1 1 
4 1 
4 7 
33 
3 9 
1 5 

< I I 
< 11 

so 
3 3 
I S 
3 3 
3 9 

< I S 
4 3 
I S 
3 4 
3 3 
I S 

v I S 
4 1 
3 1 

* I S 
v I S 

3 1 
I S 

« I S 
3 1 
3 4 

» I S 
< I S 

9 0 
I I 

4 4 
4 1 
4 9 
I B 

I B B 

1 3 3 
< 13 

4 0 
3 1 
14 
3 1 

1 3 3 
3 

3 0 
37 
3 3 
3 4 

1 3 8 
» 7 

aa 
I B 
I I 
I B 

* 14 
14 
3 1 

1 3 1 

I S 
• l i t 

• 
3 3 3 

14 
I I 
I I 

| F o | 

11 
113 
31 

1 3 3 
4 4 

133 
4 1 
3 1 
17 
7 3 

< 14 
3 0 
3 0 

1 1 7 
9 3 
91 
5 0 

< 1 0 
1 1 0 

3 3 
3 1 
3 3 
I I 
3 7 
I S 
I S 
3 3 
3 1 
7 1 
3 5 
8 1 

5 3 
3 5 

< 1 3 
1 4 
1 4 
3 4 
1 8 

< 1 3 
< 14 

3 8 
< 14 

3 1 
< 14 

3 9 
3 4 
4 3 
3 0 

< 14 
v 14 

3 3 
8 8 
1 8 

' 3 3 
4 3 

< 1 4 
1 4 
I I 
1 0 
1 1 

I 14 
1 0 
I I 

* 14 
3 1 

- 14 
3 1 
3 1 

< 1 4 
1 0 
1 0 
1 4 

4 5 1 
1 9 
1 4 

1 1 1 
I S 
1 9 

1 3 8 
3 3 
3 0 
3 4 
3 3 
I I 
11 
1 4 
14 

• 

1 1 4 
9 3 



i s a 
i n 
119 

9 0 

i n 
M 

11 
4 T 

< I 
4 4 
I I 
11 
2 4 

v 6 
1 

1 1 

6 4 

S O 

s s 
I S 
I S 
11 
S I 
1 1 

1 9 

1 1 

s 
1 4 

4 1 

1 1 

I S 
< 9 

9 8 
< • 

I S 
v 8 

1 0 
1 

8 1 
11 
SS 
8 9 

v I 
1 1 
I S 
14 
4 1 

* 9 
I S 
1 1 

< 8 
I S 
1 0 
I S 

< 1 
I S 
I I 
I S 

< 9 
SO 
8 9 

8 
< 8 

M 
4 1 

I 9 

< 9 
1 1 
3 0 

< 8 
I S 
1 1 
1 1 

< 9 
I I 
1 4 
3 1 
I ] 
1 1 

- I 

3 0 
1 1 
3 8 
M 

< 8 
< 8 
< 8 

3 8 

j r o | 

< 8 

- 3 1 
3 8 
1 0 

3 0 

< S 
1 4 
3 1 

< 8 
1 4 
1 4 

< 1 
< 8 

I S 
1 1 

< 8 
< 8 

1 6 
1 1 

3 6 8 
1 1 1 
1 8 1 
1 8 6 

6 1 
1 1 1 

1 6 
1 0 
• 1 
11 
8 3 
1 1 
8 0 
SO 
1 8 
1 0 
4 1 

1 3 4 
1 S 1 
1 6 6 
1 6 8 

I S 
1 0 1 

< 1 
4 1 
11 

> 
3 9 
I f 
1 8 
1 4 

< 6 
1 0 

1 1 4 
1 1 
4 9 

1 
1 1 
1 1 

% 1 
«. a 

3 1 
< a 

28 
< t 

1 6 
< 8 
< 1 

1 0 
1 0 
1 8 

< a 
2a 

< a 
a 

< 9 
1 4 
3 4 

a 
1 0 

< a 
n 

v f 
1 6 
3 6 

< a 
l i 

< 6 

< a 
•a 

V f 
< f 

I B 
8 

4 B 
1 3 
4 9 
3 8 
1 1 

• n > ! 

