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The Crystal and Molecular Structure of Hexacrylonitrile* 

BY MARVIN J. KORNBLAU~ AND R. E. HUGHES 

Department of Chemistry and Laboratory for Research on the Structure of Matter, 
University of Pennsylvania, Philadelphia 4, Pennsylvania, U.S.A. 

(Received 6 May 1963) 

The crystal structure of a hexamer of acrylonitrile has been determined by two-dimensional 
Fourier and three-dimensional Patterson analyses. The crystals are monoclinic, in space group 
P21/a, and a = 15.56 + 0-02, b = 6.42 _+ 0.02, c = 9.24 _+ 0.02 A ; fl = 108.3 ° _+ 0.1 ° ; Z = 2. The structure 
was refined by a full-matrix three-dimensional least-squares analysis of 1445 reflections, 1123 of 
which were observed. The reliability index (R) for the full da ta  is 0.131; for the observed data  
only it is 0.110. 

All of the atoms in the molecule lie in three planes. Two of the nitrile groups lie in the plane 
of the trans carbon double bond. All other carbon atoms lie in planar arrays of trans, staggered, 
single bonds. 

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

In  a s tudy  of the  stereospecific polymerizat ion of 
acrylonitri le,  Takash ina  & Price (1962) utilized a 
t r iphenylphosphine  ini t ia tor  and  isolated a crystall ine 
hexamer  which mel ted  sharply  a t  240 °C wi thout  
decompositon. Physical  and  chemical evidence indi- 
ca ted  t h a t  the compound has a somewhat  unusual  
s t ruc ture  (I) which can be formal ly  described by  the 
appel lat ion 1, 1,4, 4-tetra-  (2-cyanoethy])- 1,4-dicyano- 
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trans-2-butene, but  will hereinaf ter  be simply called 
hexacrylonitr i le .  The compound is the rmal ly  and 
chemically s table and  the  double bond appears  to be 
par t icu lar ly  inaccessible to a t tack ,  even to bromine 
and pe rmangana te .  This s t ruc ture  invest igat ion was 
unde r t aken  to corroborate and extend the  results  of 
the chemical s tudy.  

E x p e r i m e n t a l  

Although hexacryloni tr i le  is insoluble in most  common 
solvents, it  was possible to reerystall ize it from aceto- 
nitri le and from N,N-d imethy l fo rmamide  to yield 
crystals  approx imate ly  0.8 × 0 . 4 × 0 . 1  mm with the  
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crystal lographic b axis along the  long axis. The la t t ice  
constants  a, c and  fl of the  monoclinic cell were 
de termined from cal ibrated Weissenberg photographs  
about  [010] with the use of C r K a  rad ia t ion  and  
combined film shrinkage and  radius corrections. The 
b dimension was obtained from an  average of measure- 
ments  on precession photographs  about  [100] and [001] 
and oscillation photographs  about  [010]. The values 
thus  obtained are" 

a = 15.56 _+ 0.02, b = 6.42 +_ 0.02, c = 9.24 +_ 0.02 A ; 

fl = 10S.S ° ± 0-1 o 

The densi ty  calculated for Z= 2 is 1.20 g.cm-a which 
corresponds to the  value de termined by  a f lo ta t ion 
method.  

The observed sys temat ic  extinct ions of hO1 reflec- 
tions with  h odd and  of 0k0 with  k odd uniquely 
correspond to the  space group P21/a. 

The in tensi ty  d a t a  were recorded with a few excep- 
tions, on mult iple equi-inclination Weissenberg photo-  
graphs about  b ( k = O , . . . ,  4) utilizing Ni f i l tered 
Cu K s  radiat ion.  E igh t  low angle reflections were 
measured on precession photographs  which were cross 
correlated with the other  data .  Intensi t ies  were 
measured  by  visual comparison with a series of 30 
carefully t imed exposures of a typical  reflection of the  
crystal .  Lorentz and polarization factors were applied 
and, on the upper  level da ta ,  spot extension correc- 
t ions (Phillips, 1954) were made.  Scale factors between 
layers were der ived from photographs  about  the  c 
axis. Of the 1445 reflections invest igated in this way,  
1123 were measurable  and 322 were carried through 
the analysis  as unobserved data .  

D e t e r m i n a t i o n  of the  s t r u c t u r e  

Ini t ial ly,  a t t empt s  were made  to solve the s t ruc ture  by 
tr ial  and error methods.  Hal f  of one molecule represents  
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the asymmetric unit with the center of the double 
bond located at the center of symmetry. I t  was as- 
sumed that  the five contiguous carbon atoms were in 
a planar zigzag array coplanar with the two pendant 
nitrile groups and that  the double bond was in its 
usual planar configuration. The intense 10, 0, 3 reflec- 
tion has a very high unitary structure factor, and it 
appeared that  this fact, along with a few other strong 
reflections and some simple packing arguments, would 
serve to determine the orientation of the molecule. 
Despite the fact that  all of the assumptions were later 
shown to have been essentially correct, it was not 
possible to achieve a satisfactory model in this way. 

All of the data were utilized to calculate a three- 
dimensional sharpened Patterson synthesis at intervals 
of 0.01 along a, 0.03 along b and 0-02 along c. The sec- 
tions were computed to the limits a=½, b=½ and 
c= 1 on an IBM 1620 computer with the program of 
van der Helm & Patterson (1961). The synthesis 
required about 20 hours of machine time to sum the 
1123 data at 42,500 points. The function was sharpened 
by dividing the F 2 by the squared average of the form 
factors for carbon and nitrogen (Berghuis, Haanappel, 
Potters, Loopstra, MacGillavry & Veenendaal, 1955). 

The zero sections (b=0) of the Patterson synthesis 
showed a well defined linear array of peaks extending 
from the origin which could be identified as being 
produced by a C-C-=N group perpendicular to the 
b axis. Preserving the assumption of the planar zigzag 
conformation for the carbon backbone, it was possible 
to interpret another linear array of peaks extending 
upwards from the origin into the cell. These two 
constraints led to a model which was in reasonable 
accord with a rather complex and ambiguous Harker 
section at b = ½ and, using it, it was possible to analyze 
satisfactory the principal features of the Patterson 
synthesis. 

An electron density projection on (010) reproduced 
the essential features of the model. Several Fourier 
refinements, neglecting hydrogen and utilizing a single 
isotropic temperature factor, reduced R to 0.21 for the 
projection. Substantial coordinate shifts were involved 
in this initial refinement. 

projection. Nevertheless, all coordinates were kno~na 
with sufficient accuracy to make it possible to com- 
pute relative y coordinates by using conventionally 
accepted values of bond lengths and angles. The mole- 
cule was then placed in the cell by setting y=0-0 for 
C(8) since the projected length of the double bond was 
1-3/~, close to the expected value. 

The full-matrix least-squares program used for the 
refinement was written by Gantzel, Sparks & True- 
blood at the University of California and modified 
by Y. Okaya (1962) at the IBM Laboratories. Each 
iteration using the full set of data (1445) and 120 
parameters required 14 minutes on an IBM 7090 
computer. The unobserved data were introduced in 
each case as 0.28 times the minimum observable 
F(hkl) and the appropriate correction factors were 
then applied. The weighting system used in all of the 
refinements, 

Fo <_ 10-0 , ]w = 0.00895Fo ; 
50.0 > Fo > 10-0, ]:u, = 0.02831/Fo ; 

Fo >_50.0 , ] 'u,= 10-0Fo -1 , 

involved a reasonably continuous function of Fo. 
A series of preliminary least-squares analyses with 

selected groups of data led to better values for the y 
parameters and, in general, an improved coordinate 
set. Hydrogen atom positions were then estimated 
and included in the final complete refinement. Atomic 
form factors were those of Berghuis et.al. (1955) for 
carbon and nitrogen and McWeeny (1951) for hydrogen. 
Since the program could treat a maximum of 128 
parameters, only atoms N(1), C(1), N(3), C(9), N(2), 
C(7) and C(8) were given full anisotropic temperature 
factors. The hydrogen atoms were arbitrarily assigned 
fixed isotropic temperature factors of B=4.0  and all 
other atoms were refined with a simple isotropic factor. 

The refinement proceeded smoothly through five 
iterations and a final value of R=0.131 was obtained 
for all data including the unobserved. A value of 
R=0.110 was calculated utilizing only the observed 
data. A detailed comparison of Fobs and Fea~c is 
presented in Table 1 for all of the data. 

T h r e e - d i m e n s i o n a l  r e f i n e m e n t  

At this point it was decided to continue the refine- 
ment by three-dimensional least-squares analysis, For 
the asymmetric half of the molecule, 

N(3) 
J~J 
C(9) 
t 

N(1 )-C(1 )-C(2)-C(3)-C(4)-C(5)-C(6)-C(7)=-N(2), 
I 
c(8) 
II 

the x and z coordinates of atoms C(9) and N(5) were 
the least reliable because of severe overlap in the 

D i s c u s i o n s  of  the  s t r u c t u r e  

Bond lengths, bond angles and thermal parameters 
The final positional parameters a~e recorded in 

Table 2 along with the estimated standard deviations 
calculated from the least-squares analysis. In Table 3, 
a listing of all bond lengths in the molecule, the 
hydrogen atoms are numbered to correspond to the 
carbon to which they are bound. If two hydrogen 
atoms are on a carbon atom, one is designated by a 
primed number. Atom C(8') is centrosymmetrically 
related to atom C(8). The least-squares analysis 
yielded an estimated standard deviation for bond 
C(8)-C(8') of 0.016 A; for all C-H bonds it is 0.07 .~ 
and for all other bonds not involving hydrogen it is 
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0.008 _A_. All bond angles and their estimated standard of about 1.14 l (Tables of Interatomic Distances, ]958). 
deviations are givea in Table 4. Low values could be expected for two reasons. First, 

The average of the three C--N bond lengths, 1-123 I since there is a concentration of electron density in the 
is slightly shorter than the usually accepted value triple bond, the use of spherically symmetric atomic 

Table 1. Observed and calculated structure factors 
h k t k F o b  F c a l  
0 0 1 2 9 . 8  2 7 . 0  
0 0 2 5 7 . 4  - 5 8 . 6  
0 0 3 28 .  5 - 2 7 . 8  
0 0 4 6 . 4  6 . 8  
0 0 5 2 1 . 4  - 2 1 . 1  
0 0 6 1 1 . 8  - 1 3 . 6  
0 0 7 5 . 3  - 4 . 8  
0 0 9 6 . 2  -5.9 
2 0 O 3 5 . 8  36.9 
2 0 1 45.5 - 4 5 . 8  
2 O 2 3 4 . 4  - 3 3 . 3  
2 0 3 4.8 -4.4 
2 0 4 24.8 -23.2 
2 0 6 2.9 2.7 
2 0 7 9.3 -8.7 
2 0 8 3.7 - 3 . 0  
2 0 -1 9.5 7.5 
2 0 -2 74.8 74.6 
2 0 -3 6 0 , 1  60, 5 
2 0 -4 18.1 18.1 
2 0 -5  30.4 - 2 8 . 8  
2 0 -6 10.2 -9.6 
Z 0 -8 11.1 -11.9 
2 0 -9 6.1 -5.1 
2 0 -10 7.0 5.6 
4 0 0 3 6 . 5  - 3 6 . 3  
4 0 1 5.5 3 . 8  
4 0 2 25.7 -25.1 
4 0 3 23.8 22.0 

