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omit all Uh' with an absolute value less than 0.1 with- 
out any serious influence on the resolution of the at- 
omic positions by computation of the electron density 
function. 

Table 1. Number of  unitary structure factors Uh" de- 
termined in sign by application of  probability relation 

(10) 
Only reflexions without contribution of heavy atoms are 

involved. 
Number of Number of 

Uh ' reflexions correct signs (%) 
0.00-0.05 33 69"7 
0.05-0"10 82 71.5 
0.10-0"15 67 81.3 
0" 15-0"20 32 90"6 
0"20-0"25 9 100"0 
0"25-0"30 8 100"0 

The presence of further heavy atoms in the structure 
influences the probability P+ unfavourably. We can 
compare the structure of Cu2C24NI2012H56 considered 
above with the structure of Cu2CaN12016H2sK2 (Free- 
man, Smith & Taylor, 1961). Both F(000)=422 and 
2ncu=0"178 of the latter structure are comparable to 
corresponding values of the first structure, but the 
value of e differs considerably (e = 0.0097). The fraction 
of structure factors determined in sign by the presence 

of heavy atoms in special positions is 89.7 Yo .The theor- 
etical value is 90.4%. 

The method described in this paper is sufficiently 
effective for a complete solution of the phase problem 
in the case of a structure with heavy atoms in special 
positions. The only condition is a high probability P÷ 
for reflexions with a contribution from the heavy 
atoms. This may be tested by relations (4) and (7) be- 
fore starting the structure determination. 

I am very indebted to Professor M. A. Porai-Ko- 
shits for suggesting the possibility of using equation 
(22). 

I wish to thank Miss O. galyov~i for her assistance 
with the computations. 
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PCHa(C6Hs)+Ni[S2C2(CN)2]z crystallizes as a checkerboard arrangement of cationic and anionic 
columns, the latter containing ions of nearly D2h symmetry essentially identical in dimensions with the 
isostructural dinegative ions. The anion radicals are so packed that spin-spin coupling through inter- 
mediacy of sulfur (Ni • • • S = 3.59 A.) rather than direct Ni-Ni bonding (Ni • • • Ni >_4"40 A) is presum- 
ably responsible for the low magnetic moment. Average lengths of 2.146_+0-001 /~ for Ni-S bonds 
and 1.714 _+ 0.004/~ for S-C bonds suggest that sulfur is sp 2 hybridized and involved in multiple bond- 
ing to the metal. The cationic column has a spine of face-to-face phenyl rings with projecting PCH3- 
(C6H5)2 side groups. P-Cphenyt bonds average 1-799 A, somewhat shorter than the few previous refer- 
ence values. 

Introduction 
The thiocoordinate chelates of generic formula (I) 

R S S R z 

R S S R 
(i) 

* Contribution No. 1050. 
t Present address: Department of Chemistry, Tulane Uni- 

versity, New Orleans, La., U.S.A. 

have a number of unusual characteristics. The metal 
atom (M) can appear in unfamiliar valence states, and 
a given chelate can have various total charges. Bis- 
(1,2-dicyanoethylene- 1,2-dithiolato)nickel, for example, 
has been prepared having a total charge of z=O, 1 - ,  
or 2 - ,  and having nickel in formal oxidation states 
IV, III, or II. In addition, residual electron spins 
of paramagnetic chelates are often strongly coupled in 
the solid state. The nickel complex Ni[S2C2(CN)2]~- es- 
pecially shows a high degree of spin-spin coupling, its 
tetraethylammonium salt having a magnetic moment 
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of 1.0 B.M. (Davison, Edelstein, Holm & Maki, 1963) 
and its triphenylmethylphosphonium salt one of 0.79 
B.M. (Weiher, Melby & Benson, 1964). The latter com- 
pound was chosen for a diffraction study to ascertain 
the gross molecular geometry of the chelate, to study 
its bond lengths and angles, and to shed light on the 
nature of the intermolecular magnetic interaction. 

Experimental 

The crystals used for this study are glistening black 
needles or tablets. Attempts to cut them usually result- 
ed in fracturing or shattering of the sample. Some of 
the more equidimensional crystals were therefore used 
in their natal state for intensity measurements. Prelim- 
inary Weissenberg photographs showed the crystals 
to be triclinic; a primitive unit cell was chosen with 
the parameters a = 12.815 + 0.003, b = 8.409 + 0.002, c = 
14.276 _+ 0.003/~, c~= 108.78 + 0.01 °, f l= 102.14 _ 0.01 °, 
and y=93-93+0-01 °. On the basis of a satisfactorily 
refined model the salt is considered to have the sym- 
metry of space group P i (C0. 

The unit-cell parameters were obtained from three 
zero-layer Weissenberg photographs of different crys- 
tals, two made on Supper equi-inclination instruments 
and calibrated with silicon powder and the third made 
with a camera designed solely for unit-cell measure- 
ment. The latter camera is approximately 100 mm in 
diameter, has the film wrapped around the outside 
rather than the inside of a cylinder for greater control 
of curvature, and utilizes the Straumanis geometry for 
effective radius determination. Each Weissenberg film 
yielded 20-30 sin 2 0 values for resolved Cu Kcq-  Kc~2 
doublets which were used in a least.squares procedure 
to obtain two distances and an angle characterizing 
that particular film. Lack of errors systematic in 20, 
over a range of about 40 °, showed extrapolation to be 
unnecessary. The standard deviations quoted above are 
based upon standard analysis of the error of fit and 
upon the uncertainty in film radius. Pairs of d* values 
measured on different films agree within the error limits 
given. Wavelengths used were Cu Kel = 1.54050 A and 
Cu Ko~2 = 1.54434 It. The silicon powder is that used in 
the I.U.Cr. lattice constant project (Parrish, 1960) and 
has a = 5.4305 A. 

The density of 1.453 + 0.002 g.cm -3 calculated from 
the above unit cell and assuming Z = 2  agrees fairly 
well with the value of 1.44_+0.01 g.em-3 measured by 
flotation in a zinc chloride solution. The latter value is 
of comparatively limited accuracy because of difficulty 
in wetting the crystals with the solution. 

The majority of intensity data were estimated visually 
from a set of hnl Weissenberg photographs (n = 0-7) 
prepared with crystals about 0.1 mm in diameter using 
the multiple-film equi-inclination technique and Cu Kc~ 
radiation. These data were correlated after application 
of the appropriate Lorentz and polarization factors 
with a similar set of data from an [011] zero-layer 
photograph and with a group of 150 reflections meas- 

ured on a Picker diffractometer, using a General Elec- 
tric goniostat for orienting the crystal. Reflections with 
moderate, nearly equal intensities and scattering angles, 
but widely different cp settings, were chosen for this 
latter set. Analysis of random errors among the various 
measurements gave a mean R'  value ( R ' = Z I F o -  
Fol/SIFol) of 5%. Such a value ignores absorption and 
other systematic errors, giving only an estimate of the 
reproducibility of measurement. No absorption cor- 
rections were applied to the data. These errors are 
estimated to be less than 15~o in IFol and on the aver- 
age about 5~o. A total of 5146 reflections were used in 
the calculations; the intensities of 1162 of these were 
indistinguishable from background in their respective 
positions of measurement and were considered to be 
less than these 'minimum observable values'. 

Trial structure and refinement 

The nickel and sulfur positions were easily found by 
interpretation of the [010] and [011] Patterson project- 
ions; successive approximations to the electron den- 
sities in these projections, initiated with phases given 
by these atoms and refined by continually adding light- 
er atoms to the trial model gave a reasonably accurate 
picture of the molecular structure before use of three- 
dimensional data began. When the trial structure based 
on these projections included all atoms (except hydro- 
gen) and was refined by least squares to R values near 
20~o, the then available three-dimensional data hll 
through h31 were also used to improve the model. The 
R value for this sample of data dropped in 3 cycles 
from an initial value of ~30Yo to 16.3~. Refinement 
continued when all the data were available, with the 
over-all R value dropping rapidly from an initial 28 Yo. 

Anisotropic (ellipsoidal) thermal parameters were 
introduced for the Ni, S, and P atoms when R was 18yo ; 
three cycles lowered R to 13~0. A three-dimensional 
difference map was then computed to assess the validity 
of extending anisotropic thermal refinement to the 
lighter atoms in the presence of absorption errors not 
altogether negligible. The map showed anisotropic vib- 
rational patterns for molecular groups which seemed 
physically reasonable. Extending anisotropic refine- 
ment to the carbon and nitrogen atoms lowered R to 
10"5% in four cycles. A second difference map was 
then computed to locate hydrogen atoms and any pos- 
sible irregularities in electron density. Well-defined 
peaks of 0.3-0.7 e.]k -3 were found in reasonable posi- 
tions for all hydrogen atoms; the only other dips or 
peaks greater than 0.2 e.]k -3 occurred as streaks near 
the heaviest atoms and parallel to b. These are attrib- 
uted to a small scaling error in the hOl data which was 
subsequently eliminated. Addition of the 18 hydrogen 
atoms to the model, putting the methyl hydrogen atoms 
at peak positions and the remainder 1.0 A from ap- 
propriate carbons, lowered R by 0.4~o. A temperature 
factor of 4.0 A 2 was used for all hydrogen atoms; 
neither this nor hydrogen positions were refined. 



C H A R L E S  J. F R I T C H I E ,  J R .  109 

Atom 
Ni(1) 
s(2) 
s(3) 
s(4) 
s(5) 
P(6) 
N(7) 
N(8) 
N(9) 
N(IO) 
C(11) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 

Table  1. Final heavy-atom parameters and their standard dev&tions 
All figures have been multiplied by 104 . 