i t 
< • 

1 0 
1 0 

< i 
i i 

1 0 

a t 
4 1 
4 1 
1 0 
4 8 

c a 
1 4 

< 8 
< 1 

M 
I S 
1 1 

a 
< a 

1 4 
1 4 
1 0 
1 1 
11 

< 1 
1 6 

1 8 0 
1 6 
6 1 
I B 
B l 
I B 

< 1 0 
1 0 

a i 
< 1 1 

11 
* 1 0 

1 1 
I t 
1 1 

1 0 1 
1 4 
1 0 
4 4 
I t 

< 1 0 
1 4 
1 1 
1 6 
1 1 
I S 
1 0 
6 8 

•. t 
4 1 
S 6 

v 1 0 
. 2 7 
I S 
1 1 
I t 

< 1 1 
as 
1 8 
1 4 
I I 

« 1 0 
1 8 

< 1 0 
1 6 

< 11 
v I I 

1 6 
1 0 
I I 

M 
I I 
4 9 
3 4 

< 1 0 
3 8 
1 9 
1 6 
1 3 

t 19 

«• I I 

1 4 
8 0 
1 1 

< 1 0 
1 8 

V I I 
< 11 

4 0 
• 1 
I I 
3 0 

| P D , 

< 1 0 
< 1 0 
< 1 0 

1 0 
1 0 

< 1 0 
< 1 0 

M 
< 1 0 

I B 
1 0 
1 0 
11 
1 4 
1 3 

< 1 0 
«. 1 0 

I B 
1 0 
4 9 
M 
1 1 

1 1 8 
* 11 

1 1 
4 1 
2 4 
1 0 
1 6 
1 1 
M 

< 1 0 
1 1 
4 1 
6 1 
11 
1 1 
I I 

I B 
11 
1 6 
8 1 
1 1 
1 1 

l 1 1 
«. I I 
< 1 1 
< 1 1 
< I I 

11 
1 1 
I B 
1 1 
1 1 
11 
1 1 

< 1 1 
< 1 1 

1 1 
4 4 
1 6 
1 6 
I I 

< 1 1 
1 1 
I B 

< 1 1 
I f 

v I I 
1 4 
I S 
I I 
I f 

v I I 
1 6 
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COMPUTER PROGRAMMES • 

I have written the following programmes i n Algol for an E l l i o t t 

803B computer. Some optimization procedures and machine orders were 

used. Matrix operations were programmed using procedures, i n some 

cases modified, from the E l l i o t t Algol Matrix Package. 

Data Correction Programme 

This programme corrects inte n s i t y data c o l l e c t e d by the equi-

i n c l i n a t i o n Weissenberg Technique for anisotropic absorption, Lorentz 

and polarisation factors and also, i n the case of upper net 

photographs, for spot length. The method used f o r evaluating the 

absorption correction i s e s s e n t i a l l y that of Busing and Levy (1957)* 

The transmission c o e f f i c i e n t , A, i s calculated by evaluating 

the expression 

where V i s the volume of the c r y s t a l t h e absorption c o e f f i c i e n t , 

and r^and r f lare the pathlengths of the incident and di f f r a c t e d rays 

respectively. The c r y s t a l must have plane surfaces and no re-entrant 

angles. The surfaces are represented by in e q u a l i t i e s of the type 

a x + b y + c z - d ^ . 0 _. 2 s s J s s 
A point inside the ory s t a l w i l l s a t i s f y a l l of the i n e q u a l i t i e s , 

whereas a point outside w i l l not. The re c i p r o c a l l a t t i c e and the 

c r y s t a l faces are referred to the sama set of orthogonal axes, X,Y 

and Z, a must l i e along X, b must l i e i n the XY plane, o must l i e 

along Z, the rotation axis . The c r y s t a l axes may have to be renamed 

to s a t i s f y these conditions. 
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The integration i n equation 1 i s evaluated by doing the 

summation. 

i n ^ sn^ 

L-\ j * l k-l ^ 
R i H j R k e x p |_"/*^r*-+ r I 3 

The subscripts x. , y and z, r e f e r to a point i n the c r y s t a l to 
1 j k 

and from which pathlengths of incident and d i f f r a c t e d rays are 

calculated. 

x. = a + (b-a) u. i i 4 

,. = c(x.) + [d(x.) - c(x.)J u. : D 

\ = e ( v y j } + L f ( v y j } - e ( v y j }] \ 6 

I n equation 3;ni . m and m are the numbers of elements into which the ' x* y a 
c r y s t a l i s divided i n the x, y and z directions respectively. The 

quantities a,b,c,d,e and f are l i m i t s and R. • R.f R, • u.,u. and u 
1 J K 1 J K 

are constants necessary for carrying out the summation. 

