CHAPTER 4
DETFRMINATION OF THE STRUCTURE

The Cowo4 compound is composed of cobalt, tungsten and oxy-
gén which atomic numbers are 27, 74 and 8 respectively.' Since the
atomic number of tungstem is much larger than those of cobalt and
oxygen, the structufe can be determined by heavy atom method. .

Numerical computations were made on 2,CDC 3100 computer.
All programs are written in/FORIRAMN IV¥. The details of the pro-
graﬁs used are listed'in Mable 4.1. -Computations with these pro-

grams were carried oul at the Bangkok Data Center Co. Ltd. .

Table 4.1 Programs used in performing the crystallographic calcu-

lations on a CDC 3100 cemputer.

Program Calculation Authors

FFCRL Film factotrs R. Liminga, Institute of

Chemistry, University of

Uppsala, Uppsalaj; Sweden.

* The programs were obtained from Institute of Chemistry, Univer-
sity of Uppsala, Sweden. They were modified to use with CDC 3100
computer at Banckok Data Center Co., Ltd. by R. Liminga and Crys-

tallography Group, Faculty of Science, Chulalongkorn University.




Table 4.1 (ccntinued)

&5

Program Calculation huthors
LPARIL: Lorentz-polarization and abscorption Idem.
corrections for cylindrical or -
spherical crystals
ABSOT Lorentz-polarization and absorption J.0. Thomas, Institute
corrections for ervstals of other of Chemistry, Univer-
shapes sity of Uppsala,
Sweden. Originél
version by P. Coppens,
L.'Leiserowitz and
D. Rabinovich.
XSFRL Interpolation of the X-ray scatter- R. Liminga, Instituyte
ing factors of Chemistry, Univer-
sity of Uppsala,
Sweden.
SFCRL Structure factor calculations, Idem.
The temperature factor may bLe
isotrepie, and/or~apnisotropic.
. fhe anomalous dispersion cor-~
rection terms may be included.
EXPRL Expansion of reflection data for Idem.
Fourier summations
FORRL Fourier series summations Idem;
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‘fable 4.1 (continued)

Program Calculation RARuthors
LSQRL Full matrix least squares re- Tdem. Based on the
finements program UPALS by J-0

Tundgren.
DISTAN Calculation cf interatomic Idom,

distances and angles

4.1 Intensity data reduction

From two sets of Veissenberg intensity data of b and c rota-
tion axes, the FFCRL and ILPARL.programs:were applied to each set
separately. The observed structure factor amplitudes were obtain-
ed, 458 reflections of hnl, hni, n =0 to 2 and 92 reflections of
hk0. The observed hnl reflections were changed to hnl by symmetry
2/m, otherwise the indices will be changed to hnl by the program
EXPRL. The linear.absorption. cocfficient of CoWO4 for MoKa radia-
tion is 526 cm-l. The values 'of the absorption correction factors,
a*, were bakensfrom-the international, Takle vol..IT.p.295., They

are listed @in Table 4.2,




Table 4,2(a)
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The absorption correction factors, A*, for b rotatioﬂ axis.

layer | radius,r 113 s A* for Bragg's angle
X 103 (o] (o) lal o
cm. 0 22.5 a5 67.5 90
n i 1.66 0.87 4.14 3.96 3.53 3.17 3.03
1 1.66 0.87 4.14 3,956 3.53 3.17 3.03
2 1.67 Q.88 4,20 4.0% 3.57 3.20 3.05

Table 4.2(b)

The absorption correction factors, A*, for c¢

rotation axis.

layer |{ radius,r we A+ for Bragg's angle
x 10° em. 0% g2.5° 45° | 67.5° 90°
0 0.892 0.47 2-19 217 2.09 2.01 1.98

The hnl, hnt with n

0 to Z reflections were used for the

Patterson function and FO synthegis. For least squares refine-

ments, the holfand Kol reflections cremmeted ~bynABSOT .P*ﬁrﬁﬁ‘-%m‘

'Lm‘niél Piﬂ‘fa?n'aaheﬁ " anol abwtphm «%ﬂeim:o- Cwear uetd - *rg‘mh—— -

with hkO data.

by SFCRL program, the X-ray scattering factors must be inter-

Before proceeding with the structure factor calculations

polated by XSFRL program.