4 0 4 6.9 -6.1 
4 0 5 9.3 10.6 
4 0 6 5.9 "6.9 
4 0 7 10.7 "9.3 
4 0 8 7.7 8.2 
4 0 9 7 . 7  5 . 5  
4 0 10  6 . 0  - 7 . 3  
4 0 -i 21.2 21.2 
4 o -2 1 0 . 1  1 2 . 8  
4 0 -3 18.7 18.6 
4 0 -4 19. 8 -17.2 
4 0 -5 6.3 -4.6 
4 0 -6 17. 7 19.1 
4 0 -7 19.0 20.3 
4 0 -8 2 2 . 3  - 2 7 . 2  
4 0 -9 10.7 -8.5 
4 0 - 10  4 . 1  2.1 
6 0 0 12.0 -10.0 
6 0 1 1 8 . 0  17.5 
6 0 3 22.9 2 2 . 5  
6 0 4 11.1 1 1 . 1  
6 0 5 7 .5  - 5 .  Z 
6 0 6 11.6 - 1 1 . 5  
6 0 7 7 . 0  - 6 . 5  
6 0 9 3 . 6  - 4 . 9  
6 0 -1 17.3 15.3 
6 0 -2 4 1 . 3  -42.0 
6 0 -3 2 7 . 6  25.5 
6 0 -4  3 8 . 4  3 7 . 3  
6 0 -5 22 .  1 -20. 1 
6 0 -6 29, 2 - 30 .  1 
6 0 -7 9.2 9.4 
6 0 "9 5.1 4.7 
6 0 -10  7 . 4  - 8 . 3  
8 0 0 3 . 5  5 .3  
8 o 1 3 2 . 5  3 1 . 3  
8 0 2 3 4 . 0  3 2 . 0  
8 0 3 17. 5 -18.5 
8 O 4 1 3 . 5  - 1 4 . 9  
8 0 5 1 5 . 7  - 1 6 . 9  
8 0 6 9 . 2  - 8 . 9  
8 0 8 6.4 7.4 
8 0 -1 9.0 7.4 
8 0 -Z 8 . 6  8 . 1  
8 0 -4 6.9 6.7 
8 o -5 14.1 - 1 4 . 7  
8 0 -6 6 . 8  7 . 4  
8 0 -8 6.6 -5.9 
8 0 -9 10.3 -9.9 
8 0 -10  4 , 0  - 5 , 8  

10 0 0 1 0 . 2  9.4 

i0 0 1 8.6 9.6 
10 0 2 3 . 8  - 4 . 1  
lO o 3 4O. 9 - 4 3 . 5  
10 0 4 5 . 3  - 4 . o  
10 0 5 1 4 . 8  1 3 . 1  
lO o 7 4.2 -2.4 
10 0 -1 6.1 5.3 
lO o -z 27.  1 2 5 . 5  
i0 0 -3 1 2 . 2  1 2 . 1  
i0 0 - 4  4.5 3 . 5  
10 0 -5 7 . 1  - 7 . 1  
10 0 -6 9.6 I0.1 
10 0 -7 11.8 - 1 4 . 1  
lO o -9 6 . 1  -5.1 
10 0 -10 10. 4 9 . 7  
10 0 -li 4.6 - 6 . 3  
12 0 0 6.8 - 6 . 4  
12 0 1 8 . 5  - 6 . 1  
12 0 3 7 .1  -6.0 
12 0 6 4.0 - 2 . 3  

h k t kFob F c a i  
12 0 -2 6 . 6  6 . 5  
12 0 -3 3 . 0  3 . 2  
12 0 -4 6 . 2  5 . 4  
12 0 -5 1 9 . 5  2 1 . 6  
12 0 -7 1 2 . 2  - 1 1 . 6  
12 0 -8 3 . 8  2 . 2  
12 0 -9 8.0 -7.3 
i4 0 o 5.1 -4. 5 
14 0 1 6.7 -5.5 
14 o Z 8.7 -7.4 
14 o 4 3 . 0  3 . 3  
14 0 5 3 . 9  4 . 3  
14 0 -1 8.6 8 . 2  
14 0 -2 1 0 . 3  1 3 . 1  
14 o -3 4.3 -2.2 
14 0 -4 1 5 . 9  - 1 6 . 4  
14 0 -5 15.6 18.3 
14 o -6 4.3 3.3 
14 0 -8 5 . 3  - 7 . 0  
14 o -lO 3 . 3  -2.8 
16 G 0 5 . 4  - 5 . 3  
16 0" 1 8.6 6.5 
16 0 -1 14.0 -12 .5  
16 0 -2 8.5 7.7 
16 0 -3 12. 5 10. 5 
16 0 -5 5 . 3  5 . 9  
16 0 -7 3 . 5  4 . 9  
16 0 -8 4.8 -5.4 
18 0 I 3 . 6  -Z. 8 
18 0 -1 2.9 2.2 
18 0 -2 8.3 7.7 
18 0 -3 4.1 - 2 . 8  
18 0 -6 5 . 9  5 . 9  
18 0 -7 3 . 8  3. 4 
18 0 -8 5 . 2  6 . 1  
20 0 -4  6 . 7  7 . 2  

2 1 0 2 4 . 8  26.9 
3 1 o 2.8 4.2 
4 1 0 19.6 -20.9 
5 1 0 4 2 . 8  4 3 . 6  
6 1 0 19.3 -18.0 
7 1 0 7.9 -6.4 
8 1 0 3 . 3  - 3 . 3  
9 1 0 9.7 -7.6 

10 1 0 3 . 5  1.5 
11 1 O 3 . 4  3 . 1  
13 1 0 8.1 8.7 
14 1 0 8 . 5  - 8 . 7  
15 1 0 6 . 0  - 6 . 1  
18 1 0 4 . 5  - 4 . 2  
15 1 1 5 . 9  -q .  4 
14 I 1 7.4 -8 .  3 
12 1 1 6.2 6.0 

11 1 1 ?.6 5.8 
l 0  1 1 4 . 0  - 3 . 8  
9 1 1 15.4 15.5 
8 1 1 1 5 , 9  - / 6 . 4  
7 1 1 2 3 . 3  -24.4 
6 1 1 4 2 . 2  - 4 3 . 9  
5 1 1 2 1 . 7  - 2 1 . 2  
4 1 1 1 4 . 2  13.5 
3 1 1 Z l . 2  18.9 
2 1 1 92.1 1 0 4 . 2  
1 1 I 19.Z -16.8 
0 I I 26.6 25.7 
I 1 -I 49. 5 53. 5 
2 1 -1 2 5 . 9  - 2 5 . 4  
3 1 -1 21.5 21. i 
4 1 - I  19.9 22.8 
5 i -1 42.1 43.6 
6 I -1 1 2 . 9  10.8 
7 1 -1 9 . 6  7 . 9  
8 1 -1 / 1 . 1  - 1 0 . 9  
9 1 -1 3. 1 - 2 . 6  
10 1 -I 2.4 O. 5 
I I  1 -1 7 . 6  6 , 7  
12 1 -1 5.5 6 . 2  
13 1 -1 15.0 14.4 
14 1 -1 8.3 9.0 
17 1 -i 4.5 - 3 . 7  
17 1 2 3 . 1  -2 .  1 
16 1 2 3.9 - 3 . 5  
15 1 2 6 . 0  - 5 . 7  
13 1 2 6 . 2  - 6 . 8  
12 1 2 3.b 3.9 
11 l 2 5 . 2  - 5 . 0  
i0 1 2 2 9.6 
9 l 2 5.7 4 . 7  
8 1 2 24.6 24.7 
7 I Z 3.0 2.9 
6 1 2 7.7 7.2 
5 1 2 6 . 8  4 . 8  
4 1 2 2 6 . 4  - 2 5 .  1 
3 1 z 6 7 . 9  64 .  3 
2 1 2 4 2 . 0  -42 ,  3 
1 1 2 29.0 -28.2 
0 1 2 2 6 . 5  - 2 4 . 2  
1 1 -2 3 5 . 5  - 3 5 . 0  
2 1 -2 3 6 . 5  - 3 5 . 7  
3 1 -2 1 8 . 8  1 7 . 7  

h k 1 k.Fob Fcal 
4 i -Z 37.6 38.9 

l 5 I -2 40.6 42.0 
6 1 -2 ii.0 Ii.2 
7 1 -2 5.6 5.7 
8 1 -2  5 . 3  - 3 . 6  
9 I -2 3 . 1  2 . 0  

i0 1 -2 3 . 4  -3 .  4 
12 I -2 3 . 5  - 2 . 9  
13 i -2 5.2 5.0 
14 1 -2 8 . 7  8 . 3  
15 i -2 1 2 . 2  1 3 . 4  
16 1 -2 4.1 -3.5 
17 1 -2 2.  9 -1 .  5 
19 1 -Z 5.0 i .  0 
15 1 3 5 . 2  -4 .  3 
14 1 3 2 . 5  1 , 7  
13 I 3 4.9 -4.8 
12 1 3 6.2 -7.4 
I0 I 3 6.6 5.4 
9 1 3 10.0 -10.9 
8 I 3 5 . 8  5 . 3  
7 1 3 . 5 . 4  6 . 0  
5 1 3 1 4 . 7  - 1 4 . 3  
4 1 3 24 .  7 - 2 4 .  5 
3 1 3 9.7 9.2 
2 1 3 2 2 . 7  - 2 1 . 6  
I 1 3 Z3.3 20.9 
0 1 3 31.6 30.6 
1 I -3 i. 9 - 1 . 4  
2 i -3 1 8 . 4  1 6 . 2  
3 1 -3 1 0 . 6  - 8 . 5  
4 1 -3 46.3 45.4 
5 1 -3 2 3 . 3  21.4 
6 1 -3 3 . 5  3 , 3  
7 1 -3 1 4 . 0  1 4 . 1  
8 1 -3 2. Z -0.1 
9 1 -3 2 . 3  3 . 1  

12 1 -3 7.2 -7.1 
13 1 -3 11.2 -10.6 
14 1 -3 7.2 -7.8 
15 1 -3 9.4 10.5 
16 1 -3 10. 3 -11. 5 
17 1 -3 6.2 6.5 
19 1 -3 5.3 5.2 
15 1 4 2 . 4  2 . 9  
13 1 4 3.1 -2.7 
12 1 4 13. 3 -16.1 
11 1 4 2 . 8  3 . 3  
10 1 4 7 . 6  -8 .  3 

9 1 4 1 3 . 0  - 1 3 . 5  

8 1 4 5 . 6  - 5 . 6  
7 ] 4 1 0 . 2  - 8 . 7  
6 1 4 11.  1 10. 3 
5 1 4 13.4 - 1 2 . 1  
3 1 4 1 2 . 6  - 1 0 . 0  
2 1 4 12.6 -12.9  
1 1 415.1 14.9 
0 1 4 7 . 2  6 . 3  
1 1 -413.3 - 1 1 . o  
2 1 -4 4 . 3  - 3 . 0  
3 1 -4  3 2 . 3  - 3 0 . 9  
4 1 -4  3 9 . 9  - 3 8 . 0  

1 -4 2 . 0  3.2 
7 1 -4  37.  3 3 6 . 7  
8 1 -4 5.0 4.5 
9 1 -4 4.8 -3.5 

I0  1 - 4  2.9 -2.3 
11 1 -4 9.6 9.3 
13 1 -4 7. Z 6.4 
14 1 -4  3 . 5  3. g 
16 1 -4 1 3 . 2  1 0 . 6  
17 1 -4 2.5 3 . 0  
19 1 -4 5. 3 1.5 
13 1 5 2.8 -6.Z 
12 1 5 7.8 4.5 
11 1 5 4. 3 - 0 . 4  
9 1 5 6.9 7.0 
7 1 5 8 . 6  - 7 . 3  
6 1 5 5.1 4 . 9  
5 1 5 11. 1 -12.2 
4 1 5 3.9 4.2 
3 1 5 9.9 -8.9 
2 1 5 2 . 1  1 . 3  
I l 5 10. I) 9 . 6  
o 1 5 1 4 . 4  - l l . 9  
1 1 -5 4.2 - 2 . 2  
2 1 -5 4.0 1.8 
3 1 -5  9 . 7  - 8 . 7  
4 1 -5 25.2 - 2 3 . 6  
g 1 -5  2 9 . 6  - 2 7 . 4  
6 I -5  10.2 8.7 
7 1 -5  1 5 . 3  1 3 . 6  
8 1 -5 8. 1 -6.1 
9 1 -5 9.0 8.7 

