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meters. We believe that where there are two solutions 
possible, it is preferable to choose the more general 
case, i.e. the noncentric interpretation. 
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The crystal structures of NaC1.5~NH3 and NaBr. 5+NH3 have been determined from single-crystal 
X-ray data, collected in a low-temperature Weissenberg camera with Cu K radiation. Both compounds 
are trigonal, space group R3, with 21 formula units in a hexagonal cell for which the measured dimen- 
sions are: 

NaC1.5~NH3: a=  23"67, c= 9"25 ]t (t= -58  °C) ; 
NaBr. 5+NH3: a = 24.34, c = 9-46 ~ (t = - 35 °C). 

The ammonia molecules and halide ions together form a roughly cubic close-packed arrangement, the 
sodium ions occupying certain of the octahedral interstices, so that only ammonia molecules are 
closest neighbours. The octahedra, which enclose some of the sodium ions, share two corners with 
adjacent octahedra; in this case the effective coordination of the sodium is only fivefold, the sixth 
ammonia molecule lying at a greater distance. 

Introduction 

The present investigation forms part of a series of 
structure determinations of some ammines formed 
with salts of the alkali metals and ammonium. The 
structures of NH4.3NH3 (X=CI ,  Br, I) and 
NH4I.  4NH3 have been reported earlier (Olovsson, 
1960 a, b) 

In the systems NaX-NH3 ( X =  F, C1, Br, I) the fol- 
lowing compounds have been reported: NaC1.2.5NH3 
(Friedrichs, 1921), NaC1.5NH3 (Joannis, 1891; Biltz 
& Hansen, 1923; Biltz, 1923; Patscheke, 1933), 
NaBr .  5.25NH3 and NaBr .  5.75NH3 (Biltz & Hansen, 
1923; Biltz, 1923), N a I .  4NH3 (Picon, 1919; Leonard, 
Lippincott, Nelson & Sellers, 1955), NaI .  4"5NH3 and 
N a I .  6NH3 (Biltz & Hansen, 1923; Biltz, 1923). A 
phase with the composition NaC1.2.5NH3 does not 
exist according to later investigations (Biltz & Hansen, 
1923). The phase reported as N a I .  4NH3 has the 
composition NaI .  4.5NH3 according to Biltz & Han- 
sen (1923). The structures of the ammines of sodium 

iodide are currently being investigated in this labora- 
tory. 

In this paper the structures of the compounds 
formulated above as NaC1.5NH3 and NaBr .  5.25NH3 
are reported. The X-ray crystallographic investigation 
shows that these compounds are isomorphous and 
have the exact composition NaC1.5~-NH3 and 
NaBr .  5+NH3, respectively. This point is further 
discussed below. For covenience these compounds 
are called 'pentammines'  in the following text, 
although it should be kept in mind that this design- 
ation is not altogether adequate. 

Experimental 

The solubility curve of sodium chloride in ammonia 
is shown in Fig. 1. The values were taken from the 
work by Patscheke (1933) (cf. also Patscheke & Tanne, 
1935), but the results of Guyer, Bieler & Schmid 
(1934) and Distanov (1938) are very similar. The 
curves give the composition of the solution in equili- 

AC 18--4" 
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brium with 'pentammine' (lower curve) and with 
ammonia-free sodium chloride (upper curve), respect- 
ively. Thus the 'pentammine' decomposes at temper- 
atures above -9"5°C  into pure sodium chloride and 
a solution of sodium chloride in ammonia. As shown 
in the figure, the maximum solubility of sodium 
chloride is 15.37 w t . ~  NaC1 (18.90 moles NH3/mole 
NaC1) at the transformation temperature - 9 . 5  °C. The 
corresponding solubility curve for sodium bromide 
in ammonia is analogous. Sodium bromide is, however, 
considerably more soluble; the maximum solubility is 
about 54-5 w t . ~  NaBr (about 5.05 moles NH3/mole 
NaBr) at + 13°C (Distanov, 1938). At this point the 
saturated solution evidently has a composition very 
close to that of the solid phase NaBr.  5~NH3 (5.143 
moles NH3/mol NaBr). 

It is obviously not possible to grow single crystals 
of NaC1.5~NH3 in the ordinary way from a liquid 
of the same composition. The crystals of the 'pentam- 
mine' would have to be formed by reaction between 
solid sodium chloride and ammonia-sodium chloride 
solution by cooling to a temperature below -9 .5°C .  
To obtain single crystals this way seems rather diffi- 
cult. It was therefore decided to grow the crystals 
from a homogeneous liquid containing as much sodium 
chloride as possible (maximum 15.37 w t . ~  NaC1 at 
- 9 . 5  °C, as stated above); the details of the procedure 
are described in the following section. 

Glass capillaries were made by drawing out one 
end of a thin-walled glass tube (diameter about 2 mm) 
to a diameter of 0-1 to 0.2 mm and a wall thickness of 
0.01 to 0.02 mm. Sodium chloride was weighed into 
the capillary and carefully dried ammonia was con- 
densed over it. Reweighing, after sealing the capillary 
with a micro-flame, gave the amount of ammonia 
present. This amount was adjusted to a percentage 
by weight of sodium chloride somewhat greater than 
15.37 in a series of preparations. The capillary was 
then kept for some time at about - 1 0 ° C  to allow as 

*c 
+40 
+30 

+20 

+10 

q-o 

-ao 

-20 

-30 L+Na C1'51/7 NH3 -40 / 
-50 1 

-60 t -70 
-80 

0 2 4 6 8 10 12 14 16wt% NaCl 
Fig. 1. The solubility curve of sodium chloride in ammonia 

(values taken from the work by Patscheke, 1933). 

much sodium chloride as possible to dissolve, the 
small excess of sodium chloride then being transferred 
to the rear end of the capillary. Single crystals were 
grown from this saturated solution in the Weissenberg 
camera by blowing a cooled stream of gas parallel to 
the capillary axis and following the growth with a 
polarizing microscope. The details of the low-temper- 
ature apparatus were described in an earlier paper 
(Olovsson, 1960c). The bromide was prepared by an 
analogous method, but it was considerably easier to 
grow single crystals of the bromide than of the chloride. 
The crystals of the bromide compound grew prefer- 
ably with their c axes parallel to the capillary axis. 
If the pentammine of the chloride has an extended 
range of homogeneity, the crystals formed by the 
above procedure may not attain the ideal composition 
of NaCI.  5~NH3 but may instead have a (small) 
excess of ammonia. If this is the case the cell dimen- 
sions and other properties will be affected to a cer- 
tain extent. Experience obtained from related systems 
indicates, however, that solid solutions probably do 
not exist, or at least only to a very limited extent. In 
the case of the bromide the problem posed by solid 
solution formation does not arise in practice since 
the crystals may be grown from a solution of the ideal 
composition. During the crystal growth good agree- 
ment was observed with the earlier determined melt- 
ing points. 

Equi-inclination Weissenberg photographs were 
taken of the chloride at - 5 8 ° C  and of the bromide 
at - 3 5 ° C  with Cu K radiation. With [001] as the 
rotation axis layers 0 < l < 6  were collected for the 
chloride and 0 < l < 8  for the bromide. The relative 
intensities were estimated visually with the use of 
the multiple-film technique (five films), the intensities 
being compared with a calibrated scale. The intensity 
range was 1 to 9000. The data were corrected for the 
Lorentz and polarization effects. The radii and absorp- 
tion coefficients of the cylindrical crystals used were: 

NaC1.5~-NH3" r=0-010 cm,/z=37.7 cm -1 
NaBr .  5@NH3" r = 0"008 cm,/z = 65.7 cm -1 . 

In addition, rotation photographs were taken of a 
single crystal of the chloride at - 9 4  °, - 133  ° and 
- 1 9 0 ° C ,  but no changes in structure were indicated 
in these photographs. 

Unit  cell and space group 

The data showed the diffraction symmetry to be that 
of the trigonal Laue group 3. On referring the crystal 
to hexagonal axes all reflexions missing for which 
- h + k + IS  3n indicating a rhombohedral lattice 
(with the rhombohedral axes in the 'obverse' orient- 
ation relative to the corresponding hexagonal axes; 
cf International Tables for X-ray Crystallography, 
1952, p. 20). These results suggest the space groups 
R3 or R3. As shown in the next section, the structure 
is satisfactorily described by R3 (C]i) and the subse- 
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quent refinement of the structure using this space 
group gave good agreement with the intensity data 
indicating the suitability of this choice. The crystals 
are here consistently referred to hexagonal axes and 
the general 18-fold equivalent positions in R3 are as 
follows" 

(0, 0, 0; k, ~, ~; }, k, k )+(x ,  y, z); (~, y, ~); 
(y, x -  y, z) ; 

(y, y - x, ~) ; ( y -  x, .~, z); (x - y, x, ~) . 

The unit-cell parameters as determined from rota- 
tion and quartz-calibrated zero-layer Weissenberg 
photographs are" 

NaC1.5~-NH3" a=23.665 + 0"010, c=9"253 + 
0"020 h ( t = -  58°C) 

NaBr .  5~NH3" a=24.343 + 0.015, c=9.462 + 
0.020 h. ( t = -  35°c) 

(a =4.913 A for a-quartz (t = 20 °C); 2 Cu K71 = 
1.54051 A, 2 Cu K~2= 1.54433 A). The uncertainties in 
the cell dimensions given above are not standard 
deviations but correspond to estimated maximum 
errors. 

The density of the bromide was estimated from the 
volume and weight of a completely homogeneous 
crystal contained in a cylindrical capillary of uniform 
thickness; the volume was measured microscopically 
and the weight was given by the preparative technique. 
The observed density was: NaBr .  5~NH3: dobs= 
1.37 g.cm -3. In view of the symmetry the number of 
formula units in the hexagonal unit cell must be a 
multiple of three; with 21 formula units dea~e is 1'36 
g.cm -3 for the bromide and 1.13 for the chloride. The 
weighted mean of the densities of the sodium halide 
and solid ammonia is 1.22 for the bromide and 1.04 
for the chloride. 

Determination of the atomic coordinates 

The positions of the halogen atoms were determined by 
comparison between the peaks in three-dimensional 
Patterson syntheses for the chloride and bromide. 
Subsequent interpretation was based on the space 
group R3. Here the general ninefold positions (in 
the hexagonal unit cell) are: (0, 0, 0;½, ~-, 2; 2, ~, ½)+ 
(x, y, z); 07, x - y ,  z); ( y - x ,  2, z). The only special 
positions are threefold and of the form (0, 0, z). With 
21 halogen atoms per unit cell the only practical pos- 
sibility is to locate two independent atoms in general 
positions (xx, Yl, zl) and (x2, Y2, z2) and one atom in 
a special position (0, 0, z3). The z coordinate of one 
atom is arbitrary and z3 was set equal to zero. The 
only possible atomic coordinates for the other halogen 
atoms, consistent with the Patterson maps, were found 
to be approximately xx=0.09, y1=0.45, z l = 0  and 
xz--  - 0.09, Yz = - 0.45, z2 = 0. Clearly these atomic 
positions are equally consistent with the centrosym- 
metric space group R3. It is noteworthy that an inde- 

pendent interpretation of the Patterson maps starting 
with R3 led to the same coordinates. From three- 
dimensional Fo syntheses based on these halogen po- 
sitions, the coordinates of the sodium and nitrogen 
atoms were then determined. Since satisfactory coor- 
dinates for these atoms were obtained assuming the 
space group R3 and the subsequent refinements pro- 
ceeded successfully, the space group R2] is considered 
to be the appropriate one. In the structure thus ob- 
tained the halogen and sodium atoms are each located 
in one general 18-fold and one special threefold posi- 
tion and the nitrogen atoms (21 x 571-- a toms= 108 
atoms) in six 18-fold positions. 

The preliminary atomic coordinates were first 
improved in a series of three-dimensional electron 
density calculations and then further refined by the 
method of least squares. The least-squares treatment 
also involved refinement of individual isotropic tem- 
perature factors and inter-layer scale factors. 

The Fourier calculations were made on the computer 
FACIT EDB with programs (designated STRIX and 
PROFFS) written by Liminga & Olovsson (1964). 
The electron-density maxima were located with a 
program (LOKE) written by Lundberg & Olovsson. 

The first series of least-squares calculations (about 
20 cycles) was performed on FACIT EDB with a 
program (SFLS) written by Br~nd6n & Asbrink (to 
be published). A block-diagonal approximation is 
used in this program to minimize the function 
X w ( [ F o l -  Ifcl) 2. The weighting scheme used was that 
due to Cruickshank, Pilling, Bujosa, Lovell & Truter 
(1961). In this w= 1/(a+[Fo[ +clfol2), where the con- 
stants a and c were chosen as follows: a = 2 .  ]Fo, mini 
and c=2/[Fo, max[. Reflexions too weak to be observed 
were given zero weight. Orthorhombic symmetry is 
the highest symmetry that this program can handle cor- 
rectly. Structures of higher symmetry can be refined if 
they are treated as having lower symmetry, which 
necessitates the inclusion of more than the independent 
data. The standard deviations obtained are then 
incorrect. In the present case the least-squares refine- 
ments were performed for the structure described in 
terms of the corresponding monoclinic symmetry. 

Finally five cycles of least-squares calculations were 
performed with a full matrix program, ORFLS, writ- 
ten by Busing, Martin & Levy (1962). The same weight- 
ing scheme as above was used. The shifts in the atomic 
positions in the final cycles were less than one tenth 
of the standard deviation for the coordinate in 
question. The 'discrepancy indices' at this point were: 

For the chloride: 

R1 = X l l f  o[ - l f  c l l /X l f  ol =0.093 
Rz = [Xw (lEo[ -[Fel)Z/Xw lEo[Z] ~ = 0" 125 

For the bromide: 

R1 = 0.067, R2 = 0"089 . 

The atomic parameters together with the standard 
deviations after the final least-squares refinement are 
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listed in Table 1.* The observed and calculated struct- 
ure factors at this stage are compared in Table 2. The 
number of reflexions recorded was 756 for the chloride 
and 1985 for the bromide. Distances and angles 
together with their standard deviations were calculated 
using the program ORFFE (Busing, Martin & Levy, 
1964). The standard errors of the distances and angles 
were then computed from the errors of the atomic 
coordinates obtained in the form of a variance- 
covariance matrix at the final least-squares cycle 
using ORFLS. The errors of the cell parameters were 
also included in these calculations. 

The atomic scattering factors used in the above 
calculations were those given for N °, Na +, C1- and 

Table 1. Atomic parameters and standard deviations 
N a C 1 . 5 } N H 3  N a B r .  5-~-NH3 

X(1) x = 0.0947(9) + 0-0001(7) 0"09470 _+ 0.00003 
y = 0-4461(1) + 0-0002(0) 0"44645 + 0.00003 
z = 0.9948(2) _+ 0.0005(0) 0-99502 _+ 0.00007 
B =  1.93 _+0.09 3"54_+0.03 

X(2) x = O  0 
y = 0  0 
z = 0  0 
B = 2" 19 _+ 0"20 3"44 _+ 0"04 

Na(1) x = 0.4376(5) _+ 0.0002(6) 
y = 0.1320(1) _+ 0.0003(2) 
z = 0-1526(7) _+ 0-0007(4) 
B =  1"58-+0"13 

0.4380(5) _+ 0.0001(4) 
0.1311(5) _+ 0.0001(8) 
0-1507(0) +- 0-0002(9) 
3.71 _+0.06 

0 
0 
0.50 
3.93 _+ 0.14 

0.2557(2) _+ 0.0003(1) 
0.4711(2) _+ 0.0003(1) 
0.0297(6) _+ 0.0007(7) 
4.26_+0.12 

Na(2) x = 0  
y = 0  
z=0"50  
B = 1 "47 _+ 0"26 

N(1) x = 0.2551 (4) _+ 0.0006(4) 
y = 0.4742(4) _+ 0.0006(8) 
z = 0.0429(8) _+ 0.0015(4) 
B =  2.91 _+ 0.28 

N(2) x--0.3363(5) _+ 0.0006(3) 
y = 0.0513(2) _+ 0.0006(3) 
z = 0.0292(0) _+ 0.0015(4) 
B=2.95_+ 0.31 

0"3379(2) -+ 0"0003(2) 
0"0524(6) -+ 0"0003(1) 
0"0216(2) _+ 0"0007(6) 
4"48_+0"13 

N(3) x = 0"4817(5) + 0"0006(3) 
y = 0.0715(6) -+ 0-0006(3) 
z = 0.0157(8) + 0.0015(8) 
B=2.80-+  0.31 

0.4807(6) -+ 0.0002(8) 
0.0721(3) -+ 0.0002(8) 
0.0103(4) -+ 0.0008(0) 
4-10+0.13 

N(4) x = 0.3025(8) + 0-0006(9) 0.3000(4) + 0.0003(3) 
y = 0.1915(1) + 0-0006(6) 0.1894(3)+_0"0003(3) 
z =  0.0051 (7) + 0-0016(7) 0.0081(5)_+0.0007(9) 
B=3.75_+ 0.35 4-64+_0.14 

N(5) x = 0"2366(7) + 0"0007(2) 0"2373(9) + 0"0003(0) 
y = 0"6099(6) + 0"0007(5) 0"6118(0) + 0"0003(0) 
z = 0"9829(4) + 0"0018(5) 0"9922(5) + 0"0007(3) 
B=4"13 +0"38 4-19+0-13 

N(6) x = 0.1432(1) ___ 0.0006(7) 0.1433(2)+0.0003(1) 
y = 0.1696(2) + 0.0006(1) 0.1681(2)+0.0003(1) 
z = 0-9941(0) _+ 0.0016(1) 0.0003(0) + 0.0007(4) 

B = 3 . 2 3 _  0.32 4 .33+0.13  

* It  is not iceable  that  the t empera tu re  factors for the 
b romide  are  considerably higher  than  those for the chloride, 
m o r e  than  expected for the difference in tempera ture .  As the 
slightly s t ronger  absorpt ion  in the b romide  contr ibutes  in 
the opposi te  direction the effect is evidently due to o ther  
factors  (e.g. disorder).  