Atomic scattering factors were taken

from Acta Cryst., 17 , 1041 - 1042 {1964) ., those for tungsten

and cobalt atoms were corrected for anomalous dispersion, tak-

1 ]
ing the anomalous dispersion terms from Acta Cryst.,18, 20(1965) .
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4.2 Determination of the heavy atom by using Patterson function

since CoWo , crystallizes in monoclinic system, space group
P2/¢, a unit cell consisted of two atoms of tungsten, two cobalt
atoms and eight oxygen atoms. It is impossible to locate tungsten
and cobalt atoms in 4(g) general positions (Table 4.3). It is also
impossible to locate them in-special pesitions 2{(a), 2(k), 2(c) and
2(d) because these positions require special condition hkl : 1 = 2n
which does not occur dn this gase. lowever, they ma§ be located in
special positions 2(£) on 2{e) which need the same condiﬁions as
general positions.

The eguivalent nositions for special position 2(f) are
i_(%y v, %0 and for special position 2(e) are +(0, y, %5. The
Harkér vectors are shown in Table 4.4. In this case the heavy

atom vectors must ke located in the Harker section P (Ovw).
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Table 4.3 The space group P2/c(16).
Number of | Wyckoff. j point Coordinates of equivalent| Conditions limi-
ting possible
positions| notation | symmetry positicns reflections
General
4 g 1l x,y,z;i,?,g;i,y,%-— Z; hkl:no conditions
x,{}% iz h0l:1 = 2n
OkG:no conditions
Special:
as above, plus
f F1 103 i
2 £ 2 PX? Avy Evyyz- | no extra
2 2 0,9 /20y, di ti
e Yoge Oy ) conditions
= 1 2 A
2 a 1 530,0; EyoiE
= I 11
2 lof 1 0,5‘,0; O,‘E,'z- hkl:1 = 2n
o 11 FEEGL 1
2 b 1 5’:5703 515':—2'
2 a 1 040, 0; 0,0,% /
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mable 4.4(a) The Harker vectors for special position 2{e).

special position Rarker vectors
2{e)
0! Y 0, o, o 0: ""2Yl ‘2‘
3 i
0, ~v, E‘ 0, 2y, "‘E’ G, 0,0

Table 4.4(h) The Harker.vectors for special position 2(f).

special position Harker vectors
2(f) i \
1 1 1
—2-, v, Z R NG— ) 0, -2y, ‘5‘
1 3 1
ot ~Y: E Or= 2V ey - 0, 0,0 -

The Patterson section f(va) was evaluated by EXPRL and
FORRL programs using only the reflections cf hnl and hnl, n =0
£o0 2. The calculation was performed.at gaection u = 0, v = 0-0.5
and w = 0-0.5, Tne Patterson.map /is shown in Pig.4.1 |

According go the program, the height of the origin peak
is normalized to 999, 'the'expécted peak heighte.for the various.
Patterson maxima can he approximately determined. ! The Patterscn's
peak height magima for a pair..pf atoms arc propcrkional to the pro-
Aucts of the atomic. numbersy of the atoms they 5oin. The approximated

peak height maxima in the Patbnesy. map between two atoms are listed in

mahle 4.5.
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Fig. 4.1 The Patterson section P(Ovw) of Cowo,, ..
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Table 4.5 The approximated peak height maxima in Patterson

map of CoWO

2
Type of atoms The approximated peak
height maxima

origin peak 999

W=-W 423

W-Co is4

W-0 46

Co-Co 55

Co-0 17

0-0 5

.From the Patterson map, there was only one [peak that should
correspond to tungsten-tungsten peak. This was the peak of height
344 and coordinate (0,0.40,%0. If we generated by symmetry, there
was also a peak at (0,0.40,f%9 whichncorresponded 4o sungsten-
tungstén peak. Therefcre,

2y = 0.40
v = 0.20.