10 1 -5 3 . 7  4 . 8  
11 1 =5 6.9 6.3 
12 1 -5 12.1 11.0 
13 1 -5 1 1 . 4  11.0 
14 1 -5  4 . 0  3 . 1  
15 1 -5  4 . 7  - 4 . 6  

11 k ~ k F o b  F c a l  
16 1 -5 6 . 5  4 . 9  
18 1 -5 4 . 7  - 2 . 8  
12 1 6 6 , 8  6 . 9  
11 1 6 6 . 8  - 5 . 6  
10 1 6 4 . 7  - 5 . 0  

9 1 6 4 .1  4 . 4  
8 1 6 2 . 8  1 . 6  
7 1 6 4 . 8  - 4 . 2  
6 1 6 6.3 6.1 
5 i 6 8.2 - 7 . 9  
4 1 6 8 , 8  1 0 . 2  
3 I 6 7.2 - 7 . 3  
2 1 6 2 . 7  - 1 . 2  
I I 6 3 . 0  4.1 
0 1 6 9.2 -8.5 
3 1 -6 12.5 10.6 
4 1 -6 17. 5 16. 3 
5 1 -6 8 . 4  -8. 5 
6 1 -6 2 4 . 6  2 3 . 8  
7 I -6 1 5 . 5  - 1 4 . 8  
8 1 -6 8.9 7.6 
9 i -6 3 . 1  - I .  9 

i0  1 -6 2 . 8  - I .  8 
Ii 1 -6 10.6 - 1 0 . 3  
12 i -6 1 1 . 9  - 1 1 . 6  
13 i -6 4 . 8  5 . 8  
14 I -6 9.6 -9.5 
iS 1 -6 9.6 7.8 
17 1 -6 4.  3 3 . 9  
18 I -6 2.0 2.3 

19 1 -6 2.9 -i. 4 
11 1 7 3 . 6  -3 .  5 
10 1 7 2 . 0  -2 .  1 

7 1 7 3 . 1  3 . 8  
6 1 7 7.7 -8 .  3 
5 1 7 3.6 -0.2 
3 1 7 1 6 . 5  -18.3 
i I 7 6.2 -6.1 
0 1 7 2.8 0 . 8  
.I I -7 2.8 0 . 2  
Z 1 -7 2 . 7  - 1 . 2  
3 1 -7 10. 3 -9. I 
4 i -7 6.5 5.9 
6 1 -7 21 .  1 - 20 .  8 
7 1 -7 9 . 4  -~.6 
8 1 -7 4 . 3  - 3 . 8  
9 1 -7 5.7 5.7 

10 1 -7 4 . 6  6 . 0  
IX i -7 2 . 9  - 2 . 3  

h k t kFob Fcal 
2 1 -I0 2.5 -3.0 
3 1 -i0 2.9 2.9 
4 1 -10  2 . 5  - 1 . 2  
5 1 - 10  6 . 2  - 4 . 6  
6 1 - 10  6 . 2  6 . 2  
7 I -10  3 . 6  - 2 . 6  
8 I - I 0  2 . 9  - 2 . 5  

I 0  1 - i0  2 . 7  1 . 3  
13 I - I0  9 . 6  - 9 . 2  
15 1 - 1 0  1.9 - 2 . 2  
0 1 -ii 2.5 -2.7 
2 1 -I1 3.5 -2.8 
5 I -11  4.  0 - 4 . 6  
7 1 - I i  5 , 3  - 5 . 3  
8 I - I i  8.5 -6.8 
9 1 -11  3 . 8  - 3 . 8  

i0 1 -ii 4 . 7  -6.0 
11 1-11 6.2 5 . 3  
l Z  1 -11  5 . 5  - 7 . 0  

2 2 o 13.7  - 1 3 . 8  
3 2 0 4 7 . 8  5 1 . 8  
4 2 0 16.7 14.8 
5 Z 0 21.1 18.8 
6 2 0 1 8 . 9  16.1 
8 2 0 9 . 6  7 . 4  
9 2 0 5 . 3  -4.4 

ii 2 0 i0.4 -9.6 
12 2 0 I0.2 i0.6 
15 2 0 2 . 9  1 . 6  
16 2 I 4.8 -4.9 
15 2 1 3 . 3  2.1 
l o  2 14.2 -4.5 
9 2 i 6.8 -7.7 
8 2 1 2 . 6  0 . 8  
7 2 1 ' 1 0 , 3  - 9 . 4  
6 2 1 21.3 -20 .0  
5 2 1 1 4 . 7  - 1 2 . 6  
4 2 I 16.7 1 5 . 8  
3 Z 1 7 . 5  -7.1 
2 2 i 21.6 -20.2 
I 2 i 49.2 -49. 5 
0 Z 1 34.5 34.9 
I 2 -I 19.1 -21.4 
2 2 -1 4 8 . 8  5 4 . 8  
3 2 - I  46.7 - 5 0 .  3 
4 2 -1 1 4 . 0  - 1 3 . 7  
5 2 -1 3 . 7  3 . 1  
6 2 -1 1 8 . 5  18.0 
7 2 -1 2 7 , 3  2 7 . 5  

12 1 . . . . .  6 . 8  : f - :  1 3 . 7  1 3 . 9  
13 i -7  4 .3  - 4 . 0  i " 3 , 9  2 . 5  
14 I -7 2 . 7  0 . 8  / 11 2 -1 1 4 . 6  - 1 4 . 9  
16 1 -7 t 8 - 4 . 4  12 2 -1 3 . 0  3 . 2  
17 I -7 3 . 4  2 . 5  i 13 2 -1 4 , 3  4 . 6  
19 1 -7 1 . 9  - 1 . 7  1 14 2 -1 5 . 3  5 . 8  
9 1 8 1.6 - 1 . 516  2 - I  4.2 3.9 
7 1 8 2 . 2  2 . 2  17 2 - i  3 . 7  3 . 3  
6 1 8 4 . 9  - 5 . 1  17 2 2 3.9 -3.9 
5 1 8 5.2 6.0 16 2 2 4.2 -4.0 
3 I 8 5.6 -5.9 13 2 2 5.7 4.3 
I 1 8 10.9 -II.3 12 2 2 8.5 -8.9 
0 l 8 3 . 3  2 , 6  11 2 2 1 0 . 6  1 2 . 2  
1 1 -8 3. 3 -1 ,  0 10 2 2 8 . 4  - 8 . 7  
2 1 -8 8.4 - 5 . 6  9 2 2 16.0 -16.0 

3 1 -8 1 4 . 4  - 1 3 . 5  
4 1 -8 9 . 2  - 7 . 4  
5 1 -8 3 . 8  3 . 1  
6 1 -8  1 0 . 2  - 9 . 1  
7 1 -8 2.9 1 . 7  
8 I -8 8 . 7  8.4 
9 1 -8 4 . 8  - 5 . 3  

I I  I -8 7.6 -8.4 
15 1 -8  2 . 7  1 . 9  
17 I -8 3 . 3  3 . 2  
18 i -8 5,1 6,0 

7 1 9 1 . 7  - 1 , 5  
6 1 9 6.0 5.9 
4 1 9 4 . 7  4 . "  

I 9 9 . 4  8 . 0  
Z 1 9 7.5 6.9 
1 i 9 2 . 6  -2 .  5 
,I i 9 2.7 -2.0 
I 1 -9 3 . 8  3 . 4  
2 I -9 9.7 9.8 

I -9 3 . 8  - 3 . 7  
4 i -9 6.2 5.9 
q i -9 1 0 . 7  - I i . I  
6 1 -9 5.6 4 . 6  
7 I -9  3 . 6  - 4 . 4  
8 1 -9 3 . 5  - 5 ,  4 

I 0  I -9 4 . 4  -4.3 
11 1 -9  3 . 7  - 2 . 8  
12 1 -9 8 . 8  9 . 0  
13 1 -9 6 . 4  - 6 . 0  
14 i -9 4 , 1  5. 3 
15 1 "9 4 . 4  -4.4 
16 I -q 4. I -3. 5 

4 i I0  3 . 7  - 4 . 7  
3 1 10 '~.7 3. 5 
1 1 -IO 3 . 0  -2.8 

8 Z 2 5 . 0  4 . 7  
7 2 2 1 2 . 3  - 1 1 . 4  
6 2 2 2 . 8  - 2 . 5  
5 2 2 1 3 . 2  - 1 1 . 1  
4 2 2 16.2 16.4 
3 2 2 2 2 . 2  - 1 0 . 9  
2 2 2 1 1 . 3  1 0 . 7  
1 Z 2 1 1 . 4  - I 0 . 1  
0 2 2 2 4 , 0  2 2 , 9  
1 2 -2 7.2 4.8 
Z 2 -2 1 9 . 4  18.5 
3 Z -Z 1 9 . 9  -19.1 
4 2 -2 2.3 1.3 
5 2 -2 i0.5 i0.4 
6 2 -2  15.8 16.5 
7 2 -2 5. i -3.9 
8 2 -2 i 0 . 5  12.3 
9 2 -Z 5.9 -4.7 

I0 Z -2 7.2 7.5 
111 2 -2 10.7 - 1 0 . 9  

12 2 -2 1 5 . 1  - 1 5 . 4  
13 2 -2 3 . 1  - 2 . 4  
14  2 -Z 4.9 3.8 

I 15 2 -2 6.8 -7.4 
16 2 -2 3 . 7  3 . 1  

i 1 7  2 -Z 3 . 3  4 . 3  
; 18 2 -2 3.9 -3.5 
119 2 -2 7 , 1  7 . 0  
1 6  2 3 Z. 5 - 1 . 5  

i 15 2 3 4 . 4  - 4 . 1  
14  2 3 5 . 3  - 4 . 9  
13 2 3 8.1 -7.9 

: 1 0  2 3 3 . 1  3 . 2  
18 2 3 3.4  3.5 

7 2 3 1 8 . 2  1 8 . 3  
6 2 3 7 . 5  8 . 0  

h k t k F o b  F c a l  
5 2 3 2 0 . 6  2 1 . 5  
4 2 3 2 0 . 3  - 2 0 . 7  
3 2 3 1 3 . 0  - 1 2 . 2  
2 2 3 5 . 5  5 . 3  
1 2 ~ lO .  1 -9.6 
0 2 3 6 . 8  -5.5 
1 2 -3 2 3 . 0  2 2 . 7  
2 2 -3 1 9 . 1  - 1 6 . 2  
3 2 -3 1 3 . 2  - 1 2 . 7  
4 2 -3 7 . 5  5 . 9  
5 2 -3 2 . 8  0 . 5  
6 2 -3 2 . 8  0.6 
8 2 -3 4 . 5  4 , 3  
9 2 -3 2 0 . 0  2 0 . 1  