The programme f i r s t takes a l l combinations of three of the 

ine q u a l i t i e s and solves them for x so giving a and b, the minimum 

and maximum values of x respectively. Using equation 4 the values 

of x^ are then calculated. For each value of x^ the in e q u a l i t i e s 

are taken i n pairs and c(x^) and d(x^), the minimum and maximum values 

of y are found and hence using equation 5» the set of y.. S i m i l a r l y , 
J 

the set of a, i s found for each (x, . y . ) . 
k 1 j 
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The pathlengths are evaluated using the expressions 

- C » * k r _ d.g - O l ^ r . - l ^ -
as . ) Tgs - * 

s w + ^ + c * *.« •SYMC + H3

 + c * v 

The subscript s re f e r s to a p a r t i c u l a r s u r f a o e f ^ and ^ 

are the direction cosines of the incident and diffracted rays 

respectively from the point ( x ^ y^, x^) to the surface s. Lengths 

of incident and diffraoted beams are calculated from a point to each 

face. The shortest values of each are the correct ones. Direotion 

oosines are calculated using the method of Wells ( 1 9 6 0 ) . 

Input 1 Absorption 

Absorption 
2 

Input 2 

± Lorentz-
polarization 

Length 
correction 

Output 

Flow diagram of data correction programme. 

'Input 1* i s only necessary i f an absorption correction i s to 

be applied and i t reads the i n e q u a l i t i e s and also the constants 

and u. • 
x 

'Absorption'1 1 i s performed once for eaoh c r y s t a l and i t determines 

the l i m i t s of the summation and the coordinates of the points at which the 

transmission c o e f f i c i e n t i s to be calculated. 
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The numerators of equations 7 and 8, the weights (b-a)(d-c)(f-e) 
R.R.R and the sum of the weights, which i s equal to the volume, 

1 J A 

are also calculated and stored. 

'Input 2* reads unit c e l l constants, scaling constant, l i n e a r 

absorption c o e f f i c i e n t , reciprocal l a t t i c e constants and modifiers 

whioh r e l a t e M i l l e r indioes to the reference axes, describe the 

format of the i n t e n s i t y data and the corrections which are to be 

applied. The i n t e n s i t y data are provided i n table form, the 

M i l l e r indioes of individual i n t e n s i t i e s are not required. 

Unobserved i n t e n s i t i e s are punched with a negative sign (e.g.<3 i s 

punched as -3). 

'Absorption 2' i s done once for each r e f l e c t i o n . The 

direction oosines of the incident and d i f f r a c t e d rays are calculated 

and used to evaluate expressions 7 and 8. With the numerators and 

weights calculated i n *AbsorptionU„ expression 3 i s evaluated and 

the summation c a r r i e d out. 

Lorentz and polarization correction and length correction 

( P h i l l i p s , 1956) are applied i f s p e c i f i e d and the corrected structure 

factor i s multiplied by the s p e c i f i e d scaling constant. The 

corrected structure factor i s then punched out together with i t s * M i l l e r 

indices. Unobserved structure factors are punched on a separate tape. 

The output i s suitable for use with the Glasgow Fourier Summation and 

Structure Factor Least Squares programmes. 



118 

Programme for determining fi l m to f i l m scaling constants 
A number of methods have been published for determining the 

r e l a t i v e scaling constants for X-ray intensity data measured on 
several intersecting photographs. Xraut 1s method (1958) i s only 
applicable when a l l of the intersecting r e c i p r o c a l nets are obtained. 
Dickerson's method (1959) i s applicable where some of the intersections 
are not obtained. I n Dickerson's method the n scale factors are 
found from n equations of form. 

a k = 0 i = 1 to n 
i j J 

when 
j = 1 

a.. 
l i & 5 > 2 

2 2 a. . = FT . F . = a.. 

and F.. i s the sum of the structure factors of a l l r e f l e c t i o n s on 

the i fi l m which are also observed on the j * 1 1 f i l m . I n the 

r e s u l t i n g system of n equations i n n unknowns the equations are not 

l i n e a r l y independent. One equation i s made redundant and one scale 

factor i s set a b i t r a r i l y at unity. 

R o l l e t t and Sparkes (1960) propose using c o e f f i c i e n t s of form 

a. . = 

a. . 
11 

- ( F 2 ^ (F- ) L h ^ h i ' U h j ; 

h 

C o n 

"./here h r e f e r s to a particular r e f l e c t i o n end \7 i s a weight 
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given to that r e f l e c t i o n . They point out that the method of 
Dickerson was formally i n c o r r e c t , the scale factors which r e s u l t 
depending upon the choice of which scale factor i s to be set at 
unity. They proposed the introduction of the condition that the 
sums of the squares of the scale factors should equal unity and that 
the scale factors should be determined by inverse i t e r a t i o n of the 
normal equations, the scale factors being normalised a f t e r each inver
sion. 