Br- in International Tables for X-ray Crystallography 
(1962, p. 202 and 206), based on wave functions ob- 
tained by the method of the self-consistent field. Hy- 
drogen atoms were not included in the calculations. 

Description of the structure 

The structure can perhaps be most easily described 
with reference to Fig. 2. Both the ammonia molecules 

. . . . . . . . . .  , . - - . . ,  

% 
ONa(li~ 
(~Na(2) 

O Br(1) 

OBr( 2) 

._3 

b\  
z=O 

(a) 
5A 

(b) 

~ ~ ~ ~ "  ..... 0 ~ 

o( -0 ( 
,( 

b \2  
z = 2 /3  

(c) 

). 

Fig. 2. The  crystal s t ructure  of  N a B r .  5~-NH3. The a m m o n i a  
molecules and  halide ions are  approximate ly  located in 
three separate  layers parallel to (001) with the z coordinates  
0, ½ and -} as shown in (a), (b) and (c). The sod ium ions 
are si tuated above and below these layers in some of  the 
octahedral  interstices. The  ni t rogen a toms have been num-  
bered as in Table 1. 
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H K L F o F c 

3 
6 
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-20 
-17 
-14 
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-5 
- 2 

4 
7 

10 
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"22 2 
-19 2 
-16 2 
-13 2 
-10 2 

"7 2 
-4 2 

11 14 22 
17 2 
20 2 
23 2 

-24 3 
-21 3 
-18 3 
"15 3 
-12 3 
- 9  3 

-6 3 
6 3 
9 3 

12 3 
15 3 
18 

-14 
- I I  4 

-8 4 

13 4 
-13 5 - , ~  

, I  

:~,~ ~6 
-21 6 
-18 6 
-15 6 
-12 6 

9 6 
-23 7 
-20 7 
-17 7 
-14 7 

IO 7 
13 
,6 ~ 
,9 78 

-25 
"22 8 
-19 8 
-16 8 

14 
-18 9 

12 
"26 109 
-23 lO 
-20 10 

13 10 
16 1o 

-22 1 I 
"27 12 
-24 12 

15 12 
"23 0 
-20 0 
-17 o 
-14 0 -:~ ~ 
- 5 0 
° 2 0 

~ o o 
,7o o 
t3 
16 
19 

-22 
-19 
-16 
- t 3  
-10 

T a b l e  2 Observed and calculated structure factors 
Fo and F~ are ½ of  absolute scale. Unobserved reflexions are marked with an asterisk. 

N a C 1 . 5 ~ N H 3  
H K L F o F¢ H K L PO Fc B K L F o PC H K L F o F c 

4 3 18.0 12.4 - 7 28 
12.0 16.5 -4 28 
9.7', 4.0 -21 29 

11.3, 4.4 -18 29 
20.1 17.7 -15 29 
76.2 71.6 -12 29 
11.1 8.7 -9 29 
9.5" 10.7 -17 30 
7.8 13.1 -13 0 
9.5 5.9 -10 0 
7.3" 3.8 -7 0 

15.5 16.7 -4 0 
10.5" 3.6 -I 0 
22.2 20.8 
12.7" 13.7 ~ 0 
11.9"" 0.2 8 0 
10.5" 7.1 11 0 
21.9 17.5 14 0 

5.1" 0.1 17 0 
13.1 14.4 20 0 
9.9" 4.8 -12 
11.5" 10.7 "9 
28.9 27.1 -6 
11.9" 3.6 "3 
16.2 14.2 
16,9 19.2 63 
12.1" 5.7 9 
12.5" 3.8 12 
22+9 20.9 15 
9.8 11.4 -17 2 
8.2 7.7 -14 

14.7 t6.1 -11 2 
21.9 23.1 -8 
17.2 12.0 "5 2 
18.4 20.3 4 
13.2 14.5 7 2 
11.8 12,4 I0 
12.2 10.1 13 2 
10.9" 3.6 16 
21.0 16.4 19 2 

1 9 5 . 3 2 0 2 . 7  -25 
10.3 6.6 -22 3 
11.8 12.3 -19 
15.4 13.0 -16 3 
17.5 17.1 -13 
12.6 9.6 -10 3 
30.1 26.2 -7 
19.6 9.3 -1 3 
6.7" 6.3 58 

26.3 25.3 3 
12.3+ 0.8 11 
7.7" 3.9 14 3 
14.6 14,1 17 
5.3 4.4 -27 4 

12.1" 8.4 -24 
15.4 15.2 -21 4 
13.9 14.5 o18 
12.6 10,1 -15 4 
13.7 14.2 -12 
22.2 21.0 "9 4 
25.1 19.7 -3 
17.7 20.3 6 4 
I 1.9" 8.3 19 2 
42.9 38.3 4 
12.1 11.0 15 
12.1- 9.8 18 4 
32.1 27.4 21 
245 266 2o 5 
, 2 o  , , 5  :I~ 
15.1 18.1 5 
13.5 15.1 -11 
17.9 17.3 -2 
8.7* 2.6 

20.7 18.6 17 
15.4 16.9 13 
16.7 18.0 16 
16.1 13.1 -16 
24.2 21.4 -134 
17.5 17.7 - 
12.2 14.4 o~ 
18.4 17.0 
16.1 17.2 I I  
10.3 8.9 -21 
26.7 28.9 -18 
19.8 ,9.5 -,5 
18.9 18.2 -6 
10.9, 7.3 -3 
11.1" 10.9 
20.4 17.1 192 
12.0 13.4 15 
11.5* 2.7 -26 
19.7 20.6 -23 
11.5" 0.3 -20 

1.8 11.2 -17 
12.1 15.1 -5 
11.9" 2.3 -2 
11.7* 6.8 10 
24.0 24.8 13 
28.6 24.8 16 
19.0 20.2 -22 
12.5" 9.5 -19 
12.3. 1.8 -.74 
75.5 7 , . I  
15.4 17.7 111 
,9.0 20.7 
20.9 22.1 14 
15.0 15.4 17 

2O.3 22.5 
10 .6-  5.7 7 3 

0 66.3  60.3 I0 3 
0 17 .1 -  3 .0  13 3 

18.9 15.4 16 3 
21.9" 9.1 -19 4 
13.3 14.6 -16 4 
60.6 62.7 -13 4 
238 218 -,? ~ 
13.5 15.6 
82.3 117.9 85 4 

5 . 5 "  2.6 
40.4 45.9 11 4 
36.3 35.0 -24 5 
17.8 17.7 -21 5 
26.0 26.7 -18 5 
16.1 ,5.3 "15 5 
446 438 2 5 
198. 24 63 
16.8, 4.3 
52.9 46.9 9 5 
18.7 19.4 12 5 
21.9 22.8 15 5 
10.9" 6.1 18 5 
26.8 23.4 21 5 
45.8 45.6 -26 6 
19.9 15.6 -23 6 
21.9" 3.6 -20 6 
29.6 27.6 "17 6 
22.9 21.0 -14 6 
30.4 26.9 -2 6 
21.5" 0.6 7 6 

10. 6 
21.2" 18.5 14.[ 11~ 6 
21.7 19.1 16 6 
12.6, 6.7 19 6 
29.1 29.7 22 6 
72.5 70.2 -19 7 
48.6 43.4 -16 7 
18.5, 2.2 -4 7 
36.7 38.3 -1 7 
65.3 56.3 8 7 
17.1'* 94. 11 7 
29.3 25.7 14 7 
51.0 56.7 -24 8 
14.4 13.5 -21 8 
59.8 55.8 -18 8 
20.1 lS.2 -6 8 

146.0 172.9 " 3 8 
36.7 36.4 -23 9 
16.1, 2.7 -20 
18.9 16.9 - :~ 
23.2 18.8 -5 9 
20.2- 10.9 -2 9 
21.9" 0.1 IO 9 
60.6 55.2 13 9 
28.4 29.3 16 9 
15.0" 6.8 -22 10 
2 9 ,  272 7 ,o 
24.2 24.5 -4 10 
21.5" 8.6 - I 10 
19.7 16.6 I I 1'0 
36.5 33.9 14 10 
50.5 45.0 17 10 
21.5" 2.1 °27 11 
242 232 24 ,, 
268 259 9 ,,  
19.5" 2.2 -6 11 
21.9" 4.1 "3 I I  
20.9" 1.6 12 11 
,8.8- 7.7 "1 '2 
27.4 31.4 -8 12 
21.9 22.3 " 5 12 
22.2 18.1 2 12 
21.9 19.7 -28 13 
42.0 38.7 -10 13 
16.8 13.8 -7 13 
21.2, 3.5 -4 13 
21.5" 3.9 -I 13 
19.7 17.2 "9 14 
266 276 6 ,4 
175 ,46 3 ,4 
20.9" 8.3 -8 15 
21.4 21.8 -5 15 
18.0 17.6 -13 16 
24.2 19.6 -10 16 
12.2 11.7 - 7 16 
10.9" 12.4 b, 16 
9.1" 1.4 - I  16 

23.2 21.6 -15 17 
5.5" 0.5 -12 17 
3.4, 1.2 "96 17 
2.4, 2.4 17 
4.9" 4.0 "3 17 
6.7-  7.2 -14 18 

14.8 13.7 -11 18 
10.3- I . I  - 8 18 
11.9- 5.4 -5 18 
24.5 25.8 -4 19 
20.3 20.2 - t8  20 
12.7, 8.4 -15 20 
16.5 18.6 -12 20 
22.7 23.1 -9 2O 
8.3, 3.2 -I~ 21 
6.5" 1.3 -13 22 
4.7 5.2 -18 23 
3.9 1.7 

H K L F o Pc 

7 . 3 -  4.0 -7 15 2 47.7 48.3 "3 21 3 60.1 53.3 -25 3 5 25.6  31.5 
26.2 30.6 -4 15 2 13.1 15.6 "11 22 3 23.6." 5.8 -22 3 5 19.8" 3.9 
14.2 15.8 "~ 15 22 3 4 . 9  34.6 ;8 22 ~ 2 3 . 5  21.8 -19 ~ ~ 23.0" 3.3 
7.1" 9.2 -I 16 32.4 35.3 - 24 19.0- 4.5 -16 23.7 27.4 
7.5" 1.5 -12 16 2 25.3 26.4 -8 25 3 14.1 8.2 "13 3 5 21.0,  4.4 
7.3" 9.4 - :, 16 2 10.9" 10.1 -13 26 3 19.0" 8.4 -10 3 5 18.1. 10.8 
14.6 16.8 -6 16 2 29.6 26.6 -10 26 3 18.6, 6.1 "7 3 5 14.3 14.6 
6.7 3.5 -3 16 2 11.4 9.6 - 7 26 3 17.4, 21.3 -I 3 5 16.& 16.9 

5 23.7 ~ 2 14.8 11.5 -14 17 2 11.9" 9.2 -4 26 3 12.9 9.3 12 5.0 
8.7" 3.7 -10 18 2 23.8 22.7 -18 27 3 16.3" 1.6 -11 5 5 18.9~ 5.8 

2 27.2 21.9 " 7 18 2 11.9" 1.9 -17 28 3 14.3- 1.6 -2 5 5 12.1 11.8 
40.2 42.1 - 4 18 2 12.1." 3.7 -14 28 3 14.7~ 3.4 7 5 5 19.8. 3.2 

2 11.5 16.2 "I 18 2 43.2 36.9 -I I 28 3 14.2 13.6 10 5 5 22.6- 16.3 
47.5 54.5 -15 19 2 75.5 73.2 -2O 4 29.0 30.2 13 5 5 23.5" 5.8 

2 24.1 21.0 - 1 2 1 9  2 ,2 .1 ,  3.3 -17 
38.7 33.9 "9 1 9 2  21.0 23.3 "14 

2 778 798 ;~ 19 22 8 6  512 
,0.9" 1.2 - 20 13.6 15.0 " 

2 19.5 22.4 - I f  20 2 45.4 42.2 -2 
33.6 32.6 -1621 2 28.8 26.5 I 

2 9.5" 5.8 . '31422 22 11.9 13.0 
23 18.5 20.8 36.9 29.9 170 

2 13.5 15.3 "II 23 2 12.1- 4.9 
64.6 87.4 - 8 23 2 12.1" 1.0 13 

2 22.0 23.2 "5 23 2 28.9 29.6 16 
259.1 267.4 -I9 24 2 32.0 31.1 -4 

2 2 2 . 0  17.8 -16 24 2 11.5" 8.9 2 
16.3 16.9 "13 24 2 11.7" 1.5 5 

2 26.4 24.6 -10 24 2 29.0 29.7 8 
29.8 30.9 -24 25 2 18.8 21.4 11 

2 26.8 28.5 -21 25 2 9.7" 2.9 14 
39.0 27.9 -18 25 2 10.5, 4.8 t7 

2 84.9 93.5 -15 25 2 23.8 23.9 -12 
11.8 7.5 -10 27 2 36.2 32.1 -9 

2 23.7 22.1 " 7 27 2 8.3, 1.8 - 6 
7.8* 2.2 -4 27 2 14.5 17.5 3 

2 22.0 22.2 -18 28 2 9.7 13.2 b 
15.7 16.1 -15 28 2 17.0 15.1 9 

2 12.3 12.0 -12 28 2 8.3* 8.0 1 2 
12.2 12.7 "9 28 2 13.4 16.2 -11 

2 31.9 30.1 -6 28 2 14.2 13.4 -8 
23.2 23.3 -I I 29 2 6.6, 4.0 "2 

2 12.3" 1.4 "12 0 3 24.2 26.4 4 
33.8 34.8 " 9 0 3 16.3, 4.1 

2 66.0 65.9 " 6 0 3 12.8. 6.8 "1 9 
11.4 9.1 "3 0 3 12.2 8.9 -16 

2 48.8 46.7 3 0 3 30.6 31.7 -13 
21.5 24.4 6 0 3 12.8 12.0 -10 

2 16.3 12.5 "5 1 3 21.8 14.9 -1 
8.5" 1.0 -2 1 3 19.2 18.4 5 

2 1 0 . 3 ,  0.6 4 1 3 1 9 . 0  19.4 -24 
11.9" 8.4 7 1 3  14.3" 9.0 "21 

2 34.4 30.4 10 I 3 17.8" l.l -18 
11.8 14.7 -22 2 3 21.7 24.6 "15 

2 10.7" 0.1 "19 24.0* 0.3 -12 
12.3" 13.8 -16 2 ~ 22.5" 17.0 "63 

2 37.2 41.2 -13 2 3 19.7 15.2 
10.7" 9.8 "I0 2 3 36.8 40.6 192 

2 28.2 25.2 .-47 22 ~ 13.0 13.7 
9.1 6.5 9.3" 4.4 15 

2 32.3 33.4 -l 2 3 13.3 11.1 18 
15.9 13.2 5 2 3 2 0 . 4  17.6 "5 

2 11.9 10.8 8 2 3 16.3- 2.2 -2 
47.6 48.P, 11 2 3 19.8, 7.6 I ? 0 

2 20.4 16.6 14 2 3 22.5" 14.3 
11.9" 4.5 17 2 3 24.0-~ 11.0 13 

2 11.9 17.9 20 2 3 21.7" 10.0 "16 ] ~ - 13.6 14.4 -15 21.5 17.3 4 
2 11.7 12.7 -12 18.2, 11.8 

