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The crystal structure of SbC15. HCON(CHn)2 has been determined from three-dimensional X-ray data. 
Crystals of this compound are monoclinic, space group P21/n, with 4 formula units in the unit cell. 
Cell dimensions are, 

a=9.706, b= 13.520, c= 8.760 A,; fl=91°51 '. 

The atomic parameters were refined by the method of least squares. The structure is built up from 
discrete SbCIs. HCON(CHn)2 molecules. The antimony atom is octahedrally coordinated by five 
chlorine atoms and the carbonyl oxygen atom of N,N-dimethylformamide. Changes in the configura- 
tions and dimensions from that of the free acceptor and donor molecules are briefly discussed. 

Introduction 

It is well known that many amides are capable of form- 
ing addition compounds with metal halides and in this 
connection an adduct of acetamide with antimony(V) 
chloride was prepared as early as the turn of the cen- 
tury (Rosenheim & Stellmann, 1901). 

The present structure determination of the adduct 
SbCI5. HCON(CHn)2 was undertaken as a part of an 
extensive investigation of adduct molecules of oxo- 
compounds undertaken at this Institute (Lindqvist, 
1963). A thermochemical study of the reaction between 
antimony(V) chloride and various amides has been re- 
ported by Zackrisson (1961). 

Experimental 

The crystals were grown from a solution prepared by 
mixing equal volumes of 0.2M solutions of antimony(V) 
chloride and N,N-dimethylformamide in 1,2-dichlor- 

ethane. These solutions were kindly provided by Zac- 
krisson, who has already described the preparation 
(Lindqvist & Zackrisson, 1960; Zackrisson, 1961). 
When heated the crystals decompose rapidly at 163 °C. 

The unit-cell dimensions of the colourless mono- 
clinic crystals were determined from powder photo- 
graphs recorded in a camera of the Guinier type with 
Cr Kal radiation (2.28962 A) with silicon (a = 5.4306 A,) 
as an internal standard. The following values of the 
cell dimensions and angle and their standard deviations 
were calculated by the least-squares method from 
fourteen recorded powder reflexions: 

a = 9.706/~ a(a) = 0.005 A 
b = 13.520 a(b) = 0.005 
c--  8"760 a(c) =0.005 

fl=91°51 ' a(]3)=4' 
The adduct is slowly decomposed on irradiation by 

X-rays. Five rod-shaped single crystals with the c axis 
parallel to the rod axis were used to provide intensity 
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data for the nine layers 0 < l < 8. These crystals can be 
described as exhibiting a roughly quadrilateral pris- 
matic habit, the length of the prism varying from 0.16 
to 0.30 mm, while in cross section the edges varied 
from 0-05 to 0.08 mm. Equi-inclination Weissenberg 
photographs were taken with the crystals rotating 
around the c axis. The layers 0-3 were recorded with 
the first crystal, layer 4 with the second, and layers 5 
and 6 with the third, while for each of the layers 7 and 
8 a new crystal (nos. 4 and 5) was used. Immediately 
the crystals 2, 3, 4 and 5 had been adjusted a part 
(w=90 °) of layer one (l= 1) was recorded. For the re- 
cording of subsequent layers each crystal was then ro- 
tated through the same angle relative to the reciprocal 
lattice as crystal 1. Inspection showed that in the re- 
peated photographs of the layer l=  1 the intensities of 
the diffraction spots altered very little and such varia- 
tions as occurred were uniform for each film. This 
provided the sole purpose of this repeated recording of 
the first layer. An intensity scale was prepared for each 
crystal. The films were recorded with Nb-filtered Mo 
Ke radiation using four films interleaved with iron 
foils. The value 0.71069 A was assumed for the wave- 
length of Mo Kc~ radiation. No correction was made for 
absorption errors. 

The intensities of each layer were estimated visually, 
using the scale prepared from the corresponding crystal. 
The intensities of reflexions of the first layer for crys- 
tals 2 to 5 were estimated with the corresponding scale 
and also with the scale from crystal 1. These values 
were used for correlating the different intensity scales 
and also for scaling the intensities from different crys- 
tals. 

The scaled intensities, I(h, k, l) obtained from crys- 
tals 2-5 were then compared with those obtained from 
crystal 1 by a Wilson plot. It was found that there were 
no appreciable differences between the temperature 
factors of the different crystals. 

1962 independent intensities were estimated*. The 
data were corrected for the Lorentz and polarization 
effects. 

Observed extinctions were h + l odd for hOl and k odd 
for 0k0 reflexions, from which it was assumed that the 
structure belongs to the space group P21/n. 

On the basis of a unit cell containing four formula 
units SbCls. HCON(CH3)2 the calculated density is 
2-15 g.cm -3. A density determination by the flotation 
method using an aqueous solution of thallium(I) for- 
mate gave a value of approximately 2.16 g.cm -3. 

Determination of the atomic positions 

All atoms in the formula unit SbC15. HCON(CH3)2 
were assumed to occupy general positions, 4(e), in the 
space group P21/n. Approximate parameters for the 
antimony and five chlorine atomic positions were de- 

* I am indebted to R. Strandberg for help with the measure- 
ment of the intensities. 

rived from a three-dimensional Patterson function by 
locating the corresponding vectors. These parameters 
were used to determine the signs of the observed struc- 
ture factors. Atomic scattering factors for the elements 
in this and the following calculations were obtained 
from International Tables for X-ray Crystallography 
(1962, pp.202, 211). Programs devised by Liminga & 
Olovsson (1964) for the Swedish electronic computer 
FACIT EDB were employed for the calculation of 
structure factors and Fourier functions. Approximate 
parameters for the oxygen, nitrogen and carbon atoms 
were derived from an Fo synthesis. The atomic posi- 
tions of the antimony and chlorine atoms were then 
used to calculate a Fourier synthesis in which values 
of Fo-Fh were used as Fourier coefficients. Fo refers 
to observed structure factors, for which signs were de- 
termined from the positions of all the atoms in the 
structure, and F~, refers to structure factors calculated 
for the antimony and chlorine atoms. From this 'dif- 
ference' synthesis it was possible to derive more ac- 
curate parameters for the oxygen, nitrogen and carbon 
atoms. 

Refinement of the parameters 

The atomic parameters were refined by the least-squares 
method. A program devised by /~sbrink & BrS.nd6n 
(1963) for the computer FACIT EDB was used. The 
parameters refined were atomic coordinates (H atoms 
excluded), individual isotropic temperature factors and 
nine scale factors, one for each layer-line. The weights, 
w, were calculated according to an equation suggested 
by Cruickshank, Pilling, Bujosa, Lovell & Truter 
(1961), w= 1/(a+ IFol +clFol2), final values for the con- 
stants being a=20.0 and c=0.01. Only observed re- 
flexions were included in the refinement. At the end 
of each cycle a weight analysis was computed. The 
mean value of w(IFol-IFcl) 2 was calculated at inter- 
vals of increasing IFol and sin 0. The values of a and c 

Table 1. Final weight analysis 
sin 0 interval o9A2 Number of reflexions 

0.00-0.25 0-96 361 
0.25-0.32 1.05 344 
0-32-0.36 0-99 308 
0.36-0.40 0.97 243 
0-40-0.43 1.03 179 
0.43-0.46 0.97 121 
0.46-0-48 0.91 85 
0"48-0"50 1"20 37 
0.50-0.52 1.34 9 
0.52-0.54 1.73 5 

IFol interval o)Az Number of reflexions 
0-10 0.78 22 

10-20 1.03 424 
20-30 1-11 469 
30--40 1.04 280 
40-50 0.91 148 
50-60 0-87 99 
60-70 1.03 84 
70-80 0.76 51 
80-90 0.74 39 
90-225 0.71 76 
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were adjusted between the refinement cycles so that 
this mean value was as constant as possible in all the 
intervalg. The weight analysis for the last cycle of re- 
finement is given in Table 1. The R value Z" IIFol- 
[Fell/_r IFol was 0.084 at this point and the shifts for 
all the parameters were less than one-tenth of their 
estimated standard deviations. 

A difference synthesis was calculated in which no 
spurious peaks were observed. As the difference syn- 
thesis suggested anisotropy in the individual temper- 
ature factors the refinement was continued with the 
program ORFLS devised by Busing, Martin & Levy 
(1962), modified by Br~ind6n to accommodate more 
parameters. This program was first used to repeat the 
last cycle of isotropic refinement in order to compare 
the results obtained from the previous block-diagonal 
matrix approximation with those derivied from a full- 
matrix calculation. No significant deviations were 

ct (5) ct(4) ("% c (9) 

CI(2)Q Sb(1) (10) 

Cl (6)L._. , } " ~c l  (3) 

Fig. 1. The molecular structure of SbCI5. HCON(CH3)2. 

found. During the subsequent refinement of the atomic 
coordinates and the individual anisotropic temperature 
factors the scale factors were kept constant, and the 
same weights were used as in the last cycle of the iso- 
tropic refinement. After a few cycles all the shifts were 
less than one-tenth of the estimated standard deviations 
for corresponding parameters. The values for R =  
X[IFo[- IFcII/SIFol and R=[Zw(lFo[ - [Fcl)Z/SwlFo]2] ~ 
were 0.050 and 0.067 respectively. 

The final atomic parameters are listed in Tables 2 
and 3 together with their estimated standard deviations. 
Observed and calculated F values are collected in 
Table 4. 

Description and discussion of the structure 

The structure of one adduct molecule is shown in Fig. 1. 
The bond lengths and bond angles are given in Table 5 
together with their standard deviations calculated with 
no correction for thermal motion by the program 
ORFFE,  devised by Busing, Martin & Levy (1964). 
Intramolecular, non-covalent distances less than 4.0 ,& 
are listed in Table 6 and non-equivalent distances less 
than 4.0 ~ between atoms in different molecules in 
Table 7. The packing of the molecules is shown in 
Fig.2. 

The carbonyl oxygen of the N,N-dimethylformamide 
acts as the donor atom. Evidence from spectroscopic 
studies of several amide adducts (Gompper & Alt- 
reuther, 1959; Cook, 1960; Gerrard, Lappert, Pyszora 
& Wallis, 1960; Archambault  & Rivest, 1960; Bystrov, 

Table 2. Final positional parameters (fractions of  cell edges) and standard deviations (]~) from anisotropic least- 
squares refinement 

Atom x a(x) y o-(y) z a(z) 

Sb(1) 0.3462 0.0005 0.1764 0.0006 0.1471 0.0006 
C1(2) 0.1448 0.0028 0.2494 0.0037 0-0486 0.0036 
C1(3) 0.2476 0.0028 0.0191 0.0029 0.1584 0-0033 
C1(4) 0.4290 0.0033 0.1440 0.0033 - 0.0961 0-0032 
C1(5) 0.4684 0.0026 0.3267 0.0027 0.1497 0.0030 
C1(6) 0.2852 0.0030 0.2050 0.0031 0.3986 0.0031 
0(7) 0.5175 0-0057 0.1093 0.0066 0.2423 0-0070 
C(8) 0.6417 0.0086 0.1201 0.0092 0.1938 0.0100 
C(9) 0.8877 0.0102 0.0904 0.0139 0.2086 0.0146 
COO) 0.7234 0-0116 0.0053 0-0108 0.3924 0.0118 
N(11) 0.7435 0.0074 0.0759 0-0082 0-2621 0.0083 

Table 3. Final iansotropic temperature coefficients & the expression 
exp [-,B1 l h2 -,822k2 - ,83312 - 2 f l l 2 h k  - 2,813hl- 2,823kl] and standard deviations (10-3/~z) 

Atom fla 1 o'(fll 1) fl22 o'(fl22) fl33 o'(fl33) fll 2 o'(fll 2) 

Sb(1) 7.14 0.05 4.87 0.03 9.95 0.10 -0 .18  0.04 
Cl(2) 8.78 0.27 9.84 0.23 22-00 0.56 0.00 0.21 
C1(3) 11.98 0.32 6.14 0-17 19.57 0.52 - 2 . 0 4  0-19 
Cl(4) 15.36 0.39 8.58 0.21 13.39 0.46 - 1.40 0.23 
Cl(5) 10.80 0.27 5.35 0.14 16.52 0.46 -0 .73  0.17 
Cl(6) 13.64 0.35 7.50 0.19 14.66 0.48 1.01 0.20 
0(7) 6.94 0.62 5.43 0.40 15.09 1.10 0.49 0.41 
C(8) 8.18 0.93 4.26 0.52 13.98 1.59 -0 .18  0.53 
C(9) 6.97 0.99 9.20 0.94 26.55 2.62 0.36 0.81 
C(10) 13-07 1.35 5.88 0.67 14.39 1.80 0.66 0.73 
N O D  8.02 0.77 5.08 0.45 13.14 1.29 0.32 0.47 

P,3 a(~13) P23 a(&3) 
0-57 0.04 0.27 0.04 

- 1.81 0.28 5.60 0"30 
1-52 0.30 - 0.22 0"23 
2.24 0.31 - 1.51 0"24 
0.30 0-25 0.55 0.20 
3"84 0.31 - 0 . 4 2  0.21 
0.64 0.61 1"52 0"52 
1"51 0.88 -0 .15  0.64 
4.13 1.28 -0 .28  1.27 

- 1"40 1.13 0"45 0.79 
-0"11 0.72 - 0 . 3 2  0.58 

A C 2 0 - 4  
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h k ~ l F o  [ IF=I 
- l Z  o o 19.5 17 .9  
l O  ~ ° o . . . . . . . .  

- 8  3 8 * 3  3 8 , 1  
- 6  0 0 72 .9  73 ,3  
--4 0 0 46 .9  ~2 ,4  
- 2  o o 113 *6  1 •5 .5  

- 1 3  • o 1 6 , 9  17.6 
- 12  1 o 15 .9  16 .2  

• - 11  1 0 15 .0  7 .4  
• - LO  1 o 14 .0  9 *7  

-9  1 o 20 .7  19.6 

1 o 16 .3  2 ' * . 4  

- 4  3 6 * 9  39*0  
- 3  I o 8 5 . 0  8 2 . 9  
- 2  1 0 173 .9  165 .0  

• - 13  2 o 17 .0  5 *6  
• - l z  z o 16 .0  z , o  

- 11  2 o 3 8 . 3  " *1 .7  
- lO  2 o 29 *9  30 .4  

• - 9  2 o 1 3 . 2  6*'* 
• - 8  2 0 1 2 , 2  1 0 . 1  
:: : o . . . . . . . .  

103.0  100.2 
-5 2 0 92 .1  89 .2  
- 4  2 o 115 .1  115 .4  
-3 2 0 7 . 4  1 1 . 3  
- 2  2 o z ' * *6  2O*4  
- 1  o 132 .0  131 .3  

- 13  3 o 26*9 30*5  
• - 12  3 o 16.1 0 .2  

. . . .  I ~ . . . . . . . .  * - • 0  1"*.2 5 .7  
- 9  3 o "* l .O 40 ,7  

• - 8  3 o 1 2 . ' *  0 ,8  
- 7  3 o 58 .5  . ~5 .4  
-6 3 o 35 .1  33 *3  

• - 5  3 o 9 * 7  2 . O  
-4 3 o 3 4 . ' *  3 2 * 9  
-3 3 0 181.0 180.2 

* - z  3 o 1 5 . 5  1 2 . ~  
- 1  3 o l l l * ' *  • 1 1 . 2  

* - 12  "* o 16 .2  2 . 4  
-ll 4 o 34 .2  38 . •  

* - 1o  '* o I ' * . ' *  1 . 9  
- 9  4 o Z l . 3  21 .5  
- 8  4 o 1 5 , ' *  14 ,9  
- 7  "* o 18 .5  1 8 . 9  
- 6  "* o 26 .5  25 . ' *  
- 5  4 o 1 1 ' * . 9  1 1 1 . 6  
-4 "* o 4O*9  35 .6  

'* o 121 .0  112 .9  
- 1  '* o 172 .2  177 .9  

0 4 0 3 " * . 0  32 .2  
- 12  5 o 23*2  23 *7  

* - l l  5 o 13 .5  8 .8  
• - 1o  5 o 14 .6  2 .7  

- 9  5 o 1 6 . 8  1 8 . 6  
- 8  5 0 5 5 * 2  5 5 , 8  
- 7  5 0 28 .1  25 .7  
-6 3 o 15 ,8  18 ,0  
- 5  5 o l o . ' *  I o . o  
- 4  5 o 26 .3  25 ,7  
- 3  5 o I ' . 9 . 1  147.9  
- 2  5 o 1 4 3 . ~  149 ,5  
-1  5 o 1 8 . ' *  18 ,9  

• - I  2 6 o 16.6 14.0 
* - • 1  6 0 15 .7  8 .6  

- 1o  6 o 37 .8  3 8 * 5  
- 9  6 0 17.1 19.7 

• - 8  6 o 1 3 . 1  3 * 2  
• -7 8 12.3 3.4 

6 ~ - 8  39 .1  " *0 ,9  
-5 6 o 33 .2  32 .0  

-4 ~ oo . . . . . . . .  
- 3  3 9 * 6  39 ,0  
-Z  6 o 27 .6  26 .8  

-o~ I o . . . . . . . .  
157.3 1 5 8 , 5  

- l Z  7 0 20 .7  21 .5  
• - • l  7 o 16 .0  o . I  
* - lO  7 o 15 .1  1 .7  
• - 9  7 o • ' . . * 3  7*5  

- 8  7 o 78 *0  79 *6  
• - 7  7 o 1 2 . 7  7 .8  

- 6  7 0 29 .3  26 .O  
:~ 7 ° o . . . . . . . .  