I 0  2 -3 1 9 . 8  1 8 . 8  
11 2 -3 5 . 3  3 . 9  
12 2 - )  7 . 2  - 6 . 3  
13 2 -3 i 0 .  3 -9.5 
16 2 -3 1 0 . 4  9 . 3  
17 2 -3 3 . 4  - 2 . 3  
18 2 -3 5 . 8  5 . 5  
19 2 -3 8 . 0  l . b  
14 2 4 5 . 8  -5 .  3 
12 2 4 2 . 7  1 . 8  
lO 2 4 3.9 - L 6  
9 2 4 3 . 1  1 . 7  
8 2 4 1 3 . 8  -15. i 
7 2 4 1 3 . 7  - 1 4 . 5  
6 2 4 3 . 8  2 . 9  
5 2 4 3 . 5  -2 .  3 
4 2 4 1 3 . 8  - 1 2 . 6  
3 2 4 1 4 . 5  / 3 . 9  
i 2 4 8 . 5  9 . 3  
o 2 4 7 . 8  - 7 . 0  
1 2 -4 2 6 . 6  2 4 . 7  
2 2 -4 5 . 4  5 . 2  
3 2 -4 2 . 2  2 . 2  
4 2 -4 8 . 6  - 6 . 4  
5 2 -4 14.0 -12.5 
6 2 -4 II. 3 -12. 7 
7 2 -4 7 . 3  -6 .  3 
8 2 -4  8 . 8  7 . 3  
9 2 -4 16.3 15.6 

i0 2 -4 16.5 1 5 . 9  
i 1  2 -4 19.7 20.5 
12 2 -4 18 .  i 1 8 . 6  
15 2 -4 4 . 2  1 . 8  
16 2 -4  3 . 9  3 . 9  
17 2 -4 12.8 -11 .2  
18 2 -4 9 . 1  8 . 9  
19  2 -4 5.1 - 4 . 2  
13 2 5 3 . 0  q . 4  
12 2 5 . 1  - 6 . 6  
10 2 5 4 . 7  - 4 . 8  

8 2 5 4 . 4  - 4 . 6  
7 2 5 1 1 . 2  - I I . 6  
6 2 5 3 . 8  - 4 . 0  
4 2 5 3 . 8  -3.9 
3 2 5 6 . 3  6 . 3  
2 2 5 1 1 . 2  -I0.6 
1 2 5 1 1 . 4  -II.0 
0 2 5 8 . 6  - 9 . 1  
1 2 -5  2 0 . 2  2 0 . 9  
2 2 -5 3 0 . 1  3 0 . 5  
3 2 -5 7 . 8  6.9 
5 2 -5 5 . 0  - 3 . 4  
6 2 9.6 - 8 . 7  
7 2 -5 4 . 8  3 . 2  
8 2 -5 1 6 . 3  1 5 . 1  
9 2 -5 1 7 . 8  - 1 6 . 2  

11 2 "5 9 . 7  - 7 . 7  
iZ 2 -5 8.7 9. 3 
14 2 -5 8.7 -8.3 
15 2 -5 1 0 . 0  8 . 7  
16 2 -5 6 . 0  - 4 . 6  
17 2 -5 3.8 2. 3 
18 2 -5 5 . 5  5. 1 
19 2 -5 4 . 5  0.9 
12 2 6 3 . 2  - 3 . 2  
ii 2 6 2.9 2.7 
9 2 6 3.6 3 . 7  
8 2 6 3 . 7  4 . 5  
6 2 6 4 . 4  - 3 . 3  
3 2 6 3 . 6  3 . 0  
2 2 6 9 . 5  - 8 . 1  
1 2 6 i0. i 9 , 5  
o 2 6 8.8 -8.1 
1 2 -6 6.4 - 6 . 7  
2 2 -6 5 . 5  5 . 2  
3 Z -620.4 20.4 
4 2 -6 6.9 7 . 4  
5 2 -6 3 . 2  3 . 2  
6 2 -6 11.5 -12.0 
8 2 -6 14.0 -14.6 
9 2 -6 12.0 - 1 0 . 3  

I0 2 -6 4.2 -3.8 
11 .~ -6 3.1 3.7 
IZ 2 -6 4.1 5. I 
13 2 -6 6 . 1  6 . 7  
14 2 -6 3 . 9  4, 5 

h k ~ k F o b  F c a l  
16 2 -6 3 . 4  0 . 9  
18 Z -6 3 . 8  - 3 . 0  
10 2 7 2 . 5  - 1 . 2  
7 2 7 3.6 2.3 
6 2 7 3 . 8  3 . 3  
5 2 7 5 , 0  - 6 . 3  
4 2 7 3 . 1  2 . 8  
3 2 7 3 . 1  - 1 . 7  
2 2 7 8 . 7  - 8 . 7  
1 2 7 1 0 . 1  9 . 2  
0 2 7 8 . 4  - 7 , 5  
1 2 -7  1 9 . 7  - 2 0 . 6  
2 2 -7 2 0 , 3  - 2 1 , 7  
4 2 -7 3 . 4  3 . 9  
5 Z -7 3 . 4  2 . 7  
6 2 "7 6 . 0  "4.9 
7 2 -7 1 5 . 2  1 5 . 6  
8 2 -7  2 0 . 2  - 2 0 . 9  
9 2 -7 1 3 . 7  1 3 . 2  

10 2 -7  5 . 1  3 . 5  
12 2 -7 5. 5 4 . 3  
13 2 -7 5 . 9  - 5 . 3  
14 2 -7  4 , 7  4 . 2  
16 2 -7 3 . 1  1, 0 
17 2 -7 9 . 8  9 . 1  

9 2 8 3 . 1  4 . 5  
8 2 8 6 . 4  - 7 . 3  
7 2 8 5 . 3  7 . 0  
5 2 8 4 , 4  - 5 . 4  
3 2 8 2 . 9  - 3 . 1  
2 2 8 7 . 2  - 6 . 9  
1 2 8 7 . 3  - 7 , 2  
0 2 8 5 . 6  - 7 . 3  
1 2 - 8  5 . 9  4 . 9  
2 2 -8 8.6 -9.9 
4 2 -8 7.9 9.2 
5 2 -8  4.  I - 3 . 6  
6 Z -8  9 . 5  9 . 9  
7 Z -8 9- 9 -8. Z 
8 2 -8  6 . 7  - 8 , 2  

10 2 -8  8 . 3  - 9 . 3  
12 2 -8  3 . 6  - 3 . 1  
13 2 -8  2 . 7  2 . 3  
14 2 -8  4 . 1  4 . 3  
16 2 -8  3 . 4  - 2 . 2  
17 2 -8  3 . 6  3 . 3  

6 2 9 3 . 0  - 3 . 8  
5 2 9 3 . 1  2 . 8  
4 2 9 3 . 5  3 . 5  
2 2 9 5.8 7.I 
I 2 9 4.7 -4.9 
0 Z 9 3.7 -4.4 
1 2 -9 3.8 4.0 
3 Z -9 7 . 7  -8.5 
4 2 -9 5.4 -5.6 
8 2 -9  3 . 7  3 . 4  
9 2 -9 8 . 3  7 . 6  

I0 2 -9 8.9 -8.2 
12 2 -9 6.2 -5.5 
13 2 -9 3 . 7  - 3 . 3  
15 2 -9 6.5 -5.4 
16 2 -9 6. 5 -5 .4  

3 2 10 4 . 6  3 . 9  
2 2 i 0  6 . 8  9 . 1  
i 2 I0 6.9 5.9 
0 2 i0 3 . 8  -2.9 
2 2 - 1 0  5, 8 - 5 . 5  
4 2 -I0 9.0 -8.4 
6 2 - 1 0  3 . 4  0 . 5  
7 2 - 1 0  7, 8 - 7 . 8  

10 2 -10  7 . 7  - 7 . 5  
11 2 -10  4 . 7  3 . 6  
12 2 - 1 0  7 . 1  -8 .  Z 
13 Z -I0 6 . 4  6 . 5 !  
14 2 -I0 2 . 3  - 3 . 0  

4 2 - 11  2 . 8  - 5 . 0  
5 Z -11  2 . 3  - 2  01 

I 7 2 -11  3 . 1  - 3 . 3  
8 2 - 11  4.2 -2.3 

9 2 -11 2. 5 -I.25.5 
I0 3 -3 20.9 23.2 

6 3 -4  5 . 6  
9 3 -8  3 . 0  0 . 4  
2 3 o 2 . 7  2 . 1  
3 3 0 6 . 2  5 . 9  
4 3 0 2 2 . 2  2 1 . 8  1 
5 3 0 6 . 7  7 . 6  I 

I 

I 6 3 0 9.7 -10.5 
7 3 0 9 . 0  - 6 , 2  ! 
8 3 0 9 . 2  9 . 3  
9 3 0 8.1 7.2 

I0 3 0 6.5 -7.2 
11 3 0 l Z . 6  1 3 . 4  
12 3 0 4 . 7  - 3 . 7  
13 3 0 4.7 -4.3 
15 3 0 5.9 -4.4 
16 3 0 2 . 8  2 . 4  
16 3 1 3.  Z Z . 7  
15 3 1 3 . 0  -2.0 
14 3 1 2 . 7  2 . 3  
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Table 1. (cont.) 

h k 1 k.Fob F c a l  h k t kFob  F c a l  h k t kFob  F c a l  h k t k F o b  F c a l  h k ! kFob  F c a l  h k t kFob  F c a l  h k I kFob  F c a l  
13 3 1 6 . 2  - 7 . 2  9 3 5 6 . 3  - 6 . 1  I1 3 -10  2 . 2  3 . 2  5 4 -4 3 . 4  - 0 . 1  0 0 10 0 . 5  1 . 7  17 2 0 1 . 0  - 0 . 7  16 3 -5  1 . 1  - 1 . 5  
11 3 1 3.1 -Z.5 

9 3 1 S. 3 -3.9 
8 3 1 2.8 -1.9 
7 3 1 9.5 8.0 
6 3 1 19.8 -19.1 
5 3 1 3 4 . 1  3 8 . 6  
4 3 1 4.9 -8.0 
3 3 1 20 .2  2 1 . 0  

3 1 6 .5  4.8 
1 3 1 12.3 -11.9 
0 3 1 2 . 9  - Z . 1  
1 3 -1 2.0 -0.9 
2 3 -1 6 . 2  7 . 7  
3 3 -1 1 . 7  2 .0  
4 3 -i 11.9 12.5 
5 3 -i 8.1 -7.7 

3 -I 10.1 -10.0 
7 3 -1 2.4 1.4 
8 3 - I  3.0 4,5 
9 3 -1 5.5 4 . 2  

10 3 -1 I0. Z -10.5 
11 3 -1 3 . 0  -2.2 
13 3 -1 3 . 9  3 . 2  
14 3 -1 5.9 -7.5 
18 3 -1 5.0 3.7 
15 3 Z 2 . 7  2 . 4  
14 3 2 3 . 2  - 4 . 5  
13 3 2 2 . 8  3 . 4  
11 3 2 3 . 9  -4.4 

8 3 2 5.8 -6.8 
7 3 2 2. Z -0.9 
8 3 2 28 .4  - 30 .3  
4 3 2 3 0 . 2  - 3 2 . 6  
3 3 2 1 4 . 7  -13.1 
2 3 2 3.3  4.6 
1 3 2 12.6 10.6 
0 3 2 2 . 7  2 . 3  
1 3 -2 22.8 21,  6 
2 3 -2 4 . 3  - 2 . 8  
3 3 -2 22.4 22.8 
4 3 -2 11.1 -10.4 
5 3 -2 2.3 -4.2 
7 3 -Z 6 . 8  6.1 
8 3 -2 3 . 3  1.7 
9 3 -2 7 . 7  8. 5 

10 3 -2 2 . 9  1.2 
11 3 -Z 3, 8 -1.6 
12 3 -2 5 . 6  - 6 . 0  
13 3 -2 7 . 4  6.7 

14 3 -Z 7.9 -9.0 
15 3 -2 2.8 1.7 
17 3 -2 3 . 1  - 3 . 1  
18 3 -2 8.6 8 . 3  
15 3 3 2.1 -1.5 
14 3 3 4. 8 -4.9 
# ~ 3 5 .7-5 .5  