The temperature factor is of the form exp { - [B1 lh 2 + B22 k2 q- B33l 2 + B12hk + B13hi+ B23kl] }. 

x y z Bll Bz2 B33 B12 B13 Bz3 
362 (1) 2358 (1) -301 (1) 62 (1) 152 (2) 50 (1) 33 (1) 33 (1) 63 (2) 

1910 (1) 3817 (2) --13 (1) 73 (1) 196 (3) 54 (1) --13 (3) 35 (2) 38 (3) 
-1211 (1) 930 (2) -653 (1) 63 (1) 192 (3) 71 (1) 42 (3) 55 (2) 83 (3) 

83 (1) 3929 (2) 1120 (1) 82 (1) 187 (3) 56 (1) 64 (3) 52 (2) 73 (3) 
696 (1) 775 (2) --1681 (1) 65 (1) 184 (3) 59 (1) - 1 5  (3) 49 (2) 36 (3) 

3182 (1) -1974 (2) -3607 (1) 56 (1) 147 (3) 52 (1) - 2  (2) 21 (1) 58 (2) 
3822 (6) 7368 (11) 1840 (5) 106 (6) 314 (18) 79 (5) - 6 8  (16) 14 (9) 11 (14) 
1421 (7) 7586 (11) 3447 (5) 152 (8) 313 (18) 60 (4) 99 (20) 47 (9) 15 (14) 

-0460 (7) --2993 (12) -3951 (6) 124 (7) 348 (20) 87 (5) - 9 5  (19) 75 (10) - 5 0  (16) 
--2916 (5) -2981 (9) -2609 (5) 62 (4) 249 (15) 103 (5) --1 (11) 29 (7) 112 (14) 

3029 (6) 6478 (10) 1556 (5) 81 (5) 209 (15) 60 (4) 17 (13) 17 (7) 66 (12) 
2033 (6) 5336 (8) 1165 (5) 82 (5) 157 (12) 48 (4) 20 (11) 12 (7) 63 (10) 
1238 (6) 5384 (8) 1658 (5) 96 (5) 136 (12) 47 (4) 67 (12) 21 (7) 58 (9) 
1342 (7) 6616 (10) 2647 (5) 104 (6) 210 (15) 50 (4) 81 (15) 25 (8) 63 (11) 

-0466 (6) -1982 (10) -3185 (6) 75 (5) 224 (16) 74 (5) - 3 5  (14) 53 (8) 22 (13) 
-0444 (5) -0689 (8) -2245 (5) 66 (4) 163 (12) 55 (4) 11 (10) 34 (6) 68 (10) 
- 1281 (5) --0632 (8) - 1794 (5) 55 (4) 146 (11) 65 (4) 24 (9) 24 (6) 90 (10) 
-2206 (5) -1933 (9) -2247 (5) 51 (4) 185 (13) 83 (5) 16 (10) 28 (7) 115 (12) 

2086 (6) --3638 (10) -4335 (6) 89 (6) 179 (14) 78 (5) - 3 3  (14) 0 (8) 83 (13) 
3697 (5) --2186 (8) -2385 (5) 66 (4) 158 (12) 58 (4) 30 (10) 46 (6) 76 (10) 
4715 (5) --2604 (9) -2123 (5) 75 (5) 193 (14) 60 (4) 63 (12) 49 (7) 80 (11) 
5092 (7) -2674 (12) -1182 (6) 80 (6) 313 (21) 76 (5) 82 (17) 27 (9) 139 (17) 
4453 (7) --2507 (12) -0502 (6) 115 (7) 332 (22) 53 (4) 97 (19) 42 (9) 131 (15) 
3436 (8) -2116 (14) -0759 (7) 126 (8) 366 (23) 74 (5) 149 (22) 108 (11) 171 (18) 
3042 (7) -1955 (12) -1706 (6) 91 (6) 308 (20) 81 (5) 126 (17) 88 (9) 162 (17) 
4222 (5) -2094 (8) -4288 (5) 69 (4) 148 (11) 54 (4) 33 (10) 38 (6) 73 (9) 
4091 (7) --3327 (9) -5232 (5) 114 (7) 169 (14) 56 (4) 50 (14) 50 (8) 63 (11) 
4911 (8) --3370 (11) -5724 (6) 145 (9) 229 (17) 70 (5) 142 (19) 115 (11) 80 (14) 
5866 (7) --2252 (11) -5282 (7) 115 (7) 265 (19) 107 (7) 143 (18) 136 (11) 209 (18) 
5977 (6) --1001 (11) -4343 (6) 87 (6) 252 (18) 92 (6) 47 (16) 74 (9) 162 (17) 
5151 (6) --0924 (9) --3844 (5) 74 (5) 194 (14) 63 (4) 12 (12) 38 (7) 87 (12) 
2696 (5) 0043 (8) --3373 (5) 56 (4) 182 (12) 52 (3) 16 (10) 36 (6) 66 (10) 
1774 (6) 0215 (10) -4026 (5) 73 (5) 228 (15) 68 (4) 71 (13) 36 (7) 115 (13) 
1428 (7) 1774 (12) -3830 (7) 100 (7) 307 (21) 95 (6) 147 (19) 66 (10) 192 (19) 
1976 (8) 3157 (11) -2985 (7) 134 (8) 196 (17) 115 (7) 138 (18) 143 (13) 175 (17) 
2883 (8) 2995 (10) --2359 (7) 129 (8) 158 (15) 95 (6) 3 (16) 112 (12) 41 (14) 
3255 (6) 1439 (9) --2539 (5) 70 (5) 174 (13) 73 (5) 16 (12) 41 (7) 48 (12) 

Table  2. Final hydrogen positional parameter~ 
Atom x y z 
H(38) 0.514 -0.277 -0.260 
H(39) 0.579 -0.304 -0.100 
H(40) 0-471 -0.262 0.014 
H(41) 0-300 -0.192 -0.028 
H(42) 0.236 -0.166 -0.188 
H(43) 0.343 -0.415 -0.555 
H(44) 0.484 -0.418 -0.637 
H(45) 0.641 - 0.228 - 0.563 
H(46) 0.665 - 0.017 - 0.403 
H(47) 0.523 -0.014 -0.321 
H(48) 0.138 - 0.076 - 0.462 
H(49) 0.081 0.190 -0.427 
H(50) 0.173 0-422 - 0.287 
H(51) 0.329 0.397 -0.175 
H(52) 0.386 0.131 -0.210 
H(53) 0-227 -0.471 -0-437 
H(54) 0.180 -0.375 -0.503 
H(55) 0-148 -0.342 -0.390 

Two fur ther  least-squares cycles b rough t  ref inement  
to comple t ion .  The  R value  d ropped  by only  0.1 ~ on  
the  last  cycle, to 9"0Yo. The  average pa ramete r  shift was 
a b o u t  0.2 cr and  the largest  0.9 ~r. One fur ther  cycle was 
run  with the 24 s t rongest  reflections (which are serious- 

ly reduced by ext inct ion)  removed.  The  R value for  
this list was 8.4~o, bu t  no  pa rame te r  shifted by more  
than  0.3 a. The  final pa ramete rs  l isted in Table  1 are 
those  f rom the last  cycle wi th  all data .  The  figures in 
parentheses  are s t andard  devia t ions  given by a m =  
1.2 [A~,~ZwlFo-Fcl2/(n-s)] ~, where all symbols  have  
their  usual  meanings .  The  fac tor  1.2 is i n t roduced  as 
an  empir ical  a l lowance  for  the use o f  a par t ia l ly  d iagon-  
alized mat r ix  (9 x 9 one -a tom blocks)  in ca lcula t ion  o f  
the inverse mat r ix  elements  A;,~. The  hyd rogen  posi- 
t ions are given in Tab le  2. F ina l  values of  IFol and IFcl 
are listed in Table  3. 

F o r  all least-squares  ca lcula t ions  a modi f ica t ion  o f  
the G a n t z e l - S p a r k s - T r u e b l o o d  b lock-d iagona l  least- 
squares p rog ram,  which  minimizes  S, w lFo-Fcl  z, was 
used. The  subrou t ine  for  ex t rac t ion  o f  thermal -e l l ipso id  
pr inc ipal  axes is one  wri t ten  by R .Dever i l l  (pr ivate 
communica t ion ) .  Four ie r  s u m m a t i o n  and  o ther  pro-  
grams were those  of  the  au thor .  C o m p u t a t i o n s  were 
per fo rmed  on  I B M  7090 and  7040 machines .  The  
weight ing scheme used in ref inement  was I/w = 1 unt i l  
R d ropped  to 20~o and  l / w =  1/(0.284+0"0371Fol) there-  
after. The  la t ter  func t ion  is the  reciprocal  o f  a s t ra ight  
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Table 3. Observed and calculated str~cture factors 
Each group of three columns contains l, 10Fo, and lOFc respectively, and is headed by values of h and k common to the group. 

Minus signs in the Fo columns denote unobserved reflections, for which minimum observable values are tabulated. 
O 0  

- 4  IO0 - I L 3  
- 5  6 0 3  653 
- 6  131 132 
- 7  52 48 
- 8  131 120 
- 9  - 2 6  17 

- 1 0  92 -ILO 
- 1 1  107 102 
- 1 2  85 79 
- 1 3  61 - 5 0  
- 1 4  68 -4O 
- 1 5  76 - 8 0  

0 1 

1 585 - 5 4 5  

317°-6~ 
~ 22 6 

$24 523 
6 98 123 
T 159 182 
• 48 44 

140 - 1 2 5  
1 225 -203 
11 39 - 3 6  
12 46  42 
13 170 167 
14 -26 8 
15 - 2 2  9 
- 2  579 - 5 5 6  
- 3  L72 189 
- 4  373 - 3 6 5  
- S  3g 35 
- 6  131 - 1 3 b  
- 7  941 - I C 3 4  
- 8  742 - 7 6 L  
- 9  496 - 4 9 5  

- 1 o  183 - 1 9 3  
- I L  qo - 9 1  
- 1 2  55 49 
- 1 3  162 - 1 0 3  
--14 - 3 5  - 1 2  
- 1 5  81 -7C 
- 1 6  94 - 9 1  

• 0 2 

I 151 - l l C  
332 402 

3 144 - 1 2 1  
175 - 1 5 6  
144 -14C 

44 -57 
5O 46 

• - 2 6  - ~ 9  
114 - l O l  

1 107 93 
11 61 41  
12  I 1 4  98 
13  I 1 8  109 
14 - 2 6  - 3 1  
1 5  - 1 7  - 4  
- 2  701 - 6 7 4  
- 3  036 - 9 9 3  
- 4  1015  - 8 9 0  
- 5  336  -329 
- 6  74 69 
- 7  308 27Z 
- 8  IS9  - 2 0 3  
- 9  - 2 2  22 