7 83 .1  57 * ' *  
• - 3  7 0 1 0 , 1  3 . 7  

- 2  7 o 1 4 7 . 1  146 .5  
- 1  7 0 27 .2  27 . ' *  

-1 •  : ° o . . . . . . . .  
- 10  18 .9  1 9 , 4  

• o 1 3 . 8  3 . •  
- 7  8 o 13 .1  7 *6  
- 6  8 o 47 ,2  50 ,3  
- 5  8 o 3o ,u  3O*4  
- 4  8 o 30 *6  31 .0  
- 3  8 o 1 3 * l  1 4 . 8  
: I  : o . . . . . . . .  

60 ,7  61 .6  
o 8 o 66 ,0  62*6 

* - 1 o  9 o 1 5 . 8  6*9  
- 9  9 0 23 *8  27 .Z  
- 8  9 o 26 .7  27 ,6  
-7 9 0 37~,~ 38*T 

:65 9' o ° ~,.~ , , . ,  21 .2  2O*0  
- 4  9 0 5O*3  51 .7  
- 3  • 9 0 77 * ' *  77 ,9  
- 2  9 o 59 .4  61 .3  
- 1  9 o 13 .1  12 .5  

• - 10  10  0 • 6 . 2  3 ,7  
: - ~  •o o •5 .~  13.3 

lO  o 1 " * . 7  6•5 
-7 •0 0 22.2 2 2 . 8  
-6 IO o 1 3 , 4  h l  
- 5  lO o 86 * ' *  90. ( . ,  
- ' *  lO  o 23 .0  2 3 * 9  
- 3  1o  o 23 .8  27 .0  
-Z lO o 2"**@ 26*3 
- 1  1o  o 34 .2  35 . ' *  

0 lO 0 17.9 16 . ' *  
• - lO  11 0 16 .6  0 . ' *  

- 9  I I  o 13.9 1 5 . 9  
- 8  11 o 1 8 . 6  1 8 . 1  
- 7  11 0 29 .0  31 .5  

• - 6  11  0 1 3 . 9  3*7  
• - 5  11  o 13 .~*  1 0 . 5  
• - 4  l l  o 1 2 . 9  7 .6  

-3 11 o 62*7  67 .0  
- 2  11 0 22 .9  22 .3  
- 1  l l  o 1 2 . 1  1 3 . 1  

- l O  12 o 20 .9  20.6 

Table-4-Observed and calculated structure factors 
IFol for ref lexions  m a r k e d  wi th  an asterisk are threshold  v a l u e s  

h k ~ l F o l  [ % 1  

• - 9  12 o 16 .4  13 .2  

12 o 15 .0  O*9  
- 6  12 0 27 .1  26 .O  
-5  •Z  o 26 .1  26 ,5  
- 4  12 o 23,4 25*5  
- 3  12 o 18 ,6  19 ,2  

• 2 12 0 1 2 . 9  6 . o  
- 1  • 2 o 39 ,3  ~o ,4  

o 12 o 5 5 . 3  55 .8  
-8 13 0 3 o . 3  3 0 . 7  

• - 7  • 3  o 15 .6  13 .0  
-6 13 o 15.0 14.5 

• - 5  • 3  o 14.6 3 . 3  
- 4  13 o 17 .3  16 .1  
- 3  13 0 13 .8  12 .1  
: I  . . . . . . . . . . .  

• 1 3  o 1 3 , 4  8*5  
-6 14 0 3 4 . 9  3 5 , 9  
- 5  14 o 15 ,2  7 ,6  
- 4  14 o 25*6 25 ,7  

• - 3  1"* o 1 4 , 5  1 .7  
- 2  14 o 14.2 0 .4  

• - I  I~ o ] 4 . 1  8 ,9  
o I~  o 43 .3  "*'**5 

• - 5  15 o 1 5 , 8  4 ,1  
-4 15 o 1 5 , 4  1 3 . 4  
- 3  •5 o 18.5 17.I 
- 2  15 o 1 8 . 3  16 .4  

• :~ 15 o . . . . . .  1 
16 30 .7  29 .V  

- 4  16 o 1 6 . 1  9.~  
• - 3  16 o 1 8 . 8  4 .4  

- 2  1 8  o i . . . . . .  
- I  16 o 15.5 10.9 

o 16 o 15.4 14 ,8  
- 3  1 ,  o 2 3 * 3  24,9 

• - 2  17 0 1 6 . 3  2*6  
-• 17 o 16*l 8.1 

.... o I ........ - 11  3 0 . u  31 .8  
- o 1 87 ,4  88 *3  

• - 7  o l 10 ,6  2 *9  
-5 ~0 1 65*3 6 2 * 2  
- 3  0 l 44 ,5  3 6 * 2  

3 0 1 2 3 * 3  18 .5  
5 o I 91 .8  92 .0  
7 o 1 78 ,2  76 *4  

• 9 0 1 12 .4  5 .4  
l l  o 1 28 ,5  3O ,4  

• 13 0 1 16 ,0  9 .9  
• -14  • l 16 .9  0 .0  

- 1 3  • l 1 6 , 0  • 6 . 6  
- 12  1 1 21 .3  18 .1  
-11 1 I 44*9  44 * ' *  

• -1o I I . . . . . . .  
- 12 .4  13 .4  
- 8  I L I 1 , 5  IO.0 
- 7  1 1 9 6 . 9  91 ,8  
-6 I l 48 ,O  46 .3  
-5  1 I 15.2 1~ .7  
- 4  1 • 11 .3  1 5 . ' *  
- 3  l 1 i 1 , 3  1 8 . 3  
- 2  l 1 4 7 * 7  48*O  

l • 73 ,6  1 7 9 . 3  
4 1 • 88 .6  87 ,7  
5 i I 133.3 130.1 
6 1 1 3 3 . 1  3 3 , u  
7 l l 25 .0  23 *3  
8 1 I 23 ,1  22 .8  
9 1 1 67 ,6  66 *8  

1o 1 i 28*3  28 ,2  
11 1 1 14 .2  14 .5  

• 12 1 l 1 5 , 2  1 , 4  
13 1 1 16.1 17.1 
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5 9 2 67 .8  70 .0  
6 9 2 27 °2  27 ,2  

• 7 9 2 15 .3  12 .3  
• 8 9 2 16 . •  6 . 1  

9 9 2 16.9 1 8 . 4  
i o  9 2 17 ,8  11.8 
11 9 2 18 ,8  17 .4  

* - 11  lO  2 1 9 , 0  1 .5  
• - 1o  lO 2 1 8 . 1  7 .4  
-~ lo ~ 21.2 23.6 

• 1 o  16 .5  10 .3  
- 7  10 2 15 .7  15 .5  

• - 6  1o 2 15 ,0  2 .5  
-5  I 0  2 30 *5  32 .6  

• - ~  IO 2 1 3 . 8  2 . 4  
- 3  1o 2 88 ,1  89 .9  
- 2  IO 2 2 4 . 3  2 1 . 3  
- I  10 2 15.7 16.6 

o 1o  2 . 3 . 8  2 • , 9  
1 1o 2 32 ,7  34 ,8  

• 2 1o 2 1 3 . 0  11 . I  
1o 2 5 3 . 6  57 ,0  
i o  2 13.9  12 .0  

5 i o  2 10 ,4  21.9 
e lo ? l ' , • l  17 ,5  
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h k ~ I F o l  I F c  

7 10  2 38 .7  37 .9  
• 8 1 0  2 16 .b  1 .7  
• 9 1 0  2 1 7 . 4  1 7 . 1  

10 10 2 1 8 . 3  1 .2  
11 lO 2 19.1 9 .8  

- l l  I I  2 23 .8  22 .2  
* -1o 11 2 18 .6  9 .8  
• - 9  11 2 17 .B  6 .7  
• - 8  11 2 1 7 . 0  12 .2  

- 7  I I  2 16 .3  14.6 
- 6  11 2 27 .0  26 .0  
- 5  11 2 41.1 42 .5  

• -4 11 2 1 , . 8  8 . 8  
• - 3  11 2 14.1 4.4 

- 2  11 2 21 .7  20 .2  
- 1  11 2 59 .1  63 *8  
o 11 2 2 5 * )  27 .7  
1 11 2 , 5 * 0  48 .5  
2 II 2 13 .8  14 .7  
3 11 2 22 .3  20 .4  
4 11 2 17.8 21 .3  
5 11 2 48.2 46 .3  
6 11 2 22 .2  21 .7  

• 7 11 2 16 .4  4 *2  
• 8 I I  2 17 .1  7 .5  

9 II 2 17.9 17 .6  
• 10  11 2 18 .7  2 .7  
• 11 11 2 19.6 19.3 

- 9  12 2 18 .3  18 .7  
- 8  12 2 17 .5  18 .5  
- 7  12 2 16 .9  18 .4  

• - 6  12 2 16 .2  2 .5  
- 5  12 2 15 .6  O .7  
- 4  12 2 15 .2  18 .8  
- 3  12 2 27 .6  28 .9  
- 2  12 2 36 .9  ) 9 . 8  

. - ~  12 : . . . . . . .  
12 t4.3 12 .8  

l 12 2 32 .0  34 .8  
12 ~ . . . . . . . .  
12 31 .4  34 *7  
12 2 24 .1  2~ .4  

• 5 12 2 15 .7  8 .3  
• 6 12 2 16 .3  3 .1  
• 7 12 2 17 .0  13 .6  

8 12 2 1 7 . 7  18 .7  
• 9 12 2 18 .4  11 .8  

- 8  13 2 18 .1  2 .8  
• - 7  13 2 17 .5  10 .2  

- 6  l )  2 23 .8  26*3 
• - 5  13  2 16 .3  10 .3  
• -4  13 2 15.9 7.2 
. : ~  13 22 . . . . . . . .  

13 37 .3  35 .7  
- l  13  2 15 .1  12 .6  

1o 13 2 68 *8  7 5 . 5  
• 1 3  2 15.1 1 .9  
. ~ 1 3  22 . . . . . . .  

13 18 .5  11 .3  
4 13 2 22 .5  20 .8  

• 5 13  2 16 .4  9 .O  
6 13 2 16 .9  18 .2  

• 7 13 2 17 .5  0 .1  
• 8 13 2 18 .2  13 .5  

- 8  14 2 18 .7  21 .4  
. - ~  14 ~ . . . . . . .  

14 17 .5  3 *5  
- 5  14 2 17 .0  2 .1  
-~  14 2 16 *b  18 .5  

-23 14 : . . . . . . .  
I~ 4O*7  40.5 

• - l  14 2 15 .8  5.O 
• o 14 2 15.8 14.8 

14 32 .0  32 .8  
• 3 14 2 16 . )  12 .3  
• 4 14 2 16.6 9.1 

14 17 .6  12 .8  
• 7 1,* z 18 .2  Z .2  

8 14 2 18 .8  22 .2  
- 6  15  2 18 .2  22 .2  

• -3 15 2 17 .7  13.0 
• - 4  15 2 17.3 14 .3  
• -3 15 2 17 .0  4 *9  

- 2  15 2 16.7 8 ,7  
- 1  13 2 20 .3  21 .3  
.o 15 2 33 .1  32 .4  
(1 18 2 16 .6  15 .0  

. ~ 1 5  : . . . . . . .  
15 17.0 4 .2  

• 18 17.8 t6.3 
6 18 2 22 .~  18 .0  

- )  16  2 30 .7  27 .3  
• - 2  16 2 17 .5  9 *2  
• - 1  16 2 17 .3  6.4 
• o 16 2 1 7 . 3  2 .6  

1 16 2 17 .4  15 .8  
• 2 16  2 17 .§  10 .b  

3 16 2 28 .1  26 .6  

• 17  18 .1  0 ,9  

• _11  17 2 . . . . . . . .  
25 .1  24 *0  

- 11  o 3 24 *9  23 *7  
- 9  0 3 1 3 . 8  1 6 , 8  
- 7  o ) 97 .7  I04 .9  
- 5  o 3 3 3 * 5  36 .8  
-~ ~ . . . . . . . . . . .  

3 8 ) . 9  79 *2  
7 0 3 65 .0  61 .0  

o 3 71 .9  71 .7  
9 0 3 83 .8  87 .5  

• 11  o 3 16 .0  1 0 . 3  
13 0 3 22*O 21 . I  

• -14  1 3 18 .8  8 .O  
• - 13  1 3 17 .8  1 .8  
• - 12  1 3 16 .8  8 .4  

- 1 1  1 3 22 .3  23 .2  
- lO l 3 25.6 21 .4  

- 9  I 3 32 .3  3 ) . 8  
- 8  l 3 31 .3  34 .1  
- 7  i 3 37 *3  40 .5  

• - 6  1 3 10.8 8.0 
- 5  1 3 80 .6  88.1 

89*3  84 .6  
- 2  1 3 5Z .O  5~ .2  

2 i 3 61.7 61.b 
• 3 I 3 7 .7  2 .5  
• . t 3 8 .9  2.1 

5 1 3 17 .3  17 .6  

4 4 * 9  43 .9  
• 8 I 3 1 3 . u  U , O  

9 I 3 28 .0  27 *6  
Io I 3 23~.';  25 .U  
11 1 3 25 .3  25 .0  

• 12 I 3 17.0 14.U 
13 1 3 18 .0  6 .6  

h k l i f o  I I F c l  

• 1 4  1 3 1 9 . 0  0 . 0  
* - 1 4  2 3 1 8 . 8  5 * 8  
• - 13  2 3 17 .8  8 * 6  

- 12  2 3 2 0 . 6  21 .1  
-11 2 3 1 5 . 8  17.0 

• - I 0  2 3 1~.8 8 .4  
- 9  2 3 13 .9  15 .3  
- 8  2 3 38 .3  36 *9  
- 7  2 3 66 .3  68 .6  
- 6  2 3 79 *5  81 .6  
- 5  2 3 33 .6  3U .U  
-4 Z 3 ~6*u  3 5 * 6  
- 3  2 3 8O*5  80 .7  
- 2  2 3 1 5 6 . 1  160.6 
- I  2 3 157.6 158 .9  

o 2 3 29 .3  31 .7  
1 2 3 13.5 14.0 

2 3 18 .2  19 .2  
2 3 67 *9  68 .2  

4 2 3 88 .3  87 .0  

3 19 .3  18 .2  
7 2 3 ) 4 . 3  33 .5  
8 2 3 34 .7  3 5 . 5  
9 g ~ . . . . . . . .  

io 2 3 . 8  2 3 * 8  
• 11 2 3 16 .1  7 .5  
• 12 2 3 17 .1  16.0 

13 2 3 18 .1  1 8 . 7  
. 1 4  ~ , . . . . . . . .  
-14 18.9 19.9 

• - 13  3 3 17 .9  1 .1  
* - 12  3 3 17 .0  6 .0  
. - 1 1  ) 3 1 6 . 0  0 . 6  
-IO 3 3 28 .0  26 .1  

• - 9  3 3 14.v 1 .9  
• - 8  3 3 13.0 12 .8  

- 7  3 3 29 *6  29 .4  
- 6  3 3 7O*4  70 .9  
- 8  3 3 48 .7  47 .9  
-4 3 ) 195 .6  200 .6  
- 3  3 3 8 .2  9 .2  

• - 2  3 3 7 *3  1 .6  
- 1  3 3 32 .1  34 .3  

o 3 3 62,3 69 .8  
1 3 3 14 .2  10 .8  
2 3 3 69 .2  70 *4  
3 ) 3 45 .O  40 .8  
4 3 3 56 .8  82 *3  