Atomic coerdinates of tungsten atom shouid be at position

tep

21{e) = (O, 0.20, 0.25) , or

+ (0.5, 0.20, 0.25)

-

2(£)

The 2(e) position was arbitrarily chosen. Therefore, the co-



73

ordinates of tungsten atoms obtained from the Patterson map were

i(O, 0.20, 0.25). Hence the cobalt atoms should be located in 2(f)

position, i.e. at t(%, v, 0.25).

There was also a peak of 143 height at (0, 0.5, 0) which might

he the OI OIT peaks, However, : not used in the calculation.

ﬂ'lJEJ’JVIEJ'VI‘ﬁWEJ’]ﬂ’i
amaﬂmmumawmaa
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4,3 Determination of other atomsbyWn»% synthesis

Fourier calculations using the observed structure factor
amplitudes with the calculated phases as the coefficients are call-
ed the Fo synthesis. This czn be expressed in the form
E Aoccos2ﬂ(hx+ky+lz} + %» B csin2ﬁ(hx+ky+lz)

hkl hk1 ©
R .

potxyz) = 7

where {éoc(hkl) |F_iiik1y Joosa) (hkl)

I}

B (hkl) |F g(hld )| simo (k1)

cosa_ (hk1) Ac(hkl)/ch(hkl)l

\sina_ (hk1) = /B (hki)/|F_(hkl) |

{Ac(hkl) = ¥ f cos2fili #ky +12 )

L??(hkl) = E £_sin2f(nx_+ky #z )
|F_ (k1) 4l = //Ai(hkl} + Bi(hkl)

Since the CoWO, crystal has a center of symmetry, eq. 4.1 gives

B =0 and
o]

po(xyz) M ¢ LA cos2T(hxtky+1z) sasseces L2

Vink 03
The segquence of finding the positions of other atoms by
Fo synthesis are s, £ollcws: \
1. The_structure factors Fc were calculated by program
SFCRL using only the positions of tungsten atoms in the calcula-
tion. The individual temperature factor was assigned to be 1.0.

The scale factors for each layer were 1.0. The first structure

factor calculation vielded the R value of 0.42.
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2. The Fn'synthesis was then performed by EXPRL and FORRL
programs and tazking the pheses from calculated struéﬁure factor
based only c¢n the positions of two tungsten atoms. Since the co-
balt atems should e located in the special position 2(f), the
electron density section on (001} was performed at z = 0.25. The
Fo synthesis was preparced only in one asvmmetric unit which was
one-fourth of the cell volume, i.e. x = 0-0.5, y = 0-1.0. This
map is shown in Fig. £.24

The maximum electron density is proportional to the atomic
number of the atom. Fox Cowoq the ;tamic mumber 74 corresponds
to peak of height 999, therefore the atounic number 27 and 8 will
approximately correspond to péaks of height 365 and 108 respec-
tively.

From the FU map, better cocrdinates of tungsten atoms and
the two cobalt atoms were obtained. The shifted atomic positions
were determined by the Booth's method.

Table 4.6 Ap assz ‘Funciion 'of X ceoordinate’ in the Booth's method.

012—{)2?'0

From Table 4.6 the highest peak obtained from the electron densi+
ty map is at the point x = 1, Ap is the difference between elec-

tron density of each point and Wl i e 1owest point, i.e. at
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Fig. 4.2 The electron density section

at z = 0.25,



77

% = 0. The electron density is assumed to be given by the equation

-~

2
o) = a¥x + bx P |
Substituting the value of x corresponding to pj amd po frcm Table
4,6, eq. 4.3 gives
pp = 2p)
2
“Ap2=stpy)

b e eeses 4.5
2

The position of the maximum-electron density is obtained by dif-

ferentiating eq. 4.3 and cguating the result to zero.