-IO 135 159 
- 1 1  - 2 6  17 
--12 159 148 
- 1 3  68 ,59 
- L 4  68 56 
-15 172 L65 
- 1 6  48 43 
- 1 7  83 86 

o 3 

148 145 
229 242 
164 157 
172 - 1 8 7  

4 5O zq  
5 140 - 1 4 6  

- Z 2  - 9  
164 161 

0 28  36 
44 - 4 6  

1 96 -9C 
11 194 - L 8 8  
IZ  39 - 4 0  
13 - 2 2  - 1 8  
14 - 1 7  5 
- :  - 1 7  6 

196 198 
- 5  92 89 
- ~  68 - 7 1  

450 429 
- -8  105 99 
--9 242 273 

- 1 0  49L 535 
- 1 1  312  365 
- 1 2  2qq  288 
- 1 3  105 102 
- 1 4  - 3 5  - I  
- 1 5  79 8 

0 4  

83 73 
Z 3 6  232 

i - 2 8  13 2 3 6  229 
72 7 9  

- 3 9  - 5  
63  64 
87 - 8 1  

9 131 - 1 2 8  
52 - 3 7  

LO 183 -160 
11 1 8 •  -179 
12 68 - 6 L  
13 59 - 7 5  
- I  271 -349 
-~ 28 31 

271 Z79 -, 1 . . . .  7 
- 7  279 -261 
- 8  5O 34 
- 9  -26 14 

- 1 0  - 2 6  02 
- 1 1  - 3 1  2 
- 1 2  116 - l l O  
- 1 3  90 - 8 4  
- 1 4  122 -108 
- 1 5  120 - I 1 3  
- 1 6  44 - 4 3  
- 1 7  90 - 8 8  

0 5 

o 157 182 
1 31 37 

2 6 0  294 
384 457 
41 45 

-26 - 7  
183 183 

7 159 LSb 
• 220 221 
O9 2O5 2O3 

1 5o 54 
! I  37 ,5  

22 - z c  
- 2  48 IL 
- 5  133 149 
-76 76 69 

249 - 2 4 8  
- 8  LLI 113 

190 20L 
- 1 0  - 2 4  - 2 1  
- L I  - 2 8  - 5  
- 1 2  175 - 1 5 2  
- 1 3  188 - 1 7 0  
-14 46 - 3 u  
- 1 5  52 -6f 
- 1 6  - 2 8  
- 1 ~  5O 46 

C 6 

255 - 2 7 8  
548 - 5 5 6  

2 170 - l / C  
3 - 2 8  8 
~ 33 - 3 0  

- 3 3  - 2 1  
6 31 - 2 5  
7 70 67 

157 14c 
- 2 4  26 

164 --189 
- 6  83 - 9 2  
- !  . . . . .  

103 - l O 1  
- 9  -2O - 2 2  

- t O  - 2 2  - 1 3  
- i l  63 - 5 8  
- 1 2  05 83 
- 1 3  41 -4 , ;  
- 1 4  92 83 
- 1 5  - 2 4  17 
- 1 6  96 - 9 7  
- I T  - L T  11 

0 7 

341 - 3 1 8  
90 - 8 1  

2 6L - 6 1  
- 2 6  - 2 9  

70 - 7 4  
94 - 1 0 7  

164 -Lgl 
? ?6 - 9 7  
0 - 1 5  - 1 3  
:~ 92 -98 

247 236 
--•  135 117 
- :  l e e  151 

- 1  48 51 
* I I  146 -12g 
- 1 2  - 2 0  - 5  
- 1 3  33 - 3 3  
- 1 4  - 2 0  14 
- I S  133 15C 
- 1 6  - 1 5  21 

0 

- 8  L00 103 

0 9 

- 9  155 - 1 7 3  

0 10 

- l O  50 - 4 7  

1 0 

1 • 9 3  I~/I 
3 6 9  - 4 9 6  
541 527 

90 -105 
44 26 

478 463 
? 17~ 210 

8 41 45 
9 52 S6 

10 92 91 
11 - 3 3  - 1 9  
12 I L l  102 
13 - 3 5  - 2 3  
14 57 - 5 2  
1 : - 2 6  -13 
- 1013 1026 
- 2  696 820 
- 3  262 264 
- 4  83 - d L  
- S  94 105 
- 6  83 77 
- 7  116 128 
- ~  - 2 4  - I /  

162 -20C 
- 1 0  - 2 6  32 
-11 44 - 2 9  
- 1 2  59 - 5 7  
- 1 3  5O -41 
- 1 4  203 - 2 0 5  
- 1 5  94 - 7 4  

0 172 147 
1 675 699 

131 IOI 
3 96 - 9 9  
4 59 -H1 
5 48 - 3 ~  

472 489 
170 - 1 4 3  

7O - o c  
9 26 3 

1o 258 - ~ 3 4  
I I  - 3 L  -31 
12 140 130 
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-15  6 l  ~5~ 
- 16  52 41 
-L7 - 24  - 12  

3 6, 

o 159 - 142  
L 269 - 2 4 1  
2 74 64 
3 65 56 

94 83 
- 3 l  - 33  
-26 - 2 6  

8 48 5C 
9 28 -33  

;71 . . . .  Ioo -94 
- 3  68 57 
- 4  6L -5C 
- 5  L62 - 149  
- 6  - 15  - I ~  
-7  109 - I L C  
- 8  39 - 34  
- 9  249 234 

-LO - 24  IO 
- l l  122 L17 
-12  2G3 16,9 
-13 108 169 
-15 127 130 
-16  -24 15 
-L7  - 2C  19 

3 7 

o -26 - LC  
1 11~ - I L6  
2 48 39 

5O -51 
L05 112 

5 - 22  33 
7O -89  

;71 7~ 79 
52 -45  

:~  . . . . .  
63 55 

- 5  46 -46 

-76 .... 312  287  

181 151 
- 1o  57 53 
- 11  28 33 
- 12  109 95 
- 13  51 55 
- 14  35 33 
- L5  55 57 
-16  22 - Lb  

3 8 

- 8  -37 45 

3 9 

-9 96 -96 

3 -I 

L 314 3O7 
2 138 -155 
3 227  254 

4L - 38  
105 -86  

6 249 245 
33 22 
35 - 48  

9 39 3O 
LO 249  -249  
IL - 35  -19 
12 57 61 
13 - 35  -II 

I S  72 -77  
16 76 -8 /  

212  146 
- 419  -441  
- 2  6O9 588 
-3  9O 68 
- 4  81 93 
- 5  736 ; 33  
- 6  764 762 
-7  513 509 
- 8  X75 179 
-9  59 b8 

- lO  142 153 
- I L  183 171 
-12  - 3 !  - 25  
- 13  - 28  - 2 1  
- 14  48  -48 
- 15  L03 - 89  
-16 26 30 

3-2 

2 589  -611 
3 362 - 376  

- 1 /  - 25  
524  -~87 

6 271  255  
7 l e l  I~5 
8 L3L - 1 3 ~  
9 -26 

IO 122 -131  
LL 94 -d6 
12 -35  - 33  
13 65 -61 
14 - 3 1  18 
15 65 6,~ 
16 -2C -IC 

192 -162 
- 155 -14C  
-2  223  - 192  
- 3  275 - 243  
:~  2 .  206, 

4O6, 419  
- 6  207  191 
-7  12 /  134 
- 8  135 15C 
- ~  181 I~ 

-I 341 3o6 
- l l  227  27C 
-12 183 171 
- -13 98 ~o 
-14 -26 -LI 
-L5 - 24  -19 

3 -3 

L 262 -236, 
51 47 

598  - 628  
4 59 -6,4 
65 85 83 

81 - 74  
7 63 70 
8 - 24  26 
9 - 24  28 

1o 153 162 
11 -33  41 
L2 - 35  43 
13 -35 -6 
14 79 - 77  

1O5 79 -59 
218  -219 

- - 1  - 13  - LC  
- z  L157 -1245  
:~  851 . . . .  

5L5 -53L  
- 5  186, -226,  

;76 12 . . . . .  65 - 15  
- 8  162 - L57  
-9 -31 - ~  

- lO  IOO -95 
- L I  131 -L31 
- 12  - 31  - 13  
- L3  - 24  
-L4 55 -6~ 

3-~ 

52 - 3e  
205 Z32 
303 278 
5OO 52C 

5 1395  1375 
6 245  255  

201 231 
79 8~ 
57 - 5 3  

1 148 15L 
I~ 81 7e 

151 L49 
:71 ...... 

144 125 
-3  52 51 
- 4  - 33  13 
-S  207  - 228  
-6 lOO IOG 
-7  83 82 
- 8  188 - 179  
-~  52 - 51  

-I 131 - 1 2 3  
- 1 1  - 48  3 
- 1 2  L40 122 
- 1 3  6U 87 

3 - 5  

1 21o 222 
79 95 

3 70 99 
4 186 -182  
5 68 73 
6 52 48  
7 203 -224 
8 39 -43  
9 76 -89 

1o 8L -8C  
11 72 - 7C  
12 310 -2/6 
13 183 - 165  
14 85 - 8C  
15 68 -6,1 
1~ -22  -11 

452  477  
-I 227  246, 
-2 157 165 
- 3  48  ~o 
- 4  96 -~5 
- 5  3O8 -286  

- 6  $9 49 
- 7  37 46  
- 8  105 102 
- q  - 31  

- lO  -26,  - 2  
- I I  48  5; 
- 1 2  - 17  19 

3 - 6  

1 37 32 
138 -164  

3 39 45  
4 28 -26, 
5 164 -156, 

103 L22 
511 -546 

7 526 -548  
8 351  -33e  
9 Z23 -228 

1o 168 -155 
l l  61 5~ 
12 -26 3 
13 48  - 43  
14 - 24  23 
15 - 22  - 2  
16 - 17  - 3  

o 55 61 

;71 ..... 46 -33  
-~ -28 -17 

61 -9c  
-5 52 35 
- 6  83 72 
- 7  8L 71 
- 8  122 IO£ 
-9  31 - 42  

- 1o  55 - 58  

3 - 7  

1 26 31 
170 -16, ' ;  

3 -15 13 
4 33 26, 
5 31 -29 
6 44 38 
7 33 - 14  
8 31 26 
9 48 ~I 

lO  - 2¢  _c~ 
IL 65 72 
LZ 8') 19 
L3 22 - 12  
14 6,1 63 
I05 109 I f4  

90 -92 
-1 - 24  -~  
-Z  16b 14C 

-26  - 28  
-5 41 -39  
- 6  L14 -123 
- 7  - 22  - 18  
- 8  - I /  - 2C  
-9 l i e  2 

3 - e  

8 - 37  25 

3 - 9  

9 - 31  -~ 

3 -lc 

1o 31 - 37  

4 C 

2 393 ~t7b 
3 266 LSC 

9~ it9 
190 - 1 8 0  

6 24O 241 
325 358 

8 236 238 
9 454 ~T3 

1o 59 51 
LI I I I  -94 
12 -33 I I  
13 31 -27 
14 -26,  - 13  
15 - 17  -22 

6,8 65 
- - 15  -Z5  
- 2  310 -320  
-3 162 17C 
-4  135 - 128  
-5 218  221 
-6 303  -342 
- 7  31 - 47  
- 8  245  235 
-9 -26 21 

- 10  275  251 
-ll 83 - 9 1  
-12 432 -36,6, 
- L3  284  - 220  
- 14  LgO -174 
-15  98 - too  
-L6  -26 ZC 
- 17  48 - 43  

4 1 

683  - 74b  
4 6 3  - 485  

2 269 -26,6, 
166 I~8 
I 16  -97 

5 44 45 
6 391 388 

159 148 
8 389 358 
9 157 145 

1o -31  31 
IL  52 48 
12 105 95 
13 131 12C 
14 170 16,1 
- L  231 - 251  
-~ 23 . . . . .  