• s 3 3 l u . 4  5 . 3  
6 3 3 I 7 . 8  88 .7  

• 7 3 3 1 2 . 3  6.1 
8 3 3 21 .0  18 .7  

• 9 3 3 1 4 . 2  3 * 5  
IO 3 3 30 .4  33 .7  

• 11 3 3 16.2 2 .6  
IZ 3 3 21 .0  23 .2  

• 13 3 3 18.1 2 .5  
14 3 3 19.1 6.7 

- 12  4 3 29 *6  29 .3  
*-11 4 3 16.1 O.6  
• -IO ~ 3 15 .2  7 .6  
• - 9  4 3 14 .2  U .1  

- 8  ~ 3 38 .7  3 9 . 4  
• - 7  ~ 3 12 .3  11 .0  

- 6  4 3 74 *9  75 .3  
. 5 4 3 10.5 5.7 

- 4  4 3 66*6 6 6 . 7  
- 3  4 3 29 .1  28 *8  

-12 4 ] . . . . . . . . . .  
4 16.7 15.4 

o 4 3 67 .5  68 .4  
l 4 ) 4 9 . 9  47 . )  
3 4 3 4 O * 8  38 .9  

• 4 3 8*9  3 .2  
4 4 3 85 .3  83 .2  
5 4 3 13.1 13 .8  
6 4 3 17 .2  27 *3  

• 7 4 3 12.5 0*9  
u 4 ~ 50., ~3 .?  
9 4 3 14 .4  13 .2  

IO 4 3 24 *3  2 5 . 8  
• 11 , 3 16,3 7 .7  

12 ~ 3 17 .3  18 .4  
e -12  5 3 12 .2  9 .8  
• -11 5 3 16.3 6*7 

- 1o  8 3 32 ,6  35 ,7  
- 9  5 3 32 .3  32 .7  

• - 8  5 3 13 .5  9 .6  
• - 7  5 3 12 .6  3 .0  

- 6  5 3 25 .0  24 .2  
-8 5 3 6 9 . 9  70 .8  
- ~  5 3 75 *O  73 .1  

11 *4  20 .6  
- I  5 3 62 .4  59 *8  
o 5 3 60,6 60 ,1  
l 5 3 65 *9  6 7 * 7  
2 5 3 94 .1  95 .8  

14.5 11 .3  
5 5 3 50 .9  49 .8  
6 5 3 36 .8  36.7 
7 5 3 69 .1  68 .9  

• 8 5 3 1 3 . 7  4 .6  
9 5 3 17 .9  15 .5  

1o 5 3 19. I 22*9  
11 5 3 23 .4  23 .5  
12 5 3 24 .8  22 .7  

e - l l  6 3 16 .6  16 .2  
* - 10  6 3 15 .6  5 .2  

-9 6 3 23*3 22*2 
- 8  6 3 29 . / *  29 .8  
- 7  6 3 58 .1  5 9 , 5  
- 6  6 3 24 .3  28 .1  
- 5  6 3 1 3 . 9  11.2 
- 4  6 3 29 .2  29 *4  
- 3  6 ) 65 .9  6 2 . 3  
- 2  6 3 , 4 *4  42 .8  
-I 6 3 73.1 74 . I  

o 6 3 6 8 * 8  69 .3  
I 6 3 81 .4  78 .1  
2 6 3 26 .2  25 .9  
3 6 3 82 .6  5 0 . ~  

5 30 .5  34 .Z  
6 6 3 24 .7  22 .8  
7 6 3 24 ,6  2 4 . 1  
8 6 3 ; 2 . 2  2 0 . ~  
9 6 3 31 .7  3 2 * 4  

• ~0  6 3 15 .8  7 .4  
• 11 6 3 1 6 . 8  3 .4  
• - 11  7 3 16 .9  16 .5  
* - I o  7 3 1 6 . 0  8 .7  

- 9  7 3 54 .4  54 .9  
- 8  7 3 22*5  2 1 . 3  

• - 7  7 3 13 . ,  o . o  
- 6  7 ~ 28 .2  2810  
-5  7 3 71 .7  78 .6  

• -4 7 3 11.? 1 . 3  
=3 7 3 60 .2  62 ,1  

T a b l e  4 (cont.) 
h k I I F o l  I F c l  

- 2  7 3 46 .7  46 .4  
-I 7 3 58 .6  62 .7  

0 7 3 36 .1  33 .7  
I 7 3 148.9 158.0 

• 2 7 3 10 .3  6 .2  
• 3 7 3 1 0 . 7  6 . 4  

4 7 3 11 .3  ) * l  
5 7 ~ 39 .0  ~ .u . . .  
6 7 3 18 .6  14.5 
7 7 3 53 .4  55 .4  

• 8 7 3 1 , . ~ *  3 . 8  
7 3 32 *4  30 .8  

I 7 3 16.1 6 .7  
11 7 3 : 1 , 9  32 .4  

• - 1 o  8 3 16,3 0 . 7  
-9 8 3 21 .8  23 .3  

• - 8  8 3 14 .6  2 *2  
- 7  8 3 , 1 . 5  39 *5  
- 6  8 3 34 .6  34 *4  
- 5  8 3 17 .6  18 .3  
4 ~ ~ . . . . . . . .  
- 3  44.4 44 ,0  
- 2  8 3 4O.8  42 .O  
- 1  8 3 78 .6  77 *b  

• o 8 3 I 0 . 6  6*3 
I 8 ) 10.7 9 .4  
~ 8 ~ . . . . . . . .  

8 31 .2  32 *2  
4 8 3 38 .8  37 .8  

• 5 u ) 12 .6  7 .6  
6 8 3 13.2 1 . 6  
? 8 3 28 .0  26 *4  
8 8 3 28 .6  27 .u  
~ 8 ~ . . . . . . . .  

• I 8 1 6 . 5  15 .3  
- I 0  9 3 23 .6  22.8 

- 9  9 3 1 5 . 8  17 .2  
• - 8  9 3 15.1 8 .5  

- 7  9 3 24 *8  21 ,5  
6 9 3 21.5 21.9 
- 5  9 3 46*?  ~7 . I  
- 4  9 ) 65.1 69.6 
- 3  9 3 5u ,O  49 *7  
- 2  9 3 24 .6  21 .7  
- 1  9 3 11 .4  13 .2  

o 9 3 4 0 . 8  4 2 , 3  
I 9 3 52 *3  52 *9  
2 9 3 : 9 . 5  41.4 

• 3 9 3 12 .0  1 .3  
4 9 3 37 .6  ) 8 . 5  
5 9 3 42*5  44.1 
6 9 3 ~ .9 .6  49 .2  
? 9 3 ~8 .9  26 *4 '  

• 8 9 3 15.2  7 .8  
9 9 3 16.0 7 . 0  

• io  9 3 16 .9  l Z * 3  
• - lO  lO 3 17.1 2.1 
• - 9  1o 3 16 . )  6*J  

- 8  IO 3 26 .9  25 *5  
• - 7  1o  3 14 .8  3 *8  

- 6  lO 3 48 *O  48 .4  
- 5  lO 3 13 .8  18.1 
- 4  lO 3 2Z .6  21 .6  

• - 3  lO  3 12 .6  1 .7  
- 2  IO 3 51 .4  5 2 * 4  

• - 1  l o  3 12 .1  5 .9  
o 1o 3 20 .9  18 *4  
1 i o  3 14 .8  1 4 . 8  
2 1o 3 53*8  57 .2  
) lO 3 12 .7  1 .7  
4 1o 3 67 *0  70 *7  

• 5 lO 3 13 .7  10.5 
6 lO 3 14 . )  7 . 8  

• 7 IO 3 15 .0  1 .8  
~ o  ~ . . . . . . . .  

• 10  16 .8  3 . 2  
• lO 1o 3 17 .3  15.5 

- l O  11 3 27 *7  2 ) . 3  
• -9  11 3 16 .8  9.0 

• - 7  It 3 15.3 1.9 
- 6  11 3 27 *5  24 .7  
- 5  11 3 20 .0  1 4 . 6  
- 4  11 3 43 .2  43 .9  

• - 3  I I  3 13 .3  1 0 , 4  
- 2  II 3 13 .0  11 .7  

. o  ~ 11 ~ . . . . . . .  
I1 4 ) *3  44 .2  

. ~  1 1 :  . . . . . . . .  
11 4 4 * 2  46*7  

3 11 3 26 .7  14 *7  
4 11 ) " 2 . 3  33,5 
8 11 3 17.5 13.5 
6 11 3 31 .5  3 ) . 0  
7 11 3 24 *5  2 3 , 4  

• 8 11 3 16 .2  2 .9  
• 9 11 3 16 .9  o . l  

• ! 0  11 33 . . . . . . . .  
12  17 .2  2 .8  

- 8  12 3 16 .6  15.9 
- 7  12 3 22 .5  21 .4  

• -6 12 3 15 .3  11 .3  
• - 8  12 3 14 .8  2 .7  
• - 4  11 3 14.3 13.2 

- 3  12 ) 1 ) . 9  14 .7  
- 2  12 3 3u .6  3 4 , 5  
- 1  12 3 39 *4  39 *7  

o 12 ) 19.0 19 .9  
I 12 3 23 .5  22 .u  
3 12 3 13 .7  II.2 

12 3 35 *7  37 .3  
4 12 3 28 *8  28 .0  
5 12 3 18 .2  21 .7  
6 12 3 18 .4  14 .2  

• 7 12 3 16*u 13.9 
• : 12 ~ . . . . . . . .  

12 24.6 19 .6  
- 9  13 3 25 . t  25 .5  

• :78 13 ~ . . . . . . .  
13 16.8 ~ . 3  

• -6 13 3 15.9 I I . 9  
• -5 13 3 15.4 12 .7  

-4 13 3 15.0 9.8 
• - 3  13 3 14.6 8*0 
• - 2  13 3 i , . 4  2 .5  

- 1  13 3 : o . z  30 .7  
U 13 3 17 .4  14 .1  
1 13 3 , 9 . 4  ~2 .7  
2 13 ~ 14 .4  14 .6  

• 3 13 3 14 .7  3,O 
• 4 13 3 15,1 8 .7  

8 13 3 15 .5  18 .5  
• 6 13 3 l b *0  6 .8  

7 13 3 16 .6  16 .8  
• 8 13  3 17 .2  0 .4  

9 13 3 17 .9  9 .7  
• - 9  14 ~ 18.3 6 .8  

- 8  1 .  3 1 7 , 6  1 . 3  
- 7  1 ,  3 27 .~  29 .5  

• - ~  1,.  ~ 1 6 . 5  l U . ~  
-5 14 3 i o . o  z . 5  

h k ' I F o l  I Fc l  

• - 4  14 3 15 .6  3 .7  
- 3  14  ~ 18 .3  14 .0  

• 2 14 3 1 . . . . .  2 
- 1  14 3 38.1 38 .9  

0 I~ 3 14.9 0.7 
1 14 3 1 5 . 0  15.1 

• 14 3 15.I 9 .6  
3 14 3 4 2 . 1  3 8 . 9  

• 4 14 3 15.7 9 .4  
8 14 3 16 . i  18.6 

• 6 14 3 1 6 . 6  3 . 6  
7 14 3 1 7 , 2  1 4 , 8  
8 14 3 17 .8  2 .8  
9 14 3 18.4 18.1 

-5 18 3 16 .7  16 .9  
• - ,  15 3 1 6 . 3  11 .7  
• - 3  15 3 1 6 . 0  1 2 . 6  
• 2 1 . . . . . . . . .  

- 1  18 3 1 5 . 7  6.9 
o 18 3 15 .6  13 .8  
I 15 3 15 .7  1 5 . 2  
2 15 3 15 .8  18 .6  

• 3 15 3 16.1  6 , 3  
• 4 15 3 16 .4  8 .7  

5 18 3 16 .8  18 .6  
• - 4  1 6  3 17 .0  7 .2  
• - 3  16 3 1607 9.1 

- 2  16 3 20 .2  18.8 
• -1 16 3 16.4 11.5 
• o 16 3 16.4 3 .8  

1 16 3 16.4 4 .3  
• 2 16 3 16 .5  14 .5  

3 16 3 16 .8  15.0 
4 16 3 24.I 23.7 

-4 17 3 17.7 18.2 
• -3 17 3 17.4 7.u 
• 2 ...... 2 19 

-1 17 3 17.1 3.6 
• o 17 3 17.1 13.7 
• 1 17  3 17 .1  1 .4  

2 17 3 17 .2  17 .1  
3 17 3 17.5 2 .9  

• 4 17 ) 17 .7  13 .7  
• - 1  18 3 1 7 . 8  7 . 3  
• o 18 3 17.8 2 .7  

I 18 3 17 .8  6.0 
- 12  4 23 .6  25 .4  
- l o  4 38 .3  37 .6  

- 8  4 42 .6  40 .7  
-6 4 ~6 .9  47 .9  

• - 4  4 7 .6  6 .6  
- 2  4 173 .4  170 .2  

2 4 61 .0  64 .1  
4 4 67 .4  61 .3  
6 4 23.1 24 .0  
8 4 35 .9  34 .5  

IO 4 34 .2  3 4 . 4  
• 12 4 1 5 . 2  8.0 
* - 1 3  4 15.8 8 .0  
* - 12  4 1 4 . 9  1 4 . 8  
• - 11  4 14 .1  11 .7  
e - l o  4 13 .2  13 .7  

- 9  4 23 .0  22 .4  
- 8  4 46 .3  45.9 
- 7  4 14.9 15.3 

4 22 .5  20 .8  - 6  
- 5  4 8 .7  1 o . 1  
- 4  . 61 .3  8 7 . 0  
- 3  4 5 ~ . 6  4 8 . 7  
- 2  4 119 .6  129 .5  
1 4 68.3 70.7 

4 127 .7  135 .2  
4 79 .9  78 .4  

4 4 35 .3  33 .8  
5 4 11.0 9.1 
6 ~, 26 .1  2 ) . 1  

• 7 4 10 .8  7 .7  
8 4 57 .1  5 5 . 6  
9 4 12o5  7 .2  

• 1o . 1 3 . ~  1 1 . 7  
I I  4 14.3 17.3 
12 4 18 .6  2 Z . 1  

• 13 I 4 16 .1  9 .5  
• - 13  ~ 15 .9  13 .8  

-12 2 4 15.0 16.1 
- 11  4 31 .6  3u .6  
-IO 2 4 13 .2  16 .8  

• - 9  4 1 2 . 4  0 . 3  
- 8  2 4 . ' 2 . 5  30 .0  
- 7  4 28 .1  27 .8  
- 6  2 4 49 .6  46 .6  
- 5  4 47 .5  46.3 

• -4 2 4 7,9 5.5 
-3 4 47*4  46 .7  
- 2  2 4 73 .9  76 .1  
- 1  4 138 .5  150 .4  

o 2 4 75 .6  84 .0  
I 4 62.1 6 7 . 2  
2 2 4 68 .6  74 .0  
) 4 71 .3  69 .2  
4 2 4 64 *6  62 .8  
5 4 46.4 45.9 
6 2 4 3 1 . 6  29 .  
7 4 10.9 9.3 
8 2 4 23 .5  22 .5  
9 4 35 .7  34 . ,  

• lO 2 4 13.5 I0 .0  
11 4 17.6 18 .5  

• 12 2 4 l b . 3  7 . 4  
• 13 , 16.1 10. I  

- 1 )  3 4 25 ,2  Z6 .0  
* - IZ  3 4 1 5 . 1  3 .8  
*-II 3 4 14 .2  6*3 
• -1o 4 13.4 6 . 7  

- 9  3 4 3 3 . 1  2 9 . 4  
• - 8  4 I i . 6  boo 

- 7  3 4 13 .2  15 .3  
• -b 4 9 .9  2 *9  

-~  3 4 5 " . 0  50 .7  
- ,  4 14 .~  11 .9  
- 3  3 4 139 .5  14d .9  
- 2  , 17 .2  1 6 . 3  

• - 1  3 , 5*8  3 .8  
o 4 30 .9  29 .2  
I 3 4 i o i , u  98 .7  
2 4 35 .O  34 .5  
3 3 4 87 .7  9 1 . ~  
. . ~.2 .1  , 7 . 9  
5 3 4 55*9  85 *6  

• 6 , l U . g  7 . ~  
7 ~ 4 49 .3  50 .8  
8 3 14 .6  14.9 
9 3 27 .U  26 .7  

• lO 4 1 3 , b  5*4  
11 3 22 *9  23 .0  
12 4 15.4 6 ,5  

• 13 3 . 16.2 16 .3  
* - 1 3  ~ 16 ,1  7 . ,  
• - 12  4 4 18.2 0.9 

- 1 1  4 30 .5  3J .b  
. - i o  i ~ . . .  b . 9  

h k l i F o  I I F c l  

• - 9  4 4 1 2 . 7  3 .4  
- 8  4 '. 1 1 . 8  9 .8  
- 7  4 4 : 6 . 8  38 .1  
- 6  , 4 10 .2  l u . 1  
-8 4 76 .2  78 .8  
- 4  4 4 75 .5  70 .2  
- 3  4 4 58 .5  58 .7  
- 2  ~ ~ ; 8 . 6  25 .4  
- 1  4 4 103 .5  106 .4  