The programme, devised here follows the method of R o l l e t t and 

Sparkes and w i l l find scale factors for data collected about two 

or three axes. I t i s i n two pi r t s - The f i r s t forms c o e f f i c i e n t s 

of the type described above. The second part finds the scale 

factors by inverse i t e r a t i o n . In the work described the matrix 

elements were formed according to Dickerson% formulae. 

After t h i s programme had been written Hamilton, B o l l e t t and 

Sparkes (19&5) described shortcomings i n the methods mentioned 

above and suggested another i n which the observational equations 

are not l i n e a r with respect to the scale factors. I n the cases 

described in t h i s t h e s i s i n which the above programme has been used 

the numbers of intersections have been large and under these 

circumstances the errors in scale factors resulting from using the 

formally incorrect method would be expected to be small. 
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Appendix 1. 

E l l i o t t Algol version of 

Data Correction Programme. 
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DATA CORRECTION PROGRAMME; 
begin 
comment matrix procedures; 
procedure mxaux(a,b,o,d,e); 
value d,e; Boolean d,e; array a,b,o; 
begin integer aa tab,ao,sa; 
aa:=addresa(a)Jab:=address(b); 
ao:^address(o);sa:=aize(a); 
i f sa $ s i s e ( b ) or aa s i z e ( o ) then 

i f d then ( i f e then looationCab] e l s e -loeation[ab]) 
e l s e i f e then location[ab]+looatlon[ao] 
e l s e location[ab]-laoation[ac]; 
e l l i o t t ( 2 , 2 p ab 10,2,2,ac) 
end 
end; 
procedure mxoopy(a,b); 
array a,b; 
mxaux(a tb,b,true.true); 
procedure mxquot(b,a,c,bb); 
value a;array a,b,o;integer bb; 
begin integer aa fab,d,e,f,p,q,r,ra,rb,sa,x,xx,y,yy, 
xatart,xstop; 
r e a l pivot,g; 
switoh SB t = 1; 
mxcopy(b,c); 
d:=aa:=address(a);rat=range(a,1); 
f:=ab:=address(b);rb:=range(b f2); 
sa:=aa+size(a)-1;e:=ab-aa; 
for p:=1 atep 1 u n t i l r a do 
begin pivot;=0; 
xtad; 
for ri=p step 1 u n t i l r a do 
begin i f aba(looation[x]> > aba(pivot) then 
begin pivott=looation[x]; 
q:^r; y:=x 
end; 
x:=x+ra 
end; 

begin p r i n t punoih?3),££l?mxaux- error? 
stop 
end; 
sa:=sa+aa-1; 
for aaisaa step 1 u n t i l aa do 8 TOP 

ion[ 
aa 

begin looationTaa]: 
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i f pivot =0 then 
begin 
checks(Esingular?); 
bb:=1; 
gojto l ; 
end; 
xstop:=d+ra-p; x:=d+1; 
i f p t q then 
begin yy:=(q-1)*rb+ab; 
for r :=d step 1 u n t i l xstop do 
begin g:=looation[r]; 
looation[r]:=location[y]/pivot; 
looation[y]:=g; y:^+1 
end; 
xstop :=f+rb-1; 
for r:=f step 1 u n t i l xstop do 
begin g:=location[r]; 
location[r]:=location[yy]/pivot; 
looation[yy]:=g; 
yy:=yy+1 
end 
end 
e l s e begin for r:=d step 1 u n t i l xstop do 
looation[r]:=loeation[r]/pivot; 
xstop :=f+rb-1; 
for r;=f step 1 u n t i l xstop do 
looation[r]:=looation[r]/pivot 
end; 
yiad:=x+ra; xstart:=d-1; 
xx:=f; yy:=f:=f+rb; 
for rt=xstart step r a u n t i l sa do 
begin g:=looation[r]; 
for q:=p+1 step 1 u n t i l r a do 
begin locationty]:=locationTy]-g*looation[x]; 
elliott(2,2,x,0,2,2,y) 
end; 
for qi=l step 1 u n t i l rb do 
begin location[yy]:=location[yy]-g*location[xx]; 
elliott(2 f2,xx,0 i2 f2,yy) 
end; 
x:=x-ra+p; xx:=?cx-rb; 
y:=y+p 
end 
end; 
xstart:=aa+ra-1; 
xstop:=aa+1;x:=sa-ra; 
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for p:=xstart step (-1) u n t i l xstop do 
begin yy:=ab; 
for qx=p step r a u n t i l x do 
begin g!=looation[q]; 
for r:=1 step 1 u n t i l rb do 
begin loeationCyy]:=looation[yy]-g*location[xx]; 
e l l i 6 t t ( 2 , 2 , y y , 0 f 2 f 2 , x x ) 
end; 
xx:=xx-rb 
end; 
x:=»-ra; xx:=xx-rb 
end; 
I s 
end; 
procedure readvr(veotor vn); 
Integer n; 
array, vector; 
begin 