14.3 15.2 " 9 3 3 15.1~ 4.0 

4 25.4* 16.0 16 5 5 2 1 . 8 ,  10.0 
4 23 .7"  2.3 -4 6 5 23.7 25.7 
4 57.0 55.5 - 1 6 5 13.6, 1.8 

17.0 16.8 8 6 5 21.8, 14.6 
45.5 41.9 11 6 5 16.9 10.4 

4 5.5~ 4.4 -17 8 5 23.7 22.6 
4 11.6 11.0 " 5 8 5 15.6- 4.5 
4 27.3 28.5 - 2 8 5 16.1. 4.8 
44 19.5" 11.2 t0 8 ~ 23.5" 3.7 

22.9* 4.0 13 14.4 9.3 
4 28.8 24.5 I I 9 5 46.3 46.0 
4 10.8 8.5 14 9 5 20.6. 0.7 

49.3 52.1 "3 ,0 5 18.4 15.3 
4 21.9 18.1 12 10 5 21.8, 7.2 
4 33.3 32.8 15 10 5 12.4 10.7 
4 21.2, 17.9 14 I2 5 15.7 16.6 
4 29+8 31.7 -12 13 5 22.3 25.1 

43.4 41.9 -2 14 5 64.5 62.5 
2 4 20.9 23.4 -11 17 5 24.0 23.4 

4 17.3 19.1 -8 17 5 23.7 21.5 
2 4 13.6. 0.6 " 5 17 5 23.5 '~ '1.3 

4 55.9 51.3 " 2 17 5 23.5* 6.1 
2 4 15.9 13.3 -15 19 5 46.3 45.1 

4 31.1 27.6 -14 20 5 23.0" 4.1 
2 4 92.8 97.3 °10 27 5 23.8 30.2  

4 38.8 41.8 "9 
3 4 43.2 43.6 - 6 

4 67.3 73.4 -3 
3 4 58.3 59.7 3 

4 42.5 38.4 6 
4 4 62.6 55.5 9 

4 34.5 35.7 -14 
4 4 21.6- 4.8 "I1 

4 60.3 66.5 -8 
4 4 65.5 6, .5 "5 

4 16.5"' 14.0 - 2 
5 4 25.0 21.1 4 
5 4 24.6,  16.9 70 

25.0* 2.8 
4 33.1 31.1 13 

5 4 35.1 35.4 -13 
5 44 11.9, 8.7 -10 

23.3 2-.2 

6 43.4 40.7 
6 15.3. 2.3 
6 10.9 ,0.6 
6 38.1 34.1 

15.5 17.9 
38.7 35.4 

6 43.0 44.7 
6 20.8. 9.2 
6 '7.7 ,6.6 
6 59 .0  55.3 
6 8.1, 0.7 
6 25.3 25.8 
6 17.4" 5.2 
6 20.8* 8.2 
6 16 .2  18.9 

2 6 22.3 22.5 
6 19.6, 14.1 

15.7" 1.7 
4 35.3 33.4 -4 2 6 14.1 12.2 

5 ~ 17.7 13.6 - I 2 6 8.1, 4.3 
4 25.0* 0.9 5 2 6 15.7" 3.4 

5 4 22.2 24.0 8 2 6 30.8 33.3 
4 19.5 20.2 11 2 6 22.3 20.5 

6 4 28.5 25.3 -6 3 6 42.6 40.4 
4 20.6" 1.2 0 3 6 13.1 10.6 

6 & 24.2 20.9 6 3 6 42.6 41.1 
4 36.1 41.1 9 3 6 21.2 20.7 

7 4 23.8 19.8 12 3 6 23.0, 1.5 
4 14.4~ 4.0 '5 3 6 2 2 . 5 - 1 7 . 7  

7 4 ,64.2 181.6 18 3 6 33.0 37.7 
4 4 3 . 2  43.7 -20 4 6 14.8 6.8 

2 8.4 ,0.2 - 6 3 3 11.6- 6.3 1~ 7 4 25.0* 4.3 -17 4 6 23.0- 8.3 
5 78.3 88.5 0 3 3 12.2 8.9 " 4 65.5 69.9 -14 4 6 22.5- 1.7 

2 77.3 78.7 6 3 3 15.1, 17.5 6 8 4 22.1- 10.2 "11 4 6 24.5 24.0 
5 22.1 23.8 9 3 3 18.3 15.1 -20 9 4 41.1 38.6 -8 4 6 36.0 33.1 

2 11.9, 6.6 12 3 3 21.3, 10.9 - 8 9 4 17.8" 8.6 "2 4 6 26.1  23.8 
5 34.2 28.7 15 3 3 23.6" 18.8 -5 9 4 16.8 17.1 7 4 6 20.0* 14.1 

2 28.3 26.5 18 34 3 44.7 48.8 "2 9 4 12.2 I,.8 lO 4 6 31.7 37.8 
6 15.1 15.3 -17 3 22.9" 10.1 10 9 4 18.0 ,9.4 13 4 6 18.8 19.9 

2 37.8 35.0 -14 4 3 20.1, 2.0 13 9 4 24.6* 2.8 -13 5 6 79.5 77.1 
6 22 329 305 1~ 4 3 70. 97 7 ~ , 258 284 10 5 6 298 35 

9.9* 0.7 4 3 17.0 19.5 -4 10 4 28.5 28.8 -4 5 6 67.7 68.2 
6 2 18.2 18.0 -2 4 3 9.3 7.9 - I 10 4 18.7- 17.2 "~ 5 6 34.6 31.8 

2 37.6 32.4 -13 5 3 91.0 97.4 11 10 4 25.0" 0.8 "I 6 6 35.0 34.0 
7 22 11.9" 9.9 "10 5 3 15.5" 6.6 14 IO ~ 22.1" 1~3.5 "15 6 6 22.5" 7.5 

10.5" 6.8 5 3 10.8" 2.2 17 10 4 33.4 29.6 -12 6 6 20.4" 0.4 
7 2 13.5 10.3 -18 6 3 23.2" 8.7 "9 11 4 39.7 ~7.8 " 3 6 6 14.0- 5.7 

74.8 72.4 -15 6 3 20.7 20.2 - £ 11 4 18.7.,' 6.5 0 6 6 15.3, 2.3 
7 22 10.9- 4.4 -12 6 3 17.8, 1.1 -3 11 4 13.8 15.0 9 6 6 28.1 29.1 

12.1" 5.3 "3 6 3 14.2 14.2 -8 12 4 14.3 13.8 -14 7 6 15.8 18.I 
7 21.5 18.2 o20 7 3 23.8 21.0 "5 12 4 73.2 76.6 "5 7 6 38.7 34.7 

2 26.0 25.5 "17 7 3 22.5" 4.4 -10 13 4 58.2 55.1 - 2 7 6 15.7" 2.0 
-14 7 3 19.8" 11.4 "13 16 26.4 6 36.2 8 2 12.1- 1.1 4 24.7 10 7 33.0 

12.3- 8.1 .-~ 7 3 13.0 13 -I0 16 23.7" ;3.5 -4 8 6 31.4 26.4 
345 3s0 , ~ 128. ~', 47 16 4 237. 33 -, 8 6 248 239 8 

" ~ 2 . 5  -3 9 2 12.0 10.7 10 7 3 22.4 24.9 16 46.7 6 48.6 46.7 
8 2 15.0 10.3 "7 8 3 13.0 9.3 °I 16 4 28.~ 26.9 0 9 6 43.4 40.7 

2 14.6 15.2 - 4 8 3 13.6" 13.6 -15 17 ~ 2~.5 22.5 -26 10 6 20.2 23.0 
8 ~ 3 4 . 9  29.2 - 11 8 B ] ,4.3- 3.3 -14 18 29.' 30.2 "23 10 6 18.3, 13.8 

24.7 25.4 I 23.6- 12.4 "9 20 h. 6 2 . 6  58.2 -20 10 6 21.7" 7.0 
; 189 20 2 2  23 6 2 0 !  254 37 8 0 6 4 9 9 4 6 9  

12.1-  5 .0  14.9 12.3 .'3 20 25.0 26 . ,  "5 10 6 13.2 12.1 
9 ~ 7.8" 2.4 -26 IO 3 36.5 38.5 21 25.3 20.2 -4 11 6 20.2 18.9 

38.9 35.4 -23 10 3 22.9-'- 5.4 -22 25 4 30.7 31.1 -I 11 6 25.7 25.9 
9 2 41.5 33.8 -20 10 3 24.0. 12.8 -19 25 18.7- 2.4 -3 12 6 36.9 36.3 

2 75.4 71.9 - 8 10 3 ,6.3* 7.1 -I6 25 4 20.4* 6.5 -8 13 6 76.2 78.8 
9 2 12.1" 11.9 "5 10 3 27.4 25.6 -13 25 4 31.6 31.1 ° 5 13 6 21.3, 1.9 

2 12.4 16.0 " 7 11 3 17.0" 3.9 -17 27 15.7 '~ 5.5 -2 13 6 22.3 23.3 

8 
11 
14 
17 

-12 

9 
12 
15 
18 
21 

-17 
-14 
-11 

-8 

-15 23 
5.9" 2.0 -'7 24 
7.7" 1.4 -14 24 
10. I~'. 0.~ -11 24 
19.5 20.7 -8 24 
26.9 20.9 "5 24 
9.2 9.4 -22 25 

30.2 29.1 -19 25 
5.7" 0.2 -16 25 
5.1, 9.5 "13 25 
6.9, 0.1 -10 25 

40.4 37.5 - 7 25 
97.6 1o3.1 4 25 
12.0 12.7 -12 26 
12.7" 8.3 -17 27 
13.7 15.1 - t4  27 
11.9. 2.3 "19 28 
23.8 26.9 -16 28 
8.5 10.1 "13 28 
9.7 I , .0 -10 28 

,7.4 18.7 -9 10 2 42., 38.9 -4 I 1 3 20.9 22.4 .h 0 5 11.6 13.7 -13 ,4 6 36.3 41.4 
,1.9, 7.0 -6 iO 2 62.5 63.9 - I 11 3 ,7.8* 15.5 -I 0 5 5.8 6.4 -10 14 6 22.5- 12.9 
12.1" 4.2 "3 10 2 4 5 . 3  38.8 14 11 3 20.5~ 14.8 2 0 5 7.8'~ 0.7 "7 I4 6 15 .8  12.6 
20.7 21.0 -8 II 2 43.0 40.4 17 II 3 14.2 16.6 5 0 5 18.9 14.8 -4 14 6 35.5 38.1 
,6.8 17.7 - 5 11 2 8.3- 4.9 -3 12 3 26.0 23.9 -6 1 5 19.9 23.3 -9 15 6 22.9 17.2 
42.9 39.0 -2 I I 2 66.3 61.4 0 12 3 24.2 26.4 " 3 I 5 9.5" 4.6 -11 16 6 16.3 16.0 
10.7" 6.4 -25 I2 2 32 .7  28.S -8 13 3 89.2 26.7 96.9 28.4 - 3 1 . 5 83.0 32.2 81.6 31.1 :I u 8 1 6  17 . 6 23.0" 18.8 5.7 
13.9 12.1 -10 12 2 13.3 13.E -5 13 3 t 15.6 
22.5 21.5 -7 12 2 39.2 36.5 -12 15 3 21.5 19.0 -17 2 5 16.9 11.9 -12 18 6 37.9 44.1 

10.9" 13.9 -I 12 2 9.6 8.7 -13 17 3 22.9 20.6 .'~ 22 ~ 19.9 18.9 18 23.0* 2.4 
14 12 ,0.5" 3.1 -11 t9 3 16.7 18.8 16.1 -~ 1.0 I0.1- 1.3 2 -3 18 6 33.7 32.8 

16.3 18.6 I~ 12 2 ai.8 13.5 - 8  19 ~ 23.6" 16.8 "5 ~ ~ 12.1 I 1.5 "I7 '9 66 26 .0  28.9 
l i .8  15.6 - 13 2 30 .6  24.6 '9 23.6, 4.3 13.6~ .1.9 -14 19 22.1- 1.8 
12.6 15.6 -11 14 2 20.8 23.' - 4 20 3 24.0" 4.4 7 2 5 17.5 16.3 -11 '9 6 22.5~ 1.3 
8.I- II.4 -8 14 2 35.1 34.8 "15 21 3 23.6" 4.8 10 2 5 20.6" 20.9 -8 '9 6 16.0 15.7 
87. 65 :~ 4 ~ 43 09 ~ 2 ~ 240. 80 3 ~ ~ 230. 75 3 2 6 270 298 
9.0 10.9 14 117.3 121.9 21 24.0, 4.4 16 23.0* 6.3 -II 22 6 24.5 23.9 
8.3" 6.9 -,0 15 2 40.1 39.5 " 6 21 3 23.6* 5.9 19 2 5 20.6- 5.3 -16 23 6 21.6 24.5 
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H K L ~'o Pc R K L i" o Fc 

0 43.2 45.7 19 10 0 6.7 8.0 -16. 7_ 
0 4.0 3.4 -28 11 0 12.8 11.4 °4  7 
0 114.5 121.6 "25 11 0 6 .2 *  2.5 - I  7 
0 11.4 10.4 =22 11 40.5 42.2 8 7 

28.1 25.0 I I  7 
5.1- 1.0 14 7 
4.3 4.6 17 7 
16.4 14.7 2O 7 
6 4 .  o ,  : ~  8 

32.5 28.3 8 
9.8 I0.3 -21 8 
S.7 4.2 -18 8 
6.0* 1.0 "6 8 
5.7 7.1 -3 8 
7.6 8.3 9 8 

11.8 9.9 12 8 
3.9 1.9 15 8 

21.9 22.7 18 8 
10.1 8.2 21 8 
23.7 21.6 -29 9 
49.0 45.8 -26 9 
12.1 8.7 -23 9 
26.1 26.9 -2O 9 
76.O 76.2 -8 9 
12.9 13.0 -5 9 
5.5 6.6 -2 9 

30.3 32.2 I0 9 
14.4 16.0 13 9 
20.5 23.3 16 9 

7.2 7.O -28 I0 
13.1 13.4 "25 I0 
23.5 236 -22 ,o 
,55 ,5o 7 io 
20.4 19.4 -4 10 
17.9 17.0 -I 10 
12.5 14.4 11 10 
I 1.5 9.2 14 I0 
31.8 33.2 17 10 
14.1 15.3 -30 11 
3.1"  1.5 -24 I1 

10.8 12.0 "9 11 
26.7 26.8 6 11 

2.9 1.2 - ' •  I1 
36.0 39.2 12 I1 
9.3 7.4 15 11 
7.7 8.4 "29 12 

62.8 61.2 -26 12 
8.7 8.6 - 1 1 1 2  
5.1"* 2.4 -8 12 

23.9 23.5 "5 12 
8.8 10.0 -2 12 
8.8 6.8 13 12 
7.6 7.7 -3t 13 

172 172 28  ,3 
5 2 .  01 , o  ,3 

27.2 26.6 -7 13 
37.9 38.9 -4 13 
217 245 , 13 
84.9 92.2 14 13 

7.6 7.9 -12 14 
6.0 3.1 -9 14 

,593 ,6,4 6 14 
13.1 11.9 " 4  "i 3 14 

15 6.2* 3.3 

3 
6 
9 

12 
15 0 22.5 22.9 14 I I  
18 0 11.5 I1.1 17 I I  
21 0 6.5* 3.0 -30 12 
24 0 11.4 9.8 -27 12 

-26 0 11.8 11.2 -24 12 
"23 0 24.5 23.3 15 12 
-20 1 0  14.2 12.8 18 12 
-17 0 42.2 40.1 "29 13 
-14 I 0 106.8 113.3 -26 13 
-11 0 12.7 13.8 1 6 1 3  

-~A o 42.4 46.5 -31 14 
4 O 78.8 83.b -28 14 
7 0 43.2 41.5 17 14 

10 0 36.1 36.7 -3o 15 
T3 0 27.9 29.7 -26 0 
16 0 6.4 5.5 -23 
19 0 7.6 7.2 "20 
22 o 128 9.5 : I~ 
25 0 4.3* 1.5 

-28 2 0 10.0 12.4 -11 
-25 0 5.3" I .  1 
-21 2 0 34.3 34.9 "5 
-19 0 62.2 59.0 
-16 2 0 13.4 12.2 7 
-13 0 19.2 20.4 10 
-IO 2 o 72.3 70.5 13 