0 4 4 11 .3  10 .7  
I 4 4 46 .V  46 .0  
3 4 4 27 .9  27 .2  

4 4 83 .9  83 .2  
4 4 4 ) 0 . 8  28 .7  
5 4 4 77 .4  78 .7  
b 4 4 35 .3  32 .5  

• 7 4 4 11.2 2 . 3  
8 4 " 12 .1  13 .2  
9 4 , 20 .4  19.9 

I0 4 4 13 .8  15.9 
I I  4 4 1 4 . 6  1 8 . 0  
12 4 4 15.5 ) . 6  

• 13 4 4 16 .3  14 .3  
-13 5 , 16.2 16.5 

• - 12  5 4 1 5 . 4  7 .2  
• - 11  5 4 14 .6  3 .1  
- IO 8 4 21 ,7  23 .9  

- 9  5 4 28 .8  26 .9  
- 8  5 4 37 .2  33 .2  
- 7  5 4 27 .6  28 .5  
-6 5 4 23 .5  28 .3  
- 8  5 4 6~.I 57 .4  
- 4  5 4 49 .4  49 . "  
- 3  5 4 69 .8  68 .2  
- 2  5 4 86 .6  80 .7  
- 1  5 4 24 .7  24 ,5  

o 5 4 74 .3  78 .3  
1 5 4 103 .8  1O l .O  
2 8 4 60 .1  5 8 . 1  
3 8 4 88 .0  85 .0  
4 5 4 38 .0  34 .8  
5 8 4 9 .9  11.9 
6 5 4 39 .4  35.1 
7 3 4 28 .2  27 .9  
8 5 4 24.6 27 .8  

• 9 5 4 13.1 0 . 6  
10 8 4 13 .9  16 .8  
11 5 4 14 .8  19 .3  

• 12 5 4 15 .6  11 .2  
13 5 4 16.5 13.9 

- 12  6 4 15.6 18 .6  
• - 11  6 4 14 .8  8 .9  

- 1o  6 4 29 .6  29 .7  
• - 9  6 4 13.1 3 .8  
• - 8  6 4 12.4 10.7 
• - 7  6 ~ 11 .6  3 . 3  

- 6  6 4 32 .6  ) 3 .  L* 
• - 8  6 4 10 .2  5 .5  

- 4  6 4 19.0 18.6 
- 3  6 4 01 .2  57 .0  
- 2  6 4 65 .8  61 .4  
- 1  6 4 4U*0 36 .7  

o 6 4 147 .7  148 .3  
1 6 4 ' . 8 . ' .  " . 4 . 8  

6 4 12.1 10 .8  
• 6 4 9.1 7.0 

4 6 4 33 .6  31 .8  
5 6 4 26 .4  28 .4  
6 6 4 40 .7  39 .5  

• 7 6 4 11 .8  7 .8  
8 6 4 33 .3  3 3 . 3  

• 9 6 4 1 3 . 4  7 .2  
IO 6 4 34 .8  35 .8  

• I I  6 4 15 .0  8 .3  
• 12 6 4 18 .8  5.9 
* - 12  7 4 15 .8  6 .4  
• - 11  7 4 15 .0  5 .5  

- 10  7 4 3o .3  28 .2  
• - 9  7 4 13 .4  6 .8  

- e  ! 4 46 .6  46 .~  
• - 7  7 4 11.9 6 .6  
• - 6  7 4 11.2 12.7 

-5 7 4 21.2 17.8 
-4 7 4 53.9 82.2 
- 3  7 4 9 .8  8 .4  
- 2  7 4 18 .6  48 .o  

• - 1  7 4 8 .8  5 . 4  
o 7 4 82 *0  80 . )  
i 7 4 0 .9  7 .5  
2 7 4 95 .7  93 .6  
3 7 4 9 .6  11 .8  
4 7 , 10.2 11.6 

• 5 7 4 l u . 8  3 . 2  
6 7 4 43.6 41.6 

• 7 7 , 12 .1  6,6 
8 7 4 28 .8  27 .2  

• 9 7 4 13 .7  2 .9  
IO 7 4 1 4 . 5  17.2 

• 11 7 4 15 .3  3 . 0  
q . . . . . . . . . .  

• 8 4 1 3 . 8  0.8 
- 8  8 4 13 .U  14 .4  
- 7  8 4 12 . )  13 .1  

4 44 .3  45 .8  
-4 8 4 10.5 11.8 

• - 3  8 4 I 0 . I  6.0 
- 2  6 4 ) 3 . 0  3 1 . 5  
-i 8 4 38 .7  38 .8  

0 8 4 65 *6  66 .8  
1 8 4 17 .9  17 .9  
2 8 4 24 .1  22 .3  
3 8 4 36 .8  33 ,0  
4 8 " 86.1 54 .6  
5 8 4 19 .5  21 .2  
6 8 4 48 .2  47 .1  
7 8 ~ 12 .5  9 .7  
8 8 4 16 .2  18 .2  
9 8 ~ 14.0 16.0 

-9 9 4 16 .8  25 .6  
- 8  9 . 1 3 . ,  14.9 
- 7  9 4 29 .9  27 .6  
-6 9 4 29 .8  28 *5  
- 5  9 4 30 .6  ~9 .5  
- ,  9 4 ;O .8  50 .9  

- 2  9 4 1 . . 6  16.9 
• - 1  9 . l o , z  1 . 3  

o 9 2U .2  21 .3  
1 9 , 40 .9  41 .7  
2 9 4 29 .5  27 .8  
) 9 4 3~, .5  28 .8  

• ~ 9 . 1 1 , 2  3 . 9  
5 9 4 37 .1  36 .7  
6 9 4 28 .9  25 .8  
7 9 ~ 36 .6  3 3 . ,  

• 8 9 4 1 3 . 6  9 .9  

• -9 1o , i , . 5  2 .2  
• - 8  1 o  4 1 3 . 9  7 . 6  

h k i I F o l l F c l  
• - 6  ~ o  4 1 2 . 6  1.9 

lO 4 5 ) , 4  5~* ,6  
-4 I0 4 14.2 13.5 
- 3  1o 4 73 .9  23 .0  
- 2  IO 4 15.5 18.0 
- I  I0  4 41 .9  41 .1  

• o IO 4 10 .8  7 .7  
1 10  4 32 .6  32 .0  
2 10 4 32 .2  30 .5  
3 1o  4 39 .4  40 .8  

• 4 1o 4 11.8 4 ,9  
5 10 4 54 .1  53 .8  

10 4 12 .8  6 .7  
• 7 IO 4 1 3 . 4  8 .7  

8 IO 4 14.o 2 .4  
9 1o 4 20 .8  20 .5  

- 9  11 4 21 .1  20 .4  
• - 8  11 4 1 4 . 3  5 . 7  

- 7  i l  4 16 .8  17 .8  
• - 6  11 4 13 .1  1 .5  

- 8  11 4 2 3 . 6  28 .8  
• -4 I I  4 1 2 . 2  9*9  

- 3  11 4 41.1 41.3 
-2 11 4 36.7 )6.1 

• -I 11 4 11.4 i0.9 
0 ii 4 11.4 9.0 
1 11 4 28 .1  28 .6  

• II 4 11.7 3,1 
3 11 , 45 .5  47 .6  

• 4 11 4 12 .3  4 . 3  
5 11 4 20 .2  21 .6  
6 11 4 13.3 12 .8  
7 11 4 21 .9  21 .8  
8 11 4 14 .5  16 .2  

• II 4 18.1 3 , 3  
• - 8  12 4 14 .8  1 3 . )  

- 7  12 4 14 .2  16 .0  
- 6  12 4 30 .5  31 .8  
- 5  12 4 16 .1  18 .7  

• -4 12 4 12 .8  9 . I  
- 3  12 4 19 .7  22 .9  
- 2  12 4 24 .4  2O .5  
- 1  12 4 34 .2  ) 0 . 8  

0 12 4 : 1 . 9  29 .8  
1 12 , 19 .1  20 .9  

12 4 27 .5  26 .6  
12 4 1 3 . 4  15 .8  

4 12 4 2 0 . 4  24 .1  
5 12 ~ 26 .6  25 .5  

• t 2  4 1 3 . 8  10.4 
• 7 12 4 14 .3  6 .5  

8 12 4 1 4 . 9  1 6 . 3  
- 8  1 3  4 3 2 . 3  3 0 . 1  

• -7 13 4 14.7 0.1 
• - 6  13 4 14 .2  1 .9  
• -~ i~ ~ 13 .7  4 .8  

- 4  13 4 16.4 15.3 
• - 3  13 4 1 3 . 1  6 .0  

- 2  13 4 22 .3  23 .2  
• -I 13 4 12 .7  7.1 

13 4 23 .7  21 .1  
• 13 4 12 .7  1 .4  

2 13 4 31 .6  33 .8  
• 3 13 4 13.1 10.1 

4 1 )  4 I ) . 5  10.8 
5 13 , 13.9 2 .2  
6 13 , 17 .5  18 .7  

• 7 13 4 14 .8  5 .2  
8 13  4 1 8 . 9  1 9 . C  

- 6  I, 4 2 ) . 3  25 .9  
• - 5  14 , 1 4 . )  4 . 4  
• - 4  14 4 13 .9  6 . 0  

14 4 21 .3  22 .5  
• - 1  14 4 1 3 . 4  1 . i  

0 14 4 23 .1  24 .7  
• I 14 4 13,4 7 . 3  

2 14 4 13 .5  9 .0  
• 3 14 4 13.7 1.1 

• 5 14 4 14 .4  1 .7  
• 6 1 4  4 14.9 9 .6  
• - 8  15 4 14 .9  6 . 5  

- 4  15 4 17.8 18 .3  
3 15 4 1 4 . 3  1 6 . 2  
- 2  15 4 17 .3  17 .5  

• - I  15 4 1 4 . 0  2 . 1  
o 15 4 14.0 7.1 

• 1 1 5  4 14.0 7 . 5  
2 15 4 17 .3  15 .7  
) 15 4 14 .4  16 .1  

• 4 18 4 14 .6  1 .2  
5 18 4 15 .0  13 .9  

• - 1 3  o 5 14 .6  7.~. 
- l l  0 5 31.2 32.2 

- 9  o 5 51 .7  58 .5  
- 7  o 5 23 .3  24 .4  

o 5 6 .0  5 . 4  
3 o 5 2 0 . 3  19.0 

o ~ . . . . . . . .  
34 .7  31.9 

9 0 8 24 .1  28 .9  
11 o 5 20 .0  19.0 

• 13 o 5 14 .9  8 .7  
-13 1 5 20 .7  19.7 

• - 12  1 5 13 .8  12 .9  
- 1 1  I 5 22 .6  23 .9  

* - 1 o  1 5 1 2 . 2  ) . 1  

3 4 . 3  3 3 . 6  
- 7  1 5 6 5 . 5  6 3 . 7  

-4 1 5 21 . I  19 .8  
- 3  1 5 48 .2  5 0 . 1  
- 2  1 5 ] 8 . 7  19.1 

2 1 5 55 .9  60*9 

4 3 , . 0  35.9 
5 i 5 13.9 14.8 
6 1 5 i 1 . 1  18 .6  
7 1 5 58 .2  57 .1  
8 1 ~ 1 3 . 3  12 .8  
9 1 8 36.1 36 .2  

• 10 1 8 Z2 .5  6 .6  
• 11 1 ~ ij.J 11.9 
• 12 i 5 1 . . 1  be )  

13 I ~ I , . 9  16.3 
" - 12  2 5 13 .9  8 .3  

-io 38 .8  37 .8  
-9 2 5 16 .2  17.3 
- 8  2 5 1 6 . 0  1 3 . 5  
- 7  2 5 2 , . 1  2~ .3  
-b  2 5 39 .9  37 .~  
-5 d 5 33 .0  33 .1  
-, 2 5 ~.U 54.a 
-3 ~ 5 ~.v 26.5 
- 2  2 8 29 .2  29 .1  
- I  2 5 9 . 5  1 1 . o  

A C 2 0  - 4*  



7 5 4  T H E  C R Y S T A L  S T R U C T U R E  O F  S b C I ~  H C O N ( C H 3 ) z  

h k ~ I F o l  I F c l  

o 2 5 50.3 58.2 
1 2 5 20 .7  20 .8  

2 5 69 .2  77 .0  
3 2 ~ 32 .6  35.1 
... 2 5 82 .3  85 .4  
5 2 ~ ' . 4 . 5  45 .6  
6 2 5 4 , . 2  4~ .0  
7 2 5 37 .3  37 .5  

• 98 22 ~ . . . . . . .  11 .8  0 . 4  
lO 2 5 21 .8  21 .3  

• 11 2 5 13., 6 .9  
12 2 5 1~*.2 14.6 

- 12  3 5 25.Z 18 .0  
• - 11  3 ~ 13 .2  9 .7  
• - l O  3 5 12,. 6 . ' *  • -9 I ~ . . . . . . .  

3 5 20 .0  20 .1  
_-~ 3 ;  . . . . . . . .  

• 3 8 .4  7 .7  
-. 3 5 63.0 60.5 

3 68 .1  7O.O 
- z  3 ~ I v . 5  8 . 9  

0 3 5 16 .0  12 .7  
l 3 5 48 .6  52 .7  
2 3 5 91 .2  9 8 . ~  
3 3 5 17 .0  18 .2  
q 3 5 69 .5  69.1 
5 3 5 9 .7  11 .2  

3 5 ~ .8 .2  ' . 6 . 3  
3 5 23 .0  23 .0  

8 3 5 3 , . 6  33.9 
i 9 3 5 11 .9  6 . 9  

io 3 3 12 .7  15.0 
ii 3 5 13.5 5.o 
12 3 5 14.3 15.9 

e -11  , 5 13 .3  3 .8  
-lO 4 5 3 9 . 1  3 6 . 5  

17.3 16.6 
-7 , 5 43.3 39.9 
-6 , 5 37.8 37.9 
-~ . ~ . . . . . . . .  

4 61.0 55 .9  
- 3  ~. 5 , 4 . 9  39 .1  

, 7 .6  6.6 
o , 5 73 .3  77 .5  
1 , > , 3 . 1  43 .9  
2 ~ 5 56 . ,  57.~ 
3 , 5 28 .6  28 .6  
4 , 5 74 .7  77 .7  
5 4 b 31., 32 .6  
6 4 5 65 .2  63 .2  

• 7 . 5 10 .5  5 .4  
8 6 5 11.2 1.9 
9 . 5 18 .1  15 .2  

l o  , 5 24 .0  23 .Z  
• II 4 5 13.6 5.O 
• -11 "  5 5 13.5 13.4 
• - 1o  5 5 12 .7  9 *8  

- 9  5 5 18 .9  19.7 
- 8  5 5 23 .8  2,.4 

" 9 . 2  46 .6  
- 5  5 5 20 .2  18 .3  
- ,  5 5 26 .5  25 .5  
-3 5 5 21 .3  21 .2  
- 2  5 5 28 .1  29 .4  
- 1  5 5 67 .5  63 .3  

o 5 5 Z . . 2  24 . ' ~  
1 5 5 18 .2  17 .1  
2 5 5 76 .1  76 .8  
3 5 5 ~5.1 , 4 . 3  
4 5 5 67 .1  65.9 

• 5 5 5 9 ,3  8 .0  
6 5 5 22 . ,  21 .5  
7 5 5 17 .0  17 .8  

17 .3  16.6 
lO , ,  . . . . . . . .  

• l l  13 .8  I . O  
-ll 6 5 25 .6  25 .5  
-IO 6 5 12.9 13 .9  

- 9  6 5 , 2 . 7  , 3 . 8  
-8 6 5 19.0 15.6 
- 7  6 5 27 . ,  25 .2  

• -6 6 ~ lO .1  O.9  
-5 6 5 5,.2 51.. 

• - ` .  6 5 8 .B  8 .8  
- 3  6 5 25 .6  24.6 

72 .1  7u .6  
u 6 ~ 38 .6  38 .7  
1 b 5 96 .3  96 .0  

• 2 6 5 8 .O  5 .7  
3 6 5 2~ .0  25 .8  

• . 6 5 9 .0  6 .6  
5 6 5 63 .3  6U .7  
6 6 5 26 .8  26 .2  
7 6 5 28 .6  29 .2  

• 8 6 5 11 .7  U.l 

13 .2  9 .6  
11 6 5 18 .5  20 .2  

• - 11  7 5 13 .9  9 .7  
• - 10  7 5 13 .2  4 .0  

- 9  7 5 29 .2  26 .9  
• : ;  , ~ . . . . . . . .  