3 6 . 7  - 5 . 6  
8 3 3 3 . 8  - 2 . 7  
7 3 3 2 . 9  - 0 . 4  
6 3 3 13.8 14.3 
5 3 3 8.0 -8.1 
4 3 3 1Z.  1 -11 .1  
3 3 3 12.7 9.1 
2 3 3 6.8 7 . 2  
1 3 3 3 . 0  2 . 7  
0 3 3 5 .1  -3 .Z  
1 3 -3 23 .1  -23 .0  
z 3 -3 10.2 9.4 
3 3 -3 4 . 4  3 .4  
4 3 -3 2.2 -O.1 
5 3 -3 26.7 27.5 
7 3 -3  8 . 7  7. Z 
8 3 -3 7 .0  - 6 . 5  
9 3 -3 2.8 0.9 

ii 3 -3 16.3 18.0 
13 3 -3 12.6 1 4 . 1  
15 3 -3 3.6 3.0 
16 3 -3 7.1 -5.9 
17 3 -3 5.8 -4.7 
18 3 -3 2.9 -1.6 
14 3 4 2.7 3.9 
13 3 4 8 . 7  - 7 . 7  
12 3 4 4.1 - 3 . 7  
8 3 4 3.6 3.4 
5 3 4 8 . 8  8 . 4  
3 3 4 2 . 7  2 . 2  
2 3 4 8.2 -7.2 
1 3 4 3 . 5  - 3 . 0  

0 3 4 7.1 -5.4 

1 3 -4 4.8 3.5 
2 3 -4 5.9 7.5 
3 3 -4  3. 3 -1 ,  3 
4 3 -4 13.0 12.6 
5 3 - 4  8.8 7.3 
7 3 -4 2.7 -1.7 
8 3 -4 12. Z -i0.6 

9 3 -4 8.7 -9.9 
10 3 -4 14.7 16. 5 
II 3 -4 5. 8 3.8 
12 3 -4 3.9 4.3 
13 3 -4 3.1 0.0 
14 3 -4  3.0 3.1 
15 3 -4 3.4 3.1 
16 3 -4 7.5 -7. Z 
17 3 -4 8. 5 8.4 
18 3 -4 6. Z -6.5 

7 1 r~ 1 2 . 1  - 1 2 . 1  
6 $ S 9 . 9  - 9 . 7  
4 3 5 3 . 8  2 . 4  
3 3 :-, 2 , 9  - 0 . 1  
2 3 5 5.7 - 6 . b  
I 3 5 6.4 -6.5 
0 3 S 3 . 8  5.9 
1 3 -5 2 . 7  O. 3 
2 3 -5 1 3 . 5  13. 1 
3 3 -5 2 . 7  - 2 . 7  
4 3 -5  1 5 . 1  1 5 . 8  
6 3 -5 2.8 4.4 
7 3 -S 6 . 2  7 . 2  
8 3 -5 1 6 . 1  -16 .  9 
9 3 -5  7 . 4  - 7 . 1  

lO 3 -5 11.4 -10.8 
11 3 -5 13.1 -13.6 
12 3 -5 9 . 0  9.8 
13 3 -5 3 . 8  4. 5 
14 3 -5 6.5 6,1 
15 3 -5 13.7 12.1 
]7  3 -5 3 . 6  3 . 7  
18 3 -5 2 . 0  - 2 . 7  
11 3 6 3.0 -1.6 

5 3 6 1 0 . 5  - 9 . 9  
3 3 6 7 . 7  -7.  5 
2 3 6 5.1 -6.2 
0 3 6 16.9 17.0 
1 3 -6 15.9 -15.9 
3 3 -6 1 6 . 1  -16 .  1 
4 3 -6 4.0 4.1 
5 3 -6 7 . 0  - 6 . 0  
6 3 -6 8.9 9.6 
7 3 -6 1 3 . 7  1 4 . 0  
8 3 -6 5 . 8  4. 3 
9 3 -6 20.2 21.5 

10 3 -6 12.6 -13. 5 
12 3 -6 7 . 2  7. 5 
14 3 -6 3 . 9  3 . 5  
16 3 -6 6 . 1  6 . 3  
17 3 -6 3 . 0  - 0 . 8  
8 3 7 3.1 3.0  
6 3 7 3.8 3. Z 
5 3 7 5 . 7  - 6 . 5  
4 3 7 3 . 0  - 2 . 2  
2 3 7 3 . 1  - 3 . 8  
1 3 7 7.7 lO.O 
0 3 7 9.3 8.2 
1 3 -7 6.1 -4.1 
2 3 -7 IO.Z  - 1 1 . 2  
3 3 -7 5 . 9  - 6 . 3  
4 3 -7 4 . 3  3 . 5  
6 3 -7 11. Z 12.9 
7 3 -7 5 . 6  - 5 . 5  
8 3 -7 1 1 . 7  1 3 . 1  
9 3 -7 7 . 4  - 5 . 2  

10 3 -7 3 . 9  - 4 . 1  
11 3 -7 4 . 0  -5,1 
12 3 -7 2.9 2.0 
13 3 -7 2 . 7  - 3 . 4  
15 3 -7 3.6 3.0 
16 3 -7 7.1 7.8 
17 3 -7 7 . 0  6 . 7  

8 3 8 4 . 2  5 . 0  
7 3 8 3 . 0  -2.  5 
6 3 8 5.4 5 . 0  
5 3 8 2.9 -2. 1 
4 3 8 3 . 1  - 1 . 4  
t g 8 3 . 3  -2.2 

2 3 8 6.3 -5.2 
1 3 8 3.6 2.5 
0 3 8 1 3 . 8  - 1 3 . 0  
] 3 -8  1 3 . 3  1 0 . 9  
2 3 -8 14.0 -12.2 
3 3 -8  5. 5 -4. 5 
5 3 -8 14.5 -16.0 
6 3 -8 3.8 4.4 
7 3 -8  8 . 0  - 7 . 4  
8 3 -8 5.5 7 . 6  

10 3 -8  3 . 5  2 . 3  
11 3 -8 4.1 4.2 
lZ 3 -8 5.4 -4.6 
13 3 -8 7.8 -7. 5 
15 3 -8 10.9 -11.2 
4 3 9 2.7 2.7 
3 3 9 7 . 5  - 7 . 1  
2 3 9 2.8 0 . 8  
1 3 9 14.3 -Iz. 3 

0 3 9 12.3 -11.2 
1 3 -9 3.3 O. 5 
2 3 -9 5 . 3  -5.0 
4 3 -9 6, 8 -6.1 
5 3 -9 4.6 -5.4 
6 3 -9  6 . 2  - 5 . 2  
7 3 -9 3 . 4  - 0 . 2  

10 3 -9 3.1 Z. 8 
11 3 -9 3.7 -2 .2  
12 3 -9  2 . 7  - 2 . 2  
13 3 -9 2.5 -2.3 
14 3 -9  3 . 4  Z.3 

3 3 -10 2.7 2.9 
4 3 -10  5 . 5  - 5 . 0  
5 3 -10  5.6 -4.4 
6 3 -10 5.1 -5.8 
7 3 -10  11.3 -11.4 

lO 3 - | 0  2 . 4  2 . 7  

6 3 -11  5 . 6  - 1 . 0  
7 3 -11 1 . 7  - 2 . 1  
8 3 -11 1. s - 2 . 5  
2 4 0 3 . 0  - 2 . 3  
3 4 0 lZ. 7 -12.1 
4 4 0 9.2 8.4 
5 4 0 3 . 7  -5.9 
6 4 0 1 3 . 2  1 6 . 5  
7 4 0 8.0 -9.9 
8 4 o 3.5 2.7 
9 4 0 1 2 . 7  -14.7 

lO 4 0 4.7 6.2 
12 4 0 4.2 -3.8 
13 4 0 4 . 0  4 . 0  
14 4 0 4 . 4  - 5 . 2  
16 4 o 3 , 4  2 , 7  
16 4 1 Z.0 2.9 
15 4 1 3 . 4  - 4 . 1  
14 4 1 4 . 7  - 2 . 8  
12 4 1 4.1 -4.1 
10 4 1 3 . 8  4.2 

9 4 1 6 . 8  - 7 . 3  
8 4 1 3 . 6  - 4 . 4  
6 4 1 8.7 10,7 
5 4 1 1 0 . 2  - 1 2 . 4  
4 4 i 5 . 3  6.1 
3 4 1 1 5 . 7  1 6 . 3  
2 4 1 9.7 9.2 
1 4 1 lO.O 8 . 4  
0 4 1 1 3 . 6  15.2 
1 4 -1 5. 3 -4.8 
z 4 -1 8.4 9. O 
3 4 -1 " 8 . 4  8.1 
4 4 -i 10.5 -~1.6 
5 4 -I 17.9 21.6 
6 4 -1 12.2 -12.3 
7 4 -1 6 . 9  - 7 . 1  
8 4 -1 11.'5 11.8  
9 4 -i ii, 4 -ii. 8 

10 4 -1 3.7 1.2 
11 4 -1 4.8 -4.4 
15 4 2 4.2 -4.6 
14 4 2 4.8 5.1 
13 4 2 5.1 -6.0 
lO 4 2 8.1 -7.8 
9 4 2 4.4 3.1 
8 4 2 4.3 -3.1 
7 4 2 9.6 9.3 
5 4 2 7 . 3  - 7 . 3  
4 4 2 4.2 - 5 . 7  
3 4 2 3 . 4  - 2 . 5  
2 4 2 8.4 7.0 
} 4 2 8.2 -5.9 
0 4 z 3.5 -3.4 
l 4 -2 6.2 5. O 
2 4 -2 8.7 8 3 
3 4 -2 9.9 -8, 9 
4 4 -2 10.2 8 . 4  
5 4 -2 8 . 9  1 0 . 3  
b 4 -2 3.1 -3.6 
7 4 -2 10.9 9.9 
8 4 -2 1 3 . 8  1 3 . 3  
9 4 -2 1 0 . 4  1 0 . 0  

11 4 -2 9- 4 - 9 . 5  
12 4 -2 5 , 4  7 . 3  
13 4 -2 4 .2  3.6 
14 4 -2 3.4 2.5 
17 4 -2 4.4 -4.9 
13 4 3 3.2  - 2 . 6  
11 4 3 4.9 5.5 
9 4 3 3.7 -1.9 
8 4 3 5. Z 5.2 

7 4 3 11,0 -12.2 
6 4 3 7. 3 - 6 . 7  
5 4 3 4.5 -4.9 
4 4 3 13.6 -13.8 
3 4 3 14,8 -16.7 
2 4 3 4.4 -4.6 
i 4 3 9.6 -i0. 5 
0 4 3 6.4 4.9 
2 4 -3 lO.O 8 . 5  
3 4 -3 13.3 -lZ. 5 
4 4 -3 13, 6 10,  9 
5 4 -3 4 . 3  - 0 . 5  
7 4 -3 8.9 8 . 3  
9 4 -3 8.8 7.4 

lO 4 -3 1 3 . 4  1 3 . 2  
11 4 -3 1 1 . 4  - 1 2 . 9  

12 4 -3 1 1 . 2  1 3 . 3  
17 4 -3 5. o -5.5 
13 4 4 3.1 -3.8 
lZ 4 4 4.7 -4.7 
Ii 4 4 4.8 -4.9 
IO 4 4 3.3 -1.7 