24O 255  .-, . . . . . .  
35 27 

- 6  349  326 
- 1  461 - 468  
- 8  142 - 139  

Table 3 (cont.) 
- 9  107 -109 

-10 -26  - 5  
-11 356 347 
-12 I I I  - 94  
- 13  120 l t 7  
- -14 - 35  - 8  
- 15  - 33  6 
- 16  28 3C 

q 2 

0 214  - 245  
1 b05  - 707  
2 59 -6,6, 
3 114 -16,o 
4 539  -875  

351 -377  
583  -597  

7 349 -319 
8 68 6C 
9 61 -46 

IO - 35  - Z l  
l I  - 33  15 
12 48 - 4 3  
1~ -20  - 27  
- 849  - 8~7  
-2  258  - 262  
- 3  - 13  16 
:~  155 -200 

114 -I18 

;76 ...... 4 1 3  - 3 3 2  
- 8  1 6 4  l g I  
- ~  240  26,5 

- 1  76 - 77  
-11 -26 LC 
-12  201 -200 
- 1 3  183 - 167  
-14 107 96 
-15 142 139 
- 16  70 64 
-17 74 6,6 

4 3 

0 330  35C 
71 179 -142  

151 177 
3 44 4~ 

39 -4e 
- 2~  -I 
17C -196 

7 170 16,8 
8 - 3 3  - 27  
9 - 3 1  - 2 8  

lO  - 2e  2d 
11 50 -5C 

520  56,O 
-2  589  £48 
-3  908 9~0 
-4  594 eZ~ 
-5  432  435 
-6 162 163 
- 7  - 20  35 
- 8  210  Z45 
-9  382  ~9~ 

-1o 79 a~ 
-ll 68 - 70  
- 12  72 6U 
- 1 3  33 - 6 C  
- 1 4  153 130 
- 1 5  - 3 3  39 
- -16 - 28  -25 
- 1 7  - 26  - 3 3  
- 1 8  31 ~1 

4 

o L59 -161 
155 173 
Z42 285 

3 223 2~6 
223  220 
175 -171 

6 92 -84  
7 92 09 
8 87  -U4  

L eu  
11 44 -47  
-I 20/ L2C 
-2 236 234 
-3 345 261 
- 4  234  233 
-5  - 20  e 
- 6  LL6 -LO~ 
-7  - 24  B 
- 8  255  - 242  
- 9  1o /  -1L5 

-LO 236 -235 
- I I  384 -379 
- 12  301 - 2 8 3  
- 1 3  155 - 137  
- 14  109 -IU1 
- 1 5  81 71 
-L6 - 33  2C 
-17 107 -95 
- L8  44 -~4  

4 5 

0 6,d - ?e  
L - 24  - 24  
2 70 - 73  
3 46 - 48  

120 108 
lOC -95 

6 - 3 1  19 
T 70 -61 
8 59  - 6 , 7  
9 92 88 

I~ - 1 3  20 
- 85 -82 
:~ 13 .... 

103 -L09 
- 4  419  - 407  
-5 454  -419 
-6 48O -44O  
-7  105 - 11C  
- 8  129  - 14~  
- 9  216  - 218  

- 10  57 - 52  
- I L  109 -96, 
-L2 94 -98  
- 13  46  -39 
- 14  48  - 46  
- 15  5O ~6 
- 16  46  40  

- 17  - 24  1 

4 6 

o 131 I16 
1 - 31  -21 
2 146, -117 
3 -33  c 
4 -33  6, 
5 96 ~3 
6 79 78 
7 68  - 68  
8 - 20  -21 

- 1  -26 -19 
- 2  - 20  - 15  
- 3  111 98 
- 4  94 - 77  
- 5  - 20  - 8  
- 6  65 -58  
- 7  85 - 81  
-8 168 165 
- 9  52 - 5~  

-1o - 24  2 
- 11  255 232 
-12 255  224 
- 13  236  209 
- 1 4  223  211 
-15 74 71 
- 16  70 66 
- 17  70 66 

4 7 

83 1o1 
-26 - 1 7  

2 -26 - 2~  
3 -2b 6, 
4 41 -45 
5 -20 2C 
6 41 -57  

114 -109  
-3  28 - 33  
- 4  127 - 113  
- 5  59 - 58  
-6 181 165 
:~ - .  14 

129 117 
-9  48  ~I 

- 1o  16,4 -1~3  
-11 28 31 
-12  39 37 
- 1 3  - 20  26 
- 14  76 76, 
-15 -It - 2  
-16,  35 -~3  

U 

- 8  79  - 7~  

4 9 

- 9  92 -11o 

4 - I  

71 558 59~ 
- 15  - 2  
I03 106, 
290  30C 

5 144 -143 
6 33 -~2 

59 ~1 
181 - L76  

9 120 -104 
I0 266 -245 
11 266  -24C  
12 -35 4 
13 68 -63 
14 135 - 122  
15 6,3 -56, 

o 103 -144 
:71 8. -915 

4 1 3  -452 
- 3  72 45 
- 4  581 629 
- 5  629  587 
- 6  201 195 
- 7  87 109 
- 8  - 22  -19 
-9 57 -58 

- I o  142 138 
-11 151 -14C 
-12  48  - 48  
-13 L18 -105 
- 1 4  142 -125  
- 15  - 22  - 4  
- 16  90 - 78  

4 -~ 

2 360 -310 
3 39 - 43  
4 - 17  - I I  
5 85 -56 
76 146 184 

159 170 
8 76 85 
q 127 - 1~c  

10 90 - 75  
11 87 -85  
12 68 -59 
13 - 3 1  "28 
14 -28  6 
15 -26 20 

157 -136 ,  
- IOO 114 
-2  50 - 35  

183 192 
-5 41 42 

;76 37, 359 
107 116 

- 8  44 34 
-9 393 386 

- 1o  247  218 
-11  341 278  
-12 400  36,4 
- 13  140 129 
-14 -31  30 
-15 57 62 

4 - 3  

1 496 -485 
144 -127  
2 5 8  - 252  

4 275  - 269  

5 - ; o  5 
6 87 -9~ 
7 96 - 97  

- 24  34 
- 26  -11 

IO -28  - 36  
L l  109 I01 
12 -35  - 13  
13 63 69 
14 - 28  24 
15 81 -78  

o 142 134 
- 1  107 - 99  
- 2  677  - 740  
- 3  6,53 -6,7~ 
:~  75 . . . . .  

489 - 472  
- 6  55 - 57  
- 7  151 - 160  
- 8  46  -41 
- 9  - 3L  

- 1o  146 - 12  
- I I  76 64 
- 12  96 96 
- 13  -24 - 3~  

4 - 4  

71 155 13G 
1oo 109 
264  298  
613  596, 

5 369 380 
6 356 341 
7 144 - 137  
8 55  5~  
9 - 2 8  33 
lO 87 -79 
11 1L6 103 
12 61 64 
13 - 37  ~2 
14 74 5 
15 - 2 8  3C 
16 - 24  -3 

338  3~7 
- 48 33 
-2  168 - 178  
- 3  107 -95 
- 4  159 -17U  
-8  52 47  
- 6  72 - 85  
- 7  255  -~4G 
-8  72 -Sk  
- 9  290 -265 

- I 0  140 -157 
-1L  - 48  I 
- 12  - 44  - z  
- 13  59 ~8 

598  o3b 
1oo l oc  

3 26 34 
4 129 149 
5 52 -54 
6 345 312 

48 56 
183 -Z09  

9 37 42  
10 94 -98 
IL 94 - 8~  
12 46 - ~L  
13 135 - 1 5 ~  
14 -28  - 15  
15 - 24  d 
1~ 39 - 37  

458  4d6 
:~ 493 4~ 

275  304 
:~ 1o5 1o8 

61 -66 
-5 157 131 
-6 48 3e 
- 7  44  36 
- 8  - 3 1  26 
-9  - 3 1  6 

- 1o  - 26  33 
-11 35 39 
- 12  - 17  IC 

4 -6, 

1 98  -198 
2 70 - ao  

109 -159 
33 -25  

5 122 - 132  
6 223  -237  
7 231 - 209  
8 718  -6,53 
9 92 - 7 ~  

1o 48  - 47  
11 50 - ~  
12 44 42 
13 81 - 8 1  
14 5 r  - 5 3  
1~ - 2 0  - 2 c  

131 -131 
:~ 26, 11 

59 10 
- 3  52 - 38  
- 4  44  - 31  

265 . . . .  ' 83 76 
- 7  135 1~7 
-e  46  - 3 6  
-9 37 -36 

- 10  68 - 76  

4 - 1  

183 - 161  
183 -161 
142 -120  
249 -242  

4 48 - 4J  
5 - 15  -9 
6 105 -109  

122 -L09 
46  39 

8 55 52 
9 70 67 

1o 74 83 
11 33 2d 
12 55 51 
13 70 71 
14 59 57 
15 98  112 

0 -22 -23 
- I  116 92 
-L  103 92 
:~ 7o 6,~ 

72 e; 
- 4  6,5 12 
-5  129 - 135  

:76 -24 :~ 
- 22  

- 8  - 17  -IC 
- 9  - 15  19 

4 - 8  

8 96, O~ 

4 -9 

9 -28  - 0  

5 C 

1 124 LSG 
2 993  1014 
3 177 175 
4 349 365 
5 157 157 
6 116 122 
7 568  659  
8 312 329 
9 325  301 

1o 258  213 
II 109 -99 
12 - 33  25 
13 -26  21 
I~ - 20  -J2 

- 17  - 3  
: j  7: o4 

135 137 
- 3  74 - 62  
- 4  319 328 
- 5  199 - 214  
- 6  227  - 207  
- 7  290  - 274  
- 8  109 -12~ 
-9  375  350 