b

il

X
0 2a

pas &P}
2po=4ng

5 {pa/Raint cereneens 4.6

wherexh is the distance to be shifted fxom ®x = 0. The y and z
coordinates are also calculated by the same procedure as the x-
coordinate,

The coordinates of tungéten and cobalt gbtained from the

first FO map are listed in Table 4.7-

Table 4.7 The coordinates of tungsten and cobalt atoms obtained

from the first electron density map.

atom peak height atemic coordinates

W 299 0, 0G.202, 0.25

o 279 0.5, 0.692, 0.25
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3. The new structure factors were caloulated included
both new positions of tungsten and cobalt atoms in Table 4.7. The
individual temperature factor for tungsten atom was 1.0 and for
cobalt atoms was 2.0. 7The scale factors for each laysr were also

1.0. &t this point the R index was C.38. The sscond electron

density map was then prepared and this gave new positions of tung-~

sten and cobalt atoms.as listed in Table 4.8,

Table 4.8 The coordinates of tungsten and cobalt atoms obtained

from thedsecond electron density map.

atom peak height atomic coordinates
W 999 0, 0.201, 0.25
Co 280~ 0.5, 0.688, 0.25

Sinca the shift in coordinates was very little, there was

no need to caiculatalan eledtron density map again.
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4.4 Determination of oxygen atoms by AF-synthesis

4.4,1 AF-synthesis ©R(001l) projection

The hkO reflections were used in the calculétions.
These reflections were divided into twe grouvs: ' (1) reflections
with sin@/A>0.40; (2) reflections with 2in6/X<0.40, Reflections
in group{l) will be the most sensitive to change in atomic posi-
tions; group{2) are gusceptible to such effects as extinction,
absorption errors (due to deviations from assumed cross=-section
| (17)

of the crystal) .

Although the CoWO crystal used was flat needle~

4
shaped, it was approximated. to ke cylinder. Hence the absorption
corrections might not he exactlyv corxect. Furthermore, before
determination of axvgen coordinates the positions of tungsten and
cobalt atoms were improved by difference syntheses, (001) pro-
jection. Therefore, only 79 reflections of group(l) were used.

To dmprove the positions:of tungsten-and cobalt
atoms, the structure factors were first célculated using the po=i-
tions of. tungstén.dnd Cobzlt atoms taken from Table 4.80  The
scale factor was 1.28., Structure factors based on these posi-
tions resulted in R index of 0.53. The AF-synthesis was then
calculated by programs EXPRL and FORRL. The calculation was per-
formed at x = 0-0.5 and v = 0-1.0. The atomic ccordinates were

shifted bv the Bcoth's method.
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Three cycies of structure factor and difference
Fourier calculations yielded the lowest R index of 0.34. The
corresponding ccordinates of tungsten and cohalt atoms were f(o,
6.177, 0.25) and #(0.5, 0.663, 0.25) respectively. The AF-map

based on these coordinates is shown in Fig. 4.3,

s

4.2 AF-gynthesison(010) projection

As deseribed in secticon 2.5 that the most valuable
reflections for the use dn/ the difference syntheses are those for
which IFOI is smallez/than [FCI. The hdl reflections of CoWO,,
when sinB/A<0.75 !FO{ is smaller than IFC[, therefore only 26 re-
flections which sinb/i<0.75 weré uzed ik the calculations,

The electron density difference map was made by the
same procedure as in {(001) projection except that the calculation
was performed at x = 0-0.5, and z = 0-0.5. The atomic positions
of tungsten and cohalt used in the struacture factor calculations
were +(0, 0.17%, 0,25} and #(0.5, 0.663, 0.25) respectively. The
scale factor used was 1.63. The calculation yielded the R value

of 0.28.0 This map is shown in Fig. 4.4
4.4,3 Final oxygen cocrdinates

The projection of the &ifference maps on (001) and

(010}, as in Figs. 4.3 and 4.4 respectively, gave twelve possible



The electron density difference map
en (00l) projection. Zere centour
shown by broken lines, positive re-

gions by full lines. Contours are

at intervals of 0.4 e.g—z.
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coordinates of oxvgen atoms. They are listed in Table 4.9.