integer na; 
for na :=1 step 1 u n t i l n do 
read vector [na] 

end; 
preoompile; 
ABSORPTION CORRECTION; 
begin 
comment ABSORPTION ONE; 

integer na,nb,no,nd,ne,nf,ng,rowmxa,p2, 
ooluma, x i n , y i n , z i n ,mx, my ,mz , nn,rowa; 

r e a l a,b,y,coefzb,vectzb; 
array ooefxb[1:3,1:3], 

vectxb,veotxo[1 :3,1:1 ] t 

ooefyb[1»2,1:2]f 

veotyo,vectyd,veotyb[1t2,1t1], 
t l t l e [ 1 : 3 0 ] ; 

switch oo:=lb1; 
p2:=3; elliott(7,0,0,0,2,3,p2); 
i f p2=1 then go to l b l } 
nn:=1; i i i s t r i n g ( t i t l e ,nn); 
read rowmxa,mx,my,inz; 

l b l : 
begin 

Integer bb; 
array ooef£a[1:rowmxa,1:4], 

eoofyaCl:rowmxa,1z2], 
coefza,inside,veotza[1:rowmxa], 
veotya[1:rowmxa,1 
xis,uisx,c,d,rx[1:mx], 
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uisy,ry[1:my], 
rz,uisz[1:mz], 
e,f,yjB[1:mx,1:my], 
zkB,weight[1:mx (1 :myf 1 :mz]t 

rn[1:mx,1:my,1:mz,1:rowmxai; 
switoh od:=lb2; 
i f p2 =1 or p2=2 then go to lb2; 
for rowa :=1 step 1 u n t i l rowmxa do 

read ooeffa[rowa,ooluma]; 
readvr(uisx tmx); 
readvr(uiBy fmy); 
readvr<uisz,mz); 
readvr(rx,mx); 
readvr(ry,my); 
readvr(rz,mz); 
punoh(2>; 
p r i n t fi£14?absorption correction £12??; 
nn:=1; o u t s t r i n g ( t i t l e , n n ) ; prlnt££l2??; 
advance(1); I f not buffer(1t£*?) then 

pr i n t £ quadrature data error ?; wait; r e s t a r t 
end; 
for na:=1 step 1 u n t i l rowmxa, do inside [na]:= 
(ooeffa[na,4]+(0.000001*coeff aTna,4])); 
a:=b:=0; 
oheoks(£start of x i s ? ) ; 
for na :=1 step 1 u n t i l (rowmxa-2) do 
for nb :=(na+1) step 1 u n t i l (rowmxa-1) do 
for nc :n(nb+1) atep 1 u n t i l rowmxa do 

ooefxbCl yooluma]:=6oeffa[na,ooluma]; 
coefxb[2,ooluma!l :=coef f a[nb,ooluma]; 
ooefxb[3, ooluma]: =coef f a[no, colum'a] 

end; 
veotxbCI,1]t=ooeffa[na»4]; 
veotxb[2,1]:=coeffa[nb,4]; 
veetxb[3,1]:=coeffa[no,4]; 
bb:=0; 
mxquot(vectxc,coefxb,vectxb,bb); 
i f bb=0 then 

begin 
xin t=0; 
for nd:=1 Btep 1 u n t i l rowoxa do 
i f not ( coeffa[nd,1]*veotxc[1,1]+ coeffa[nd f2]*veotxc[2,1] 
+ coeffa[nd,3]*veotxc[3,1] > inside[nd] ) then xin:=xin+1; 

for, columa :=1 step 1 u n t i l 4 do 

begin 
comment determines a and b and x i s 

for columa is1,2,3 do 
beein 
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i f xinsO then 
begin 