- 1 o  354 336, 
- I I  -33 19 
-12 234  -203  
-13 15~ -128  
- 1~  68 - se  
-15 - 3 1  3 
-16 -26, l~  
- 17  59 59 

5 1 

o llCO -1235  
I 489  -506  
2 85 -114  
3 183 - 1 9 2  
4 227  227 
5 170 -168  
6 31 - 35  
7 29G 20C 
8 50 -48  
9 68  6,5 

IO 48 -48  
11 - 26  - LC  
12 65 37 
13 41 39 
- 1  624 -6~2 
-2 327 -344 
- 3  403  -~11  
-4  57 - b5  
-5 360 319 
-6 408 -441 
- 7  26,2 - 255  
- 8  249  - 242  
- 9  127 - 12C  

- 1 o  240  229 
-11 269 -26,C 
- 1 2  118 - 101  
- 1 3  44 - 2 9  
-14 98 96 
-15 -33  18 
-t6 - 2d  - o  
-17 83 -84  

5 2 

0 332 - 321  
I 109 -112 
2 325 -~I 
3 48 59 
4 258 - 280  
5 480  - 504  
6 284 - LeO  
7 114 -116 

85 78 
72 6,1 

Io - 33  - 38  
- I  410 -4T5  
- z  107 - 108  
- 3  135 -164 
- 4  68 -64 
- 5  , 555  490 

;76 153 . . . .  
434  442  

:~  5,5 oo~ 
183 230 

- lO  238  288  
-11  12~ 143 
- 1 2  131 - 1 2 9  
- 13  118 - 138  
- 14  - 35  - 33  
- 1 5  98 92 
-16 90 1 o i  
- 17  - 22  -6, 

5 3 

227 258 
116 -126 
44 -39 
98 108 

4 44 43 
5 55 59 
6 111 115 
7 79 - 80  
8 55 60 
9 57 54 

10 - 2 4  33 
~ 39 39 

175  208  
-3  775 962 
- 4  122 139 
-5  273  314  
- 6  227  243  

- 7  207  222  
-8  389 434 
-9  105 110 

-10  100 119 
- 11  22C 213 
- 12  - 33  35 
- 13  - 35  - 14  
-14 - 35  - 34  
-15 -33  -21 
- 16  87 - 79  
-17 - 26  - 11  
- 18  72 - 86  

5 4 

68  - 6c  
39 -33 

2 - 44  19 
3 -44 -0 
4 -48  22 
5 107 92 

- 52  - 22  
7 72 - 63  
B 48 -39  
9 44 - 51  

1o -33  28 
- 1  - 24  - 8  
- 2  - 24  16 
- 3  212  1~5 
-4  - 24  2 
- 5  194 -165 
- 6  - 24  35 
- 7  194 -196 
- 8  218  -219  
- 9  28B -281  

- 10  469  - 443  
-11 441 -437  
-12  194 - 174  
-13 159 -145 
- 14  - 37  - 24  
- 15  - 35  - 22  
- 16  1C7 -93  
- 17  - 26  - 8  
- 18  79 -71~ 

5 5 

o 39 41 
I 44 39 
2 -28  - 22  
3 - 3 1  - 31  

- 31  37 
5 63 65 
6 98 - 102  
7 -26 3C 
8 37 4C 
9 33 38 

- I  196 195 
- 2  92 16 
- 3  196 -186 
- 4  46  56 
- 5  220  -24,q  
- 6  216 -198 
- 7  1oo 9C 
- 8  52 - ' , , 9  
- 9  - 26  - 18  

-IO 11~ -IO1 
- 11  214 - 206  
- 12  79 - 6 6  
- 13  - 33  - 8  
-14 65 '~7 
- 15  124 116 
- 1 6  41 31 
-17 76 70 

5 6, 

o 1 | 8  -I07 
1 146 -13C 

127 -118 
3 177 -15! 

- 31  3 
5 - 28  - L 3  
6 - 24  - 12  
7 -20  - 22  

:71 . . . .  214 192 
:~ .... i 

74 -69  
- 5  63 58 
- 6  87 -71  
- 7  96 U5 
-8  50 - 4 9  
- 9  227  - 205  

- IO 188 16,o 
- 1 1  6,8 b2 
-12 96 9 ]  
- 13  175 155 
-14 46 50 
-15 55 55 
- 16  -22 2L 
- 17  - 20  2 

5 7 

0 48 46, 
71 83 9C 

-26  - 28  
3 -24 - 3  
4 -20 - 32  
5 33 -4tl 

- - 2 6  35 
-2  105 115 

255 -224  
-5  111 96 
-76 133 121 

129 103 
_-. 14o 13o 

196 -17~  
-1o -2o -19 
-11  28 29 
-12  -20 -16 
- 1 3  85 83 
-14  - 1 7  - 14  
-15 -17 -22  
-16 46 49 

5 8 

- 8  - 35  24 

5 9 

- 9  - 28  - 42  

5 - 1  

1 48  - 48  

2 214  226  
3 321 341 
4 9O 13 

142 14q 
170 -170  

7 61 - $5  
8 - 2 8  - 0  
9 282 - 2 6 1  

| o  144 - 1 2 2  
I I  266  - 227  
12 81 - 66  
13 - 31  - 1  
14 52 - 50  
15 81 - 88  

0 205  187 

:71 122 - . 4  
548  -578  

- 3  90  - 95  
- 4  275  286  
-5  1oo 114 
-6  131 1S8 
-7  52 - 53  
- 8  96  - 89  
- 9  100 109 

- 10  229  - 228  
- 11  92 86 
- 12  - 31  - 6  
- 13  83 - 7a  
- 14  - 26  - 38  
- 15  33 - 32  
- 16  63  - 64  

5 - 2  

2 7k - 71  
118 -132  
166 -224  

65 65 - 63  
98  - IO I  

7 101 -126  
8 -26  2 
9 $7 - 59  

10 240  -229  
I I  153 - 141  
12 146 -152 
13 -31  13 
14 79 71 
15 -2C  -5  

o 236  237  
- I  - 17  4 
- 2  - 1 7  - 13  
- 3  347  340 
-4  131 - 110  
- 5  85 80 

;76 . . . . .  98 -107  

295  278 
- IO  251  244  
-11  343  289  
-12  214  186 
- 1 3  33 31 
-14 83 71 

5 -3  

71 432  471 
212  222 

3 63  - 65  
153 - 1 5 2  
109 -136 

76 37 34 
35 -3q  

8 100 -123  
9 - 28  5 

1o -33  - 25  
I I  50 36 
12 120 113 
13 -33  59 
12 68 66 

28 -19  
- 1  506 - 513  
- 2  218  - 245  
: :  323  - 339  

369  - 398  

- 22  - 7  
:~  . . . . .  2 

- 28  28  
- 9  175 - 163  

- 10  168 Z40 
-11  172 161 
- 1 2  - 3 1  - 34  
- 13  79 86 
-14 35 41 

5-4 

87 B~ 
52 -29  

124 108 
179 180 

5 98 99 
6 96 IOI 
7 23~ 245 
8 72 -68  
9 118 -106 

lO  -37  - 27  
11 70  - 70  
12 122 115 
13 - 35  32 
14 - 3 1  - 4  
15 59 50 

2d -26 
- I01 -109 
-2  I l l  -96 
:: 299 - . o  

92 -97  

382  -374  
- 7  242  - 222  
:~  223 -227 

463  -401  
- 1o  164 - 1 6 6  
- 11  48  - 52  
"12  - 44  - 4 6  
- 1 3  33 31 

5 - 5  

1 183 208  
2 100 106 
3 76 - 77  
4 190 212 
5 129 141 
6 70 - 73  
7 179 202  
8 70 74 
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92 - ~ 4  

175 - 1 6 9  
- 7  87 - 9 2  
- 8  - 4U  - 3  
- ~  63 - ' 3  

- 1  - 3 9  3 
- 1 1  - 2 8  3 

II - 5  

94 86 
159 148 

83 92 
- 2 8  26 
- 2 8  35 

7 1 ' 1  l ~ e  
, l  59 
, o  ,4  

1~ - z o  13 
-31 28 

:~  ,8 4,  
- 3 1  8 

41 -4 ,  

172 - 1 8 ~  
- 7  76 -9C 
:~ 52 - .  

- 2 0  - 2  
- 1 0  37 49 

11 - 6  

118 113 
245 209 
114 115 
63 60 
35 38 
52 - 4 8  

7 - 2 2  -11 
8 35 - 3 1  
9 - i t  - 1 5  

76 71 
- IOO IOI 
- 2  - 2 4  - 7  
- 3  - 2 4  7 
- 4  -24 15 
- 5  - 2 2  LL 
- 6  , 7  67 

- :  -17 - 6  
31 -38 

11 -7 

1 68 -6~  
- 2 0  - 3 0  

3 - 2 0  - 1 8  
4 72 - 6 7  
5 - 2 0  - I C  

50 - 4 4  
65 - 6 5  
46  - 4 6  
65 62 

- - 2 0  - 1 3  
- 2  - 2 0  - l U  
- 3  48  39 
- 4  70 77 
- 5  -11  16 

12 C 

194 -191 
85 - h i  
90 - 8 1  

1o1 -106 
5 - 3 1  29 
6 - 2 6  - ~  
7 - 2 4  2 

, 1  5J 
o 159 -14Z 

-1 124 - 1 2 6  
- 2  - 3 5  26 
- 3  111 -92 
- 4  245 - 2 2 6  
- 5  285 - 224  
-9  - 3 ,  6 

- 3 5  29 

83 6~ 
- I 0  81 -~0 
- I I  44 
- 1 2  26 39 
- 1 3  74 - 5 ~  

12 1 

o 94 - 8 5  
116 - 1 0 8  

2 148 -140 
192 - l d i  

72 - 6 6  
5 - 2 2  l b  
6 74 - 6 8  
1 - 1 5  - t  

-31 LL 
- 3  - 3 1  19 

31 29 
-9  " ,2 

210 168 

33 -3C 
- 1 0  94 - 7 8  
- 1 1  28 - 3 3  
- 1 2  144 1 ] c  
- 1 3  - 2 8  25 
-14 -22 