Table 4.9 The twelve possible coordinates cof oxygen atoms obtain-

ed from electron density difference maps on (001) and

{010) projections,

Number Coordinates
1 022 \0\12, 50,92
2 0422, 0.9C, 0.42
3 0422450450, 0.42
) 0.26, '0.38, .42
5 0,26, 0553, 0.42.
6 0.26, . 0.02: 0.42
7 0,36, - 0.24, 0.10
8 037,08 —810
9 . 0.39,: 0.34, 0.09
10 . 0.39, 0.68, 0.09
11 0.40, 1 5.06; 1 0.09
12 ©.40, 0.94, .09

Of thesc twelve coordinates, only two coordinates,
number 2 and 4, can be usedl. The others were eliminated because
they gave unreasonably short W-0, Co-0 or 0-0 distances. Since

. s . . 6+ 2+ 2=
+he ionic radii of W , Co and © are about 0.34, 0.72 and

1.45 ] respectively, bond distances of W-0, Co-0and O~0 should
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therefore be larger than 1.79, 2.17 and 2.30 A respectively.
The atomic ceoordinates for COWOA are listed in Table

4,10

Table 4,10 The atomic coordinates for CoWO,, .

atom p S v z
W ' 0 offi77 ¢.25
co 0.5 04663 0.25
0, €.22 ak 90 O\ 42

7 A
oL, 0.26 0438 0.42

4.5 Least squares refinement

The structure was finally refined by the full matrix least
(8)

squares method using LSQRL program with the Cruickshank weight
scheme. The individual’isotropic temperature factors were as<
signed as 1.0 for tungsten, 2.0 for cabalt and 1.0 for oxygens.
The refinement was serarated into three stéps.

At first the' 92'obsefved KO refléctions were used'to re=-
fine atomic positions of tungsten and cokalt atcms and the scale

factor of hkO reflections. Three cycles of refinement led to the

value of. R = 0.35.



85

Next step, the atomic positions of all atoms were refined.
The observed hkO, hOl and hOl reflections were used. The observ-
ed F(hCl) and F (hO1) were obtained from Inrentz-polarization and
absorétion corrections by ABRSOT program as mentioned in secticn 4.1

for, hGCl and hoi, were refined

The scale factors k., for hkC and k2

1
in every refinement. All 229 reflections were used for the first 3
cycles. The R index obtained was 0.36. Only 148 reflections
(0.5<y0/yc<2.0) were next used to refine for 3 cycles. The R value
was reduced to 0.26.

The last step, the étcmic pogitions and the individual
isotropic temperature factors for éll atoms were refined and also
scale factors. In the first © cyclés of the refinement of this
step, all ‘reflections were used. This led to the R value of 0.11.
The 200 and 002 reflections showed obvious extinction effects.

The observed structute factors of 070 and 1102 reflections were
much different from the calculated values, these reflections are
too weak and might cause marked errxors in the measurement of the
intensity. These reflections should ™ . be ~lomiHed " The refine-
ment was converged in the next four cyclies. The R value was 0.09.
The finaloparametefs ‘are listed in Table 4.11 The cbserved and

calculated structure Factors are listed in Tables4.12 and 4.13 .
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Table 4,11 The final atomic coordinates, thermal parameters and

their standard diviations.