i f vectxc[1,1] < a then a:=vectxe[1,1] 
e l s e i f veotxo[1,1] > b then b:=veotxc[1,1] 

end 
end 
end; 

for na :=1 step 1 u n t i l mx do 
xis[na]:=oheokr.(a+(b-a)*ui sxTna]); 
oheoks(fiend of x i s ? ) ; 
checks(fistart of y j s ? ) ; 
for na := 1 step 1 u n t i l mx do 
begin 

d[na]:=0; 
c[na]:=0 

end; 
for na :=1 step 1 u n t i l mx do 

begin 
comment determines o and d and y j for-eaoh x i ; 

for nb :=1 step 1 u n t i l rowmxa do 
begin 

eoefya[nb,1]:=coeffa[nb v2]; 
coefya[nb|2]tacoeffa[nb,3]; 
vectyaCnb,1]:=ooeffa[nb t4]-coeffa[nb,1]*xis[na] 

end; 
for nb :=1 step 1 u n t i l (rowmxa-1) do 
for nc :=(nb+1J step 1 u n t i l rowmxa do 

begin 
for ooluma := 1,2 do 
begin 

ooefybCl,ooluma]:=coefya[nb,eoluma]; 
ooefyb[2 tooluma]xaeoefya[no,columa]; 

end; 
veotyb[1,1]:=veotya[nb,1]; 
veotyb[2,1]:=veotya[no,1]; 
bb:=0; 
mxquot(veotyc tooefyb|Veotyb lbb); 
i f bb=0 then 

begin 
yi n :=0; 
for nd i=1 step 1 u n t i l rowmxa do 
i f not( coeffa[nd,1]*xis[na]+ooeffa[nd,2]*vectyc[1,1] 
+ooeffa[nd,3]*vectyc[2,1] > inaide[nd]) then yin:=yin+1; 
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i f yinsO then 
begin 

i f vectyo[1,1] > d[na] then d[na]:= vectye[1,1] 
e l s e i f veotyo[1,1] < c[na] then c[na]:=vectyc[1,1] 

end 
end 
end 
end; 

for na := 1 step 1 u n t i l mx do 
for nb := 1 atep 1 u n t i l my do 
y js[na,nb]: = oheckr«(c[na]+ (dTna]-c[na])*uisy[nb] ) ; 
oheoks(£end of y j s ? ) ; 
checks(fistart of zka?);for na :=1 step 1 u n t i l mx do 
for nb :=1 step 1 u n t i l my do 
begin 

e[na,nb]:=0; 
f[na,nb]:=0 

end; 
for na 1=1 step 1 u n t i l mx do 
for nb :=1 step 1 u n t i l my do 

begin 
comment determines e and f and asks for each x i and y j ; 

for rowa :=1 step 1 u n t i l rowmxa do 
begin 

ooefza[rowa]t= coeffa[rowa f3]; 
veotza[rowa]:= ooeffa[rowa v4]-coeffa[rowa,1]*xis[na] 

-coeffa[rowa,2]*yjs[na,nb] 
end; 
for no 1=1 step 1 u n t i l rowmxa do . 

begin 
i f veotza[nc] 4s 0 and ooefza[no] $ 0 then 

begin 
veotzb:= veotza[nc]/coefzaCno]; 
z i n := 0; 
for nd :=1 step 1 u n t i l rowmxa do 
i f not( ooeffa[nd,1]*xis[nal+ooeffa[nd,2]*yjs[na,nb] 
+ooeffa[nd,3]*veotzb > inside[nd]) then zin:=asin+1; 
i f z i n =0 then ~~ 
begin 

i f veotzb > f[na,nb] then f[na (nb]:= vectzb 
e l s e i f veotzb < e[na,nb] then e[na ynb]:=vectzb 

end 
end 
end 
end; 
v:=0; 
for na :=1 step 1 u n t i l mx do 
for nb :=1 step 1 u n t i l my do 
for no :=1 atep 1 u n t i l mz do 
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zks[na,nb,no]:= oheokr( 
e[na,nb]+(f [na,nb]-e[na,nb])*ui'sz[no]); 
oheoks(£end of z k s ? ) ; 
checks(fistart of weights and numerators?); 
for na 1=1 step 1 u n t i l mx do 
for nb :=1 step 1 u n t i l my do 
for no :=1 step 1 u n t i l mz do 
begin 