12 

o 225 203 

- 3 3  
3 61 ~; 

- 2 4  - 2 0  

118 l iC 
- 4  192 202 

-6, 3 . . . . .  IC5 lOu 

:87 2 . . . . .  127 114 
- o  q - 3 1  - 2 1  

- 1  8L 41 
- I I  74 - i t  

- 1 3  - 2 6  
- I ~  03 - 8 3  

12 

57 55 
65 76 

2 76 - 7 3  
- 2 2  - 2 6  

63 - 6 7  
- - 3 1  - 2 2  

:21 ,2 ,8 48 - 4 9  

1Ol  107 
-~ ,0 -42 

170 -169 

242 - 2 1 3  
- 1 o  61 - 6 6  
-11 28 - 3 4  
- 1 2  120 - 1 1 8  
- 1 3  61 - 6 5  
-14 120 -108 

12 4 

44 33 
39 36 
48 44 
39 44 

-~ 111 - ,1  
- 4 8  - 1 6  

-~ - ,8 -27 
90 - 7 5  

- 3 5  33 
- 7  87 - 0 3  
- 8  tO0 - 9 8  
- o  9 103 - 1 1 3  

- 1  72 - 7 4  
- 1 1  79 79 
- 12  - 28  - 3~  
- 1 3  - 2 6  - 2 0  
- 1 4  70 86 

12 5 

59 62 
- 1 5  24 

- 2  L - 2 2  5 
55 - 5 6  

- 2 4  - 
- ,  -26 -1 ,  

- 2 6  - L 9  

:87 70 -!o 
- 2 6  

- q  46 47 
- 1 o  - 2 6  26 
- 1 1  120 l t q  
- I [ 2  1oo 98 
- 1 3  31 - 2 8  

12 6 

-~ ,5 -63 
- 2 0  14 

- 2 2  11 
:~ -22 -1~ 

96 - 1 0 3  
- 8  55 - 6 7  
- 9  - 2 2  32O 

- 1 0  - 2 0  
- 1 1  - 2 0  - 1 6  

12 - 1  

o 86 6?, 
59 - 4 7  
44 34 

253 223 
4 9~ 9*  
5 133 93 

121 111 
7 44 37 
8 6 t  64 

- 3 1  - 1 2  

188 - 1 6 e  
- 5  63 60 
- 6  l , t  121 
- 7  129 144 
- 8  153 l~,e 
- 9  - 2 6  14 

-tO I18 -122 
-11 -24 -12 
- 1 2  63 -628 
-13 -20 

12 - Z  

2 203 - 1 9 1  
3 t 6 6  149 

103 91 
- 3 1  25 

7 76 7', 
- 2 6  - 2 6  

8 - 2 2  - 3 5  
g -17 - I b  

90 - 1 7  

194 173 

- 3 1  - I C  
- 5  - 3 7  17 

- 3 3  - 2 3  
- 8  83 68 
- ~  - 3 3  - 9  

-1 - 3 1  21 
-11 -28 -30 
-12 46 - 6 2  
- 1 3  31 32 

12 - 3  

1 153 129 
- 3 3  3 ]  
- 3 3  32 

103 - 9 7  
.~ 59 - 5 6  

- 2 6  -31 
a - 2 4  - 2 4  

57 - ~ 9  
-21 -33 ~ 

116 116 
- 3  63 - 6 3  
- 4  63 - 5 5  
-5 - 3 1  - 3 7  
-9  -31 5 

122 135 
- 8  L53 1~? 
-09 116 122 

- I  133 152 
-11 -20 -~ 
- 1 2  31 31 

12 - 4  

1 109 - 9 1  
- 3 7  34 
- 3 5  1 
229 113 

5 - 3 3  2C 
76 - 7 6  

87 - 2 8  - 3  
41 -41 

9 - 2 2  - 1 3  
162 -141 

- 109 - I I I  

:21 5 . . . .  - 3 7  - 1 6  
- 4  65 - 8 6  
-_~ 12 . . . . .  

96 - 9 ]  
- 7  - 4 4  -2O 
- 8  - 4 4  - 3 6  

9 - 3 9  5 
- I  - 2 8  1 ,  

12 - 5  

1 35 - 3 3  
52 63 

3 41 45 
- 2 8  4 

5~ 50 
41 - ~ 1  

7 - 2 2  12 
8 33 35 

- 2 8  35 

- 3 7  - 4 0  
- 3  - 28  3 

A C 2 0 - 8  
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138 -147 

144 - 1 5 9  

- 13  6 

12 -6 

92 8b 
114 116 

3 l l 8  l lC  
44 39 
39 43 

b 22 - 4  
24  - 34  

131 127 
-1  70 63 
- 2  74  69  
- 3  o? 8~ 
- 4  - 20  12 
- 5  55  60  
- 6  41  40 
-7  15 - 2~  

12 - 7  

1 - 11  5 
I 65 -6C 

-15 - 19  
4 26 - 3G  
5 74 -8L  
6 26 - 29  
o 31 33 

-1  - 15  I 
- 2  35 36 
- 3  57 61 
- 4  31 41  

13 0 

l 57 -43  
z Z~5 - t ~  

L51 -132 
68 -56 

5 -24  -It 
6 50 47 

94 - 85  
- 157 - 1 5 3  
- 4  225  - 217  
- 5  68 - 53  

- 6  68 - 67  
- 7  59 - 40  
- 8  85 73 
- 9  52 - 55  

- - l O  - -31 8 
- 11  85 70 

13 1 

-26 5 
70 - 64  

2 72 - 65  
- 22  -LO  

48 -46 
5 3q 41 

63 -50  
- 3  - 28  26 
-~  76 65 

199 17q 
-6 293 237 
- ~  133 I17 
-8 114 102 
-9  76 7U 

- l O  39 37 
-11  142 136 
- 12  98 92 
-13  61 27 

13 2 

- 2 8  42 
- 31  39 

2 120 VC 
3 -24  - 34  
4 61 -2~  

48  4L 
- 6  LO l  19~ 
-7  144 L49 
-8  - 33  - 2z  
-~  61 oe 

- 1  - 28  - t o  
- 11  - 26  - 1 7  
- 12  - 24  -L9 
-L3  94 -106 

13 3 

o 6L - 62  

46 5~ 
-20  

_~ I LL  - 112  
44  47 

- 28  - 27  
- 4  94 IOo 
- 5  - 28  - 22  
- 6  41 -42 
- 7  41 -37  
- 8  223  - 208  
- 9  151 - 132  

- 1 o  - 26  - 25  
-II 76 -67 
- 1 2  - 24  - 11  
- 1 3  70 -83  

13 4 

0 - 33  - 11  
l 96  102 

-1  39 - 4~  
- 2  39 -32 
- 3  87 - 7U  
-4  148 l a 8  
- 5  135 133 
-6 46  -3C 
- 7  - 31  l 
- 8  - 44  -2C  
-9  76 - 78  

-LO 33 35 
-ll -Z6 -23 
- 12  - 24  - 1 3  

13 5 

- 2  - I T  - 3  
- 3  - 20  - 2~  
:~ -2o ~ 

62 29 
:~ 8, -,~ 

07 - g e  
- 8  - 22  19 
- 9  - 20  - l Z  

-lo 35 3C 
- 1 1  39 43  

13 - t  

I 52 59 
63 48  

129 13C 
74 84 
94 Ue 
81 TC 

- 3  142 - 126  
- 4  107 -92  
- 5  79 - 75  
- 6  4L -4C 
- 7  127 117 
- 8  92 87 
- q  83 - u3  

- lO  39 -45 
-IX 3L -35  
- 12  - 17  6 

13 - 2  

2 129 122 
3 76 69 
4 133 125 
5 48 16 
6 - 24  - 6  
7 50 2C 
o -33  - 38  

- 1  111 93 
- 2  L44 115 
- 3  - 33  12 
- '  70 6C _; - '~7 111 
-6 107 - L I 0  

61 -47  
- 9  - 2 U  -21 

- 1 o  - 28  1~ 
- l l  - 22  - 11  
- 12  52 b6 

13 - 3  

L - 3 3  - 3 L  
2 44 15 
, - 28  13 
4 -28  -15 
5 -26  - 2~  
6 103 -12L 
? 6L -49 

- 33  23 
- 9 0  ~ c  

Table 3 (cont.) 
- 2  - 3L  24 
- 3  41 - 4 a  
-~ 87 -82  
- 9 8  - 1 C 4  

7~ Uq 

100 109 

13 -4 

98 -96  
- 33  - 3 !  

- 2 8  
5 52 53 
6 4L  -~9  

81 - b9  
4U -~9 

76 72 
- 3  - 3 3  3~ 
- 4  - 3 3  - ~ 8  
- 5  - 31  -16 
-6  - 28  -~  
- 7  27 - 52  
- 8  - 26  15 
- 9  39 ~7 

13 - 5  

-26 I 
31 -4C 

3 41 31 
4 3~ - 2 1  
5 41 - ~2  
6 - 20  O 

- - 2 8  - ~  
- 2  88 6e 
- 3  - 24  - 23  
-~  05 -~  
- 5  70 - ~ o  
- 6  109 - 131  
- 7  98  - 1 2 4  

13 -e  

85  89 
48  28 

52 54  
74 71 

5 -15  - I I  
0 33 30 

72 71 
2 " 3o 

55 26 
- 5  3Q 4~ 

13 - 7  

28 17 
2U -29  

14 0 

l - 31  7 
2 70  -62 
3 85  - 8~  
4 - 20  - I S  
o 52 - 37  

1oo - 98  
-6 98 -1co 
- 7  41 42 
- 8  -31 -34 
-9  - 26  lC  

-LO 61 61 
- L l  52 64 
- L2  83 ~I 

14 l 

- 2Z  14 
46  4~ 

2 31 - 4~  
-17  tO 

- -Z4  - 22  
- 2  -26 I t  
- 3  -26 - 34  

-~  212 19~ 
155 14~ 

- 7  l i b  91 
- 8  9 2  6~  
- 9  - 22  9 

- LO  114 I l l  
- I L  l o c  lO1  
- 1 2  94 9~ 

14 2 

- 2  68  - 76  
- 6  I l l  111 

- 2 6  24 -~--  
- 1  - 24  I 
- I f  - 24  17 
- 12  74 - 18  

14 3 

-2  72 - 81  
- 3  52 61 
- 4  76 79 
- 5  - 24  - 3  
- 6  41 41 
-7  41 -36  
- 8  57 - 2~  
- 9  - 24  