-7 0 42.0 44.6 16 
-4 2 0 35.9 37.3 19 

5 0 3.3*  0.8 22 
8 2 0 42.6 42.0 -25 

11 0 40.0 42.0 -22 
14 2 0 39.2 38.1 -19 
17 0 8.1 8.S -16 
20 2 o 25.8 24.7 -13 
23 0 38.7 34.9 - I0  

-27 -24 3 0 13.5 12.9 "74 
22.4 24.3 

-21 3 0 11.6 9.S 2 
-18 0 9.0 8.4 5 
"15 3 0 7.9 7.4 8 
"12 0 30.5 30.2 11 

-9  3 0 ,76 ,97 ,4 
o 55.7 56.0 17 

6 3 0 101.9 109.9 20 
9 0 96.5 98.2 23 

12 3 0 11.0 8.9 26 I 
15 0 50.0 50.0 -27 

o 81.4 -24 2 18 3 79.2 
21 0 5,9" 1.8 -21 2 
24 3 0 6.6 4.5 -18 2 

-26 4 0 10.7 8.4 -15 2 
-23 4 0 13.8 11,4 -12 2 
-20 4 0 12.1 11.6 "9 2 
-17 4 0 16.6 15.7 -6 2 
-14 4 0 11.7 11.4 3 2 
-11 4 0 37.2 36.1 6 2 
-8 4 0 105.7 117.8 9 2 

7 4 0 28.4 26.7 12 2 
10 4 0 86.0 84.9 15 2 
13 4 0 46.7 44.9 18 2 
16 4 0 18.9 17.4 21 2 
19 4 0 6.4* 3.2 -26 3 
21 4 o 9.t 7.6 -23 3 

-28 5 o 8.8 7.9 -2o 3 
-25 5 0 5.8" 0.1 -14 3 
-22 5 0 32.5 30.S "!I 
-19 5 0 6.3" 3.6 
-16 5 0 5.6* 3.6 -2 3 
-13 5 0 217.0 239.0 4 3 
-10 5 0 58.6 60.1 7 3 

8 5 0 15.4 15.4 10 3 
! I 5 0 27.8 28.5 13 3 
14 5 0 6.3* 3.8 16 3 
17 5 0 8.2 9.8 19 3 
2o 34 23 ~ ~ 5.8. 3.° 22 

4.0* 0.3 =28 
-27 6 00 35.1 28.8 -25 
-24 7.3 7.1 -22 
-21 66 0 11.6 11.9 "19 
-18 101.9 98.4 -16 
-15 66 00 28.5 29.7 -13 
-12 7.3 7.7 -10 

9 6 0 36.6 35.1 -1 4 
12 6 0 9.8 10.3 85 
15 6 0 23.1 22.5 
18 6 0 6.2* 3.5 I1 4 
21 6 0 5.0* 0.I 14 4 

-29 7 0 3.7"  1.2 17 
-26 7 0 5.7"  6.2 20 4 
2 3  ~ oo 349 3 2  23 
-20 6.4* 3.7 -27 
-17 7 0 20.5 21.2 -24 5 
-14 34.5 -21 10 7 0 3 4 . 7  

91.0 91.9 -18 
13 7 0 6.4* 8.2 - IS 5 
16 7 0 14.8 16.1 -12 5 
19 7 0 43.8 40.0 "63 ) 
2 2 7  0 10.5 11.4 

-28 8 0 5.9 5.6 1 9 55 
-25 88 0 7.2 5.5 

9.4 8.5 15 -22 ) 
-19 8 0 6.2* 14.3 18 
-16 8 o 8.5 9.9 21 5 

11 8 0 30.1 29.8 24 5 
14 8 0 48.4 45.8 =29 6 
17 8 00 6.1.' 0.8 -26 
2O 7.3 5.3 -23 

-30 9 0 4.1 3.7 -20 6 
-27 9 0 7.6 5.3 -17 6 
-24 9 0 13.t 11.6 -14 6 
-21 ~ 00 30.3 32.1 -5 6 
-18 36.5 35.4 -2 6 

12 11.4 I0.7 15 ; 0 2, o 2 , 5  g 

18 9 o 6.8 8.6 13 6 
21 9 0 5.0 2.4 16 6 

-29 10 0 4.3* 0.4 19 6 
-26 10 0 55.6 51.1 22 6 
-23 10 0 20.1 21.7 -28 7 
-20 10 0 6.4*  5.7 -25 7 

13 10 0 15.0 12.7 -22 7 
16 10 0 17.0 14.7 -19 7 

Table 2 (cont.) 
N a B r ,  5 - ~ - N H 3  

It K L PO ~ It ~ 

18.6 18.9 -13 25 
9.6 13.7 - I0  25 

310.3 300.2 -7 25 
63.6 59.4 =4 25 
17.8 17.1 - '  25 
,87 ,79 2 i  26 
12.0 12.0 -IC 26 
4.7* 2.6 -15 26 

18.4 16.4 -12 26 
21.5 22.5 - 9 26 
18.7 15.4 - 6 26 
59.1 55.1 -3 26 
66.5 72.4 -20 27 
11.9 12.8 =17 27 
19.2 18.8 -14 27 
10.7 10.6 -11 27 
6.1- 6.3 - 8 27 
5 . 3 '  6.6 -5 27 

I0.2 8.1 -2 27 
8.3 9.8 -19 28 
5.4* T .8 -16 28 

47.3 47.7 -13 .'8 
27.t 27.9 -10 28 
22.9 24.3 -4 28 
16.3 17.7 -24 29 
9.8 9.2 -21 29 
14.6 12.0 -18 29 
24.8 24.6 -15 29 
13.5 12.9 -12 29 
18.2 17.8 "9 29 
5.8~ 2.2 -6 29 

15.4 15.0 -17 30 
35.3 36.1 -14 30 
31.3 32.9 =11 30 
28.7 28.0 -8 30 
19.3 17.8 -16 31 
12.3 l t . I  -13 31 
49.0 46.1 -22 0 
8.3 8.0 -19 0 

I I .S 11.1 -16 0 
81 .S 77.0 -13 0 
38.6 41 .I -10 0 
18.8 18.4 -7 o 
3O.3 31.2 -4 o 
14.4 12.0 5 0 
9.1 7.4 8 
5.5" 1.4 11 

26.6 28.2 14 
15.5 16.2 17 
73.O 74.1 20 
41.2 40.3 23 

5.8,. 1.9 -24 
8.4 12.0 -21 
29.2 26.0 -18 
23.3 24.9 -15 
18.2 15.8 -12 
34.0 34.1 -9 
15.6 14.1 -6 
13.6 12.9 -3 
2O .4 2O .8 
17.2 18.4 
32.3 32.0 
15.9 11.3 19 
13.0 13.5 15 

Po Ye H K L P F e H K L Po Pc 

45.0 43.7 18 6 ~ 13.2 14.7 - ? 23 2 25.7 25.5 
28.9 29.9 2 22.6 19.4 -2z 24 5.7 "~ 1.8 

11.5 10.6 14 6 2 6.6', 4.1 -19 24 2 47.9 47.3 
6 2 13.3 13.1 2 20.8 19.2 12.4 12.5 17 -16 24 

8.1 6.1 20 6 2 5.5`" 2.6 -13 24 2 6.5~ 6.2 
8.7 8.6 -27 7 2 12.6 10.9 -I0 24 z 33.6 32.7 

23.5 21.1 -24 7 2 22.6 18.7 -7 24 2 10.5 9.7 
5.5 ~ 3.0 -21 7 2 56.1 56.9 - 4 24 2 6.0~' 4.3 
16.1 14.1 "18 7 2 6.2',' 5.4 - I  24 2 8.4 9.1 
5.4-  0.2 "15 7 2 25.6 29.1 -24 25 2 23.2 25.3 
5.1~ 1.1 -6 7 2 14.0 14.8 -21 25 2 5.6" 0.2 
8.0 ~.3 -3 7 2 107.0 106.3 -18 25 2 6.0~ 7.7 
8.4 6.8 9 7 2 10.6 12.8 -15 25 2 22.1 20.6 
8.3 10.4 12 7 2 6.4" 0.1 -12 25 2 6.2~ 1.6 

13.6 13.3 15 7_ 23.3 20.9 - 25 6.2.', 3.0 
5.1" 1.2 18 7 2 6 .0 .  3.0 69 ) 25 5.9" 5.9 
4.8* 0.9 -29 8 2 18.6 18.8 "3 25 2 9.6 9.1 
11.7 8.5 -26 8 2 35.7 31.0 -20 26 2 5.5" 0.0 
6.3 s.6 -23 8 2 6 6 .  4 6  -17 26 2 5 . 8 -  2.2 

8 2 20.2 18.6 2 11.2 11.3 "20 -14 26 5.9`" 4.0 
8.3 9.8 -17 8 2 52.9 50.6 - , 26 2 

lo .9  :5.2 "5 8 2 24.4 24.3 t 
11.0 9.0 

8 26 2 5.7 ~' 1.0 
10.0 8.2 - 16.5 16.6 - 
34.4 32.0 102 88 ~ 23.2 -21 26 ~ 22.4 21.1 23.3 27 4 .6 ,  4.8 

6.S 6.2 13 8 8 2 2 23.8 26.0 -19 27 2 17.2 15.1 
38.9 -16 27 20.8 21.9 16 44.5 • 13.7 11.2 

14.4 14.5 19 8 2 5.1~ 4.1 "13 27 2 9.9 8.0 
4.3* 1.2 -28 9 2 4.7* 3.7 - I0  27 2 50.5 41.5 

16.5 17.5 -25 9 2 10.3 9.5 -.74 27 2 2 5.0`" 0.3 
20.4 20.6 - 2 2 9 2  11.9 12.1 27 15.5 13.9 

7.6 5.7 -19 ) ~ 13.1 11.7 - I 27 22 21.3 22.5 
12.4 12.6 -2"+ 28 12.0 11.7 11.3 - 9.5 

7.8 8.6 -4 9 2 58.1 57.5 -21 28 2 4.3* 3.8 
6.5 7.1 - I  9 2 66.4 65.7 -18 28 2 21.1 18.3 
3.2 1.3 I1 9 2 100.6 102.4 -15 28 2 29.3 24.6 
6.5 6.4 14 9 2 6.6, 7.8 -12 28 2 7.6 6.2 
6.7 8.8 17 9 2 10.3 14.1 -9 28 2 16.7 15.0 

2 21.9 18.2 20 9 2 18.5 17.3 -6 28 2 17.4 17.1 
6.7"  1.2 "27 10 2 5.5 ~ 2.9 "23 29 2 10.5 14.1 

2 15.9 15.2 -24 10 2 6.4~, 6.5 -20 29 2 7.8 10.4 
12.7 10.9 -21 I0 2 9.7 9.7 -14 29 2 11.2 8.3 

2 14.2 10.8 "9 10 2 52.1 49.7 -24 0 3 8.7 8.6 
28.5 24.6 :6 tO 2 1 2 5 . 3  131.2 -21 0 ~ 6.3"  5.8 

2 71.3 69.1 10 93.3 90.2 -18 ~ 9.7 10.0 
34.6 32.9 ,2 10 2 ,1.9 13.9 -15 o 3 2o.1 2,.s 

2 30.9 28.0 15 10 2 16.4 14.5 -12 0 3 29.1 30.5 
127.4 137.5 "29 11 2 14.1 13.6 "9 0 3 64.4 61.6 

2 16.9 16.5 "26 I I  2 8.5 6.5 -6 0 3 10.7 10.7 
14.2 15.3 -23 1 1 2  6.6" 2.9 - }  0 ~ 17.1 15.5 

2 54.6 54.0 -8 11 2 72.6 73.0 51.1 44.2 
19.0 17.8 -5 11 2 22.6 23.4 6 0 3 16.1 13.2 

2 5.5" 3.5 "2 11 2 78.8 78.3 9 0 3 66.4 60.0 
6.6* 3.8 13 II 2 6.5* 6.7 12 0 3 19.1 19.5 

2 21.5 20.4 16 I1 2 5.5* 3.9 15 0 3 15.0 14.4 
6.0, 9.1 -28 12 2 4.9~ 5.6 18 0 3 12.7 16.6 

2 25.5 23.3 -25 12 2 54.7 47.4 21 0 3 6.3* 0.6 
53.4 49.7 -10 12 2 25.1 26.0 24 0 3 4.9* 4.5 
38.4 38.2 -7 12 2 36.0 34.7 -26 3 12.1 12.5 

2 148.1 165.5 -4 12 2 4.9 3.8 -23 3 20.2 19.0 
2 53.6 55.1 -1 12 2 14.6 12.0 -20 3 19.0 17.8 
2 298.4 356.4 14 12 2 6.1 4.6 -17 3 44.7 43.8 
2 24.0 25.0 17 12 2 19.3 18.8 -14 3 58.9 58.1 
2 14.5 16.8 "30 13 2 14.3 14.7 -11 3 5.0" 5.1 
2 59.2 57.5 -27 13 2 5 .6"  1.2 8 3 37.5 38.6 

17.6 19.7 -" 2 6.7 • 3.4 -12 13 2 5 3 69.9 69.7 
4 

30.1 27.6 -11 15 
9.9 8.2 -8 15 

I 1.9 9.6 -5 15 
6 .1 ,  0.6 -2 15 

58.3 61.7 -13 16 
37.8 40.1 -I0 16 
25.5 26.2 " 7 16 
85.2 90.0 -4 16 
36.1 36.0 - I  16 
65.7 70.7 -15 17 
17.9 16.0 -12 17 
5.4* 1.5 -6 17 

21.8 23.4 :1~ 1187 
10.7 10.5 
5.1"  2.9 -14 18 

15.0 15.0 -11 18 
5.2* 2.0 -52 18 
7.6 5.7 18 

103.8 103.8 -16 19 
12.2 12.8 -13 19 
4.6* 2.7 -10 19 

80.9 87.9 ".74 19 
21.8 22.3 19 
19.8 23.0 -1 19 
4.3~ 5.4 -18 20 

12.7 12.7 -15 20 
10.3 9.1 -12 20 
8.8 8.5 "9 20 
16.3 15.1 - 6 20 
9.8 8.3 =3 20 
7.8 7.o -20 21 

50.9 42.9 -17 21 
6.2~ 1.7 -14 21 
5.7" 1.7 -11 21 

29.5 30.0 8 21 
11.9 I0.I ''5 21 
1o7 131 2 21 
329 337 1 9  22 
21.7 19.1 -16 22 
15.5 17.5 "13 22 
29.8 273 , 0 2 2  
2 , 6  238 7 2 2  
24.9 22.8 -4 22 
6.5 6.7 -1 22 
9.5 10.0 -21 2~ 
14.7 13.3 -18 23 
6.2 7.7 -15 23 
6.0~ 5.4 -12 23 
25.9 23.6 " 96 23 
16.8 18.0 23 
37.7 43.2 "3 23 
11.5 9.2 -23 24 
32.2 30.4 -20 24 
18.9 19.2 - t7 24 
61.5 58.0 -:~ 24 
30.0 31.5 -11 24 
16.0 12.6 -8 24 
15.3 16.8 "5 24 
4.2~ 1.2 -2 24 

14.7 12.1 -22 25 
6.2"  3.0 "19 25 

16.a 14.7 -16 25 

20.7 20.9 18 
3o.s 32.1 -23 2 2 ,44 13.9 -9  13 2 10.4 74 
61.1 61.4 -20 2 22.0 24.1 "6 13 2 22.9 20.2 7 
13.1 15.4 -17 2 2 45.8 45.9 "3 13 2 40.0 38.1 10 
63.3 64.8 -14 2 2 35.3 35.8 15 13 2 16.7 15.1 13 
56.5 54.0 -II 79.0 76.3 -29 14 4.4~ 5.2" 2.1 8 ~ ~ -11 14 22 58.4 3.3 16 - 151.1 160.8 55.3 19 
26.1 28.1 " 5 2 2 2.8~ 3.4 -8 14 2 40.1 41.3 22 
54.3 51.7 4 2 2 27.0 27.2 -5 14 2 31.2 30.1 25 
33.6 34.3 7 2 2 5.8 7.1 -2 14 2 170.9 174.7 -25 
13.8 13.4 10 2 2 38.3 39.0 16 14 2 7.9 7.8 -22 
15.8 15.0 13 2 2 18.0 19.9 -13 15 2 14.6 13.3 -19 
19.4 19.5 16 2 2 17.8 17.0 - I0  15 2 63.1 63.9 -16 
17.4 15.3 19 2 2 13.5 15.5 -7 15 2 92.3 93.9 -13 
5.8" 2.1 22 2 2 5.7" 2.3 -4 15 2 16.4 17.4 -10 
5.6.  2.9 "25 3 2 46.3 40.4 -1 15 2 35.0 36.9 -7 