, 9 . 3  , 5 . 8  
• -0 T 5 I0.~ 1,6 

• .~ ] 5 12.1 116 
• 5 9 .3  1.6 

- 3  7 5 37 ,5  3 ` . , Z  
• - 2  7 5 8 .5  1.6 

- 1  7 5 50 .1  ~9 .9  

o I . . . . . . . . .  
5 6v.9 59.4 

7 ~3 .3  , 1 . 5  
• 4 7 5 9 .5  8 .9  

5 7 5 24 .6  23 .6  
• 6 7 5 I0.7 6 .3  

7 7 5 32 .1  3 2 . 6  
• 8 7 5 12 .0  2.9 

9 7 5 23.8 21 .5  
• lO  7 5 13 .5  1 .0  

I I  ? 5 1`..2 2 .4  
-lO 8 5 13 .5  15.2 

- 9  8 5 22 .1  2 , . 9  
• - 8  8 5 12 .1  2 .4  

- 7  8 5 11 . ,  12 .o  
- 6  8 5 24 .9  23.~ 
-5 8 5 5 2 . 7  5 1 . 6  
-~ ~ ~ . . . . . . . .  
- 3  29,6 27 .7  
- 2  8 5 14 .3  14 .3  
- - l  8 5 56.9 57.1 

o 8 5 "5,2 , ` . . 2  

h k ~ l F o l  IF~I 
l 8 5 5 , . 6  5 3 . 4  
2 8 5 ~0 .9  41 .1  
3 8 5 16 .5  15.6 
`, 8 5 15 .7  16 .8  
5 8 5 52.2 50.O 

• 6 8 5 11 .1  5 .7  
7 8 5 28 .6  29 .7  
8 8 5 17 .4  15 .4  
9 8 5 23 .5  22 .3  

• 1o 8 5 13.7 12 . ,  
: ! ;  . . . . . . . . .  

9 5 13.1 5.5 
- 8  9 5 22 .5  19 .7  
- 7  9 5 11 .8  13.6 
-8 9 5 3 3 . 4  30 .7  

* - 5  9 5 10 .7  1 .3  
-~. 9 5 36 .0  35 .7  
- 3  9 5 21 .6  20 .1  
-2 9 5 5 6 . 2  52.7 

• -1 9 5 9.5 3.5 
o 9 5 32 . v  3u .u  
1 9 5 30 ,8  27 ,3  
2 9 5 28 .8  29 .7  
3 9 5 15.9 16.5 

9 5 42.5 40,9 
5 9 5 1 5 . 5  1 5 . 4  
6 9 5 23 .7  23 .?  
7 9 5 12 .1  10.5 
8 9 5 23 .7  22 .2  

• 9 9 5 13 .3  10.9 
• I0 9 5 14.U 11.6 
- i 0  lO 5 18.7 17.1 

: - 9  10 ~ . . . . . . .  
10 12.9 1 .5  

• - 7  lO 5 12 .3  9.0 
-6 lU 5 . 5 . 4  . 3 . 7  
-5 lO 5 I i . 2  O.8  
-4 lO 5 55 .7  55.3 

• -3 lO 5 10.5 6.'. 
- 2  lO 5 18 . ' .  18 .9  
- 1  lO 5 : ` . . 6  74 .2  

0 i o  5 32 .5  29 .3  
• 1 lO  5 lU . l  2 . 3  

2 lO 5 11.5 11.3 
• 3 10 5 Id.6 5 . 3  

4 1 0  5 , , . 2  ' . 3 . "  
5 io 5 11., 11.5 
6 IO 5 36 .2  36.1 

• 7 I o  5 12.5 7 .5  
• 8 10 5 13.1 0.3 
• 9 l o  5 1 3 , 7  ~.9 

lO lO 5 14.3 12.3 
• -9 11 5 13.8 8 . 9  

-8 l l  5 17.5 18.`. 
- 7  11 5 12 .7  13 .5  
-6 11 5 27 .3  27 .4  

• _-~ 11 ~ 11.7 9 °  
il 28.0 25.8 

-3 11 5 15.6 17 .2  
-2 11 5 4 , . 1  4 i . 8  
-1 11 5 33*7  31.7 

• o 11 ~ ....... 
11 lO.7 11.5 

2 ii 5 30.2 30.2 
• 3 11 5 11.1  10 .6  

i I  5 38.0 37.1 
• 5 11 5 l l . 9  1.3 
• 8 11 5 12 .~  9 .5  

7 11 5 12 .9  1 . . 7  
8 l l  5 20 .2  20 .3  

• 9 11  5 14 .1  4 .0  
• - 8  12 5 13 .7  6 . 2  
• - 7  12 5 13.1 8 .9  

-6 12 5 12 .7  8 .8  
-5 12 5 18 . ,  18,0 
- ,  12 5 20 .6  20 .2  
-3 12 5 14.2 16.1 
- 2  12 5 30 .6  29 .5  
-1 12 5 19.5 2 0 . 2  
o 12 5 18 .6  28 .2  

12 19.0 17.9 
• 3 12 5 11.7 2.6 

4 Iz 5 12 .0  10 .8  
5 12 5 12.`. 12.3 

• 6 12 5 1 2 . 8  9 ,7  
• 7 12 5 13.3 11 .3  

8 1;' 5 13.9 2 .7  
• - 7  13 5 23 .6  23 .7  

• -6 13 5 13.2 5.2 
• - 5  13 5 12 .8  1 . ` .  
• -~ 1 3  5 12 .~  2.v 

- 3  1 3  5 3 " . 3  32 .7  
• - 2  13 5 11 .9  8 .9  

- 1  13 5 31 .8  31.4 
• o 13 5 11 .8  5 .7  

~ 1 3  ~ . . . . . . . .  
• 13 12 .U  7 .1  

3 13 5 22 .9  23 .9  
• 4 13  5 12.5 4 . 3  
• 5 13  $ 12 .9  7 .6  
• 6 13 5 13 .3  O .2  

7 13 5 21 .8  19 .8  
-5 14 5 23 .0  22 .7  

• - ,  14 5 13 . v  3 . 7  
-3 1 ,  5 12 .7  i,."i 

• - 2  16 5 12 .5  , . 9  
-I 1, 5 21.5 22 .8  

• 0 1 ` .  5 12 . ' ,  5 .9  
1 14 5 22 .~  19 .3  

• 2 1~ 5 12 .6  10.8 
3 14 5 12 .8  3 ,9  

• ~ I~ 5 I~.I I.~ 

5 1" 5 13.~ 12.6 
• -4 15 5 13.5 11.5 

- 3  15 5 23 .0  21 .5  
- 2  ~5 5 17 .3  ib.O 
-i 15 3 18 . ` .  17 .b  

• ~ 13 ~ . . . . . . .  
15 13.0 10 .9  

• 2 15 5 13 .1  6 .5  
3 15 5 17 .7  15.2 

• `. 15 5 1 3 . 6  9.1 
-`. 16 5 19.9 22.1 

• - 3  1 6  5 13 .8  O .8  
• - 2  16 5 1 3 . 7  6.1 

-1 16 5 13.6 5 .8  
0 16 5 15 .2  10 .5  

• l 16  5 13 .6  3 .9  
2 L6 5 13 .7  12.5 
3 16 5 13 *9  ~.v 

• 4 16  5 1~ .1  11 ,9  
-2 17 5 17.¢m 16.6 

• - 1  17 5 14.2 o . ,  
• o 1 7  5 1 ~ . 1  0 . 4  

I 17 5 14.2 1 .7  
• 2 17  5 1 4 , 3  11 .9  
* - 1 ' .  0 6 15 . ]  1 ] . 6  
. - l Z  o 6 13.8 3.5 

- 1o  o o 3 ' . . ' .  35.1 
-8 O 6 7v.6 o6.6 

Table 4 (cont.) 
h k ~1~ol  IFcl 
- 6  0 6 21 . "  18 .8  
-4 o 6 75 .6  75 .9  
- 2  0 6 42 .8  41.9 

Z 0 6 81 .1  85 .4  
• ~ o 6 7 .3  o .8  

6 0 6 6 9 . ,  6 8 . 1  
8 o 6 37 .5  36 .8  

lO o 6 25 . ,  25 .8  
12 0 6 22 .0  20 .7  

• 14 o 6 15.4 4 .8  
* - 14  1 6 15 .1  7 .6  
• -13 1 6 1 , . 4  5 . 4  

- 12  1 6 20 . ,  17 .5  
• -11 1 6 12 .8  9 .2  
-IO i 6 19.0 18.5 

• - 9  I 6 11.2 0.8 
- 8  1 6 50.4 , 7 . 4  
- 7  1 6 30 .0  27 .1  
-6 1 6 63 .5  60.1 
- 5  I 6 3 , . 2  33 .2  
-`. 1 6 7 .0  6 . ; *  

:~ I . . . . . . . . .  6 ~ 5 , 1  '*9.O 
i 1 6 30 .3  33 .6  
2 l 6 37 .7  42 .8  
3 i 6 31 .9  33 .4  

1 6 43 .5  43 .2  
5 1 6 23.1 19.9 
6 1 6 9 ,1  8 .9  
7 1 6 1 7 . 9  1 8 . 1  
8 1 6 39.2 , 1 . 2  
9 1 b 20 .0  19 .2  

lO l 6 ] 2 . 3  13.6 
• 11  "1 6 13 .1  5 . 2  
• 1 2  l 6 13.9 1.6 

1 3  1 6 1..7 4 . b  
• 1 , ,  1 6 15.4 8.1 
* - 12  2 6 ! 3 . 6  2 .7  
* - 11  2 6 12.9 13.6 
-io 2 6 17 .1  1 5 . 9  

- 9  2 6 36 .5  3 6 . 1  
- 8  2 6 3'..O 31.6 
- 7  2 6 24 .2  24 .0  
- 6  2 6 16 .6  1 3 . 7  
~5 2 6 53 .7  49 .8  
-4 2 6 49 .8  ` .8 .O 
-3 2 6 38 .3  39 .0  
- 2  2 6 51 .4  55 .7  
- l  2 6 2 2 . 9  27 .3  
I 2 6 37 .5  42 .0  
2 2 b 2 5 . 9  3~ .4  
3 2 6 51.~. 55.5 
4 2 6 I0 .7  9 .4  
5 2 6 ~6 .8  47 .6  
6 2 8 53 .6  52,7 
7 2 6 32.5 32 .1  
8 2 6 2 9 . 2  2 9 . 9  

• 9 2 6 11 .6  4 . 5  
• IO 2 6 1 2 , 4  9 .9  

11 2 6 18 .7  17.1 
1 2  2 6 14.0 12 .2  

* - 12  3 6 13 .7  6.0 
- 11  3 6 25,1 23 .2  

• - 10  3 6 12 .2  5 .O  
• - 9  3 6 11 .4  4.3 

- 8  3 6 10.6 11.8 
' -7 3 6 57 .1  58 .4  
-6 3 6 21.2 17 .2  
-5 3 6 69.2 65.9 

• - ~  3 6 7*5  10 .5  
-3 3 6 51.2 55.2 

• -2 3 6 5.9 0.9 
-1 3 6 26.1 29.1 

• o 3 6 5 . 2 "  3.3 
1 3 8 23.3 24 .2  
2 3 6 28 .1  31. ' . .  
3 3 6 : 4 . 0  78 .1  

• ~ 3 6 7 .8  3 .6  
5 3 6 39 .3  58,5 

• 6 3 b 9 . "  7 .1  . ~  3 ~ . . . . . . . .  
11.o 5 .3  

9 3 6 28 .7  2 9 . 7  
• lO 3 6 12.5 1.3 
• 11 3 6 1 3 . 3  l u . ` ,  
• 12 3 6 l , . u  3 . v  

- 11  .~ 6 17 .3  15 .7  
* - l u  6 12 .3  2.0 

- 9  4 6 36 .5  35 .6  
• - 8  '* 6 I0.8 7 .1  

- 7  4 6 22 . ' 4  20 .6  
-6 ~ 6 30. I 27*5  
- 2  4 6 71 .6  72 .6  
-~* ~. 6 36.1 33.5 
- 3  ~ 6 70 .3  70 .7  
- 2  ~ b 9 .8  7 .7  

• - 1  4 6 6 .1  6 .3  
0 ~ 6 6 .0  0 .3  
1 4 6 3~.9 37 .2  
2 4 6 11 .7  11.u 
3 4 6 26 .3  29 .1  
, , 6 12.9 13.5 
5 , 6 64.6 66.3 
6 , 8 18.0 19.5 
7 4 6 46.1 ~ 5 . 3  

• 8 6 ii.i 6.1 
• 9 . 6 11 .9  5 .7  
• IO 4 6 12.6 3.5 

i i  6 17 .7  20.1 
- 11  5 6 19 .9  17 .0  
- lO  5 6 ib.3 17.0 

t - 9  5 6 11 .7  8 .5  

-0 5 @ Ib.~ 19,7 

- 7  5 6 36.0 3~.7 
- 6  5 6 42 .3  40.O 
-5 5 6 ~7 .7  3 4 * 2  

• - .  5 6 8 .2  0 . 5  
-3 5 6 2 3 . 9  2 4 . 7  
-2 $ 6 35.0 36 .3  
- 1  5 6 "Z .8  41 .8  

O ~ 6 4 ` , . 0  43 .4  
• I 5 6 6 . 9  5 .2  

2 5 6 12.7 14.1 
3 5 6 25,6 26,5 
4 5 6 52.2 50.'. 
5 5 6 22 .5  23 .0  
6 5 6 27 .5  26.9 
7 5 6 18.4 17.7 
8 5 6 27 .7  ?7 .O  
9 5 6 20.9 21,9 

io 5 6 12 .8  13.5 
• ii ~ b 13.6 11.8 
-i0 6 6 26.2 24.9 
-9 6 b 19.9 28 .0  
- 8  b 6 37 .8  36 .2  
- 7  6 6 i,.0 16.7 
-6 6 6 2 7 . 6  2 5 . 9  

• - 5  6 6 9 * 3  6 .2  
-` .  6 6 38 .8  37 .2  
- 3  6 6 25 .8  2 5 . b  
-2  6 6 12 .9  1 ' . . ]  

h k ~ I F o l  I ~ c l  

- 1  6 6 9 .2  11 .3  
0 6 6 68 *0  67 .9  
1 6 6 36 .0  35 .0  
3 6 6 ~ .8 .8  4 8 . 4  

• 6 6 8 . ' .  3.1 
• 4 6 6 8 .9  5.2 

5 6 6 1 8 . 6  19.U 
6 6 6 3'..6 34.2 

• 7 6 6 10.9 11.5 
• 8 b 6 1 1 . 6  7 . 5  
• 9 6 6 12 .3  0 .6  

IO 6 6 17 .2  19 .3  
- t o  7 6 15 .9  15 .7  

• - 9  7 6 1 2 . 2  9 . 2  
m 8 7 6 27 ,1  24.~. 