- 1 o  37 -33  
-ll 50 22 

14 4 

-2 q6 - 107  
- 3  - 33  - 9  
- 4  70 74 
- 5  - 33  
- 6  - 33  2 
- 7  - 33  25 
- 8  3 3  - ~ 7  

14 -I 

1 31 36 
e2 e e  

- 26  2 
4 44 ~6 
5 85 ~7 

-2  1.6 -Z~3  
- 3  144 - 1 3 2  
- 4  103 -76 
- 5  L66 -l~l 
- 6  - 26  - 2 4  
- 7  - 24  -~  
- 8  1 o o  -1oe 
- 9  46  -41 

- l O  63 -b~  

- LL  37 - 37  

14 - 2  

114 108 
79 o l  

4 -24  19 
5 92 lOt 

- 31  22 
- 5  92 - 88  
- 6  74 61 
- 7  - 28  - 20  
- 8  46 -4C  
-~  - 24  - 2  

- 1  - 22  - 12  

- 26  - 3  
-26 -34 
- 2~  21 

52 -2C  
5 63 - 1 4  
o 82 17 

- 2  62 b4 
- 3  61 11 
- 4  51 - 6 3  
- 6  - 24  - 8  

14 - 4  

41 -32  
39 -3~ 

3 41 44 
4 46 43 
5 76 - 87  
o 41 -47  

- - 2 a  - 2L  
- 2  35 ~,t 
- 3  - 28  12 
- 4  - 26  .~c 
-5 4L 37 
- 6  -26 - 13  
- 7  - 22  14 
- 8  24 6 

14 -2 

I -22 - 12  

35 - 35  
46  - 46  

-IT L3 
-22  - 29  

48  60 
- 3  - 20  I t  
- 4  - 20  - 12  
- 5  28  -42 

14 -6  

-13 -lC 
- 13  - 18  

- 1  22 25 
- 2  - 13  

15 o" 

48 48 
- 6 5  - b 2  
- 8  41 - 27  
- 9  74 77  

- 10  81 5~ 

15 1 

- 20  - 24  
- 15  32 

- 1  39 - 3 5  
- 2  65 - 5~  
- ,  - 22  - 2  
- 4  35 34 
- 5  31 23 
- 6  85 81 
- 7  68 ~ I  
- 8  61 -59  
- 9  - 20  17 

- 10  59 56 

15 2 

- 2  72 - 78  

15 3 

-~ 39 ~1 
- 7 2  69 
-6  33 - 38  
- 7  35 - 42  

15 -I 

52 -17  
- 17  25  

IOO - IO I  
-4  146 -148  
- ~  59 -Sq  
- 1 2 ~  - 117  
- 8  31 - 3 9  
- 9  94  - 88  

15 - 2  

- 20  25 
37 3J 

- 5  52 4~ 
- 6  - 24  6 
- 7  39 - 33  
- 8  3 3  - 2 7  
- 9  83 - 8 8  

15 -3  

- 7  63  64 

15 - 4  

31 - 32  
33 - 37  
83 - 88  

- 2  - 24  7 
- 3  - 24  14 
- 4  48  52 

16 1 

:I " ,6 - 15  -8  
-~  - 15  

-15 I~ 

16 - 1  

- 3  92 - lOC  
-~  72 -T5  
- 5  33 33 
- 6  28 - 43  

line best fitting a plot of r.m.s. IAFI versus IFol, con- and C-S bond lengths are marginally significant. 
structed with data estimated on more than one film EICG's preliminary molecular orbital calculations in- 
or both on film and by counter. The final value of dicate that the single electron by which the ions differ 
[SwlFo-Fcl2/(n-s)] * is 2.08 rather than unity, the dif- is located primarily on the nickel atom. If this is cor- 
ference probably being due to such errors as extinction rect, no differences in ligand bond lengths are expected. 
and absorption which are not reflected in the weighting 
scheme. 

Form factors used in all calculations are those in 
International Tables for X-ray Crystallography for 
Ni(II]), S-, and P (all corrected for the real part of 
anomalous scattering), and those given by McWeeny 
(1951) for H, Freeman (1959) for N, and Hoerni & 
Ibers (1954) for C. 

Discussion 

lntramolecular structure 

Table 4. Various least-squares planes through the anion 
with deviations A and contributing weights w 

The planes are described in terms of  an or thonormal  coordinate  
system {M, N, P}  with Nllb and Pile*. 

Plane 1 : -0"31614m+O'82856n-O'46210p= 1-7062 
Plane 2: - 0 .32444m + 0-84735n - 0"42039p = 1.8448 
Plane 3 : - 0 . 3 2 7 5 4 m + O . 7 9 8 0 4 n - O . 5 0 5 8 1 p = 1 " 8 3 8 9  

Atom dl w l  z ~ 2  w 2  z ~ 3  w 3  

N i ( l )  0.029 A 28 - 0 . 0 9 1  0 - 0 - 1 5 6  0 
S(2) 0 .054 16 - 0"049 0 
S(3) 0"094 The present investigation, in correlation with a re- s(4) 0.005 

cent study of [N(CH3)4]2+[Ni(S2C2(CN)2)2] 2- (Eisen- S(5)  -0"018 
berg, Ibers, Clark & Gray, 1964; hereafter EICG) re- N(7) -0.015 
presents the first case in which two oxidation states of a N(8) -0.138 
single molecular species have been studied by X-ray N(9) -0 -095  

N(10)  - 0 . 0 9 3  
diffraction, and it is thus particularly interesting to C(ll) --0"009 
compare the two. In both cases the chelate anion is c(12) 0.016 
approximately planar and very nearly has Dzh sym- C(13)  -0.006 
metry. The distortions from planarity in the present c(14) -0-071 c(15) -0.058 
case can be described as a small tetrahedral buckling c(16) 0.004 
by the sulfur atoms and a further slight folding toward c(17) 0-046 
the cyano groups. Table 4 gives the least-squares plane c(18) -0 .021  
of the chelate as a whole, as well as those of the largest 

16 -- 0"022 0 
16 - 0 " 0 1 8  0 
16 - 0 " 1 1 3  0 

7 0"006 7 
7 - 0.006 7 
7 0.010 7 
7 --0"011 7 
6 - 0"007 6 
6 - 0"007 6 

6 0.006 6 
6 0"008 6 
6 -- 0"008 6 
6 --0"018 6 
6 0"016 6 
6 0"011 6 

planar fragments, the dicyanoethylene groups. Indivi- Because of the ability of the dicyanoethylenedithio- 
dual bond distances and angles within the anion are lato and other ethylenedithiolato ligands to stabilize 
given in Fig. 1. Average parameters, under Dzh sym- unusual (formal) oxidation states of the chelated metal, 
metry, are compared with corresponding values from it is of interest to construct some valence description 
EICG in Table 5. The two oxidation states probably of the molecular bonding. Except for the bond dis- 
have identical geometries, although differences in C = C tances involving nickel and sulfur, the single valence- 
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Table 5. Average distances and angles in the mononega- 
tire (this investigation) and dinegative (EICG) ions 

Ni[S2C2(CN)2]~ 
Atomic labels are those used in this paper. Values in paren- 

theses are standard deviations of the averages. 

Distances (•) 
z = l - -  z = 2 -  

Ni-S 2"146(1) 2"160(5) 
S-C 1.714 (4) 1.750 (10) 
N - C  1.140 (6) 1.13 (1) 
C(11)-C(12) 1.430 (5) 1.43 (1) 
C(12)-C(13) 1.356 (7) 1.30 (2) 

Angles (°) 
z = l -  z = 2 -  

S(2)-Ni-S(4) 92.4 (1) 91"7 (5) 
N i -S -C  103.3 (3) 103.0 (5) 
S(2)-C(12)-C(13) 120.6 (5) 121"5 (10) 
C(11)-C(12)-C(13) 121"9 (6) 122"0 (10) 
N(7)-C(11)-C(12) 178.4 (6) 178.0 (10) 

bond structure given in (I) is quite adequate. The 
Cs~,2-Csv single bond length of 1.430 + 0.005 A agrees 
well with the average (1.439 + 0.01 A) of several recent 
accurate measurements (Dewar & Schmeisling, 1960). 
The C8~,2-Cs~2 double bond is only slightly longer 
(1.356+0.007)~) than the mean given by Dewar & 
Schmeisling (1.338/1,) and is nearly the same as that 
(1.353 A) in propylene (Lide & Mann, 1957). The C-N 
triple bond (1.140+0.005/~) agrees reasonably with 
the average (1.158 + 0.002 A) of several accurate meas- 
urements on cyanohalides (Sutton, 1958). 

Both the mean C-S distance of 1.714 + 0.004 A and 
the mean Ni-S distance of 2.146 + 0.001/~ are consider- 
ably shorter than the sums of covalent radii (1.81 and 
2.24 A, respectively) given by Pauling (1960). However, 
because of recent emphasis (Dewar & Schmeisling, 
1960, for example) on the fairly large dependence of 
bond lengths on hybridization as well as on bond order, 
it is well to ask what part of this shortening is due to 
rehybridization of carbon and sulfur from the sp 3 states 
used as reference. The known difference of 0.04 A be- 
tween Csp3 and Csv2 radii would indicate an expected 
Csv2-Ssv3 length of 1.77 A. It is difficult to specify 
the hybridization state of sulfur in this compound, but 

it probably approaches sp 2, and a still shorter bond 
length would thus be expected, perhaps 1.74-1.73 A. 
Such a sulphur would have a radius of about 1.00 A; 
a Ni-S distance of 2.20 A would be expected. Because 
the observed Ni-S and S-C distances are shorter than 
these proposed standards, some multiple bonding in- 
volving sulfur doubtless is present. Inadequate refer- 
ence values, however, preclude any more distinct state- 
ment. 

Fragments of the triphenylmethylphosphonium ion 
are of the expected geometry: Phenyl rings are planar 
with a mean C-C distance of 1.381 A and the phos- 
phorus and methyl carbon atoms are tetrahedral within 
experimental error. Some individual bond distances 
and angles are given in Table 6. The C-C phenyl dis- 
tances all are between 1.353 A and 1.392 A, with a r.m.s. 
deviation from the mean of 0.009 A. All PCC angles 
lie between 118.1 ° and 121.6 ° . Least-squares planes 
I-III  through the phosphorus and carbon atoms, cal- 
culated with weights of 17 for P and 6 for C, are given 
in Table 7. 