28.8 27.5 -22 3 2 28.7 27.9 "15 16 2 49.2 46.5 -4 
15.6 14.9 -19 3 2 6.5 5.2 -12 16 2 41.4 42.6 S 
11.5 7.7 -16 3 2 75.6 74.4 "9 16 2 21.0 21.1 8 
11.8 11.3 -13 3 2 96.6 95.5 -~ 16 Z 21.0 20.4 11 
18.8 19.2 -10 3 2 26.1 26.6 "3 1 6 2  6.2 7.6 14 
5 8 .  4 0  :~ I 22 647 635 !~ 17 ~ 2.~99 2371°2 17 

49.8 51.5 45.4 43.4 17 20 
12.5 11.0 5 3 2 28.1 26.5 "5 17 2 12.5 13.7 23 
30.8 33.3 8 3 2 4.7 7.3 - 2 17 2 6.4* 1.5 -27 
16.5 14.6 11 3 2 5.6 4.2 -16 18 2 15.0 14.4 -24 
16.3 14.9 14 3 2 22.7 23.0 -13 18 2 12.2 10.2 -21 

103.0 103.2 17 3 2 26.7 26.7 - I0  18 2 51.9 51.9 -18 
13.4 14.6 20 3 2 16.1 16.5 - 7 18 2 6.2* 3.5 -15 
6.2 7.8 "27 4 2 14.4 13.3 -4 18 2 9.4 9.2 -12 
6.0- 2.1 -24 6.0- 1. - 2 72.6 -9 25.1 26. ~ ~ 11 -1~ 1 8 2  71.4 19 6.7" 4.4 47. 94 -21 31.0 29. -6 

47.2 -18 44 ~ 33.3 36.8 -15 19 22 97.7 103.3 6 
6 .1-  3.I -15 18.8 19.8 "12 19 6.4, S.4 9 
6.1. 1.8 -12 23.0 21.5 "9 19 20.9 20.2 

25.8 27.6 3 4 ) -6 19 22 85.4 83.7 112 - 51.6 47.5 
12.4 11.9 6 4 2 4.2," 4.1 "3 19 2 18.0 17.0 18 

3 46.5 43.0 
18.6 16.2 
14.7 13.6 

3 11.1 11.2 
3 15.4 18.8 
3 9.6 11.1 
3 11.3 1o.1 
3 12.1 9.2 

2 3 4.8* 4.7 
3 37.9 36.8 

2 3 24.9 25.9 
3 20.2 21.8 

2 3 26.8 26.1 
3 4.4~ 5.0 

2 3 31.2 29.7 
3 7.4 7.5 

2 3 11.8 10.9 
3 22.0 19.4 

2 3 5.4- 0.5 
3 32.2 34.1 

2 3 11.8 12.9 
3 6.3`" 0.4 

2 3 35.0 31.2 
3 11.3 12.5 

3 3 5.6" 5.9 
3 IT.7 14.5 

3 3 9.5 8.9 
3 18.0 16.7 

3 3 14.8 15.8 
3 14.7 15.8 

3 3 32.1 30.1 
3 28.9 23.9 

3 3 70.9 65.6 
3 14.0 14.2 

3 3 6.7 5.9 
3 63.1 67.7 

11.5 12.2 9 4 2 31.5 30.S "17 20 2 6.7* 6.0 21 3 3 5.6" 1.9 
9.9 9.9 12 4 2 71.0 70.6 -14 20 2 19.2 19.0 24 3 3.5*  2.4 

10.9 10.8 15 4 2 46.2 43.4 - I1 20 2 56.7 -26 4 3 56.5 8.3 8.8 
12.56"2" 11.20"2 2118 ~ 2 6.6," 21.70"9 . - 8 2 0  ~ 14.3 12.5 -23 44 ~ 11.4 11.1 

22.2 20 6.6* 2.7 -20 13.6 13.8 
15.3 12.6 24 4 2 29.2 28.7 -2 20 2 6.9 9,2 -17 4 3 18.7 20.0 
12.0 11.3 -26 5 2 9.4 8.4 -19 21 2 6.6* 4.4 -14 4 3 5.5* 7.1 

) 2 2  233 ! ~  ~ ~ 7 4  6 4  9.4 8.0 -23 6.4~ 2.6 -16 21 23.3 
,5.0 16.6 -20 2 2 15.4 13.2 -13 21 73.1 77.0 15.3 15.9 

- 1 0 2 1  2 6 .6 ,  2.0 ~ 44 ) ,7.6 17.4 -17 5 2 22.7 23.2 - 23.7 22.1 
6 .1 ,  8.2 -14 5 2 25.2 23.5 ~ 21 ~ 13.7 11.7 16.8 14.5 
6.1~ 0.0 -11 5 2 32.1 32.6 - ' ~  21 . 6.7* 1.7 10 4 3 31.7 33.0 

13.7 12.0 -2 5 2 160.9 158.6 - I  21 2 6.7 7.4 13 4 3 40.0 42.0 
18.8 19.4 7 5 2 136.0 143.1 -21 22 2 6.3-  3.2 16 4 3 8.3 10.3 
12.0 12.3 10 5 2 54.2 57.0 -18 22 2 6.6-  4.0 19 4 3 6.2~ 3.5 
8.1 7.4 13 5 2 6 .4 .  3.4 -15 22 2 6.6" 4.8 22 4 3 8.3 7.7 

27.3 28.1 16 5 2 42.1 41.9 -12 22 2 16.9 15.8 -28 5 3 5.8 7.0 
7.4 7.2 19 5 2 22.0 19.6 "9 22 2 15.4 17.0 -25 5 3 5.5* 2.6 
C.2 6.0 -25 6 2 5.9 ~' 3.7 -6 22 2 23.2 23.6 -22 5 3 32.1 30.8 

45.0 43.6 -22 6 2 16.7 16.7 "3 22 2 16.4 15.2 -19 5 3 6.7 8.5 
23.9 24.4 -19 6 2 6.5" 1.4 -17 23 2 15.0 13.4 -16 5 3 13.6 15.9 
8.8 6.9 -16 6 2 59.8 61.0 -14 23 2 42.1 43.5 -13 5 3 155.3 160.7 

46.7 46.3 "13 6 2 19.1 18.6 -11 23 2 23.6 22.6 -I0 5 3 25.0 25.8 
9.2 7.6 -4 6 2 54.2 52.6 -8 23 2 6.7 5.7 -4 5 3 83.g 79.9 
9.5 10.6 "I 6 2 28.6 26.1 "5 23 ~ 41 ~ 38.4 "1 5 3 41.2 40.~ 
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T a b l e  2 (cont.) 
NaBr. 5~NH3 

R K L PO F¢ H K L PO Pc H K L F o F c H K L F o F c H K I, F o F e H K L F c Pc 

8 5 3 12.4 12.4 "17 22 ~ 27.9 27.8 11 4 & .-69 20 " 84.8 82.9 18 ~ ~ 9.7 9.6 -4 21 5 5.2+ 1.5 11 ~ 33 13.7 16.4 -14 22 6.6- 2.4 14 ~ 14.2 16.4 

21.8 25.4 17 4 4 5.6 4.7 -3 20 19.7 22.0 -26 5 5 5.5 3.7 -21 22 5 15.8 15.6 
14 6.7 5.6 -11~ 22 5.5" 0.2 20 44 5.6+ 1.2 21 3.5 + 7.8 - I  21 5 7.4 8.7 

17 5 3 )0.6 11.5 22 37.1 39.4 20 ~ ~ 7.1 8.6 -20 21 ~ 7.5 7.1 -23 ~ ~ c,.8 5.8 =18 22 ~ 6., 5.2 
20 5 3 5.5 ,+ 0.7 " 5 22 3 6.5,  6.8 23 7.7 10.7 -17 21 23.5 26.5 -20 7.7 9.5 -15 22 5.1+ 2,1 
23 ! ~ 3.2+ 2.2 " 2  2 2 !  6.3" 2.1 " 2 7 5 4  3.12 3.3 ".14 2 1 4  8.0 9.9 + ~ 11.2 I1.1 °9 2 2 5 1 1 . 3  11.8 -14 4 45.0 47.7 "17 23.9 23.8 "12 22 5 15.1 15.3 

• "2~ 29.0 25.3 -22 23 21.5 20.3 -24 5 4 43.1 36.6 -14 
6.1',, 0.8 -19 23 6.2+ 0.8 -21 5 4 16.9 19.7 21 19.7 22.6 -11 5 5 24.2 22.7 -6 22 5 25.4 22.5 

2 6 3 8 6  206 6 23 3 6 5 7  1 8  5 4 5 5 .  o 8  5 2 4 3o3 3 4  ~ ~ ~ 7 ]  657 ; ;  22 5 8 5  8 5  
-18 6 3 56.7 56.5 -13 23 3 9.5 11.8 -15 52.2 50.2 -19 21 44 5.3'+ 7.4 51~ 52.6 " 23 5 5.9 7.8 
-15 6 3 8.2 6.4 - I~  23 33 9.5 9.7 - I~  31.8 31.9 I0 40.I 41.2 -14 23 5 32.5 22 17.2 19.9 5 5 29.0 
-12 6 3 6.1 3.7 - 23 7.5 6.8 - 5 4 21.1 20.3 -16 22 4 10.3 10.4 13 ~ ~ 7.8 8.9 -11 23 5 22.8 22.4 
-3 66 33 29.4 29.9 - 4 23 3 6.2,  O,6 6 5 4 36.9 39.4 -13 22 4 9.7 11.2 16 20.9 22.6 - 8 23 5 4.9+ 0.2 

17.4 17.2 " I I 23 33 5.7'* 6.8 9 5 4 42.8 42.9 -10 22 4 l f . 3  10.8 19 5 5 14.2 15.4 "5 23 5 21.7 19.5 
12 6 3 24.5 26.5 "2 24 5.6" 4.6 12 5 4 5.5 4.7 : 7  22 44 5.4`" 5.2 "25 66 ~ 4.0,  2.6 "~ 23 ~ 25.9 23.5 
15 6 ~ 19.2 20.4 -18 24 3 6.1'+ 0.7 15 5 4 10.6 I0.0 22 5.Z+ 0.3 -22 12.7 14.1 °2 24 3.7 ++ 4.9 
18 6.1+ 4.4 "]5 24 3 6.3~ 7.0 18 5 4 34.6 30.6 - I  22 4 12.3 11.0 "19 6 5 11.2 11.5 -19 24 5 32.1 31.6 
2 6 3 ,50 ,25 "12 24 ~ 21.1 19.3 21 44 15.0 16.3 "21 23 ~ 5.9 5.4 -16 66 ~ 43.5 39.5 °16 24 ~ 19.1 19.2 

-23 ~ 33 10.6 9.2 24 15.8 13.4 -26 65 3.9 + 1.9 -18 23 5.12 2.7 -13 8.3 8., -13 24 4.7 +'. 1.9 
-20 20.7 20.3 -'6 24 3 6.1,, 6.8 -23 6 4 5.1" 3.9 -15 23 4 8.8 9.3 o4 6 5 42.8 36.7 -10 24 5 13.8 13.8 
" I~ ~ ~ 8.9 7.7 " 3  24 3 5.6+ 0.5 -20 6 4 15.1 14.2 "12 23 4 6.7 8.2 " I  6 5 3.12 2.6 "7 24 5 6.9 8.0 

5.4" 4.3 "23 25 ~ 8.4 5.7 "17 6 4 5.3" 3.2 " 9 23 4 5.3+ 0.4 8 6 5 16.6 18.8 "4 24 5 7.2 7.7 
-5 7 3 36.1 34.1 -20 25 5.5 + 1.0 -14 6 4 11.8 13.1 -6 23 4 12.9 13.7 I1 6 5 16.9 18.1 

- 2  7 3 3.6," 3.4 :Ii~ 25 33 16.5 14.7 "5 6 4 50.8 46.3 "3 23 4 13.6 14.7 14 6 ~ 5.4`" 1.7 "21 24 3.3+ 1.7 25 12.6 13.8 
10 7 3 60.5 67.0 25 6.1, 2.9 -2 6 4 45.0 41.8 "23 24 4 4.0+ 4.9 17 4.8, 5.3 -21 25 ~ 3.5" 2.4 
13 7 3 9.6 10.0 "11 25 3 28.8 25.9 7 6 4 8.7 9.8 -20 24 4 4.6, 4.8 20 6 5 3.3" 0.9 -18 25 5.1 5.6 
16 7 3 6.5+ 7.6 - 8  25 33 6.0+ 4.7 TO 6 44 9.2 10.9 -17 24 ~ 23.4 22.3 -27 ~ ~ 7.6 9.1 -15 25 5 4.3+ 0.8 
19 87 ~ 33.2 31.0 25 5.5,  4.0 13 61.2 67.5 -14 24 5.1-" 2.9 -24 20.3 20.3 -12 25 5 4.3+ 0.2 

-28 4.2+ 2.6 -2 25 3 32.8 30.2 16 6 4 21.4 24.2 -I1 24 4 8.5 8.8 -21 7 5 36.0 33.7 ° 9 25 5 4.2* 4.5 
"25 8 3 10.4 11.6 -25 26 33 11.3 II.4 19 6 4 4.5, 1.0 -8 24 4 36.5 36.4 -18 7 5 5.4+ 1.1 -6 25 5 13.0 12.9 
"22 8 3 6.6- 4.5 -22 26 8.3 10.0 19 6 4 5.6 1.0 -5 24 4 11.8 11.4 "15 7 5 34.2 31.4 "3 25 5 7.1 9.0 
"19 8 3 24.5 24.4 "16 26 3 52.6 46.0 22 6 4 9.4 15.7 " 2 24 4 4.3" 0.2 - 6 7 5 3.4+ 2." °20 26 5 9.9 11.3 
-16 8 3 16.0 17.1 "13 26 3 5.7" 7.5 -28 7 4 2.6+ 1.2 "22 25 4 38.3 36.7 "3 7 5 29.6 25.7 "17 26 5 3.8+ 2.4 

"~ 88 ~ 38.2 34.1 "10 26 3 9.9 8.8 "25 7 4 8.2 8.3 -19 25 4 " .5 + 1.7 29 ~ ~ 11.7 14.1 -14 26 ~ 4.0,  0.7 
69.3 70.0 " 7 2 6  33 9'5.9 33.2 -22 7 4 5.4, 6.8 -16 25 4 5.9 6.0 I 9.7 9.5 - I I  26 10.4 11.0 

- I  8 3 10.8 8.4 26 8.3 9.9 -19 7 4 8.0 7.8 -13 25 4 46.6 42.2 ~ 8 26 ~ 3.7 + o.2 11 8 3 6.5- 3.0 26 ~ 15 11.3 11.2 - .  
14 8 3 31.0 34.6 '2¼ 3.6+ 6.9 -16 7 4 30.9 31.2 -IO 25 4 8.5 10.1 18 9.5 11.6 26 17.3 18.6 27 I 1.3 13.0 8 ~ 33 -4 7 4 16.8 18.2 - 7  25 44 4.6- 0.3 -26 8 5 17.8 17.1 -19 27 5 8.5 10.4 
17 6.0+ 2.5 -21 27 27.5 24.8 -1 7 4 263.3 254.8 25 23.6 20.7 -23 8 5 6, t 6.3 -16 27 5 8.7 8.0 
20 5.2 5.4 -18 27 5.0+ 1.1 

:2[ ~ ] 50+ 2 6  5 27 , 6 5  7 
158 123 1 2  27 21.0 19.0 

-21 9 3 29.3 32.7 - 9  27 3 5.0+ 4.2 
-18 9 3 25.1 27.9 -6 27 3 9.8 9.8 
: 6 9 9 3 3  9.4 9.9 "232827 3 3.5+ 0.1 

36.0 32.5 3 3.2+ 2.4 
12 9 3 11.8 11.8 " 2 0 2 8  3 4.2" 1.7 
,8 9 3 8 9  7.3 :,,~ 28 33 4 5 .  2 5  