2
Atom x | o(x) y 5 () 2 o(z) | B &% g (B)R
2 0.0 - {o0.1785 6.0007| ~0:25 - | 0.10 0.02
in 2(e)

2Co 0.5 - 066844 7 0/0023] 0.25 - | o.52 | o0.06
in 2(f)

40, 0.21710.004 |0.9053 0.0075| ©.230| 0.005[-0.35 0.15
in~4(g)

0.258|0,006 |0.8794 0:0083 | 0.398| 0.006 |-0.13

40.__ -
in 4 (q)

.20
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Table 4.12 Observed and calculated structure factors for 1 = O.
S N N L7 I DT A A 7|
2 0 80,50 140,98 2‘ 1 31,27 30.42
3 Q 51. 27 68771 3 e 43,02 57.12
4 0 106.61 12885 4 1 27,35 25,44
5 0 63,94 G2, 43 5 1 4g, 29 49, 31
G 0 74,36 giF, 38 o 1 206,02 23,39
7 0 46,37 45,490 A, 2 57.59 55.34
8 0 70,59 574730 2 2 73.01 20,58
2 0 38.87 40, 38 = 2 45,04 49,15
1n 0 55,8G 48, 29 4 2 G4, a7 64, Cl
1% C 31.82 29, 3% 5 2 B.L 57 37.50
12 ] 35,32 37.30 s 2 61,62 50.55
G 2 88.19 94,52 7 2 37.82 32,59
0 3 67.72 690 20 8 2 40417 37.7¢C
G 4 64:34 52.58 10 2 25,27 28,43
0 5 63.52 58,12 i 3 119.78 144,41
0 G 92. 26 88,49 2 3 66,72 71;75
0 8 74.74 60,33 3 3 93.84 116.73
0 ] 35,62 34.00 4 3 53.32 56.74
0 11 51.59 47,57 5 3 76.11 91. 96
0 i4 37.49 39,42 5 3 55, 34 51,29
1l 1 69,19 84.20 7 3 GB.82 67,10




Tablse 4,12 {continued}

S R DR R R N B
8] 3 3%.69 37.86 7 £ 37.07 38,48
9 3 56,22 Bheal 8 S 45,67 43,53
10 3 32,07 34,04 10 G 36. 22 37.44
11 3 41,67 35,14 1 8 59, 54 52.29
4 4 42,34 35418 2 i 78. 80 £5,14
1 5 81.44 73496 3 8 55. 64 42,10
2 5 61,64 5741 4 3] L2, 47 51.55
3 5 85,7¢ 74.0é' 8 & 52,87 43,26
4 5 55.47 45,30 L5 8 54,472 49,5¢
5 5 58.77 53,68 7 G 35,72 35,206
5 5 39.22 i 5 13 40,12 36,01
7 5 55.79 50.63 10 2 22,00 34.12
8 5 35,37 35.49 1 -9 60,97 5G. 41
11 5 33. 20 33.65 | 9 24, 87 31.74
12 5 20,72 26,97 3 Q &0, 69 54,969
1 5 54,47 50.52 5 S 45,02 43,60
2 & 24,21 g2,91 7 9 43,57 42,15
3 6 £e.84 50,032 i3 11 56,687 49,12
4 G 81,26 72423 2 11 44,27 3€.63
5 6 42,59 39.02 3 11 51.69 43,92
) 5 57.59 G2.92 & 11 44,97 42,1¢
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Tabkle £.12 (continued)
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i ® 1 k 3 F

S LY A | Izl
5 11 45,74 44,17 2 e 33.75 33.54
G 11 30.82 31.87 2 14 31,22 33.22
7 11 41,17 39,03 £ 14 32,97 36,15
8 11 26.92 31403

Tahle 4.13

Oiserved and calculated

structure factors for k = 0.

h 1 e | ir_| h 1 £ ¥ |
2 o | 115.64 140,98 12 0 31. 80 37.30
3 0 69. 74 68471 o 2| i1 105440 154.18
4 o | 122,03 128.33 0 -2 1 1zs.8s 154,18
5 0 67, 44 62248 &) ¢ 108: 77 116,09
5 0 81.61 81. 35 0 -4 |113.66 116.09
7 0 50. 64 45, 40 | o 6 |104.76 97.99
8 0 68.94 67.30 0 -6 |100.78 97.99
9 0 42,68 40. 38 0 8 76. 23 66.54
10 0 50. 31 48.29 0 -8 75. 36 66.54
11 0 28,99 29. 35 o 10 58.53 51,06




mable 4£.12 (continued)