9 4 4 3.5 -1.6 
8 4 4 3.7 -Z.4 
7 4 4 3.8 -1.3 
6 4 4 3.8 2.9 
5 4 4 14.1 14.8 
4 4 4 10.8 12.3 
3 4 4 7.5 -8.5 
2 4 4 8.7 -9.3 
1 4 4 13.4 -14.4 
1 4 -4 10.7 10.9 
3 4 -4 4.3 -5.6 
4 4 -4 7 . 2  6.Z 

6 4 -4 6 . 9  5. $ 0 
7 -I -4 4. i 5. h 2 
8 4 -4 / 7 . 4  - l u .  , 2 
9 4 -4 8. 1 - I .  ;" 9 

IO 4 -4 3 . 8  - 1 8  2 
II 4 -4 4 . 3  - i . s  2 
12 4 -4 4 . 9  t .  1 4 
13 4 -4 -1.7 - 4 . 2  6, 
14 4 -4 7 . 0  6 . 9  6 
15 4 -4 7.8 6 9 6 
16 4 -4 8. 5 7. ~ 4* 
17 4 -4 4 . 5  5. ~ s 
12 4 5 2 . 5  -2, .t 8 
11 4 5 2 . 8  - 3 . 8  8 

8 4 5 4 . 3  -3.:~ 8 
5 4 5 3 . 8  ,1 . ,  Io 
4 4 5 3 . 8  2. I Iu 
3 4 5 5 . 7  5. I io 
2 4 5 10.2 - I I .  I I I  
1 4 5 5.1 4.~ I-~ 
0 4 5 3 . 6  -4.~, .2 
1 4 -5 10.2 9.9 ,2  
5 4 -5 4.2 -5. ~ 12 
6 4 -5 5.0 4. t 12 
7 4 -5  11.  i l l , ' ~  14 
8 4 -5 3 . 7  I.  9 14 
9 4 -5 7.5 9. o 14 

11 4 -5 16.9 1 6 . 6  16 
12 4 -5 6.0 - 6 . 8  16 
13 4 -5 3. 5 -2. 4 16 
14 4 -5 4.9 4.8 16 
1o 4 6 2.6  -4 .  I ]6  

8 4 6 2 . 9  -3. ~ 18 
7 4 6 3 . 2  -3. ~ 18 
6 4 6 3 . 4  - 3 O  18 
5 4 6 4.5 -3.  ~ 20 
4 4 6 4.2 -3.9 Z0 
3 4 6 6.2 6. 9 20 
0 4 6 13.6 - I  ',. 5 $2 
1 4 -6 8.9 10. 5 16 
2 4 -6 I1.3 -12.2 17 
3 4 -6 8.2 8.9 19 
4 4 -6 3.7 0. 3 18 
5 4 -6 5. O -6.8 17 
6 4 -6 5.7 4. 8 16 
7 4 -6 i 0 .8  9. 9 13 
8 4 -6 7 . 9  8. $ 15 
9 4 -6 8.9 8. ? 16 

12 4 -6 3 . 5  - 3  0 18 
13 4 -6 8 . 8  -6. O 
14 4 -6 8.0 5 4 
15 4 -6 3 . 7  1.9 
6 4 7 2 .8  - 1 . 5  18 
5 4 7 3,I -2,8 16 
4 4 7 3.8 -4.1 II 
3 4 7 3 . 7  4.2 6 
2 4 7 8.2 9.3 I0 
1 4 7 7 . 3  -6.9 11 
1 4 -7 3 . 7  4 . 5  
2 4 -7 5. 7 -4. 9 
3 4 -7 9.9 10.9 
4 4 -7 10.3 -9. 5 
5 4 -7 7.8 -8. 4 
6 4 -7 7 . 8  - 6 . 3  15 
7 4 -7 I0,2 -9.6 18 

9 4 -7 3.6 5. 5 i0 
10 4 -7 3 . 5  4 . 0  8 
14 4 -7  6 . 7  - 7 . 0  17 
6 4 8 2.5 -3. 3 19 
5 4 8 2.8 -1.7 1 
3 4 8 5.6 5.9 2 
1 4 8 3 . 7  4.7 16 
1 4 -8 9.0 -8.7 9 
Z 4 -8 3.5 4.5 8 
4 4 -8 4.1 -5.4 4 
5 4 -8 3 . 5  1.7 Z 
6 4 -8 3.5 -z.o 5 
7 4 -8 3 . 5  -3. 5 15 
8 4 -8 8 . 3  -6 .7  18 
9 4 -8 l l . 1  8 . 6  8 
1o 4 -8  11.1 -7 .1  4 

11 4 -8  8.0 7.1 2 
13 4 -8 3 . 0  3 . 4  1o 
14 4 -8 5.6 -5.1 12 
3 4 9 2.6 1.7 13 
2 4 9 6.5 -7. 5 14 
1 4 9 7.6 8.1 16 
1 4 -9 3.4 i . i  5 

3 4 "9 3.6 5. I 9 
4 4 "9 5. i -3. 0 17 
6 4 -9 6.7 -5.6 Z 
7 4 -9 7.9 -9.0 1 
9 4 -9 3.9 -4.2 0 

11 4 -9 7 . 8  7. I 9 
13 4 -9 7.7 1 0 . 7  11 
1 4 -10 Z. 5 0.9 12 
2 4 -10 3.8 - 3 . 6  14 
4 4 "-10 3.9 5. 5 1 
7 4 -10 2 . 9  . -2.6 3 
8 4 -I0 2 .4  -2. i 4 
9 4 -i0 4.0 -5.1 6 

7 
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o o 8 0.6 2.9 

0 I I  0.3 -1.0 
0 5 0.5 4.5 
0 9 0.6 -0.2 
0 1o 0.5 2.7 
o -7 0.6 -1.8 
o -11 0.4 -1 .2  
0 -11 0 .4  2 .6  
0 2 0.5 0.3 

8 0 . 6  1 . 2  
-8 0.6 -1 .2  

-11 O. 5 - 0 . 1  
7 0.6 -0.7 

-3 0 . 5  1 . 3  
-7 0.6 - i . i  

-Ii 0.4 -2.9 
6 0.6 1.7 
8 0 . 2  0 . 3  

-8  0 . 6  1 . 1  
2 0.6 -1.1 
4 0.6 0.Z 
5 0.5 1.7 

- I  0.6 1.9 
-6 0.6 -0.2 

-i0 O. 5 i. 8 
3 0 . 6  0 . 0  

-7 0.6 0.5 
-9 0.5 -2.3 

2 0.5 0.9 
3 0.4 0.9 
4 0.2 -1. i 
-4 0.6 0.9 
-6 0.6 0.4 
0 0.4 -0.9 
-4 o. 5 -o. 3 
-5 0.5 0.6 
-2 0 .2  0 . 3  
-3 0 . 3  1 . 8  
-5 0 . 3  2.0  

0 1.3 -0 .6  
0 1.2 0.7 
0 1.0 -0.9 
0 0.5 -2.0 
1 0.7 0.4 
1 0 . 9  - 1 . 0  
1 1 .1  -1.9 
I 1.3 -1.5 

-1 1 . 3  - 1 . i  
-I 1 . 2  3 . 3  
-1 0 . 9  - 1 . 1  

i o  -1 0 . 7  - 0 . 3  
14 2 1.2 -1.7 
11 -2 1 . 2  0.6 

-2 1.0 1.2 
3 0 . 8  0 . 6  
3 1 . 3  - 0 . 6  
3 1 . 0  - 1 . 1  

-3 I.i 1 . 5  
-3 1.2 1.6 

18 -3 1.0 -0.5 
14 4 1.0 -0.3 
4 4 1.0 -0.9 
6 -4 0.9 -0.5 

12 -4 1 . 2  - 1 . 1  
-4  1 . 3  1 . 2  

1 -4 1.0 1.3 
i 5 1.2 0.4 
i 5 1.3 -1.6 
1 -5 1 . 1  1 . 6  
1 -5  0 . 8  3 . 8  
1 -6 1.1 -0.3 
1 -6 1 . 1  - 0 . 5  
i -6 i . I  0.7 
1 7 1 . 0  0 . 3  
1 7 1.1 -1.4 
1 7 1.3 0.5 
1 7 1.3 -1.6 

5 1 -7 1 . z  -1 .1  
15 1 -7 1.2 0.8 

1 -7 0.8 0.7 
I 8 0.9 -0.9 
1 8 1.2 -0.6 

1 8 1.3 0.2  
1 -8 1 . 3  0 . 3  
1 -8 1.2 1.1 
i -8 1 . 2  -2.1 

14 I -8 1.1 -1.1 
1 -8 0.9 -0.6 

1 9 0,9 0, i 

9 1 -9 I.Z 0.4 
1 -9 0. 5 -4.1 
1 10 0.9 0.6 

1 1 10 1 . 0  - 1 . 0  
0 1 I0 1.0 0.9 
9 i -10  I . i  0.3 

i -1o 1. o -1.2 
12 1 -10 0 .9  0 .7  
14 1 -10  0 . 8  2 . 7  

1 -11 0 . 7  1 . 5  
1 -11 0 .8  1 .8  

4 1 -11 0 .9  2 .4  
6 1 - I i  0.9 1 . 5  
7 Z 0 0.9 0.1 

10 2 0 1.2 -1.0 
13 2 0 1.3 0.2 
14 2 0 1.3 1.1 
16 2 0 1.1 -0 .2  

18 Z 0 0.7 1.2 
18 2 1 0.5 -3.2 
17 2 1 0.8 -0.9 
14 2 1 1.2 -0.2 
13 2 1 1 . 3  -o. 1 
12 2 1 1 . 3  - 3 . 1  
11 2 1 1 . 3  1 . 9  
1o 2 -1 1.2 I.i 
15 2 -1 1.3 0 . 2  
18 2 -I 0.9 0 . 2  
19 2 -I 0.5 -4. I 
15 2 2 l.l -1.0 
14 2 Z 1.2 0.4 
12 2 3 1 . 3  3 . 3  
11 2 3 1 . 3  - 2 . 3  
9 Z 3 1.3 -1.4 
7 2 -3 1 . 0  0 . 8  

14 2 -3 1 . 3  1 . 2  
15 2 -3 1 . 3  - 2 . 3  
15 2 4 0 . 6  2 . 6  
13 2 4 1.1 -0 .2  
I i  2 4 1.3 -1.2 

2 2 4 1.0 -1.7 
13 2 -4 1 . 3  2.6 
14 2 -4 1 . 3  - 0 . 6  
14 2 5 0 . 6  - 1 . 5  
11 2 5 1 . 2  - 0 . 8  

9 2 5 1 . 3  2 . 4  
5 2 5 1 . 3  0 . 1  
4 2 -5 1 . 1  0 . 7  

1o 2 -5 1.3 2.5 
13 2 -5 1.3 -0.1 
i0 2 6 i.I -0.9 

7 2 6 1 . 3  - 3 . 1  
5 2 6 1.3 -Z. 1 
4 2 6 1 . 3  o. 1 
7 2 -6 1 . 3  1 . 9  

15 2 -6 1.2 0.4 
17 2 -b 1.0 -0.3 
9 2 7 1.0 l.Z 
8 2 7 1 . 1  - 1 . 5  
3 2 -7 1 . 3  0 . 5  

11 2 -7 1.3 -1 .1  
15 2 -7 1.1 0 .4  

6 2 8 1 . 1  - 1 . 3  
4 2 8 1.2 2.0 
3 2 -8 1 . 3  - 0 . 6  
9 2 -8 1 . 3  1.5  

11 2 -8 1 . 3  0.6 
15 2 -8 1 . o  0 . 9  

3 2 9 1 . 1  0.9 
2 2 -9 1.3 -1.7 
5 2 -9 i .  3 -0.2 
6 2 -9 1.3 0.3 
7 2 -9 1.3 0.8 