weight[na,nb,nc]:= oheckr(rx[na]*ry[nb]*rz[nc]*(b-a) 
*(d[na]-e[na])*<f[na,nb]-e[na,nb])); 
v := v + weight[na,nb,no1; 

for nd :=1 step 1 u n t i l rowmxa do 
rnfna,nb,ne,nd] := checkr(-coef faTnd,4]-
c6effa[nd,1]*xiB[na]-ooeffa[nd,2]*yjs[na fnb] 
-ooef f a[nd, 3 ]*zks[na,nb, no] ) ; 
end; 
checks(£end of weights and numerators?); 
p r i n t £ volume = ?,sameline,v,££12? end of part one ?; 

precompile; 
lb2: 
begin 
oomment ABSORPTION TWO; 

integer h,k f1,ana* anb,anc,1rn, lwt,ran2,ran3,raii4,awt v 

am, acf , l o f 1, l o f 2 , l o f 3 ,moda ,modb, ha ,ka , l a ,hb, kb, l b , 
hh,kk,11,lp,length,absn,digh,digk,digl,lhs,rhs; 

r e a l imi,calpha,obetajOgamma,astar,bstar,0Btar,stheta, 
xoi,yoi,zoi (xor,yor»zor,zeta,xi,has,kbs,lo8,cnu, 
owa,cwb,owe,cwd,owe(cwf,ewg,cwhvowi, 
swo,swd,swf,swg,swh,swi,1la,11b,11c, 
rasa trasb,rbsa,rbsb,rd,i,q,soale; 

switch est=11,12,13,14,15,16,17,18,lorpol tnewnet; 
Boolean ba; 
ran2:=range(rn,2); ran3:=range(rn,3); ran4:=range(m,4); 
awt:saddress(weight); arh:-address(rn);adf: saddress(coeffa); 

newnet: 
p r i n t ££12??; nn:=15; 
i n s t r i n g ( t i t l e , n n ) ; nn:=15; outstring(title»nn); print££12??; 

punch(2); 
read oalpha,cbeta,ogamma,astar,bstar,ostar,moda,modb, 

ha,ka,la,hb,kb,lb,soale,absn,lp,length,digh,digk,digl,lhs,rhs 
i f absn = 1 then read mu; 
advanoe(l); I f not buffer(1,£*?) then 
begin 

pr i n t £ basio data error ?; wait; go to newnet; 
end; 
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ba:=obeta=0 and ealpha =0} 
ova:=oheokr((oalpha-ebeta*ogannna)/ 

<sln(arooos(obeta))*sin(arooos(ogamma)))); 
owb:=cheokr(sin(arooos(owa))*sin(arocos(ebeta))); 
i f ba then 

begin cwc:=checkr(l); swc:=cheokr(o) end 
e l s e 

begin 
ewe: = checkr (cbeta/sin (arooos (owb) )>; 
BWO := oheokr(sin(arooos(owc))) 

end; 
. . advance (1)_; 

modb:^nodb+4; 
i f moda=1 then ll:=ha e l s e i f moda=£ then kk:dia e l s e hhtsha; 
for ne:=la step 1 u n t i l l b do 

begin 
i f b ufferd.fi*?) then advance(1); 
for nf:=ka step'1 u n t i l kb do 
i f not buffer(1.£*?) then 

begin 
read 1; advanced); 
go to ssCmoda]; 
111 kktsne; hh:=nf; go to ss[modb]; 
12: l l t s n e ; hh:=nf; go to ss[modb]; 
13: ll:=ne; kk:=nf; go to ssCmodb]; 
14: h:=hh; k:=kk; l : = l i ; go to 17; 
IB: h:=ll; k::4ih; l:=kk; go to 17; 
16: h:=kk; k : = i i ; i:=hh; 
17: 
i f i = 0 then goto 18; 
has := h*astar; kbs := k*bstar; los:= l * c s t a r ; 
11a:=oheckr(los*sin(arooos(cwb))); 
i f h=0 and k=0 then begin llb:=0; ewd:=1 ; swd:=0 end 
e l s e 
begin 
l i b : =oheckr (sqrt (hasT2+kbsT2+2*haB*kbs*ogairaiia) ) ; 
cwd :=oheokr ( (has+kbs*cgainma)/llb); 
swd:=oheckr((kbs*sin(arocos(cgamraa)))/llb); 
end; 
ewe:=oheckr(-ewd*ewc-swd*swo); 
lie:=checkr(sqrt(llaT2+llbT2-2*lla*llb*cwe)); 
i f absn 1 then goto lorpol; 
stheta: =checkr(sqrt'('hast2+kbst2+lcst2+2*kb8*lcs*oalpha+ 