-29 10 3 3.6" 0.7 28 4.8+ 4.6 
-26 10 3 50.5 47.0 -11 28 3 8.1 8.2 
-23 1 0 3 1 1 . 5  13.3 -8 28 3 I I . 0  8.8 

2928 33 3.2" 3.71"7 -20 lO 3 6.6+ 5.3 . "I 
-8 10 3 24.7 18.8 4.0+ 

- 5 10 3 4 . 3 -  1.9 -13 29 3 9.4 8.8 
-2 ,o 3 22.5 2,.8 -,o 29 3 6.5 8.2 
13 10 3 15.0 15.6 "15 30 3 19.0 20.6 
16 10 3 9.9 9.3 -12 30 3 8.1 11.2 
19 10 3 9.7 11.2 "23 0 4 13.1 10.6 

-28 11 3 4.5" 3 • I "20 0 4 49.8 45.2 

8 7 4 80.8 77.3 - 1 25 4 3.3+ 3.6 -20 8 5 19.1 19.7 -13 27 5 3.5`" 4.5 
11 , 8.2 7.5 8 5 5.3" -10 27 5 34.5 32.7 14 ~ 44 11.8 12.3 -21 26 4 - I~ 8 5 2.8 

5.7 5.7 -18 26 6.5 7 27 5 2.7+ 3.8 27.3 25.4 - 5.1 - 
17 7 4 11.7 10.3 -15 26 4 5.6 4.4 - 2 8 5 3.6,  3.0 °18 28 5 11.8 13.0 
2o 7 4 3 5 .  12 -12 26 4 , 5 .  18  ,o 6 5 9 9  116 15  28 5 180 204 

: ~  ~ 4. 9 3  1 , 2  6 9  26 ~ 9 5  9 6  13 8 5 53+ o ,  1 2  208 ~ 2 6 .  0 7  
20.4 19.0 26 3.9 + 0.1 16 8 5 36.0 34.5 -21 6 3.9 + 1.5 

-2f  8 4 21.7 23.1 " 3 26 4 3.3 + 1.3 19 8 5 3.0" 0.2 -18 0 6 10.8 7.8 
-18 8 4 33.4 33.4 -20 27 4 3.5, 4.1 -25 9 5 5.3 6.5 -15 0 6 18.7 21.6 
-6 8 4 132.8 125.4 °17 27 4 3.9" 0.1 -22 9 5 5.2" 7.6 -12 0 6 4.7" 1.4 
"3 8 4 7.7 10.2 -14 27 4 4.1'," 3.8 -19 9 5 7.8 10.5 "9 0 6 69.5 69.9 
9 8 4 12.1 11.3 -11 27 4 4.0',' 0.4 "7 9 5 7.9 8.3 -6 0 6 8.3 7.1 

12 8 4 12.5 13.9 -5 27 4 7.6 8.4 -4 9 5 2 , . i  20.1 -3 0 6 6.4 4.5 
15 8 4 5.2`" 4.7 -19 28 4 5.6 5.9 -1 9 5 25.9 23.4 3 0 6 47.2 41.9 
18 8 4 4.3~ 1.0 "16 28 4 3.4" 6.5 11 9 5 68.0 68.5 6 0 6 15.6 13.7 

"26 9 4 4.3+ 4.0 "13 28 4 10.8 11.8 14 9 5 5.0" 2.8 9 0 6 65.5 64,4 
-23 9 4 38.9 37.3 -10 28 4 9.3 9.2 17 9 5 3.8'.' 3.1 12 0 6 21.9 18.9 
"20 9 " 47.4 49.6 "18 29 4 5.9 9.1 "27 I0 5 7.7 8.2 15 0 6 6.3 7.8 
-8 9 4 17.7 17.9 -15 29 4 2.8+ 3.4 -24 10 5 5.9 4.5 18 0 6 5.7 7.1 
-5 9 4 12.7 11.8 -12 29 4 15.5 17.6 -21 10 5 5.3 + 7.7 21 0 6 3.9 + 2.1 

-25 11 3 6.1 ,  3.9 -17 0 4 11.4 12.0 -2 9 4 3.8 2.8 "22 5 6.5 7.0 
- 2 2 1 1 3  21.8 23.9 - 1 4 0 4  16.7 16.1 

"9 10 5 10.2 11.9 "23 6 14.7 14.9 
5 11.6 11.5 -6 1o 5 6o.4 54.8 -~o 6 132 13.5 
5 5.5" 6.2 -3 10 5 58.8 52.9 -17 6 19.5 18.2 
5 5.0" 1.1 12 10 5 5.2" 1.9 -14 6 61.3 64.0 
5 4.3, 0.1 15 10 5 10.9 10.9 -11 6 4.5+ 6.6 
5 11.2 12.2 -26 11 5 4.0`" 5.3 -8 6 37.1 33.4 
5 37.8 31.9 "23 11 5 5.0" 4.7 "5 6 102.1 96.1 
5 34.2 34.7 -8 11 5 35.1 34.8 4 6 43.3 37.0 
5 2.9 ~ 0.9 "5 I1 5 16.5 14.7 6 3.7" 0.2 

38. 6 8  ;,2 111 ~ 207 192 170 6 108 109 
65.3 62.4 3.3" 1.6 13 6 19.8 21.9 

5 15.1 15.2 13 II 5 4.7" 0.8 16 6 5.0+ 6.2 
5 9.7 7.3 -28 12 5 8.3 9.9 19 6 4.5+ 4.8 
5 34.2 32.0 -25 12 5 34.0 30.5 22 6 9.2 9.8 
5 12.3 13.8 - I0  12 5 17.4 19.1 -22 2 6 22.6 22.5 
5 4.2 5.8 - 7 12 5 4.4+ 7.9 -19 2 6 38.2 36.0 

4.8+ 3.0 -4 12 5 12.6 11.5 °16 2 6 5.1" 2.2 
15.2 16.6 - I 12 5 4.7+ 3.4 -13 2 6 27.6 27.9 

5 17.8 17.5 14 12 5 11.7 12.5 -10 2 6 28.9 26.6 
5 6 8  5 5  27  13 5 6 ,  6 8  °7 2 6 8.5 7.1 
5 2 5 6  234 1 2  13 5 2 9 1  305 4 2 6 9.5 6.5 
5 38.8 35.5 "9 13 5 4.9 5.9 5 2 6 3.3 + 0.1 
5 62.0 56.2 -6 13 5 21.9 18.7 8 2 6 46.6 43.9 
5 5.4 2.8 -3 13 5 9.2 9.5 11 2 6 19.2 17.5 

157.1 155.7 15 13 5 9.1 10.4 14 2 6 21.9 23.7 
25.0 23.4 -II 14 5 42.0 40.2 17 2 6 9.0 11.1 

5 5.1 3.8 - 8 14 5 4.8+ 6.6 20 2 6 13.4 11.5 
5 33.4 34.3 -5 14 5 5.0 5.3 -24 3 6 11.1 13.1 

10 16.9 17.9 -19 
-lO II 15.9 15.5 ~ ~ 108.4 104.4 13 10.5 12.6 -16 

11.6 26.6 25.6 16 9 4 10.3 9.3 12.1 -13 
11 3 35.0 32.4 '5  0 4 2.9 1.8 -28 10 4 12.4 14.0 - I0  

;~ , ~ 302 323 ~ :7. I1 27.7 24.9 00 44 73.1 65.8 -25 10 4 17.0 18.6 
25.8 22.6 -22 10 4 8.4 8.4 

17 11 3 11.4 9.6 7 0 4 36.6 36.6 " [  1010 44 39.943"I 44.737.0 

8 
"27 12 3 5.2, 5.3 10 0 4 17.9 21.5 
-24 12 3 11.8 12.3 1 3 0  4 10.1 11.7 

-9 lZ 3 14.5 13.4 16 4 z8.6 28.3 
- 6 12 3 4.9+ 0.4 o 9 5.5,  5.6 

19.7 20.0 
4 20.8 21.9 

4.9, 0.8 
11.3 13.3 

4 30.2 28.6 
4 5.0 4.3 
4 4.1+ 6.0 
44 3.3+ 0.8 

6.3 4.3 
4 75.2 72.7 
4 15.2 13.7 

60.1 58.0 
4 27.2 26.2 
4 26.7 26.1 
4 60.9 63.7 

5.2~ 6.8 
5.0 7.2 

2 4 4 .3"  4.7 
4 5.3`" 1.8 

2 4 5.6+ 6.2 
4 5.3 6.2 

2 4 41.7 39.5 
4 27.6 27.1 

2 4 26.1 22.3 
4 118.5 110.2 

2 4 23.9 21.3 
4 47.4 46.4  

2 4 139.0 139.7 
44 11.3 13.0 

2 7.9 10.o 
4 22.9 21.5 

3 4 3 .3"  5.8 
4 4.82 7.5 

3 4 5.6,  1.6 
4 26.2 27.2 

3 " 47.6 45.0 
4 63.9 57.5 

3 " 60.1 54.6 
4138.7 129.1 

3 4 95.6 91.8 
4 84.5 80.9 

3 4 8.3 1o.1 
4 5 .3 "  3.8 

3 " 15.6 16.3 
4 6.0 6.8 

3 4 6.9 6.1 
4 4.1- 0.5 

4 4 5 . 2 ,  5.4 
4 81.7 81.0 

4 4 43.1 43.1 

-1 I0 4 4.2 5.3 
11 I0 4 5.7 6.0 II 
14 10 4 21.4 23.5 14 
17 I0 4 38.0 35.9 17 

-27 Ill 4 4.0, 5.3 20 
-24 9.5 9. I 23 
-9 11 4 81.5 76.2 -24 
o6 11 4 16.4 17.6 -21 
"3 11 4 25.2 25.9 -18 
12 11 4 23.8 25.7 -15 
15 II 4 4.5+ 2.9 -12 

"29 12 4 5.8 7.4 "9 
-26 12 4 4.5, 1.1 -6 
°11 12 4 21.5 22.6 "3 
-8 12 4 11.3 10.8 3 
:~ 12 44 125.2 1)9.9 6 

12 37.5 36.3 9 
13 12 4 4.5, 0.3 12 

-tO 13 4 78.9 72.9 15 

19 
"3 12 3 72.8 72.1 22 
15 12 3 19.0 19.0 -25 
18 12 3 8.1 I1.1 -22 

-26 13 3 5.7 +' 3.1 "19 
-II 13 3 14.7 14.5 o16 

-8 13 3 155.8 159.7 -13 
-5 13 3 31.8 34.3 -10 
-2 13 3 7.8 5.0 -.74 
16 13 3 5.0 5.6 

-28 14 3 II.0 9.5 2 
-13 14 3 58.0 56.8 5 
- I0  14 3 5.5 + 1.6 8 
" 7 14 3 5.4" 1.5 I1 
-4 14 3 29.1 28.2 14 
-I 14 3 15.8 14.3 17 

-30 15 3 19.4 23.6 20 
-12 15 3 15.9 12.8 23 

"9 15 3 10.1 8.3 -24 
-6 15 3 11.6 11.3 -21 
"3 15 3 8.6 10.2 -18 

-14 16 3 30.5 31.5 -15 
-11 16 3 15.6 17.9 -12 
-8 16 3 8.6 8.2 "9 
-5 16 3 18.9 19.6 -6 
-2 16 3 24.7 25.3 3 

-16 17 3 36.5 41.0 6 
-13 17 3 21.8 22.4 9 
-I0 17 3 9.0 11.1 12 
-7 17 3 59.2 57.8 15 
-4 17 3 44.8 45.6 18 
- I  17 3 6.7 7.7 21 

-15 18 3 14.1 13.9 -26 
- 1 2 1 8  61.4 60.1 -23 

18 ~ 33.4 -9 32.5 -20 
:61818 3317.013"8 112.1.4 -17 °14 

-17 19 ~ 21.9 23.3 -1~ 
-14 19 6.6" 3.5 - 
- I1 19 3 21.1 19.3 -2 
-8 19 3 6.7 6.9 4 

" 5 19 3 6.6+ 1.6 7 
-2 19 3 6.8 7.0 16 

-19 20 3 9.6 9.4 13 
-16 20 3 9.7 12.3 16 
-1~ 20 33 23.5 25.9 19 
- 20 9.6 9.9 22 
-4 20 3 15.3 14.1 -25 

- 1 20 3 6.6, 4.2 -22 
-18 21 3 17.8 18.2 -19 
"15 21 3 11.8 13.5 -16 
-12 21 3 32.4 31.8 -13 4 8.8 9.0 
"9 21 3 9.7 11.3 - I0  4 4 116.4 114.7 
-6 21 3 10.8 9.6 -1 4 4 87.1 74.3 
"3 21 3 66.6 70.2 5 4 4 18.8 20.9 

-20 22 3 31.9 30.9 8 4 4 4,4 5.1 

" 7 13 4 4.5`" 1.9 18 5 5,3" 4.0 -2 14 5 102.1 102.9 -21 3 6 4.5" 2.5 
-4 13 ~ 8.2 9.8 -23 2 5 10.6 9.9 -13 15 5 6.5 8.6 -18 3 6 10.3 8.0 

- I 13 4 4.8- 7.0 -20 2 5 22.6 24.9 o10 15 5 28.6 30.2 -15 3 6 5.02 2.2 
14 13 4 7.2 9.2 -17 2 5 20.7 22.4 -7 15 5 51.5 47.9 -12 3 6 4.5" 3.2 

-12 14 4 4.9.  4.1 -14 2 5 23.7 20.2 -4 15 5 5.3 4.8 -9 3 6 10.8 13.1 
"9 14 4 4.9 6.0 "11 2 5 59.9 53.3 - I 15 5 5.3" 2.0 -6 3 6 56.4 53.0 
-6 14 4 27.3 2,5.1 -8 2 5 56.1 55.8 "15 16 5 20.7 20.5 6 3 6 59.1 54.5 

" 3 14 4 4.9" 4.7 "5 2 5 5.2 4.2 -12 16 5 5.4 5.9 9 3 6 49.8 49.0 
-14 15 5 5.4 4.8 4 2 5 10.7 12.5 "9 16 5 10.0 11.9 12 3 6 5.1 6.9 
-11 15 4 33.1 32.7 7 2 5 5.6 5.6 -6 16 5 7.5 8.5 15 3 6 23.2 23.8 
-8 15 4 25.7 27.0 10 2 5 27.3 28.0 - 3 16 5 5.3" 5.1 18 3 6 49.6 47.3 
-5 15 4 :11 417 ,3 2 5 9.3 109 -14 17 5 78 7.0 21 3 6 54 5, 
-2 15 Z: 28.3 28.5 16 2 5 5.5"- 0.3 -11 17 5 21.2 23.6 -23 4 6 9.0 9.1 
13 15 4 19.~ 21.5 19 2 5 8.8 9.1 -8 17 5 25.3 26.2 -20 4 6 11.2 10.7 

-13 16 4 57.1 58.1 22 2 5 3.7+ 7.1 -5 17 5 12.9 14.9 -17 4 6 15.2 15.0 
-10 16 4 4 7 2  4 3 9  -25 3 5 348 337 2 17 5 5 5 .  5 1  1 4  4 6 50  54 
"7 16 4 9.1 10.3 "22 3 5 11.2 12.1 "16 18 5 11.8 14.2 "11 4 6 35.6 32.6 
-4 16 4 64.9 62.3 "19 3 5 5.4, 1.7 -13 18 5 7.8 7.3 -8 4 6 67.5 65.3 
-1 16 4 51.8 51.2 -16 3 5 55.3 53.3 -I0 18 5 40.2 38.2 -2 4 6 37.5 34.2 

-15 17 4 35.4 37.9 -13 3 5 30.9 28.4 "7 18 5 16.6 16.9 7 4 6 4.4 4.2 
-12 17 4 11.0 I;-.5 -10 3 5 19.1 18.0 -4 18 5 9.7 8.6 10 4 6 47.6 49.7 

-7 3 5 33.2 29.) -I ,8 42.8 41.5 13 4 6 30.1 -9 17 " 54.0 53.0 5 33.8 
6 7 4 , 0 4  207 1 3 5 3o2 256 1 8  19 5 6 2  6 3  16 4 6 4 7 .  2 0  
"3 17 4 7.8 8.9 5 35 5.1 5.9 -15 19 5 62.4 67.2 19 4 6 3.7 + 0.8 

°17 18 4 :1.4 12.5 8 3 5 6.2 7.6 -12 19 5 15.3 18.0 -25 5 6 2.8+ 1.7 
-14 18 4 23.8 26.4 II 3 5 12.5 12.5 "9 19 5 7.8 9.6 -22 5 6 25.0 21.8 
"I I 18 4 5.4" 5.2 14 3 5 17.5 19.1 -6 19 5 43.5 45.1 "19 5 6 5.0`" 3.5 
- 8 18 4 5.4+ 3.6 17 3 5 6.1 4.5 -3 19 5 18.3 19.4 ~16 5 6 9.7 9.0 
[5 I~ 14.9 16.8 20 -17 20 5 5.3' 3.6 -13 ,8 ~ ,7.1 19.4 -24 3 ~ 15.6 16.9 