• - 7  7 6 10.9 3.1 
6 7 6 5 4 6  5 ° 4  
-5 7 6 9 .7  6 .5  
- 4  7 6 15 .8  12 .7  
- 3  7 6 33 .7  33 .5  
- 2  7 6 54.4 23 .2  
- I  t 6 8. I 10.5 

0 7 6 63 .2  6J .8  
1 7 6 22 .1  22 .4  
2 ~ 6 32 .O  33 .0  

• 3 7 6 8 .9  2 , ` .  
4 7 6 , 8 . 7  49 .2  

• 5 7 6 9 .9  lO .u  
6 7 6 21 .7  21 .5  
7 7 6 11 .2  8 . v  
8 7 6 34 .1  3 5 . 4  

• 9 7 6 12 .6  2 .0  
IO 7 6 22.0 23 .5  

- . o  u o 18 .7  19.7 
• - 9  8 6 12.6 11.2  

-s 8 6 18 .8  17 .2  
- 7  8 6 15 .9  13 .5  
m6 8 6 2 6 . 1  25 .4  
-5 8 6 26.3 26 .4  
-4 8 6 39 .2  35.0 
- 3  8 6 9 .2  6 . 7  
-2 8 6 35.4 32.5 
-1 u 6 19 .5  18 .6  

o 8 6 42., , 2 . 4  

• 66 27 .0  • 3 ~ . . . .  9 .0  9 .2  
3 8 6 38 .7  37 .7  

6 11.6 10.6 
6 8 6 2 9 . 9  3 2 . 2  

• 7 8 6 11 .5  1 0 . 5  
8 8 6 17 .2  17.~* 

• 9 8 6 12 ,8  1 . 4  
• io 8 6 13,5 7 .1  

- 9  9 6 12 .9  3 .5  
-8 9 6 12.2 13.5 
- 7  9 6 28 .5  27 .5  
- 6  9 6 18 .4  21.5 
- 5  9 6 22.4 23 .8  
-4 9 6 18 .3  18.1 
-3 9 6 36.9 35 .8  
- 2  9 6 2 0 . 7  2 2 . 1  
- I  9 6 39.6 3 6 . 9  

o 9 6 27 .5  25 .U  
• I 9 6 9 . ,  6.1 

2 9 6 23 .5  22 .4  
3 9 6 35.1 37 .1  
4 9 b 19.3 20 .3  
5 9 6 : 3 . 7  32 .8  

• 6 9 o 11.3 10.9 
• 7 9 6 11 .9  12 .1  

8 9 6 12 .5  12.8 
9 9 6 14 .7  l ~ . b  

• - 8  io  6 12.6 0.4 
• - 7  io  6 12 .1  7,5 
• -6 1o 6 11.5 0.`, 

-5 10 ~ 3'..b 3~.3 
• - ,  1o b IU.6 ".0 

-3 10 6 '.'..9 44.3 
• - 2  Io 6 io.i O.2  
• -l lO  6 9.9 8 .7  

u io 6 9.9 3 .9  
i io 6 36.6 36.4 

• 2 lO 6 10 .2  , . 2  
3 1o b 27 .1  25 .5  
4~ 1o 6 I 0 .8  13.3 
5 1o 6 27 .6  27 .8  

• 6 10  6 11 .8  3 .9  
7 10 6 2 . . 6  21 .6  

• 8 1 0  6 1 2 . 9  1 .1  
- 7  11 6 2u .7  18 .9  

• -6 11  6 12.o 6 .9  
-5 11 6 2 0 . 8  ~Z.9 
-4 11 6 12.5 ~.7 
-3 11 6 28 .2  26.5 
- ?  11 b 19.9 18 .~  
- 1  11 6 42 .3  39 .6  
o 11 6 1 2 , 8  12.1 

• 1 11 6 10.5 6.4 
• 2 I I  6 10.7 8.6 

3 i i  b 3 6 . 8  3 ` . . 8  
• 4 11  6 11 ,3  lu .2  

5 11 6 18 .5  18.1 
• 6 iI 6 12.2 5.1 

7 I Z  6 12 .7  8 .4  
-6 12 6 12.5 i i . ~  

• -5 12 6 12.0 6.0 
- ,  12 6 19.4 18 .8  
-3 12 6 17.1 17.3 
-2 12 6 20 .2  19 .0  
-I 12 6 Ii.I 11.2 
0 12 6 3O.2 26.0 
1 IZ  @ ~Z .9  g ~ . , O  

12 6 21 .1  21.5 
• 12  6 11 .5  l l . l  
• 4 12 6 11 .8  5 .8  

5 12 6 12 .2  8 .7  
6 1 2  6 12 .6  1 ` . . 3  

• -5 13 6 12.5 8 .2  
- .  1 3  6 12 .2  2 .3  

• - 3  13  6 1 1 . 9  4 . 6  
- 2  13 6 33 .8  32 *3  

• -i 13 6 11.6 Iu.6 
0 13 6 24.0 23.8 

• 1 13 b 11 .7  U .7  
2 1 3  6 1B .7  19 .2  
3 13 6 12.1 12.6 
.̀ 13 6 16.3 15.3 

• 5 13 6 12 .7  1 .9  
- "  1 ,  6 16 .9  17 .8  
- 3  14 b 12.5 1.5 
-2 i'. 6 12.3 13.8 
- I  1~ 6 12,2 8 ,2  

0 14 6 27 .3  27 .0  
• 1 1~ 6 12 .2  12 .0  

2 1.. 6 28 .~ .  26 .2  
3 1~. 6 12.6 11.2 

• ~ 1 4  6 12.9 W.3 
• - 3  15 6 13 .~  1~ .~  

- 2  15 6 17 .0  15.0 
-i 15 6 I`..3 I~.0 

h k l i F o  I IFc] 
• o 15  6 12 .8  11 .0  

1 15 6 12 .8  5 .9  
2 15 6 l q . 5  12 .9  

• 3 15  6 13 .1  9 .5  
• - 11  o 7 20.1 o . ` .  

- 9  o 7 34 .7  36 .1  
- 7  0 7 , 1 . 9  , 3 . 0  
- 5  0 7 14.1 12 .5  
-3 0 7 8u .6  86 .6  
3 o 7 , 3 . 4  47 .2  
5 0 7 14.0 14.1 
7 o 7 45 .7  '.4.0 

• 9 o 7 18 .3  9 .8  
• 11 o 7 20 .7  17 .5  
• - 11  1 7 20 .2  13 .3  
• - 1 o  1 7 18 .9  12 .8  
• - 9  1 7 17 .7  11 .6  
• - 8  1 ? 16.4 5.3 

- 7  i 7 29 .2  32.1 6 1 = 30 1 3 2  
- 6  1 z " . 9 . 7  60.3 
-~. 1 7 18 .2  18 .8  
- 3 1 ? 16.0 18.0 
- 2  1 7 39 .0  43 .8  

1 I 7 3 8 . 1  ~*~.. 5 
2 1 7 20 .6  22 .9  

• 3 1 7 ] 0 . 3  8 .1  
• q 1 7 11 .8  9 .7  

5 i 7 31 .1  29 .4  
1 7 I,.5 14 .4  

7 i 7 23 .9  21 .3  
• 8 1 7 37 .1  6 .7  

9 1 7 30 .2  27 .1  
• 10  1 7 19 .6  12.9 
• 11 1 7 2v .8  14 .1  
• - 11  2 ? 20.3 3.1 
l-lO 2 7 19.0 13.7 

-9 2 7 2 0 . 2  19.1 
-8 2 7 22.8 25.'. 
- 7  2 7 18 .3  17 .1  
- 6  2 7 25 .9  76.0 
- 5  2 7 33.b 3`..9 
- ` .  2 7 65 .0  72 .3  
-3 2 7 62.6 70 .5  
-2 2 7 44 .5  48 .7  
- z  2 7 `.6.5 " , . 9  

o 2 7 9 .5  10.5 
1 2 7 26 .1  27 .~  
2 2 7 30.9 38 .5  

• 3 2 ? 10 .6  16 .7  
; .  J 7 2L .3  LO .b  
5 2 7 13.4 1 3 . 2  
6 2 7 2b .O  25.0 
7 2 7 32.1 33.8 
8 2 7 31.8 27.8 

• 9 2 7 18 . ' .  9 , ` ,  
• io 2 7 19 .7  1.0 
• 11 z ! 20.9 1u.1 
• -II 3 7 2 0 . 4  1.4 
• - 1o  3 7 19.~ 13.6 
• - 9  3 7 18 .0  0.6 
• - 8  3 7 16 .8  7 . 0  
• - 7  3 7 15.2 1 2 . ' .  

-6 3 7 56 .7  59.4 
• -5 3 7 13.0 1.7 

-" 3 7 ~ 1.5 68.5 
-3 3 7 13.2 l~..O 
- 2  3 7 ,I.l , 2 . 9  

• - 1  3 ? 8.5 0 .3  
o 3 7 37 .9  44.U 
I 3 7 32 .5  12.6 
2 3 7 20 .6  21 .0  
3 3 ? 12 .7  1 1 . 3  
4 3 7 " 3 . 3  ' . 6 . 3  

• 5 3 7 13 .7  3.5 
6 3 7 38.7 36.2 

• 7 3 ? 1 6 . 2  " .6  
• 8 3 7 17 .4  8 ,9  
• 9 3 7 1 8 . 6  2 .3  

io 3 7 27 .0  2 , . 5  
• 11 3 7 21 .0  5.5 
• -1o 4 7 19 . ,  14.1 
• - 9  , 7 18 .2  2 . 4  

- 8  7 2 , . 9  2 6 . 6  
• - 7  ~. ? 15 .9  2 .9  

-6 ,̀ ? 17.5 18 .3  
• - 5  `,  ? 13 .5  7 .4  

-~. 7 58 .2  6 5 . 7  
- 3  4 7 2 ] . 7  21 .7  
-~  . 7 5~ .9  61 .5  

• - 1  4 7 9 .7  o .9  
• o - 7 9 .b  7 .2  
• i .. 7 l~.v ~ , 6  

2 4 7 41 .8  45 . "  
• 3 4 7 11 .8  ~ .8  

, .* 7 31 .7  29 .1  
5 ~ 7 16 .u  1~ .7  
6 `. 7 27 .7  28 .9  

• 7 4 7 16.4  12 . ` .  
8 `. 7 22 .1  21 . .  

• 9 4 7 18 .8  9 . ` ,  
• io 4 7 2o.o 1 .6  
• - 10  5 7 19 .7  13.1 
• - 9  5 7 18 .5  1 , . . 7  

-~ ~ ~ . . . . . . .  
20.`, 19.1 

-b 5 7 39.6 39.8 
-5 5 7 38 ,3  " u . 9  
-~ 5 7 30 .7  30.0 

• -3 5 7 12 .1  o .9  
- 2  5 7 28 .7  3 0 . 2  
- 1  5 7 5 6 . 3  5 7 . 6  

0 5 7 57 .Z  5b.Z 

1 5 7 1~.~.  13.2 
2 5 7 26 .1  24 .8  
3 5 7 27 .2  26 .5  

5 7 38 .3  35 ,0  
5 5 7 33.6 32 . ` .  

• 6 5 7 15 .7  14 .2  
7 5 7 16 .8  12 .8  

• 8 5 7 18 .0  9.1 
9 5 7 2 4 . U  21 .4  

IO 5 7 21.7 19.1 
• - 1o  6 7 20 .0  8 .9  

-9 6 7 21 . ,  20 .3  
• -8 6 7 17 .8  1 2 . 9  

- 7  6 7 26 .8  29 .4  
• - 6  6 7 15.7 5.3 
• - 5  6 7 ]4 .7  10 .5  

- 4  b 7 13 .7  13 .1  
- 3  6 7 44 .2  43 .6  
2 6 7 227 2 2  
- 1  6 7 25 . ` .  26 .3  

• o 6 7 11 .8  8 .1  
1 6 7 47 .7  45.`. 
2 6 7 14.2 14.0 
3 6 7 53.'* 30.4 

• , 6 ? 14 ,?  s .6  
5 6 7 19.0 15.3 

• b 6 7 16.2 l l . l  
7 e 7 26 .9  28 .8  

h k ! I F o  I l F c l  

• 8 6 7 1 8 . 4  2 . ~  
9 6 7 1 9 . 5  1 7 . 6  

1 0  6 7 2 u . 6  2 . 1  
- 9  7 7 1 9 . 3  1 6 . 6  

• -8 7 7 18.2 11.9 
- 7  7 7 28 .4  31 .0  

• - 6  7 7 16.2 7 .5  
5 ] ; . . . . . . . .  
-4 14.5 0 .3  

• - 3  7 7 13 .8  6 .1  
- 2  7 7 17 .3  17 .0  
- 1  7 7 67 .1  68 .2  

• 0 7 7 12 .8  4 .0  
i 7 7 ` ,U .2  38 .0  
2 7 7 13 .5  5.1 
3 7 7 17 .7  17 .8  

• ~ 7 7 14 .9  u .~  
5 7 7 33 .7  31 .9  
6 7 7 16 .7  7 .3  

• 7 7 7 17 .7  5 .4  
8 7 7 18 .8  1 .3  
9 7 7 26 .0  24 .4  

- 9  8 7 19 .8  18 .1  
• - 8  8 7 18 .8  13 .1  

- 7  8 7 17o8  17 .9  
- 6  ~ ? 23 .8  23 .8  
-5 8 7 19 .1  19.1 
-4 8 7 15.2 13.1 
- 3  8 7 : 3 . 6  35.1 

• - 2  8 7 14 .1  13 .6  
- 1  8 7 40 .5  38 .2  

o 8 7 22 .7  19 .0  
1 8 7 29 .8  26 .7  

2 7 . 6  2 , . 6  
`, 8 7 24 .3  23 .8  

• 5 8 7 16 . ' .  1 . 3  
6 8 ? 17 .3  10 .8  
7 8 7 22 .9  2O.9 

• 8 8 7 19 .3  11 .9  
• 9 8 7 20 .3  12 .0  

- 8  9 7 19 .3  2 .2  
- 7  9 7 25 .1  23 .7  
-6 9 7 26.5 27 .7  
- 5  9 7 21 .0  20 .2  
-~ 9 7 21 .0  21 .5  

• -3 9 7 15 .5  9.2 
-2 9 7 23.4 26.2 
m I 9 7 17 .7  17 .7  

o 9 7 28 . ,  27 .3  
i 9 7 21 .8  19 .6  

• ~ 9 ? 15 .2  4 .8  
3 9 7 22 .2  20 .8  
4 9 7 35 .5  32 .9  
5 9 7 19 .4  18 .7  

• 6 9 7 18 .0  1~ ,6  
• 7 9 7 18.9 1 .4  
• 8 9 7 19 .8  4 .0  
• - 8  1 0  7 1 9 . 9  16 .2  

- 7  10 ? 19 .0  3 .2  
- 6  10 7 18 .2  8 .7  
- 5  lO  7 17 .5  2 .8  
--4 1o 7 11.I 31.3 

• -3 i0 7 16.3 1.0 
-2 I0 7 34.6 3`..0 

• - 1  1o 7 15 .7  8 .3  
• o 1o 7 15 .7  1.1 
• 1 1o  ? ' 5 . 8  5 .1  

2 1o 7 36 .0  33 .6  
• 3 10 7 16 .5  6 .9  

. l O  7 1 9 . ,  18 .8  
• 5 10  7 17 .8  1 .1  

o 1o 7 25 . ' .  21 .8  
• 7 1o 7 19.5 2.6 

8 1o 7 21 .8  18 .8  
• - 7  11 7 19 .7  1 .6  

-6 11 7 ?2.6 19 .7  
* m ~ Z Z 7 l 8 . ? ~ . 8 
• -, 11 7 17 .6  11.6 

- 3  11 7 17 .2  11 .0  
2 . . . .  2 . . . . . .  

• - 1  11 7 16.6 7 .0  
o 11 7 29 . ,  27 .2  

• I 11  7 16 .7  2 . "  
• 2 il 7 17 .u  8 .9  
• 3 II 7 17.~* 4 .~ .  

" 11 7 28 .7  28 .9  
• 5 11 7 18 .6  12.1 
• 6 II 7 19.3 16.6 
• 7 Ii 7 20.1 l l .O  
• - 5  12 7 19 .0  3 .7  
• - 4  12 7 18 .4  1 . . 1  
• - 3  12 7 18 .0  12 .2  
• - 2  12 ? 17 .7  13 .0  
• - 1  1 2  7 17 .5  6 . 6  
• 0 12  7 17 .5  0 .2  

1 12 7 29 .7  31 .9  
2 12 7 26.1 2b .6  
3 12 7 21 .8  19 .9  

• . 12  ? 18 .7  10.5 
• 3 12  7 19 .3  O.O 
• -3 13 7 18 .9  3.3 
• -2 13 7 18.6 1.9 

• 1 3  18.4 4.3 
1 13 7 20 .9  21 .4  

• 2 13 7 38.7 1 .9  
• 3 13  7 19.1 8 .9  

ml Ik 7 19.3 12 .u  
• 0 1.. 7 19 .3  ~ .7  

1 14 7 22 .0  1 9 . 6  
* - 12  0 8 18.9 17 .3  
. - lO  0 @ ib.@ , , 3  

- 8  o 8 27 .7  28 .0  
- 6  o 8 13.0 12.5 
- 4  o 8 22.3 19 .3  
- 2  o 8 6 3 . 2  71 .4  

2 o 8 46.4 51.3 

6 °o ~ ........ • 12.9 8 .1  
8 0 8 26 .3  27 . v  

• I o  o u 17 .4  I v . 1  
• 12 0 8 1 9 . 5  3.9 
• - 11  i 8 17.9 o.o 
- i o  i 8 22 .2  21 .4  

• - 9  1 8 15.7 9.0 
- 8  1 t~ 15.5 13.3 

• -7 I 8 13.5 3.7 

11 88 . . . . . . . .  18 .8  1 6 . 6  
- 4  1 8 ` . 2 . 5  ` . 1 . 0  
3 1 6 1 6 0  1 ~ . 2  
- 2  1 8 15.2 15.v 

I i 8 30.6 38 .4  
2 i 8 4V.7 45.5 

• 3 1 6 9 .2  , . 3  
• , 1 8 1v.6 8 .2  
• 5 ] 8 11 .8  10 .0  

6 1 u 3..v 3 ' . . 6  
• 7 1 6 ] ' . . 1  5 . 8  

8 ] 8 ] 5 . 2  12 .6  
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h k t It=ol IFcl 

• 9 1 8 1 6 . 3  4 . 6  
10 1 8 1 8 . 5  18 .0  

• 11  1 8 1 8 . 5  8 , 8  
* - 11  2 8 17 .9  12 *1  
* - 1 o  2 8 16.9 4 .6  
• - 9  2 8 1 5 . 8  9 .4  

- 8  2 U 18 .0  1 3 . 0  
- 7  2 8 15 .2  1 6 . 0  ":: ~ ~ . . . . . . .  