20

1; 1 Ir_| EFC| h 1 |z | chl

o  -10 | 59.81 51.06 10 2 46,41 46,32
0 12 { 45.50 43,57 10 - £3.78 48, 87
0 -12 | 44.55 40637 11 2 26. 85 32,08
1 2| a8.7m 50,36 12 2 32, 54 39.16
1 -2 | 109.61 05432 iz 13 32. 20 38.53
2 2 | 123.34 150429 1 4 50, 24 75.40
2 -2 | 139.04 154,02 1 ~4 54,70 ‘56,80
3 2 | 86.92 8l.44 b 4 | 121.81 120,67
3 -2 | s8.24 60,05 2 —2 | 118.59 11676
4 2 | 102.97 108168 3 4 53,97 53.5

4 -2 | 90.63 104.54 3 -4 791 34 66, 99
5 2 | 44,29 9. 30 4 4 6,10 6. 42
5 -2 | 57.55 61.90 4 Le | 107.68 92,14
5 2 | 83.43 82, 9 5 L 63.90 56. 38
5 -2 | 81,63 56,60 5 -4 52,36 48,23
7 2 | 56.48 52,34 & 4 8675 79.75
7 -2 | 40.09 45.44 5 -4 79, 33 73.56
2 2 | 66.96 3,63 7 4 41. 566 40. 64
3 -2 | 62.04 60. 32 7 -4 47.54 44.89
5 2 |-37.86 33.63 8 4 53,67 51,94
9 -2 | 36,22 37.20 8 -4 58. 75 58. 06




Tahle 4.13 (continued)

0
b=

C C- O [0
9 4 36,07 35.90 7 -5 39.11 37.39
9 -4 32,06 35,15 5 g 55.13 54.84
10 4 46,25 49, 20 2 - 54,92 49.50
10 -4 41.19 - 44Ty 9 & 35. 45 36, 27
11 4 27,69 2044 ) 9 -G 31.77 31.987
11 -4 18.69 22fod [l 10 6 35,75 37.68
12 4 26,14 52404 A\l g 2N 39. 80 42.94
12 -4 26,47 85 4 11 6 15,40 23,05
1 6 60. 50 Y GV (EREE -5 21.16 28,37
1 -6 59. 41 55.10 1 g 43.85 39.67
2 6 82.56 78,0 1 - X8 56,23 42,30
2 -6 83.03 81.10 2 g 73. 68 £7.97
3 6 53.13 48.92 2 -8 76, 60 £8. 44
3 -6 55 /66 50.42 3 3 56,23 48.44
4 6 87,01 32,19 3 -3 43.41 40,52
4 -6 87,38 18633 4 5 69,01 ' 53.96
5 6 52,18 48,48 4 -8 56.53 58, 27
5 -6 57.25 46, 23 5 8 40.46 31.24
6 6 62,62 se.a2 || 5 -8 42,456 37.91
6 -6 59,08 61.37 ¢ 8 54,11 50.54
7 6 41.70 34,10 6 -g 55.65 51,78




Table

.13 (continued)

92

A1 EN h 1 F_| ¥ |
8 o 43.05 6 10 45,93 47.89
a3 -8 43,45 6 =10 38,81 40,76
9 8 19.97 | 10 20. 34 26, 32
5 -8 18.84 T 4 =1C 25.01 26,51
10 3 27,17 8 10 27, 31 30.14
10 -8 29,76 g4 -10 35, 20 37.80
1 10 21.19 1 12 32,79 29,52
1 -10 39,01 e P, 30, 42 30.48
2 10 64. 34 2 12 40, 86 3€.64
z  -10 55.53 P — £2.17 39,39
3 10 32,53 4 12 39. 21 22,81
3 -10 35. 78 4 o ~12 37.90 36,71
4 10 41,77 5 10 23. 30 29,50
4 =10 52,14 5 -12 23,51 27,85
5 10 31.07 g 12 26. 20 20,65
5 -10 26.07 6 =12 33.37 37.75
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