II 2 -9 1.2 -0.5 
14 2 -9 0.9 1 . 1  
4 2 I0 0.5 0.8 
1 2 -10  1 . 0  0 . 5  
3 2 -10 1.1  1.9 
5 2 -1o 1.1 1.4 
8 2 -10 i . I  0 . 2  
9 2 - I 0  1 . 1  - I .  8 
0 2 11 0 . 5  5 . 4  
1 2 -11 0 . 6  0 . 1  
2 2 -11 0.7 - 1 . 3  
3 2 -11 0.8 0.8 
6 2 - I i  0.8 1. o 

10 2 -11 0 . 7  - 0 . 2  
11 2 -11 0 . 6  1 . 4  
12 2 -11 0 . 3  - 1 . 7  
14 3 0 1 . 3  1 . 0  
17 3 0 0 . 8  1.4 
18 3 0 0 . 3  - 3 . 0  
17 3 1 0 . 6  - 0 . 7  
12 3 1 1 . 4  - 0 . 4  
1o 3 I 1.4 o. 1 
12 3 - I  1.4 - 1 . 4  
15 3 -I 1.2 -0.2 
16 3 -I 1.1 -I. 8 
17 3 -i 0.9 0.9 
16 3 Z O. 7 -0.0 
12 3 2 1.4 0.5 
10 3 2 1.4 0.8 

9 3 2 1 . 4  1.2 
6 3 2 1 . 5  - 0 . 1  

3 -2 1. o -o. 5 
16 3 -;' I ,Z  - I , 8  

13 3 3 1.1 1 . 0  
12 3 3 1.3 -2.5 
10 3 3 1 . 4  -0.2 

6 3 -3 1.1  -1 .6  
12 3 -3 1.4 0.1 
14 3 -3 1 . 4  - 0 . 2  
11 3 4 1 . 2  0. o 
i0 3 4 1.3 0.4 
9 3 4 1.4 0.6 
7 3 4 1.4 -1.2 
6 3 4 1.4 1.6 
4 3 4 1.3 - 0 . 1  

12 3 5 0.9 - 1 . 2  
11 3 5 1 . 1  - 0 . 4  
10 3 5 1 . 2  - 1 . 1  

8 3 5 1 . 4  - 0 . 8  
5 3 5 1.4 1.4 
5 3 -5 1 . 2  1 . 1  

30 3 6 1.0 -0.2 
9 3 6 1.1 0.4 
8 3 6 1.2 0.1 
7 3 6 1.3 0.4 
6 3 6 1.4 -1.8 
4 3 6 1.4 0.4 
1 3 6 1.7 -0.7 
2 3 -6 1.3 0.6 

11 3 -6 1 . 4  - I .  5 
13 3 -6 1.3 - 2 . 2  
15 3 -6 1 .7  2 .9  
18 3 -6 0.6 1.3 

9 3 7 0 . 8  - 1 . 3  
7 3 7 I . I  - 0 . 4  
3 3 7 1.4 0.1 
5 3 -7 1 .4  -1 .3  

14 3 -7 1 .2  2.1 
4 3 -8 1 .4  -2 .7  

14 3 -8  1 . 5  - 1 . 1  
16 3 -8 0.7 Z.O 

5 3 9 0.7 -0.3 
3 3 -9 1.2 0.6 
8 3 -9  1 . 2  1 . 2  
9 3 -9 1.2  0.1 

15 3 -9 0.6 - 1 . 3  
2 3 10 0 . 6  4 . 9  
0 3 10 0 . 8  - 0 . 4  
1 3 -10 0 . 9  1.7 
2 3 -10  1 . 0  2 . 7  
8 3 - 1 0  1 . 0  1 . 3  
9 3 - I 0  1 . 0  - I .  4 

12 3 -10  0 . 7  - 0 . 7  
13 3 -10 0.5 0.4 

4 3 -11  0 . 5  - 1 . 0  
5 3 -II 0.6 7.Z 
9 3 -11  0.4 -4.8 
5 4 -10  1 . 0  3 . 3  

11 4 0 1 . 7  0 . 9  
15 4 0 1 . 3  -2. Z 
13 4 I 1.5 1.3 
11 4 1 1 . 7  - 0 . 2  

7 4 1 1 . 6  0 . 1  
12 4 -1 1 . 7  - 0 . 4  
13 4 -1 1 . 7  1 . 2  
14 4 -1  1 .5  - 0 . 6  
15 4 -1  1 . 4  -2.9 
16 4 -1 1.1 -0.3 
17 4 -1 0.8 1.9 
12 4 2 1 . 6  - 0 . 3  
11 4 2 1 . 7  1 . 4  

6 4 2 1 . 6  - 2 . 5  
10 4 -2  1 . 7  2 . 5  
15 4 -2 1 . 4  0 . 4  
16 4 -2  I. 2 -4.3 
14 4 3 0.9 0.2 
12 4 3 1 . 4  0 . 7  
10 4 3 1.7 -2.0 

1 4 -3  1 . 3  3.0 
6 4 -3  1 . 5  - 0 . 5  
8 4 -3 1 . 6  - 0 . 7  

13 4 -3 1.7 - 1 . 4  
14 4 -3 1 . 6  - 0 . 6  
15 4 -3 1.4 2.3 
16 4 -3 I. 2 -o. 1 

0 4 4 1 . 5  0 . 6  
2 4 -4 I. 5 -0.8 

10 4 5 1 . 3  -0.3 
9 4 5 1.8 0.7 
7 4 5 1 . 7  0 . 3  
6 4 5 1.7 -Z. 3 
2 4 -5 1.6 -0.8 
3 4 -5  1 . 6  0 . 1  
4 4 -5 1.6 - 0 . 3  

I0 4 -5 I. 7 -2.4 
15 4 -5 1.3 0.5 
16 4 -5 1.1 1.1 
17 4 -5 0 . 8  2.2 
9 4 6 1.2 -1.3 
2 4 6 1.7 2 . 8  
I 4 6 1.7 0.9 

10 4 -6 1.7 0. 5 

11 4 -6 1.7 0.8 
16 4 -6 1.0 1.3 
9 4 7 0.3 2.4 
8 4 7 0.9 - 1 . 0  
7 4 7 1.2 -1.7 
o 4 7 1 . 7  1 . 3  

8 4 -7 1,7 -l,O 

11 4 -7 1 . 6  2 . 1  
12 4 -7 2. I 3.0 
13 4 -7 1.4 0.7 
15 4 -7 1.0 -1.6 
16 4 -7 0.7 -0.9 
4 4 8 1.2 -2.3 
2 4 8 1.4 -1.5 
o 4 8 1.5 3.4 
3 4 -8 1.6 1.5 

12 4 -8 1 . 3  0.5 
0 4 9 1.2 -1.7 
2 4 -9  1 . 3  1 . 1  
5 4 -9 2.1 2 .6  
8 4 -9 1.3 -i.9 

10 4 -9 1.2 -0.8 
12 4 -9 1.0 1.8 
3 4 -10 0.9 0.5 
6 4 -I0 I. 0 -0.7 
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Tab l e  2. Final position parameters and their 
estimated standard deviations* 

x y z a(x) a(y) a(~) 
C(1) 9264 6766 4011 0004 0012 0007 
C(2) 9661 7112 2742 0004 0012 0007 
C(3) 0494 8 4 5 1  3276 0004 0012 0006 
C(4) 0880 8970 1938 0003 0010 0006 
C(5) 1758 0256 2634 0004 0012 0007 
C(6) 2243 0797 1457 0004 0011 0006 
C(7) 2995 2258 2095 0004 0013 0007 
C(8) 0183 0293 0725 0003 0010 0005 
C(9) 1095 7043 1290 0003 0010 0005 
N(1) 8944 6500 4914 0004 0011 0006 
N(2) 3573 3337 2561 0004 0012 0006 
N(3) 1278 5526 0802 0004 0009 0005 
H(2) 911 808 196 004 012 007 
H(2') 982 591 240 004 012 007 
H(3) 024 006 363 004 012 007 
H(3') 109 755 405 004 012 007 
I{(5) 152 169 281 004 013 007 
It(5') 220 902 353 004 011 007 
H(6) 176 191 047 004 012 007 
H(6') 253 939 095 004 011 007 
H(8) 999 194 117 004 012 007 

* Decimal point on left omitted. 

fo rm fac tors  resu l t s  in  a n  a p p a r e n t  sho r t en ing  of t he  
bond.  F u r t h e r ,  a n y  l i b r a t i o n  of t he  C - C - N  group  
genera tes  m e a n  pos i t ions  wh ich  cor respond to a bond  
l e n g t h  s ign i f i can t ly  shor te r  t h a n  the  ac tua l  one. 
Calcu la t ions  of t h i s  effect  have  no t  been  m a d e  in  the  
p resen t  case, b u t  Bekoe  & Trueb lood  (1959) o b t a i n e d  
correct ions  of 0.02 J~ in th i s  w a y  for t he  case of t e t r a -  
cyanoe thy l ene .  

Tab le  3. Bond lengths and their estimated 
standard deviations 

Length a Length a 
Bond (A) (A) Bond (A) a 

N(1)-C(1) 1.112 0.008 C(8)-Ct8') 1.335 0.016 
N(2)-C(7) 1.110 0.008 
N(3)-C(9) I. 146 0.008 H(2)-C(2) 1.12 0.07 

C(1)-C(2) 1.503 0.008 H(2')-C(2) 0.89 0.07 
C(6)-C(7) 1 . 4 7 1  0.008 H(3)-C(3) 1.19 0.07 
C(4)-C(9) 1.458 0.008 H(3')-C(3) 1.13 0.07 

C(2)-C(3) 1.503 0.008 H(5)-C(5) 1.03 0.07 
C(3)-C(4) 1 . 5 7 1  0.008 H(5')-C(5) 1.19 0.07 
C(4)-C(5) 1.553 0.008 H(6)-C(6) 1.21 0.07 
C(5)-C(6) 1.546 H(6')-C(6) 1.17 0.07 
C(4)-C(8) 1.547 0.008 H(8)-C(8) 1.21 0.07 

The  C-C bond  l eng th  in  the  C - C - N  groups  is 
r epo r t ed  to  be 1 .45-1 .46 /~  (Tables of Interatomic 
Distances, 1958). Bonds  C(6)-C(7) a n d  C(4)-C(9) are  
s u b s t a n t i a l l y  in  a g r e e m e n t  w i th  these  values ,  b u t  bond  
C(1)-C(2) is longer.  Th is  difference is p r o b a b l y  no t  
mean ingfu l .  I t  shou ld  be no t ed  for example ,  t h a t  the  
bond  a d j a c e n t  to  th i s  one, C(2)-C(3),  is shor te r  t h a n  
the  gene ra l ly  accep ted  va lue  of 1.54 _~ for a no rma l  
c a r b o n - c a r b o n  bond.  The  ave rage  found  for al l  t he  
n o r m a l  C-C bonds  is 1.544/~,  in  exce l len t  ag reemen t  
w i t h  t he  expec ted  value.  The  l eng th  of the  double  

Tab le  4. Bond angles and their estimated standard 
deviations 

Angle e.s.d. 
N(1)-C(1)-C(2) 177-7 ° 0-7 ° 
N(2)-C(7)-C(6) 178.5 0.7 
N(3)-C(9)-C(4) 17S.8 0.7 

c(1)-c(2)-c(3) 110.6 0-5 
c(2)-c(3)-c(4) 111-5 0.5 
c(8)-c(4)-c(3) 109.4 0.5 
C(8)-C(4)-C(5) 109.5 0-5 
C(9)-C(4)-C(3) 109.7 0-5 
C(9)-C(4)-C(5) 109.6 0.5 
C(3)-C(4)-C(5) 106.9 0.5 
C(9)-C(4)-C(8) 111.5 0.5 
C(4)-C(5)-C(6) 112-8 0-5 
C(5)-C(6)-C(7) 111-3 0-5 

C(4)-C(8)-C(8') 123.7 0.6 

H(8)-C(8)-C(8') 121.0 3-4 
tt(8)-C(8)-C(4) 115.3 3-4 
H(3)-C(3)-C(2) 105.2 3-4 
H(3)-C(3)-C(4) 105.8 3-4 
H(3')-C(3)-C(2) 111.2 3.6 
H(3")-C(3)-C(4) 99.6 3.6 
H(3')-C(3)-H(3) 123.2 4-9 
H(2)-C(2)-C(1) 99.7 4.0 
H(2)-C(2)-C(3) 107.3 3.6 
H(2')-C(2)-C(1) 111.6 3.5 
H(2")-C(2)-C(3) 108.0 4.5 
H(2')-C(2)-H(2) 119.4 5.8 
H(5)-C(5)-C(4) 103.1 3.9 
H(5)-C(5)-C(6) 101.3 3.9 
H(5')-C(5)-C(4) 100.2 3.4 
H(5")-C(5)-H(5) 130.0 5.2 
H(5')-C(5)-C(6) 109.3 3.4 
H(6)-C(6)-C(7) 98.7 3.3 
H(6)-C(6)-C(5) 109.9 3.3 
H(6')-C(6)-C(5) 116.2 3.5 
t1(6")-C(6)-C(7) 107.2 3.5 
H(6")-C(6)-H(6) 112.0 4-8 

bond  C(8)-C(8')  agz'ees well  w i t h  t he  va lue  1.33 _~, 
u s u a l l y  r epor t ed  for th i s  t y p e  of bond.  