27 .1  25 .1  
- , .  2 o 1 5 . 2  1 , , . , ,  
- 3  2 8 3 7 . 4  3 9 . 6  

8 ~ .1 .8  6 6 , 6  
o 2 8 1 1 . 5  1 3 . 7  

• 1 2 8 6 .9  6 .a  
2 2 8 26 .1  29 .5  
3 2 8 4 , . u  ' . 8 .U  
4 2 8 28 .5  21 .2  
5 2 8 21 .6  1 9 . 6  

• 6 2 8 13.1 7 .8  
• 7 2 8 14 .2  9 .2  
• 8 2 8 1 5 . 3  9 . 2  

9 2 8 1 8 . 4  16 .3  
• l O  2 8 17 .5  3 .2  

I I  2 8 18 .5  3 . 2  
e - l l  3 8 1 8 . 1  14 .5  
* - i o  3 d l?.O 1.3 

- 9  3 8 17 ,9  14 .7  
• - 8  3 6 1 4 . 9  4 .U  
• - 7  3 8 13 .8  2 . 9  

- 6  3 0 1 8 . 0  1 5 . 6  
- 5  3 8 4 6 . 8  4 6 . 4  
- 4  3 8 1 2 , 9  13 .0  
- 3  3 a , , 1 ,~  38 .8  

• - 2  3 8 8 .3  2 . 5  
- 1  3 8 32•6 35 .6  

0 3 u 13,5 15 .0  
1 3 8 5 4 . 0  5 9 , 4  
z 3 8 1 5 . 4  1 5 . 0  

• 3 3 U 1o.o 5 . 4  

h k t [Fo I IFc[ 
• a 3 8 11 .1  5 .6  

5 3 8 37 .~  38 .0  
6 3 6 1 4 . 9  13 .7  
7 ,~ 8 26 .0  21 .8  

• 8 3 8 1 5 , 5  2 , 3  
• 9 3 8 1 6 . 6  u . 9  
• l u  3 8 1 7 . 6  , . 7  

i i  3 8 1 8 . 7  1 5 , 1  
* - 11  t. 8 18 .2  1 ~ . 3  
* - 1 o  8 1 7 . 2  1 . 6  
• - 9  ' .  0 1 6 . 2  6 . 7  

- 8  8 15 .1  9 .3  
- 7  ~. 8 22 .3  21 . / #  

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

• - 4  4 6 i i . o  7 .~ *  
- 3  ~, 8 5 0 . ?  5 7 . 0  
- ~  4 8 2u .6  21 .4  
- I  ~ 8 4 9 . 2  50*4  

o ,. a 10.9 12.3 
• 1 6 8 . 9  1 . 9  

2 , 8 21 .6  24 .8  
3 ,. 8 4 3 . 0  47 .8  

• . 8 11.6  . . 9  
5 4 8 2 0 . 9  1 9 . 6  

• 6 4 8 I 3 . 7  ~ .2  
7 4 8 1 4 . 7  1 4 . 0  

• 8 . 8 15 .7  12 .3  
9 4 8 21 . ,  19 .6  

• IO ~. 8 1 7 . 8  4 .5  
• 11  4 6 1 8 . 8  3 .8  
• - I i  5 8 18 .5  9 .9  
* - 1o  5 e 17 .5  1 3 . 3  
• - 9  5 8 1 6 . ,  15 .9  
• -u '~ n i ~ . , *  4 .2  

- 7  5 8 1 4 . 5  1 . 6  
- 6  5 8 1 5 . 1  13 .2  
- 5  5 8 26 .9  27 .1  
-~  5 8 26 .6  27 .2  
- 3  5 8 1 o .  7 1 1 , 2  
- 2  5 8 2 1 . 9  2 ? * 2  

Table 4 (cont.) 

h k t lFo I IFc[ 

- i  5 8 33 .2  35 .4  
u 5 6 35 .1  3 6 . U  
1 5 8 4 2 . 0  45 .2  

• 2 5 o 1u .4  4 .3  
3 5 8 ; 7 . 5  26 .0  
4 5 6 1 3 . 5  12 .9  
5 5 8 23 .5  24 .5  
6 5 8 1 7 . 9  17 .8  

• 7 9 8 1 5 . 0  8 . 1  
8 5 8 16.0 9 .2  

• 9 S a 1 7 . 0  ' , . 6  
1o 9 8 1 8 . o  7 .1  

• i i  5 8 19 .0  13.1 
* - 11  6 8 1 8 . ?  3 . 4  
• - 1o  6 8 17 .7  0 .7  
• - 9  6 6 1 6 . 8  U . 6  

- 8  6 8 2 7 . 9  24 .1  
• - 7  6 8 1 ~ . 8  1 0 . 6  

-6 6 8 ? 6 . 5  ? 5 . 0  
• -2 6 8 1 3 . 0  7 .1  

-L, 6 8 1 2 . 2  3 . 1  
- 3  6 8 21 . . 1  2 1 . 5  

6 8 1 o . 6  9 . 4  
o 6 8 26 .6  2 6 . 8  

• 1 6 6 1 0 . 7  ~ .7  
2 6 8 4 .~ .6  4 . a . 9  
3 6 8 18 .3  18 .2  
4 6 8 34 .Z  32 .5  

• 5 6 8 1 3 . 5  1 1 . , .  
• 6 6 8 1 4 . 5  , . . a  

7 6 8 1 2 . ' .  3 . 8  
8 6 8 25 .2  2 4 . 3  

• 9 6 8 1 7 . 3  t . . 6  
• io 6 6 1 8 . 3  1 o . i  

11 6 8 19.3 o.2 
e - l l  7 6 19.0 6 . i  
-10 7 8 20 .2  17 .6  

• -9 7 8 17 .1  t . 4  
- 8  7 8 1 6 . 2  1 5 . 5  

• - 7  7 8 15 .3  6 . 8  

h k t [Fo I IFc[ 

- 6  7 8 24 .0  22 .0  
• - 5  7 8 1 3 . 6  5°3  

- 4  7 8 20 .4  20 .7  
• - 3  7 8 12 .2  8 .3  

- 2  7 8 1 1 . 8  ? . 1  
• - 1  7 8 1 1 . 5  1 . 2  

0 7 8 53 .1  53 .1  
• 1 7 8 1 1 . 6  3 .e  

3 7 8 26 .b  26 .?  
• 7 8 1 2 . 6  3 .2  
• 4 7 8 13 .3  7 .9  

5 7 6 1 , . 1  2 . ' .  
6 7 8 2v .5  2u .3  

• 7 7 8 1 5 . 8  o . i  
8 7 8 1 6 . 7  " . 9  

• 9 7 8 17 .7  0.9 
• io  7 8 I 8 . 6  1 1 . 9  
• 11  r 8 1 9 . 5  3 . 3  
* - i o  8 8 18.~* 8 . 2  
• -9 6 ~ 17 .5  6 . 8  

- 8  8 8 16 .?  16 .2  
- 7  8 8 17 .7  16.3 

8 11. .2 1 3 . 3  
• - 4  8 8 1 3 . 6  1 1 ,  ~. 

- 3  8 8 1 3 . 0  1 2 . 5  
- g  6 8 37 .?  38 *3  
-1 8 8 1 6 . 3  17 .5  

o 8 8 2 3 . 4  22 .8  
• 1 8 8 1 2 . 5  6 . 1  

2 8 8 21 .2  22 .4  
3 o o 10 .2  19.5 
- ~ b 3 1 . 2  3 2 . 1  

• 9 6 14 .7  1 . o  
• 6 0 8 1 7 . 5  e .o  

7 U 8 1 6 . 3  9 . 3  
8 8 8 2 1 . 9  20 .3  

• 9 8 a 1 8 . 1  9 . 4  
• 10  8 8 1 9 . 0  8 . 2  
* - 1 o  9 8 1 8 . 8  5 .6  
• - 9  9 8 l O . O  12.~ 

h k I [F:ol I F c [  

• - 8  9 8 17 .1  3 .2  
- 7  9 8 16 .3  4 .2  
- 6  9 6 20 .b  1 7 . 9  
-5 9 8 23.5 22.9 

• - 4  9 8 1~ .3  11 ,3  
- 3  9 a 26 .2  24 .5  

• - 2  9 0 13 .~ *  5 . 5  
- 1  9 8 1 3 . 2  7 .9  

o 9 8 16. I  11,5 
1 9 8 2 3 . 0  22 .0  

• z 9 8 13 .0  10 .5  
3 9 8 1 , . o  1 0 . 3  

• ,. 9 8 I ' . . 6  4 .8  
5 9 b 26 . "  2 5 . 3  
6 9 8 1 6 . 0  11 .7  

• 7 9 8 16 .8  13 .3  
• 8 9 8 17 .6  2 .0  
• 9 9 8 18 .5  2 . 1  
• io  9 8 19 .3  3 . 1  
• - 9  1o 6 18 .~  0 .8  

- 8  10  8 17 .7  o .?  
- 7  1o 8 26 .7  23,6 • :~ lO ~ . . . . . . .  

i o  1 5 . 5  10.7 
-~. i o  8 15.0 12."  
- 3  1o  8 78 .1  28 .?  

• - 2  i o  8 14.? 4 .7  
- 1  lO 8 2 3 . 7  18 .6  

• o 1 o  8 14 .0  5 . 1  
• 1 1 o  8 14 .1  ~ .o  
• 2 i o  8 1 " . ' .  1 . 1  

3 lO 8 33 .0  33 .9  
• ~, l O  8 1 5 . 3  7 .% 

5 IO 8 15,9 9 . "  

h k t lFol Ir=cl 
- 5  11 8 21 *4  22 .3  

• - 4  11  8 15 .7  11 .9  
- 3  11 8 15 .3  12 .8  
- 2  11 0 18.3 13 .8  

• - I  I I  B 14 .8  9 .2  
• o 1 1  8 14 .8  9 *0  

1 11 8 2 1 . 7  2 1 . 7  
• 2 i i  8 15.1  0 . 9  

3 I i  8 15.5 12.0 
• 4 11  8 16 .0  8 .6  

5 11 8 1 8 , 5  19*0 
• 6 i i  8 17 .2  9 . 9  
• 7 11 8 17,9 i i . 0  

8 11 8 18 .6  x . .2  
- b  12 8 17 .4  9 .9  

• -5 12 e 16*9 3 .9  
• -4 12 8 16.L* 0 .8  

- 3  12 8 21 .9  1 8 . 1  
- 2  12 8 15.7 16.& 

• - 1  12 8 1 5 . 6  8 .7  
o 12 8 15.6 9 .2  

• i 12 8 15.7 0.1 
• 2 12 8 1 5 , 9  9 . 6  

3 12 8 18 .1  15 .7  
~, 12 8 1 6 , 7  8 .6  

• 5 12  8 1 7 . 2  6 , 5  
• 6 12  8 17 .8  0 *2  
• - 6  L3  8 18 .1  8 .8  

- 5  13 8 17 .6  , . 2  
- ,  13 8 1 9 . 1  1 4 . 3  

• - 3  1 3  8 1 6 . 0  e .2  
• - 2  13  8 16 .5  3 .5  
• - 1  1 3  8 1 6 . ' .  2 .2  

o 13 8 20 .0  20 .6  
• 6 1 o  8 l O . O  1 . 0  • 1 13  a 1 6 . ,  6 . 1  

7 10  8 1 1 . 3  1 2 . 8  2 13 8 1 8 . 6  1 5 . 3  
• 8 1 0  8 1 8 . 1  3 . 9  • 3 13  6 17 .O  3 .3  

9 i 0  8 18.9 10.5 4 13 8 17.4 4.9 
• - 8  11 8 1 8 . 2  5 . 2  • 5 1 3  8 1 7 . 9  1 , 7  
• - 7  11 8 17.5  3.! b 13 8 19 .5  14.7  
• . - 8  i i  8 1 6 . 8  6 . 3  

Table 5. Bond distances and bond angles 
in SbC15. HCON(CH3)2 with their standard deviations 

Distance a 
Sb(1)-C1(2) 2.330 A 0.003 A 
Sb(1) -C1(3) 2.336 0.003 
Sb( 1 ) -C1(4) 2-343 0.003 
Sb(1) -C1(5) 2"353 0"003 
Sb( 1 ) -C1(6) 2" 332 0"003 
Sb(1) -O(1) 2.048 0.006 
O(7)--C(8) 1.300 0-010 
C(8)--N(11) 1"287 0"012 
N(ll)-C(9) 1"504 0"012 
Y(11)-C(10) 1"505 0"014 

Angle cr 
C1(2) -Sb( 1 ) -C1(3) 93-49 ° 0" 12 ° 
C1(2) -S b(1) -CI(4) 92" 90 0.14 
Cl(2)-Sb(1) -C1(5) 93.15 0.11 
C1(2) -S b(1 ) -C1(6) 92.54 0.13 
C1(2) -Sb(1) -0(7) 177.11 0.19 
CI(3) -Sb(1) -C1(4) 91.18 0.12 
CI(3)-Sb(1) -C1(5) 173.33 0.10 
CI(3)-Sb(1) -C1(6) 89-68 0-12 
Cl(3)-Sb(1) -0(7) 84.69 0.20 
Cl(4)-Sb(1) -C1(5) 89.02 0.11 
C1(4) -Sb(1) -C1(6) 174.43 0.11 
C1(4) -Sb(1) -0(7) 89.39 0.22 
CI(5)-Sb(1) -C1(6) 89.49 0.11 
CI(5)-Sb(1) -O(7) 88.65 0.20 
Cl(6)-Sb(1) -0(7) 85.21 0-21 
Sb(1)-O(7)--C(8) 124.49 0.60 
0(7) -C(8)--N(11) 120-15 0.89 
C(8) -N(11)-C(9) 120.20 0.92 
C(8) -N(11)-C(10) 122.08 0.82 
C(9) -N(11)-C(10) 117.67 0.89 

Table 6. Intramolecular, non-covalent distances less than 
4.0 A in SbCI5. HCON(CH3)2 

Sb(I)-C(8) 2.98 A 
C1(2)-C1(3) 3-40 
C1(2)-CI(4) 3.39 
C1(2)-C1(5) 3.40 
C1(2)-C1(6) 3.37 
C1(3) -C1(4) 3.34 
C1(3)-C1(6) 3.29 

Table 6 (cont.) 
CI(3)-0(7) 2.96 A 
CI(4)-C1(5) 3.29 
C1(4)-0(7) 3.10 
C1(4)-C(8) 3.24 
C1(5)-C1(6) 3.30 
CI(5)-0(7) 3"08 
C1(5)-C(8) 3.28 
C1(6)-O(7) 2.97 
0(7) -C(9) 3.62 
0(7) -C(10) 2-74 
0(7) -Y(11) 2.24 
C(8) -C(9) 2.42 
C(8) -C(10) 2.44 
C(9) -C(10) 2.57 

Table 7. lntermolecular distances less than 4.0 A /n 
SbCI5. HCON(CH3)2 

CI(2)A-CI(5)G 3.98/~ 
CI(2)A-CI(6)G 3.74 
CI(2)A-O(7)G 3.49 
CI(2)A-C(8)G 3.57 
CI(2)A-C(9)B 3.61 
CI(2)A-C(10)G 3.68 
CI(2)A-N(11)G 3.60 
CI(3)A-CI(4)C 3.89 
CI(3)A-CI(5)H 3.77 
cl(3)A-c(8)c 3.80 
CI(3)A-C(9)B 3.66 
CI(3)A-C(9)C 3.74 
CI(3)A-C(10)D 3"95 

CI(3)A-N(11)C 3-90 A 
C1(4)A-O(7)C 3"70 
Cl(4)A-C(8)C 3.73 
CI(4)A-C(9)G 3.99 
CI(4)A-C(10)C 3.57 
CI(4)A-N(11)C 3.69 
CI(5)A-CI(6)F 3.86 
CI(5)A-C(10)I 3.87 
CI(5)A-C(10)G 3-94 
CI(6)A-C(8)E 3.80 
CI(6)A-C(9)E 3.98 
CI(6)A-C(10)D 3.38 

The coordinates of the atoms of molecules B - I  are related to 
those of molecule A by the following symmetry relations 

Molecule 
A 
B 
C 
D 
E 
F 
G 
H 
I 

Coordinates 
x y z 

- - l + x  y z 
1 - - x  - - y  - - z  
1 - - x  - - y  1 - - z  

--½+x ½--y ½+z 
½+x ½-y  - ½ + z  

-½+x ½-y -½+z 
½ - x  - ½ + y  ½ - z  

1½-x ½+y ½-z 
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Sumarokova & Filimonov, 1961) and crystal structure 
determinations of adducts between CdCI2 and a num- 
ber of amides (Cavalca, Nardelli & Coghi, 1957; Nar- 
delli, Cavalca & Fava, 1957; Nardelli, Coghi & Azzoni, 
1958; Cavalca, Nardelli & Fava, 1960) demonstrate 
that addition to the carbonyl oxygen is of frequent oc- 
currence. The acceptor atom in the adduct molecule 
SbCls. HCON(CH3)2 exhibits a change of coordina- 
tion from trigonal bipyramidal in free SbCls to dis- 
torted octahedral in the adduct. The average Sb-Cl 
bond length is 2.34 A. Corresponding values for the 
adducts SbC15. (CH3)3PO and SbC15. POC13 (Br/ind6n 
& Lindqvist, 1963) are 2.34 A and 2.33 A respectively. 