6 1o8.1 112.6 
4.2+ 0.2 -14 20 5 6.7 8.1 -10 ~ u 39.7 39.3 

13 19 4 99 89 21 0 5 ,77 180 11 20 5 182 212 4 5 6 110.6 I04.3 
-16 19 4 5.6+ 2.0 -18 4 5 5.5" 2.5 -8 20 5 5.4+ 3.5 -1 5 6 55.8 51.7 
-I0 19 4 18.7 19.4 -15 4 5 14.4 16.1 "5 20 5 14.6 14.3 8 5 6 11.1 8.9 
" 7 19 4 5.6~ 1.5 -12 4 5 4.5+ 1.7 - 2 20 5 5.2. 4.6 II 5 6 8.9 9.3 

-4 19 4 41.2 42.5 "3 4 5 25.2 22.8 "19 21 5 5.0" 2.1 14 5 6 5.8 5.6 
- I 19 4 5.b* 2.8 6 4 5 13.7 15.5 -16 21 5 5.2+ 1.6 17 5 6 4.3+ 6.0 
-18 20 4 23.1 25.4 9 4 5 27.2 29.8 -13 21 5 5.5 4 .6  20 5 6 2.8`" 0.4 
";5 20 4 18.8 21.0 12 4 5 19.7 21.6 -I0 21 5 6.7 9.1 -24 6 6 3.6" 2.9 
"12 20 4 9.0 9.1 Ig 4 5 31.9 32.9 -7 21 5 15.8 17.9 -21 6 6 7.3 6.9 
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~I K T I% F c H K L PO Pc 

8 66 66 524 535 ~ 17 66 192 219 
-15 13.8 14.8 17 5.0" 0.4 
-12 6 6 4.5 5.4 "15 18 6 5.0" 0.3 2 
-3 6 6 10.4 9.5 -12 18 6 53.5 58.9 5 
9 6 6 291 324 , 8 6 177 213 8 

12 6 6 12.8 14.3 - ' u  18 o 5.1" 2.4 11 
15 6 6 19.9 18.6 -3 18 6 36.0 32.9 14 
18 6 6 3.6"  1.6 "17 19 6 29.5 32.9 17 

-23 4.9- 0.2 "20 ~ 6 15.2 15.4 "1~ |919 6 4.9"  2.2 5.0'~" 4.6 "21 20 
: l ~  ~ 66 5.1"  0.6 1 9 6 1 3 . 3 1 2 . 1  -18 

16.3 12.8 " 5 19 4.9- 0.4 -15 
-5 7 6 46.5 46.0 - 2 19 6 4.8+ 2.4 -12 
-2 7 6 3.5 1.9 -19 20 6 4.5+ 0.4 "9 
10 7 6 52.5 55.2 -16 20 6 4.7+ 0 .6  - 6 
13 7 6 4.9+ 3.7 -13 20 6 8.1 9.7 
t6 7 6 4.2+ 7.1 -10 20 6 4.9+ 1.3 6 
19 7 6 22.1 24.2 -7 20 6 8.1 8.3 9 

-4 6 15.5 16.3 12 -25 8 6 3.3* 0.3 20 15 
22 ~ ~ 4.5. 2.3 :i' 2o 6, 4.5+ 4.3 
-19 15.7 15.6 21 10.5 12.3 18 
-16 8 6 12.6 13.1 -15 21 6 9.3 10.0 -23 
-7 8 6 30.0 24.9 -1221 6 22.0 19.3 -20 
-4 8 6 62.7 60.4 "921 6 20.0 17.1 -17 
T) ~, ~ 3,~:): 3o, -6 2, 6 ,o2 ,,, ,4 

18.0 "3 21 6 45.9 42.8 -11 
14 8 6 29.5 28.4 -20 22 6 22.6 21.3 -8 

-247 ~ ~ ,2.6'"" ,2.o4"° :I~ 2222 ~ ,6.45.7 ,6.96.8 -24 
-21 9 6 20.0 18.9 - I  1 22 6 30.6 27.4 7 
-18 9 6 23.3 23.4 -8 22 6 30.1 27.9 10 
-6 9 6 7.9 7.1 - 5 22 6 4.3+ 4.4 13 
"3 9 6 59.1 62.9 -2 22 6 14.7 14.1 16 
12 9 6 6.0 3.5 -22 23 6 13.1 14.9 19 
15 9 6 5.0 4.4 -19 23 6 3.8~ 5.2 -22 

-26 I0 6 31.3 29.1 -16 23 6 25.8 23.3 "19 
- 2 3 1 0  6 14.8 15.5 -13 23 6 11.4 10.9 - t6  
-20 10 6 5.8 6.6 -10 23 6 5.4 4.6 "13 

Table 2 (cont.) 
NaBr. 5~NH3 

H K L F O F c H K L F O F c H K L Po PC H K L F O F¢ 

7 3.5" 2.3 - 5 9 7 3.7" 3.7 - 7 25 7 1.6',, 2.7 12 8 
7 2.6-  1.7 - 2 9 7 3 .8 ,  5.9 -19 8 4 .1 ,  1.1 -23 87 8 5.2.~ 2.7 3.0"  0.8 
7 17.1 20.9 10 9 7 4.5" 3.1 -16 8 5.4, 2.9 -20 8 8 13.9 12.8 
7 3.2" 4.2 13 9 7 15.9 15.8 -13 
7 33.1 28.7 16 9 7 2.2+ 8.6 - I 0  
7 4.5',' 6.1 °22 I0 7 3.8- 6.0 -7 
7 4.7* 3.2 -4 10 7 18.3 18.0 -4 
7 35.8 34.0 -1 1o 7 8.0 8.1 2 

3 .2 ,  2.7 I I  10 7 4 .1 ,  8.6 5 
3.4- 4.3 14 I0 7 3.0+ 6.0 8 
4.4+ 4.8 "9 11 7 36.6 37.2 :4 

2 9.5 8.8 -6 11 7 22.3 22.9 17 
19.8 19.7 -3 11 7 8.1 8.9 -21 

2 22.5 21.8 12 I1 7 13.6 15.5 -18 
7 3.1+ 2.0 "11 12 7 20.4 20.7 "15 

2 7 51.6 44.2 -8 12 7 10.4 9.1 -12 
7 3 . 7 '  5.9 "5 12 7 46.2 44.3 -9 

2 7 4.3* 1.6 -2 12 7 22.5 22.5 -6 
7 63.9 66.8 13 12 7 2.6, 0.3 "3 

2 7 7.5 6.5 -10 13 7 17.8 18.5 3 
7 4.8 3.0 - 7 13 7 4.5-  2.6 6 

3 7 2 6 .  62 :~ 13 ~ 13 .41~ . l  
7 3.9 + 4.3 13 8.2 . 12 

3 7 9.9  9.1 -12 14 7 4 . 6 -  3 .9  15 
7 . 1  312 -9  14 7 4.6- 5.8 18 

3 7 21.3 20.7 -6 14 7 20.4 21.8 -17 
7 12.3 13.1 " 3 14 7 4 .6-  2.4 -14 

3 7 43.6 46.2 -14 15 7 4.7+ 0.5 - I  1 
7 29.1 28.2 -11 15 7 15.8 16.7 -8 

3 7 38.4 35.9 -8 15 7 10.6 12.3 " 5 
7 4.5, 7.1 -5 15 7 28.5 29.8 4 

3 7 4 .7 .  2.4 -2 15 7 4.8 6.6 7 
7 11.9 9.9 "13 16 7 28.5 29.7 10 

3 7 3 .2 ,  3.0 -10 16 7 27.3 28.3 13 
7 3.4",- 1.6 " 7 16 7 4 .7-  4.3 16 

4 7 50.4 48.6 -4 16 7 22.8 22.3 -19 
7 13.9 14.3 -I 16 7 30.7 30.2 -16 

8 5.9" 1.6 -17 8 8 17.9 16.5 
8 5.7* 0.2 "5 8 8 5.0 6.9 

7.2 6.7 - 
35.0 38.9 Ig 88 ~ 5.0- 2.0 13.9 14.6 

8 36.4 39.7 13 8 8 8.0 7.5 
17.9 18.8 °22 2.6 
5.2" 2.7 -19 99 8 4.0, 5.3 + 1.1 

8 9.6 8.5 " 7 9 8 5.3 + 2.0 
b 5 .0 .  3.5 :4 2 3 .  03 . 9' 88 ]~:) 326':; 

11.7 12.3 I I  9 8 44.4 39.5 
8 5.7" 4.7 -21 10 8 4.5, 3.0 
8 12.8 10.3 "9 I0 8 23.0 24.5 

29.5 32.0 -6 10 8 46.8 47.5 
13.0 12.5 "3 10 8 36.3 34.1 
57.9 57.0 12 10 8 4.1- 5.0 

8 13.9 ' 4 . 4  "23 11 8 3 . 4 .  4 . 0  
8 91.8 96.6 "11 11 8 50.2 53.2 
8 18.2 18.8 -8 I1 8 29.9 31.1 

1 8 8.6 10.4 " 5 I 1 8 5.5 'w 3.2 
8 "~4 .2  24.2 -2 I 1 8 34.9 32.6 
8 ~.4, 6.3 -10 12 8 5.8 ~' 3.7 

2 8 22.6 19.7 - 4 12 8 5.7" 1.8 
8 21.6 19.5 - I 12 8 5.8-  5.5 

2 8 29.7 27.8 -12 13 8 16.7 17.7 
8 60.1 57.5 " 9 13 8 5.8* 1.7 

2 88 3.9" 2.2 : )  13 8 8 16.9 15.6 
8.9 5.7 13 20.1 20.8 

2 88 5.3" 5.7 -1~. 14 88 29.6 26.3 
14.6 15.6 14 20.1 19.9 

2 8 5.8, 2.0 -5 14 8 10.6 9.5 
3 5.0" 4.9 -2 14 8 60.1 58.9 

3 8 4.8* 2.1 "13 15 8 5.8" 6.8 
8 31.9 32.7 -10 15 8 29.0 27.6 

4 7 6.5 4.4 "15 17 7 22.1 22.2 "13 3 ~ 38.0 38.~ -7 15 8 38.0 38.3 
7 54.4 49.9 -12 17 7 4.6- 0.9 8 ,0 , 56 ,  518 , 23 66 74 83 0 ~ ~ ~ 5 4 .  31 . 5 88 58.  24 

"5 I0 28.2 25.0 23 3.7 + 2.3 7 24.2 24.2 "9 17 7 13.8 16.3 ; - - 34.1 32.8 15 14.5 13.2 
-2 10 6 7.4 8.6 - 1 23 6 3.1+ 0.2 5 4 7 14.7 16.8 - 6 17 7 4.6* 5.9 - I 3 8 3 .1 .  2.4 -15 16 8 24.2 23.0 
13 10 6 10.9 12.6 -21 24 6 10.0 11.0 8 4 7 4.5 5.8 =3 17 7 8.7 9.1 5 3 8 11.4 13.4 -12 16 8 14.5 14.5 
16 10 6 7.6 7.8 -18 24 6 3.6+ 3.4 14 4 7 4.5+ 1.0 -17 18 7 4.2+ 5.7 8 3 8 5.7+ 6.6 " 9 16 8 5 .8 .  3.8 

-25 I 1 6 3.6+ 0.7 -15 24 6 3.9 + 0.6 17 4 7 3.7* 5.0 -14 18 7 4.5,',. 0.9 I1 3 8 5.9*" 3.5 -6 16 8 6.9 7.2 
-22 1 1 6  24.6 23.7 -12 24 6 4.0+ 5.1 -21 5 7 3.8* 1.8 - I I  18 7 4.5*' 4.9 14 3 8 19.1 17.3 " 3 16 8 5.7* 1.9 
- I0  I I  6 4.5+ 1.5 "9 24 6 8.7 9.6 "18 5 7 5.3 3.6 - 8 18 7 4.6* 3.2 17 ] 8 7.7 8.3 -14 17 8 5.4" 2.1 
- ~  11 66 4.3+ 1.4 -6 24 6 6.4 7.9 " 1 5 5 7  17.5 17.2 "~ 1 8 7 7  15.6 15.8 "21 ~ 812.611"I 13.612"9 -1~ 171788 5.7* 8.3 

I I  26.5 27.3 " 3 24 6 3.0"  2.7 -12 5 7 4.3',' 1.0 18 16.3 17.5 -18 - 15.9 15.5 
-I 11 6 31.6 32.9 -20 25 6 2.8+ 2.6 "3 5 7 14.6 14.4 -16 19 7 4.2, 5.8 -15 4 b 5.8* 2.8 -5 17 8 12.3 14.5 
14 II 6 11.1 12.3 -17 25 6 6.0 6.5 6 5 7 25.0 26.8 -13 19 7 4.4* 4.0 -12 4 8 8.3 6.5 - 2 17 8 5.4+ 4.9 

-27 12 6 5.7 7.2 -14 25 6 3.6+ 2.1 9 5 7 19.8 20.9 -I0 19 7 10.3 10.7 "3 4 8 17.2 20.2 -16 18 8 5.0+ 8.4 
-24 12 6 4.0+ 4.3 -11 25 6 19.0 19.0 15 5 7 13.8 16.4 ~ 19 7 5.2 3.3 6 4 8 5.4+ 5.9 "13 18 8 5.4+ 6.4 
-9 12 6 22.9 24.0 - 8 25 6 3.3* 1.4 -23 6 7 3.2* 1.4 '- 19 z 30.8 28.0 9 4 8 70.0 22.4 -I0 18 8 29.6 26.5 
-6 12 6 9.7 10.8 " 5 25 6 2.8~ 1.9 -20 6 7 4.2* 0.4 - I 19 7 4.0* 7.2 12 4 8 28.1 26.8 " 7 18 8 5.4* 0.I 
"3 12 6 61.8 62.8 -19 26 6 2.4+ 3.0 -17 6 7 4.7 3.4 -15 20 7 4.1~ 7.0 15 4 8 18.3 17.6 - 4 18 8 5.3" 5.9 
15 12 6 14.8 18.6 -16 26 6 30.1 31.0 -14 6 7 6.9 7.6 -12 20 7 4.3, 4.3 18 4 8 2.8~' 1.2 -I 18 8 31.9 28.9 

-26 13 6 3.1+ 2.8 -13 26 6 3.1+ 0.7 -5 6 7 25.3 20.5 9 20 7 52.4 47.3 -20 5 8 4.6, 0.4 -18 19 8 4.4+ 0.5 
- .~ 6 ~ 6 20 7 11.2 10.6 -17 ) 88 13.3 14.4 -15 19 88 42.9 40.9 "11 13 6 4.7" 2.5 "10 26 6 8.0 8.2 3.1" 2.5 " 

-8 13 6 116.3 114.0 "7 26 6 22.0 24.5 16.3 16.5 " 3 20 7 3.9" 5.2 -14 11.3 12.5 "12 19 5.2+ 2.0 
"5 13 6 8.3 I0.0 "15 27 6 7.6 9.3 10 6 7 9.5 9.0 °20 21 7 3.2" 2.0 "11 5 8 22.0 22.1 " 9 19 8 5.3+ 6.1 
"2 13 6 21.2 19.7 -12 27 6 11.8 16.5 13 6 7 30.1 30.6 "17 21 7 14.2 16.3 -2 5 8 52.7 58.1 "6 19 8 36.8 34.5 

-13 14 6 56.4 63.0 -20 0 7 24.3 25.3 16 6 7 13.6 14.1 -14 21 7 25.1 26.4 7 n 5 8 51.5 52.2 - 3 19 8 4 .8-  9.3 
-10 14 6 4.8. 5.1 :11~ o° 77 4 . .  2.3 -22 7 7 3.7- 4.0 -11 21 7 4.,. ,.7 ,v . ~ 28.3 26.2 -1, 20 o 4.3. 2.7 -7 14 6 190 191 172 161 -19 7 7 4 4 .  13 . 8  21 7 4 0 .  41 16 5 8 180 192 .14 20 8 4 8 .  8.0 