2*has*los*cbeta+2*has*kbs*ogamma)/2); 
cwf:scheckr(llo/(2*stheta)); 

http://bufferd.fi*
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i f owf > 1 then owf{=cheokr(1); 
cwf :=cheokr(cos(aroBin(cwf ))>; 
swf!=sin(arooos(ewf)); 
owg:seheokr((lla*6wo+llb1 ,ewd)/llo); 
awg :=cheokr ( (lla*BWO+llb*'swd)/llo) ; 
cwh: =cheokr(ewf*stheta);' 
swht=sin(arooo8(owh)); 
owl tsoheokr((stheta-cwf*cwh)/(swf*swh).); 
swi:=sih(arccos(owi)); 
checks(Edlreetion cosines?); 
xoi i=oheokr(swh*(cwg*cwi+swg*Bwi)); 
yoi. t^heckr(Bwh*.(swg*owi-owg*swi)); 
zoi :=oheckr(ewh); - • 
xor T=oheckP<Bwh*(cwB*cwi-swg*Bwi)); 
ybr :=oheokr(8wh*(swg*owi+cwg*Bwi)); 
zor tsoheokr(owh); 

f o r na 1=1 step 1 u n t i l mx do 
begin 
comment SUMMATION; 

ana:=(na-1)*ran2; 
for .nb :=1 step 1 u n t i l my do 

begin 
anbz=(ana+nb-1 ).*ran3; 
for no :=1 step 1 u n t i l mz do 

begin 
ane:=(anb+ne-1)*ran4; 
lwt:=anb+nc-1+awt; 

begin 
raabis rbab:=0; 

..for nd:= 1 step 1 u n t i l ruwmxa do 
begin 

l r n t =anc+nd-T+arn; 
lof1:=4*(nd-1)+acf; 
e l l i o t t ( 0 , 2 t l c f 1 , 0 , 2 t 0 , l c f 2 ) ; . 
e l l i o t t ( 0 , 2 , l c f 2 , 0 , 2 , 0 , l c f 3 ) ; 
cheoka(£rasa?); 
rd» =looation[lof1]*xoi+looation[lcf2]*yoi+looation[lef3]+zoi 
i f rd ̂  0 then rasa t=oheokr(looation[lm]/rd>else rasa 1=0; 
i f rasbaO and rasa > 0 then rasb:=rasa 
e l s e i f rasa > 0 and rasa < rash then rasb:=rasa; 
oheoks(£rbsa?); 
rd:=looation[lof1]*xor+location[lof2]*yor+looation[lof3]*zor 
i f rd t 0 then rbsa:=oheokr(looation[lrn]/rd) e l s e rbsa t=0 
i f rbsb =0 and rbsa > 0 then rbsb tsrbsa 
e l s e i f rbsa > 0 and rbsa < rbsb then "rbsb t= rbsa 
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cheeks<Eq?); 
q :=cheokr(q+looation[lwt]*exp(-.mu*(rasb+rbsb))); 

end 
end 
end 
end; 
q:=q/v; 
i := i/q» 

i := oheckr(i); 
l o r p o l : 
x i := l i b ; zeta := los*owb; 
I f lp = 1 then 
begin 
comment LORENTZ AND POLARISATION FACTORS AND SPOT LENGTH 

CORRECTION; 
onu := oos(arosin(zeta/2)); 
i := checkr(i*(<xi/2)*sqrt(4*cnut2-xiT2))); 
i := cheokr(i*(8/(8-4*xit2-4*zetat2+xit4+2+xit2*zetat2+zetat4))); 
end; 
i f length = 1 and 1 $ 0 then 
i := checkr(i*a+((180*zeta*sqrt(-1+((4-zetaT2)/xit2))) 

/<4*3•142*(75+(28,7/(sqrt(1-(zeta/2)t2)))))))); 
i := i*soale; 
i := sign(i)+sqrt(abs(i»; 

18: 
i f i * 0 then 

begin 
i f i >. 0 then punch (1) e l s e punoh'(2); 
pr i n t digits(digh)(hh(samelihef£=7ldigits(digk)fkkl£=?>digitB(digl)tllf 

£=?.aligned(lhs,rhs),abs(!),£=?; 
end; 

end 
end; 

advanoe(l); 
i f not buffer<1t£F?) then goto newnet; 

end 
end 
end 
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