Lindqvist and co-workers (Br~ind6n, Hansson, Her- 
modsson & Lindqvist, 1962; Lindqvist, 1963) have 
shown that the observed deviations from ideal octa- 
hedral coordination of the acceptor atom in the last 
two adducts can be interpreted as arising from two 
steric factors, the van der Waals radii of the ligand 
atoms and their distances from the antimony atom. The 
Sb-O bond length in the SbC15. HCON(CH3)2 mol- 
ecule is 2.05 A, the average of the CI-Sb-O bond angles 
is 87-0 ° and the averages of the C1-Sb-CI bond angles 
and the CI*-Sb-C1 bond angles are 89.8 ° and 93.0 °, 
respectively. (CI* is the chlorine atom opposite the ox- 
ygen atom.) These values are compared in Table 8 
with those of the other two SbCls adducts. The steric 
influence of the Sb-O distance on the magnitude of the 
bond angles is clearly demonstrated in this table. An 
increasing Sb-O distance is accompanied by a decrease 
in the bond angle C1-Sb-O and an increase in the bond 
angle CI*-Sb-C1. From the Sb-O distances obtained 
in these adducts it may be concluded that, with SbC15 as 
acceptor, the amide is a stronger donor than POCI3 
but weaker than (CH3)3PO. Similar results were ob- 
tained in the thermochemical study by Zackrisson 
(Lindqvist & Zackrisson, 1960; Zackrisson, 1961). 

lengths 1.09 A. The following structural parameters 
were determined: angle C N C ' = a n g l e  C N C " =  117-5 ° 
+ 2 °, r ( C - N ) =  1.34 +0.04 A, r (C'-N) = r (C"-N)  = 1-45 
+ 0.02 A and r (C=  O)=  1-20 A. (C is the methyl car- 
bon atom trans to the oxygen atom and C" is the other 
methyl carbon atom.) These values can be compared 
with microwave studies of formamide (Kurland & 
Wilson, 1957" Costain & DoMing, 1960) which yield 
1.193 + 0.020 A (r0) and 1.243 + 0.070 A (r0) for the 
C - - O  bond length and 1.376 + 0.010 A (r0) and 1.343 + 
0.007 A (r0) for the C-N bond length. These studies 
indicate that r(C = O) = 1.20 A is a fairly accurate value. 
Lide (1962) has suggested that the length of a C-N 
bond with carbon hybridized in the sp 2 state is probably 
1.36 + 0.02 A. 

The coordination of nitrogen in the present adduct 
is almost planar, according to a least-squares fit of the 
atoms C(8), C(9), C(10) and N(11) to a plane using a 

Table 9. Deviations from the plane 0-0941x+0.7619y+ 
0.6409z-  2.9107 = 0 found by a least-squares fi t  of  the 

atoms C(8), C(9), C(10) and N(11) 

c(8) - 0.005 A 
c(9) - 0.004 
c(10) - 0.004 
N(ll) +0-013 
0(7) + O-O4O 
Sb(l ) + 0.044 

Deviations from the plane 0.1150x + 0.7894y + 0.6030z - 3.0155 
=0 defined by the atoms O(7), C(8) and N(ll) 

C(9) + 0.034 A 
C(10) - 0.092 
Sb(1) + 0"026 

Table 8. Bond angles (average values) around 
the aeceptor atom in SbC15. D adduets 

D (CH3)3PO HCON(CH3)2 POCI3 
Sb-O 1.94 A 2.05 A 2-18 A 
CI--Sb-O 88.3 ° 87.0 ° 85.3 ° 
CI--Sb-CI 90.0 89.8 89.6 
CI*-Sb-CI 91.8 93.0 94.7 

The bond angle subtended at a bridging oxygen atom 
often decreases with increasing electronegativity of the 
atoms bonded to the oxygen atom (Gillespie & Ny- 
holm, 1957; Lindqvist, 1963). The Sb-O-C bond angle 
of 124.5 ° in the SbCls. HCON(CH3)2 molecule is con- 
siderably less than the Sb-O-P angles of 144.9 ° and 
145.0 ° in the adduct molecules SbCls. (CH3)3PO and 
SbCls. POC13, respectively. 

A recent electron diffraction study of HCON(CH3)2 
in the vapor phase by Vilkov, Akishin & Presnyakova 
(1962) indicates that the amide molecule possesses a 
nearly planar framework. In that investigation the 
angle OCN was assumed to be 123 ° and the C-H bond 

0 @ ® ® 0 0 o o o ® o  
Sb(1) C1(2) C1(3) C1(4) C1(5) C1(6) 0(7) C(8)C(9)C(10)N(11) 

Fig. 2. The crystal structure of SbC15. HCON(CH3)2. 
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method devised by Blow (1960). A dihedral angle of 
2 ° 56' has been found between this plane and that de- 
fined by the atoms O(7), C(8) and N(11). Vertical de- 
viations of atoms from the coplanar positions are listed 
in Table 9. 

The length of the carbon-oxygen bond of the adduct, 
1.300 + 0.030 A seems to be significantly greater than 
that of the carbonyl bond of the free donor. A major 
consequence of donor-acceptor interaction is an elec- 
tron density withdrawal from the oxygen atom leading 
to an increase in the heteropolarity of the carbonyl 
bond, a reduction of the bond order and consequently 
an increase in the bond length (Lindqvist, 1963). 

The increase in the electronegativity of the carbonyl 
carbon atom which attends the formation of the ad- 
duct increases the a-bond order of the C-N bond in 
the OCN group. It can be expected that the electron 
density withdrawal from the amide molecule increases 
the delocalization of the lone pair of electrons of the 
nitrogen atom. (The contribution of the ionic structure 

O CH3 
\ + /  

C=N 
/ \ 

H CH3 

increases). Thus the n-bond order of the C-N bond in 
the OCN group also increases. It is to be expected that 
these changes in the tr- and n-bond orders could lead 
to a decrease in the length of the bond. Owing, how- 
ever, to the low accuracy of the determination of the 
C-N bond length in the free donor molecule the ob- 
served difference in length is not significant, but a 
comparison of the value 1.287 + 0.036 A for the adduct 
with the value 1.36 + 0.02 A proposed by Lide (1962) 
for free amides strongly supports these arguments. 
Spectroscopic evidence for a strengthening of the C-N 
bond in adducts of N,N-dimethylformamide with 
titanium(IV) halides as compared with the free donor 
have been reported (Archambault & Rivest, 1960). 

The heteropolarity of the bonds from nitrogen to 
the methyl carbon atoms ought to increase owing to 
the withdrawal of electron density from the nitrogen 
atom. A bond length increase from 1.45 + 0.02 A in the 
free N,N-dimethylformamide to 1.504+0.036 A and 
1.505 + 0.042 A respectively has been observed in the 
present adduct. 

A similar change in the dimensions of the donor 
molecule accompanying adduct formation has been 
found in the adduct (TiCl4. CH3COOC2Hs)2 (Brun, 
1965). In this instance the acetyl-oxygen bond length 
decreases and the ethyl-oxygen bond length increases. 

An X-ray crystal structure determination of the ad- 
duct NaI .  3HCON(CH3)2 has been reported (Gobil- 
Ion, Piret & Van Meerssche, 1962). The carbon, nitrogen 
and oxygen atoms in the amide molecule were found 
to be coplanar. The structural parameters were: angle 
OCN= 123"6 + 2 °, angle CNC'=  119"5 + 2 °, angle 

CNC" = 119.6 + 2 °, r(C= O) = 1.23 + 0.04 A, r(C-N) = 
1.34 + 0.04 A, r(C'-N) = 1.52 + 0.04 A and r(C"-N) = 
1.45 + 0.04 A. Although the accuracy of this determina- 
tion is not very high the dimensions obtained are never- 
theless consistent with the picture given by the preced- 
ing discussion of the effects produced by a donor-ac- 
ceptor interaction which is substantially weaker than 
that found in the present adduct. 

The authors wish to thank Professor H~igg for all 
the facilities placed at their disposal. Thanks are also 
due to Professor Lindqvist for this interest and advice 
and for many useful suggestions concerning the devel- 
opment of the investigation. This work has been spon- 
sored by a grant from Air Force Office of Scientific 
Research, OAR, through the European Office, Aero- 
space Research, United States Air Force, under Con- 
tract No. AF 61(052)-43. This grant is gratefully ac- 
knowledged. Grateful acknowledgment is made to the 
Swedish Natural Science Research Council for further 
financial support. Facilities for use of the electronic 
computers were granted by the Computer Division of 
the National Swedish Office for Administrative Ra- 
tionalization and Economy. 

References 

ARCHAMBAULT, J. & RIVEST, R. (1960). Canad. J. Chem. 38, 
1331. 

BLOW, D. M. (1960). Acta Cryst. 13, 168. 
BRUN, L. Acta Cryst. 20, 739. 
BI~NDI~N, C.-I., HANSSON, A., HERMODSSON, Y. & LIND- 

QVlST, I. (1962). Z. Kristallogr. 117, 464. 
BR~NDI~N, C.-I. & LINDQVIST, I. (1963). Acta Chem. Scand. 

17, 353. 
BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1962). 

ORNL-TM-305, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

BUStNG, W. R., MARTIN, K. O. & LEVY, H. A. (1964). 
ORNL-TM-306, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

BYSTROV, D. S., SUMAROKOVA, T. N. & FILIMONOV, V. N. 
(1961). Optika i Spektroskopiya, 9, 460. 

CAVALCA, L., NARDELLI, M. d~ COGHI, t .  (1957). Nuovo 
Cimento, 6, 278. 

CAVALCA, L., NARDELLI, M. • FAVA, G. (1960). Acta Cryst. 
13, 594. 

COOK, D. (1960). Canad. J. Chem. 38, 2143. 
COSTA.IN, C. C. t~ DOWLING, J. M. (1960). J. Chem. Phys. 

32, 158. 
CRUICKSHANK, D. W. J., PILLING, D. E., BuJOSA, A., 

LOVELL, F. M. & TRUTER, M. R. (1961). In Computing 
Methods and the Phase Problem, p. 32. Oxford: Pergamon 
Press. 

GERRARD, W., LAPPERT, M. F., PYSZORA, H. & WALLIS, J. 
W. (1960). J. Chem. Soc. p. 2144. 

GILLESPIE, R. J. & NYHOLM, R. S. (1957). Quart. Rev. Chem. 
Soc. Lond. 11, 339. 

GOBILLON, Y., PIRET, P. & VAN MEERSSCHE, M. (1962). 
Bull. Soc. chim. Fr. p. 551. 

GOMPPER, R. & ALTREUTHER, P. (1959). Z. Anal. Chem. 
170, 205. 



758 THE C R Y S T A L  S T R U C T U R E  OF SbC15. HCON(CH3)2 

International Tables for X-Ray Crystallography (1962). Vol. 
III. Birmingham: Kynoch Press. 

KURLAND, R. J. & WILSON, E. B. (1957). J. Chem. Phys. 27, 
585. 

LIDE, D. (1962). Tetrahedron, 17, 125. 
LIMINGA, R. & OLOVSSON, I. (1964). Acta Polytech. Scand., 

Math. Computing Mach. Ser. No 10. 
LINDQVIST, I. (1963). Inorganic Adduct Molecules of Oxo- 

compounds. Berlin: Springer Verlag. 
LINDQVIST, I. & ZAC~RlSSON, M. (1960). Acta Chem. Scand. 

14, 453. 

NARDELLI, M., CAVALCA, L. & FAVA, G. (1957). Gazz. 
ch#n. Ital. 87, 1232. 

NARDELLI, M., COGHI, L. & AZZONI, G. (1958). Gazz. chim. 
Ital. 88, 235. 

ROSENHEIM, A. & S'rELLMANN, W. (1901). Bet. dtsch chem. 
Ges. 34, 3377. 

VILKOV, L. V., AKISHIN, P. A. & PRESNYAKOVA, V. M. 
(1962). Zh. Strukt. Khim. 3, 5. 

ZACKRISSON, M. (1961). Acta Chem. Scand. 15, 1784. 
.~kSBRINK, S. • BRXNDI~N,C.-I. (1963). I.U.Cr. World List of 

Crystallographic Computer Programs, No 6023 FACIT. 

Acta Cryst. (1966). 20, 758 

A Reinvestigation of the Crystal Structure of LilO3* 
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The crystal structure of LilO3 has been reinvestigated with the use of single-crystal Mo K~ diffrac- 
tometer intensity data. Morphological measurements and diffraction photographs establish P63 to be the 
correct space group. The values for the lattice constants, a0=5.1815 and c0=5.1709, were determined 
by a least-squares fit of back-reflection powder lines. The structure consists of lithium ions, surrounded 
by six oxygen atoms in a distorted octahedral arrangement, and discrete trigonal iodate groups with a 
1-817 A iodine-oxygen bond distance and 98-65 ° O-I-O bond angle. 

Introduction 

As a result of discussions concerning naturally occur- 
ring iodates (Kaplan, 1966), we reviewed the literature 
on the configuration of iodate groups in crystalline 
solids. It was noted that the structure of LiIO3 reported 
by Zachariasen & Barta (1931) (hereafter ZB) placed 
the iodine in an octahedral coordination with six equi- 
distant oxygens, rather than in trigonal, pyramidal con- 
figuration as in other iodates. That the structure might 
merit reinvestigation was pointed out by Wyckoff 
(1960). This anomalous behavior of iodine in several 
alkali metal iodates has also been noted by Ibers 
(1956). On examination of the original paper of ZB, 
it became apparent that the structure was interpreted 
largely from powder diffraction data, and that the 
crystals available were extremely small. It is then not 
too surprising that an incorrect space group was chosen 
and erroneous positions were deduced for the lighter 
atoms. Since occasionally discrete molecules rearrange 
in the solid state when crystallized from gaseous or 
liquid state, (e.g. gaseous A12C16 and infinite molecular 

* This work was supported by the United States Atomic 
Energy Commission. 

sheets in crystalline A1Cl3), the structure of LiIO3 
merits reinvestigation. 

Our structure results are reported here. 

Experimental 

Crystals of lithium iodate were prepared in the follow- 
ing manner: (1) stoichiometric quantities of reagent 
grade iodic acid and lithium carbonate were dissolved 
in water; (2) the solution was then warmed to remove 
any remaining carbon dioxide; (3) the solution was 
allowed to evaporate at room temperature until crys- 
tals began to form. 

The crystals obtained are brilliant pseudo-prisms up 
to 0.5 mm long and 0.2 mm in diameter. Careful ex- 
amination reveals that the apparent prisms are actually 
portions of extremely steep hexagonal pyramids. Mor- 
phological measurements made with a reflecting goni- 
ometer yielded results which permit the indexing of 
all but the very steep faces. The polar angle of these 
steep faces is so great that indexing becomes ambig- 
uous. The approximate index of these faces, orienting 
them so that they taper toward the negative end of e, 
is { 2 0 . 0 .  ?,0 • i}. These are terminated by the forms 
{10il}, {10ii}, and very small faces of {1237.}. Mor- 