As would  be expected ,  cons iderable  v a r i a t i o n  ap- 
pea red  in  t he  c a r b o n - h y d r o g e n  bond  leng ths ,  a n d  the  
e s t i m a t e d  s t a n d a I d  dev ia t ions  were la rge ;  never the less ,  
t he  average  value,  1.13 ~ ,  is in  exce l len t  accord wi th  
t he  usua l  va lue ,  1.09 _~. 

T u r n i n g  to a cons idera t ion  of t he  bond  angles ,  we 
no te  t h a t  P a r k e s  & H u g h e s  (1963) r epo r t ed  a l inear  
C - C = N  group in  cyanogen ;  H a n n a h  & Collin (1953) 
a s s u m e d  i t  in  the  s t r u c t u r e  of d i c y a n o a c e t y l e n e  and  
L u x m o o r e  & T r u t e r  (1962) found  a va lue  of 178 ° for 
the  sequence in  t e t r a c a r b o n y l  (acry loni t r i le )  iron.  
As can be seen f rom the  resu l t s  l i s ted  in  Tab le  4, t he  
s l igh t  dev ia t ions  f rom l i n e a r i t y  for the  th ree  groups  in 
t he  p resen t  s t r u c t u r e  appea r  to  be of doub t fu l  
s ignif icance.  

The  va lues  found  for the  no rma l  C - C - C  bond  angles  
average  110.3 ° corresponding,  as would  be expec ted ,  
r a t h e r  closely to  the  t e t r a h e d r a l  angle.  A t  the  doub le  
bond,  t he  angle  C(4)-C(8)-C(8 ' )  is n e a r l y  iden t i ca l  
w i th  the  va lues  r epor t ed  for t e t r a m e t h y l e t h y l e n e  a n d  
i sobutene  (Paul ing ,  1960). The  dev ia t ions  of t he  angles  
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involving hydrogen a toms  are consistent  wi th  the  
difficulties associated with the  precise location of such 
light a toms.  

The var ia t ions  found in the  s t ruc ture  for a few of 
the bond lengths and  bond angles f rom the general ly  
accepted values suggest the  possibi l i ty of some small  
but  sys temat ic  errors in the  da ta .  The principal  
source of such errors appears  to be the  lack of d a t a  
beyond the  four th  layer  abou t  the  b axis. Some 
evidence for this was observed in the  analysis  of the  
Pa t t e r son  synthesis.  For  example,  a peak  observed on 
the  b axis 1.7 A f rom the  origin was shif ted to a more 
reasonable dis tance of 1.5 A by  assuming normal  fall- 
off for the  d a t a  and  including es t imated  values for the  
missing f i f th  and  s ixth  levels. The effects would, of 
course, be s t rongest  along b bu t  they  were noted 
elsewhere as well. Al though a detai led analysis  of the  
effects of such omissions is not  possible, it  is not  
unreasonable  to assume t h a t  some coordinates and,  
more certainly,  some t empera tu re  factors  could be 
affected. 

The final the rmal  pa rame te r s  and  their  e s t imated  
s t anda rd  deviat ions are l isted in Table 5. A complete 
analysis  of these pa rame te r s  was unde r t aken  to 
calculate the  mean-square  displacements  of the  a toms  
in different  directions in the  s t ructure .  The results  of 
these calculations are not  presented here because, of 
the seven a toms t rea ted  anisotropical ly,  two, C(8) and  
C(9), were character ized by  imag ina ry  solutions for 
the a tomic v ibra t ion  ellipsoids. Therefore, a l though 

The molecular structure 

The molecule consists of two cent rosymmetr ic  halves 
with  a double bond connecting two carbon a toms at  the 
center. The sequence of a toms,  

N(3) -C(9) -C(4) -C(8)  = C(8 ')-C(4 ')-C(9 ')---N(3) ' ,  

which crosses the molecule th rough  its center  is almost  
exac t ly  p lanar  within exper imenta l  error. The orienta- 
t ion is such t h a t  the  _plane is essential ly parallel  to the 
crysta l lographic  (343) plane. The p lanar  trans con- 
f igurat ion abou t  the double bond is, of course, not 
unexpected,  but  there  appears  to be no obvious 
requi rement  t h a t  the  nJtrile groups should lie in this 
plane. 

The principal  sequence in the  molecule, 

N(1 )-=C(1 ) -C(2) -C(3) -C(4) -C(5) -C(6) -C(7) - -N(2) ,  

as well as its cen t rosymmetr ic  mate ,  is also very  close 
to planar .  This corresponds to trans s taggered con- 
f igurat ions  about  each of the ca rbon-ca rbon  bonds in 
the  a r ray .  Deviat ions  f rom the plane range from 
0-002 to 0-072 A and  the average devia t ion is 0.034/~. 
A least-squares analysis  yielded an  equat ion for the  
plane, 

-0 .521x+O.794y-O.134z --- - 1 .550,  

where x, y, and z are i n /~  and  are measured along the 
crysta l lographic  axes. The dis tance f rom the plane to 
the  origin is 1.550/~ ; hence, the  perpendicular  dis tance 

the calculated displacements  for the  other  a toms  were, 

Table 5. Final thermal parameters and their 
estimated standard deviations* 

B l l  B22 B33 B12 B13 
C(I) 0044 0233 0113 - -0044 0075 

3 28 9 16 10 
C(7) 0038 0241 0108 -- 0035 0041 

3 31 9 16 9 
C(8) 0026 0106 0093 0004 0058 

3 24 8 12 8 
C(9) 0033 0063 0055 - -0000  0044 

3 25 7 12 7 
N(I)  0064 0329 0159 - -0033 0134 

4 28 10 15 10 
N(2) 0055 0382 0166 - -0130  0055 

4 30 17 17 10 
N(3) 0068 0128 0106 0069 0064 

4 25 8 14 9 

b 

B23 
-- 0068 

26 
0081 

25 
0017 

22 
0060 

19 
0005 

25 
- -0009  

28 Fig. 1. A view of the molecule projected down the c axis. 
-- 0044 (Hydrogen atoms omitted for clarity). 

21 

B a B a 
C(2) 3.133 0.135 C(5) 2.813 0.123 
C(3) 2.776 0-122 C(6) 2-833 0.121 
C(4) 2-009 0-107 

* In the case of the anisotropic parameters, the decimal 
point on the left is omitted and the estimated standard 
deviations are recorded directly below the appropriate values 
in the correct decimal position. A value of B----4.0 was used 
for all hydrogen atoms. 

in fact ,  not  unreasonable ,  t hey  are Of doub t fu l  
significance. 

1 

Fig. 2. Final electron density projection down the b axis. 
with contours drawn at arbitrary intervals. 
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Fig. 3. A view of the structure projected along the screw axis. 

between the two centrosymmetrically related planes 
of atoms in the molecule is 3-10 A. 

Fig. 1 shows a view of the molecule without hydrogen 
atoms as seen down the c axis. The three major planes 
of atoms in the molecule are clearly visible. The final 
electron density projection of the asymmetric half of 
the molecule down the b axis is shown in Fig. 2. A 
perspective view of the molecule down the same axis 
can be seen in Fig. 3. 

they are more nearly in accord with results reported 
in other structures. The range of value observed can 
be seen in that  Bekoe & Trueblood (1958) reported 
an N . .  • N distance of 3-41 J~ in tetracyanoethylene, 
Parkes & Hughes (1963) found a value of 3.54 A in 
cyanogen, Hannan & Collin (1953) reported 3.60 A 
in dicyanoacetylene and Shallcross & Carpenter (1958) 
obtained 3.7 A in cyanoacetylene. 

Closest contact distances for N . - .  C of 3-12/~ in 
tetracyanoethylene, 3.25/~ in cyanogen and 3-30 A 
in dicyanoacetylene have been reported. Although 
most of the values given in Table 6 are larger, the 
closest contact, 3.31 A, is in agreement with that  
found in tetracyanoethylene. 

The higher values of the N - . -  CH2 and N . - .  CH 
distances are reasonable in terms of the van der 
Waals radius of 2-0 _+ 0-1 A given to both the methyl 
and methylene groups by Pauling (1960). The shorter 
values listed are of interest. Shallcross & Carpenter 
reported a value of 3.27/~ for a N . . - C H  contact 
in cyanoacetylene and suggested that  this distance 
involved hydrogen bonding even though it is a little 
longer than the 3.18 A reported for the hydrogen 
bonding HCN by Dulmage & Lipscomb (1951). 
Considering the high melting point of hexacrylonitrile, 
it is possible that  the short van der Waals distances 
are due to this effect. 

The crystal structure 

The molecular packing can be seen in Fig. 3 where 
the structure is viewed in projection down the screw 
axis. An interesting feature of the packing is the 
antiparallel array of nitrile groups which is almost 
parallel to (10, 0, 3). The antiparallel configuration 
suggests dipole-dipole interactions among these highly 
polar groups. 

Table 6. Intermolecular distances 

Contact Distances (A) 
N • • • N 3 - 8 4  3 . 7 7  3 . 7 3  3 . 7 1  3 . 6 6  
N . .  • C 3 . 8 4  3 . 5 8  3 . 5 2  3 . 4 5  3 . 4 0  

3 . 3 1  
C • • • C 3 . 3 9  
N • • • C H  3 . 5 5  

N . -  • C H ~  3 . 8 7  3 - 7 5  3 . 6 6  3 - 6 3  3 - 5 7  

3 . 5 2  3 . 5 0  3 - 4 4  3 - 3 6  3 . 3 6  

3"38  

3"56 

In Table 6 is a listing of all significant intermolecular 
distances which are less than 3.9 A. The average of the 
N - . . N  contact distance is 3.74 A, for N . - .  C it 
is 3.50 A, and for N • • - CH2 it is 3.56 A. 

Pauling (1960) gives a value of 1.5 _+ 0.2/~ for the 
van der Waals radius of nitrogen. The N . . . N  
contacts listed in Table 6 are significantly longer than 
would be predicted from this figure. Nevertheless 
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