Table 6. Some interatomic distances and angles 
in the cation 

Distances Angles 

P(6)-C(19) 
C(20) 
C(26) 
C(32) 

C(19)-H(53) 
H(54) 
H(55) 

1.786 A C(19)-P(6)-C(20) 109.2 ° 
1.800 19 26 109.4 
1.798 19 32 109.3 
1.800 20 26 110.4 
0.93 20 32 107.3 
0.95 26 32 111.0 
1.08 

The P-Cmethrl distance is 1.786 A; the other three 
P-C bonds average 1.799 A + 0.006 A. These values are 
considerably shorter than the value of 1.87 + 0.02 A 
found in trimethylphosphine (Sutton, 1958) and some- 
what shorter than the average of 1.835+0.03 A in 
[(CH3)2PBH2]3 (Sutton, 1958). The small number of 
measured PC bond distances renders Sutton's reference 
values somewhat uncertain; it seems probable that 
1"83 A is nearly correct for Psp3-Csp3 and 1.80 A for 
Psp3 - Cs~o2. 

tO t o  

Fig. 1. Bond distances and angles in the anion. 

A C 20 - 8* 
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Table 7. Least-squares planes defined by the phosphorus 
atom and phenyl rings 

Coordinate system as in Table 4 
Plane I; C(20)-C(25) : 

- 0.28661m- 0-87592n- 0.3881 lp =0.5711 
Plane II; C(26)-C(31): 

- 0-31005m + 0.84335n- 0-43890p = 0.2089 
Plane III; C(32)-C(37): 

0-71780m + 0.41158n- 0.56157p = 6"3198 

Atom A~ Atom AII Atom ANt 
P(6) - 0.000 A P(6) - 0.006 P(6) - 0.001 
C(20) - 0.006 C(26) 0.006 C(32) - 0.004 
C(21) 0.004 C(27) 0.007 C(33) 0.003 
C(22) 0.004 C(28) 0.010 C(34) 0-008 
C(23) -0 .007  C(29) -0 .025  C(35) -0 .014  
C(24) 0.001 C(30) 0.002 C(36) 0.006 
C(25) 0.006 C(31) 0.016 C(37) 0.005 

A projection of the P(C6Hs)3CH + ion down the 
Cmethyl-P bond is given in Fig.2. The configuration 
is quite different from a propeller shape that might 
be expected, the methyl carbon atom being quite 
close (-0.045 A) to the plane defined by P(6) and ring 
II. The methyl group is probably forced by its prox- 
imity to a hydrogen of ring II to take a staggered con- 
figuration about the PC bond; methyl hydrogen (55) 
is only 0.02 A from plane II. The remaining phenyl 
rings show only slight distortion from a symmetrical 
propeller model. 

lntermolecular packing 
Despite electrostatic attraction, the two ionic compon- 

ents of this structure separate to a considerable extent. 
By far the largest part of the surface of each anion is 
bounded by other anions. Similarly, the phenyl rings 
II of the cations form columns running through the 
structure parallel to b and have as chief neighbors me- 
thyl and phenyl groups. It seems likely that interanionic 
spin-spin coupling, together with weak phenyl-phenyl 
interactions, are primarily responsible for this packing 
arrangement. Certainly, approximations to columnar 
packing of phenyl rings are fairly frequently encount- 
ered. 

Interplanar separations along the stack of phenyl 
groups shown in Fig. 3 are 3.473 A (II-II') and 3.619 A 
(II-II"). In the figure, the sphere labelled A represents 

H 

/./,/ 

Fig.2. The cation viewed along the P-Cmethyl axis. Rings II 
and III, together with a centrically related pair, form a well- 
packed dimer which in turn is part of the anionic column. 

.. 

'" "~ / 

< 

X 

Fig. 3 A portion of the stack of cations, viewed along a normal 
of ring II. Ring I is symbolized by the sphere A. 

Fig.4. Stacking of the anions, viewed along a normal to their least-squares planes. 
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cl2 

Fig. 5. The [010] electron density projection. Contours begin 
at zero (dashed) and are spaced at 1 e./~ -3 intervals except 
for heavy lines, which represent 5 e . ~  -3 intervals. 

Fig.6. A view of the structure along [100]. 

phenyl ring I of the unprimed molecule, and only phos- 
phorus atoms attached to rings lI '  and II" are shown 
for clarity. Centers of symmetry lie between each pair 
of neighboring rings. In addition to face-to-face pack- 
ing of phenyl rings, the column of cations shows anoth- 
er feature of phenyl packing, the nesting of a hydrogen 
atom in the center of a neighboring ring. H(45') atta- 
ched para to phosphorus is symmetrically bounded by 
the six carbon atoms of ring III as can be seen in Fig. 3. 
These C • • • H distances are 3.00, 3.02, 3.07, 3.12, 3.08, 
and 3.02 A, all near the sum of van der Waals radii 
(2-9/~,; Pauling, 1960). 

Fig. 4 shows the immediate neighborhood of an 
anion and sheds light on the magnetic behavior of this 
salt. Direct Ni-Ni bonding at the observed distances of 
4.40 A and 4.45 A is clearly ruled out, leaving Ni-  
S • • • Ni as the most direct pathway for spin transmis- 
sion. Weiher, Melby & Benson (1964) using magnetic 
studies are able to probe the coupling more closely and 
state that the interaction is best described as a coupling 
of the radicals in pairs. Examination of Fig.4 in the 
light of this suggestion makes it apparent that the cen- 
tral and lower ions could be a coupled pair, the 
upper ion being half of an adjacent pair. Assuming that 
sulfur is the intermediary for spin transmission, one 
sees that S(3') in the lower anion is clearly in a more 
favourable position than S(4'") in the upper anion. It 
is both closer to (3.591 A vs 3.708 ,~,) and, with respect 
to the plane normal, more nearly superimposed on 
Ni(1) than S(4'"). Although the lack of planarity of the 
anion makes somewhat ambiguous the definition of 
interplanar separations, the spacing of the least-squares 
planes (3.412A between the unprimed and singly- 
primed planes and 3.555 A between the unprimed and 
doubly primed planes) also supports this pairing 
assignment. 

In addition to the probably eustructural contacts 
(those near the minimum of two-atom van der Waals 
potentials) within columns described above, other van 
der Waals contacts were examined. No holes exist in the 
structure other than a certain looseness at the extremes 
of the anion which probably results in its observed non- 
planarity; the only short contacts are between nitro- 
gen atoms and various hydrogen atoms. Three N • • • H 
contacts are shorter than the sum of van der Waals 
radii (2.7 ~ ;  Pauling, 1960). These are N(7)-2H(47) at 
2.53 A, N(9)-H(55) at 2.52 A, and N(10)-3H(38) at 
2.51 ]k. All considerably exceed the N • • • H hydrogen 
bond length of about 2-2 A in solid HCN (Pauling, 
1960, p. 459). The italic figures preceding atomic labels 
above indicate symmetry-related atoms: 2 denotes the 
symmetry operation ( 1 - x ,  l - y ,  - z ) ,  and 3 denotes 
( -  1 + x, y, z). Nitrogen atom (8), which deviates most 
from the least-squares plane, and also C(14) have no 
close neighbors on one side but are closely bounded on 
the other (see Figs. 4 and 5). To a lesser extent the same 
situation is found at N(9). Although very close con- 
tacts and therefore repulsion are absent, it is likely that 
looseness on one side coupled with the large thermal 
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motion (maximum principal axes of 10--14 A 2) results 
in mean positions for these atoms which are somewhat  
displaced toward the more distant neighbors. Because 
of the known presence of absorption errors, no detailed 
analysis of  thermal  motion was made. The ellipsoids 
are reasonable in size and orientation, however, vary- 
ing from nearly spherical for Ni(1) (3-3 x 3.7 x 3.9) and 
P(6) (3.0 x 3.6 x 4.2) to highly elongated for nitrogen 
atoms [4.4 x 6.1 x 14.4 for N(9)] and para carbon atoms 
[3.5 x 4-5 x 10.3 for C(35)]. 

Thanks  are due to Dr L. R. Melby for pointing out 
the interesting features of this material  and for sup- 
plying crystals. The author is further grateful to Drs 
Weiher, Melby, and Benson for a copy of their paper 
prior to publication and for discussions concerning the 
magnetic behavior  of  this and similar materials. Dr  
Charles T. Prewitt, Mr  George McCowan,  and Mr  Dan  
Usavage worked closely with the author in the design 
and construction of the precision Weissenberg camera 
described. 
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The Crystal and Molecular Structure of Hydrolyzed Coearboxylase* 
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(Received 29 April 1965) 

A material thought to be cocarboxylase was actually found to be hydrolyzed cocarboxylase with the 
formula 

O O 
II [i 

H3C N NH2 S CH2CH20--P--OH -O--  P--OH'3H20. 
\ /  \ /  / ~ /  1 I 

II II / o- OH 
N N - -  

/ + " - . . / ~  / +  
H CH2 CH3 

It crystallizes in space group P I with two molecules in the unit cell and the following unit-cell parameters" 

a =  8"75/1~ b=  10.10 A c= 13.25/~ 
ct= 101 ° 53' /~= 108 ° 54' ~,=98 ° 44' 

The parameters of the organic portion of the molecule are similar to those found in vitamin B1, The 
phosphate groups are hydrogen bonded to other phosphate groups and to the water molecules. Only 
the amino group and the adjacent nitrogen atom of the organic portion are involved in hydrogen bond- 
ing. The extra proton was found to be on the nitrogen atom opposite the amino group, as in vitamin B1, 
but it does not appear to be involved in any hydrogen bonding. 

The structure was solved by obtaining phases directly from the structure factor magnitudes by means 
of the symbolic addition procedure. 

Introduction 
Cocarboxylase, the pyrophosphoric  acid ester of  vita- 
min B1, plays a vitally important  role in metabolic pro- 

* Presented at the February, 1965, meeting of the American 
Crystallographic Association. 

cesses in the form of biochemical decarboxylation of 
many c~-keto acids. It may be obtained natural ly f rom 
yeast or rice polishings but  is more readily produced 
synthetically (Weijlard & Tauber, 1938). 

The structural formula for cocarboxylase is: 