-4 14 6 44.9 45.3 -11 0 7 41.1 39.8 -16 7 7 16.9 17.1 "5 21 7 13.7 15.4 -22 6 8 10.1 9.9 -11 20 8 21.7 22.2 
- I 14 6 4.9* 2.6 - 8 0 7 3.8~ 2.5 - 4 7 7 3.h- 6.0 - 2 21 7 3.4* 3.2 -19 6 8 5.2- 0.7 - 8 20 8 4.9- 0.3 
-12 15 6 8.9 8.8 " 5 0 7 3.0+ 4.1 -I 7 7 104.7 98.6 -19 22 7 3.2+ 6.8 -16 6 8 32.7 29.4 " 5 20 8 4.6+ 0.I 
"9 15 6 14.7 11.9 -2 0 7 21.2 23.1 8 7 7 31.0 32.4 -16 22 7 3.6, 2.4 -13 6 8 8.5 10.3 -19 21 8 3.1+ 2.9 

- 6 15 6 4.9+ 1.0 4 0 7 14.4 15.0 I I  7 7 4.5~ 6.5 -13 22 7 3.8" 2.3 -4 6 8 21.9 21.6 -16 21 8 4.1+ 6.5 
315 66 5.0" 1.3 7 0 7 3.6" 3.2 14 78 ~ 4.0, 5.8 -I0 22 7 3.8" 1.2 -I 66 8 B 9.7 10.6 "13 21 8 4.5" 1.5 

- I  16 17.3 17.2 10 0 7 20.1 18.1 -21 10.2 10.6 - 7  22 7 3.7" 2.5 5.9" 1.6 -10 21 4.5* 1.9 
-11 16 6 16.4 17.7 13 0 7 4.6- 7.4 -18 8 7 27.2 27.3 4 22 7 3.4~' 3.4 11 6 8 16.0 13.6 -7 21 8 7.8 9.1 
- 8 16 6 5.0" 1.5 16 0 7 7.6 8.0 -6 8 7 43.1 42.4 -12 23 7 3.6" 4.9 14 6 8 4.8, 3.5 - 4 21 8 3.9" 3.4 
-5 16 6 24.1 26.5 19 0 7 12.8 I~.7 " 3 8 7 3,6" 4.4 " 9 23 7 3.4- 1.7 -21 7 8 26.2 24.4 o I 21 8 2.3" 3.7 
-2 16 6 24.7 24.5 -22 I 7 2.7" 5.3 9 8 7 4.7- 3.5 -18 7 8 5.4, 0.0 -18 22 8 2.8~ 6.4 

- 1 6 1 7  6 30.4 30.8 -19 1 7 8.7 10.9 12 8 7 4.3',' 6.7 - 1 4 2 ~  7 3 .0 .  4.3 -15 7 8 17.1 14.1 - 1 5 2 2  8 3.7"  0.5 
-13 17 6 6.3 8.2 -16 I 7 4.7 4.3 15 8 7 3.4, 5.9 -II 24 7 3.0" 4.8 -6 7 8 13.1 11.2 -6 22 8 7.8 8.5 
-I0 17 6 19.0 19.4 -13 I 7 11.6 11.6 -20 9 ~ 19.6 19.5 -16 25 7 2.2. 4.5 -3 7 8 35.4 35.1 -II 23 8 3.4* 8.2 

-7 17 6 47.8 51.3 - I0  I 7 4.3 4.7 -8 9 7 13.5 14.6 -10 25 7 15.0 12.4 9 7 8 5.8-  4.0 - 8 23 8 3.0," 2.1 

and the halide ions are approximately situated in three molecules is quite regular. Distances and angles for 
separate layers A, B and C parallel to (001)having the the bromide are shown in Fig. 3 and are listed for 
z coordinates 0, ½ and -}, respectively. The relative both compounds in Table 3. Notice that the ammonia 
arrangement of the ammonia molecules and halide molecules surrounding this kind of sodium ion are 
ions in these layers is illustrated in Fig. 2(a), (b) and 
(c); it is noteworthy that the layers are almost close- 
packed. These layers are superimposed in such a way 
that an approximately cubic close-packed structure 
of  the ammonia  molecules and halide ions is formed. 
In this close-packed arrangement the sodium ions are 
located in 21 of the available 129 octahedral holes per 
unit cell, those holes being utilized which provide 
only ammonia  molecules as closest neighbours. Each 
sodium ion is accordingly surrounded by six ammonia 
molecules in roughly octahedral coordination. The 
details of  the coordination are described in the next 
two sections. 

l(a) Coordination of sodium ions in special positions 
The octahedron enclosing a sodium ion in a special 

Q N(5 )  2 6 2 ~  ) N ( 5  ° ) 

N ( 5 ) ~ %  9 6 °  

N ( 5 )  

37S 

N ( 5 "  

O 
S ...... 3 6 9  VII  

o 0 0  
Na(2)  Br(1) Br(2) 

(threefold) position [Na(2)] does not share corners with Fig. 3. Bond distances to the neighbours of sodium in special 
other octahedra and the coordination of the ammonia position [Na(2)]. cf. also Table 3. 
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all crystallographically equivalent and are related to 
each other by the 3 axis which passes through the 
sodium ion. 

Table 3. Distances and angles with their standard devi- 
ations to the neighbours of  the sodium ions 

(cf Figs. 3 and 5). 

Distance NaCI. 5~NH3 NaBr. 5~ NH3 
Na(1)-N(1) 2.548+0-015 .~ 2.474+0.008 A 
Na(1)-N(2) 2.474 + 0.014 2.536 + 0.008 
Na(1)-N(3) 2.497 + 0-015 2.530 + 0.007 
Na(1)-N(4) 2.475 + 0.017 2.527 + 0.007 
Na(1)-N(6) 2.478 + 0.016 2.501 + 0-007 
Na(1)-N(2') 3.392 + 0.015 3.463 + 0.008 
Na(1)-other atoms > 3-99/( > 4.18 A 

Na(2)-N(5) 2.618 + 0.016 2.616 -+_ 0.007 
[Six equal distances Na(2)-N(5)] 
Na(2)-other atoms >4.13 A >4.35 A 

Angle 
N(1)-Na(1)-N(2) 95-88 + 0.49 ° 94-89 _+ 0.24 ° 
N(1)-Na(1)-N(3) 91-87 + 0-49 93.02 _+ 0.24 
N(1)-Na(1)-N(4) 111.15 _+ 0-51 107.93 _+ 0.25 
N(1)-Na(1)-N(6) 110.76+0.47 109-22+0.26 
N(1)-Na(1)-N(2') 169 .64_+0 .44  170.17+0.23 
N(2)-Na(1)-N(3) 81.07 +_ 0.49 80.27 __ 0.22 
N(2)-Na(I)-N(4) 85-40 __+ 0.52 86.96 _+ 0-24 
N(2)-Na(1)-N(6) 152.41 _+ 0-54 155.19 + 0.27 
N(3)-Na(1)-N(4) 154-39 + 0.56 156.35 _+ 0.27 
N(3)-Na(1)-N(6) 90.74_+ 0-51 92.39 -+ 0.24 
N(4)-Na(1)-N(6) 91.31 +_ 0.56 90.96 + 0.25 

N(5°)-Na(Z)-N(5) 82-39 -+ 0.54 84.43 _+ 0-22 
N(5°)-Na(2)-N(5 ') 97.61 + 0.54 95.57 + 0-22 
N(5°)-Na(Z)-N(5 '') 180.00 -+ 0 180.00 _+ 0 
(the other angles involved are equal to these three by symmetry) 

l(b) Coordination of  sodium ions in general positions 
The octahedron enclosing a sodium ion in a general 

(18-fold) position [Na(1)] shares two corners with 
adjacent  octahedra as shown in Fig. 4. The nitrogen 
a tom [N(2)] on one of these shared corners is located 
very close to the line which connects the two sodium 
ions of  the coupled octahedra. Considering that  an 
a m m o n i a  molecule can form a bond to sodium only 
by utilizing its lone pair  it is evidently impossible for 
a m m o n i a  on one of the shared corners to form a 
strong chemical bond to more than one of  the sodium 
ions. The observed bond distances confirm this. Bond 
distances for the bromide  are shown in Fig. 5 and values 
for both compounds  are listed in Table 3. It is signi- 
ficant that  one of  the six nitrogen atoms coordinat ing 
sodium is much  more remote (3.46 A in the bromide;  
3.39 A. in the chloride) than the other five (average 
distance in the bromide 2.52 and in the chloride 
2.48 A). Evidently, the lone pair of  the sixth ammonia  
molecule is not directed towards this sodium ion 
which must  therefore be described as 5-coordinated. 
With one nitrogen atom of  the octahedron situated 
more remotely, the bond angles subtended at the 
sodium ion by the other five nitrogen atoms are quite 
natural ly somewhat  altered from the normal  octahe- 
dral values as illustrated in Fig. 5 and Table 3. There 
is also a significant difference in the Na -NH3  distances 

for the two different kinds of sodium atom. This 
distance is 2.62 A for the 6-coordinated sodium ions 
(in special positions) but  2.50 A (2.52 in the bromide,  
2.48 in the chloride) for the effectively 5-coordinated 
sodium ions (in general positions). These relative 
differences are approximately  of the same order of  
magni tude as those commonly  observed when the 
coordination number  is changed from 6 to 5. 

In contrast to sodium in special positions the am- 
monia  molecules surrounding sodium in general po- 
sitions are not all crystallographically equivalent. 

2. Coordination of  ammonia 
As described above, each ammonia  molecule is 

coordinated to sodium by means of  its lone pair. 

/ 

/ /  

Fig. 4. The environment of sodium in general positions 
[Na(1)]. The picture illustrates mutual corner sharing by 
octahedra. 
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Na(1) Br(1) Br(2) 

Fig. 5. Bond distances to the neighbours of sodium in general 
position [Na(1)]. cf. also Tables 3 and 4. 
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Furthermore, the ammonia molecules and halide ions 
taken together form an approximately cubic close- 
packed arrangement. Each ammonia is accordingly 
surrounded by twelve neighbours which are either 
ammonia or halogen. A close examination reveals 
that two or three of these neighbours are halide ions. 
Since the free electron pair is utilized in bonding to 
sodium, hydrogen bonding between the ammonia 
molecules themselves seems impossible. The other 
kinds of neighbour to be considered are the halide 
ions. As stated above, each ammonia molecule is 
surrounded by two or three halide ions in the first 
coordination shell. Some of the ammonia molecules, 
together with the three halogen neighbours, form a 
fairly symmetrical pyramid. In those cases where only 
two halogen ions belong to the first coordination 
shell a third halogen ion is situated more remotely. 
The distribution of the halogen neighbours is illu- 
strated in Figs. 3 and 5; the distances are listed for 
both compounds in Table 4. The average distances are: 
N-CI=3 .63 /~ ,  N - B r = 3 . 7 5 A  (the distances N(2)- 
CI(1)(VI) = 3.91 A and N(2)-Br(1)(VI) = 3.92 A are not 
included in these average values since they deviate 
rather significantly from the rest; the distances to 
other halogen neighbours are larger than 5.0 A). These 
values are quite close to the average distances between 
ammonia and halogen observed in NHaC1.3NH3 and 
NH4Br.  3NH3, namely N-CI = 3.59 A, N - B r =  3.72 A 
(Olovsson, 1960a). In those cases where three negatively 
charged halide ions are relatively favorably arranged 
around an ammonia group it may be supposed that the 
hydrogen atoms are preferably oriented towards the 
halide ions. 

Table 4. Distances to the halogen neighbours of the 
ammonia molecules (cf. Figs. 3 and 5) 

Distance NaC1.5~-NH3 NaBr. 5~-NH3 
N(1)-X(2) > 5.0 A > 5-0 A 
N(1)-X(1)(II) 3.501 3.635 
N(1)-X(1)(IV) 3.538 3.671 
N(2)-X(1)(III) 3.655 3.830 
N(2)-X(1) (VI) 3.905 3.918 
N(2)-X(1)(V) 3.662 3-770 
N(3 )-X(1)(IV) 3.814 3-848 
N(3)-X(1) (V) 3.593 3-691 
N(3)-X(1)(VI) 3.708 3-832 
N(4)-X(1 )(I) 3.650 3.749 
N(4)-X(1)(II) > 5.0 > 5.0 
N(4)-X(1)(III) 3.605 3.773 
N(5)-X(2) 3.540 3.689 
N(5)-X(1)(VII) > 5.0 > 5.0 
N(5)-X(1)(II) 3.647 3.780 
N(6)-X(2) 3.741 3.827 
N(6)-X(1) (I) 3.566 3.704 
N(6)-X(1)(VI) > 5.0 > 5.0 

3. Coordination of halogen 
The relative arrangement of the ammonia mole- 

cules and halide ions in the roughly close-packed 
structure is such that all twelve neighbours to a 
certain halogen are ammonia molecules. Distances 
may be derived from Table 4. 

Summary 

The ammonia molecules and halide ions together form 
a roughly cubic close-packed arrangement with the 
sodium ions located in certain of the octahedral holes, 
so that only ammonia molecules are closest neighbours. 
The octahedra enclosing sodium ions in special three- 
fold positions do not share corners with other octa- 
hedra but those octahedra which enclose the remaining 
sodium ions (in general 18-fold positions) share two 
corners with other octahedra. The ammonia groups 
on these corners cannot be considered to be bonded 
to more than one of the sodium ions which effectively 
reduces the coordination of this kind of sodium ion 
to fivefold, the sixth ammonia molecule being situated 
more remotely. The possible rotation of the ammonia 
molecules about their threefold axes may be relatively 
restricted by interaction with the halide neighbours. 

The exact composition of the present compounds, 
N a X .  5{NH3 is easily understood in the light of the 
structural features: Thus in the hexagonal unit cell 
there are three sodium ions with sixfold coordination 
and 18 sodium with fivefold coordination. This corre- 
sponds to an average composition of 5+ ammonia 
molecules per sodium ion [(3 × 6 + 18 × 5)/21 = 5~]. 

Discussion 

In earlier investigations the compositions of the pre- 
sent compounds were reported to be NaC1.5NH3 and 
NaBr .  5.25NH3, respectively. The structure determi- 
nations decribed here, however, clearly demonstrate 
that both compounds should be formulated as 
N a X .  5+NH3 or approximately N a X .  5.143NH3. In 
the absence of a better designation the compounds 
could be called pentammines although this does not 
give a completely correct indication of the true com- 
position. 

As stated at the beginning of this paper, it was rather 
more difficult to grow single crystals of the chloride 
than of the bromide. Sodium iodide evidently does not 
form a corresponding phase. These differences in 
behavior may possibly be related to the relative sizes 
of ammonia and halogen in the different cases. 

A comparison with other ammines shows that  
configurations similar to the close-packed arrangement 
of ammonia and halogen found in the present com- 
pounds occur in many instances. For example, com- 
pounds such as MXz. 6NH3 with the KzPtC16 type of 
structure may be described as cubic close-packed 
arrangements of X and NH3 with M situated in some 
of the octahedral interstices. In the following paper 
the structures of some of the earlier studied metal 
ammine salts will be reviewed to see if packing con- 
siderations of this kind find a more general appli- 
cation. 

The preliminary work on these compounds was 
done in collaboration with Miss Marianne Westerman 
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From simple considerations of the different ways in which ammonia may be introduced into the struc- 
tures of metal ammine salts it is evident that while the ammonia molecules tend to be coordinated to 
the metal ions they otherwise behave as rather inactive groups towards their remaining environment. 
Accordingly a factor of major importance for the formation of these structures is the form of the most 
favourable packing of the large groups, namely the ammonia molecules and negative ions. This will 
be particularly true for the halides since the interaction between ammonia and halide ions appears 
to be quite small in general. Some metal ammine salt structures studied earlier, mainly halides, are 
briefly reviewed with the object of investigating to what extent such simple packing is realized in 
practice. It is shown that in the majority of such compounds the arrangement of the ammonia mole- 
cules and negative ions may be described approximately as cubic or hexagonal close-packed or as 
body-centred cubic, with the metal ions in tetrahedral or octahedral interstices. 

Introduction 

In the preceding paper the structure common to 
NaC1.5~NH3 and NaBr .  5~NH3 is presented (Olovs- 
son, 1965). It is found that this structure can be de- 
scribed as a nearly cubic close-packed arrangement 
of ammonia molecules and halide ions with sodium 
ions occupying some of the octahedral interstices. 
Subsequent interest has become focused on the struc- 
tures of metal ammine halides in general since it 
appears very probable that simple building principles 

such as the close-packing of ammonia molecules and 
halide ions would be an important factor in the struc- 
tures of many other ammines. A survey of some of the 
earlier published structures with this concept in mind 
therefore seems valuable. 

General considerations 

Let us first consider the different ways of inserting an 
ammonia molecule into the structure of a metal am- 
mine salt. It is found by experience that ammonia is 


