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6. Vergleich der Kristallstrukturen y o n  Eu(OH)2.H20 
und Eu(OH)3 

Wie in der Einleitung bereits erw/ihnt wurde, wander 
sich die zu Sr(OH)z.HzO isotype Verbindung 
Eu(OH)2. H20 schon bei Zimmertemperatur unter Was- 
serstoffentwicklung allm/ihlich in Eu(OH)3 um. Man 
kann vermuten, dass strukturelle Beziehungen, die of- 
fenbar zwischen diesen Kristallarten existieren und an 
Hand yon Fig. 6 und 7 verdeutlicht werden sollen, den 
Ablauf der Reaktion begtinstigen. In beiden Verbin- 
dungen sind die Atome auf zwei Spiegelebenen parallel 
zu (001) im Abstand ½c angeordnet. Die Gitterkon- 
stanten c unterscheiden sich nur geringfiigig vonein- 
ander (Eu(OH)2. H20: c = 3,652 A; Eu(OH)3 nach Rau 
& Glover (1964): c=3,645 A), so dass bei Fig.6 und 7 
der r/iumliche Aufbau in Blickrichtung iibereinstimmt. 
Allerdings stellt Fig. 6 insofern schon eine Abwandlung 
der eigentlichen Eu(OH)2. H20-Struktur dar (vgl. Fig. 
5), als die Atome Eu und 0(2) unter Beibehaltung der 
x- und y-Koordinaten um ½c verschoben sind, w/ihrend 
sich alle Atome des Eu'-Polyeders noch in ihren ur- 
spriinglichen Lagen befinden. Die gew/ihlte Form der 
Abbildungen 1/isst leicht erkennen, dass Eu(OH)2. H20 
durch eine horizontale Scherung in Eu(OH)3 iibergehen 
kann. Die hierzu erforderliche Energie diirfte nicht be- 
sonders gross sein, da zwischen den gegeneinander zu 
verschiebenden Schichten keine elektrostatischen Bin- 
dungen, sondern nur Wasserstoffbrticken, z.B. zwi- 
schen O(1) und O(2"), gel0st werden miissen. Die Ge- 
samtenergiebilanz ist sicherlich auch deshalb nicht un- 
giinstig, weil bei der Umwandlung durch die Erh0hung 
der Koordinationszahl des Europiums yon 8 auf 9 (vgl. 
Fig. 4) ein Gewinn an Gitterenergie auftritt. 

Unser Dank gilt Herrn Prof. Dr G. Brauer ftir sein 
Interesse an dieser Arbeit und die materielle Unter- 
stiitzung. Die Deutsche Forschungsgemeinschaft stellte 

im Rahmen des Schwerpunktprogramms Kristallstruk- 
turforschung die R6ntgenanlagen, die Einkristallgonio- 
meter und das Photometer zur Verfiigung. Besonders 
danken m0chten wir Herrn Albrecht yon Plehwe, der 
fiir die Rechenanlage SIEMENS 2002 mehrere kristal- 
lographische Rechenprogramme schrieb. 
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The Crystal Structure 
of the Chloroform Solvate of Dioxodi-8-quinolinolato-8-quinolinoluranium(VI) 
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The crystal structure of the compound formed when uranium(VI) is precipitated with 8-quinolinol has 
been determined by three-dimensional X-ray methods, and the molecule formed shown to be dioxodi- 
8-quinolinolato-8-quinolinoluranium(VI). Two 8-quinolinol molecules are coordinated as bidentate 
ligands and a third as a monodentate ligand, all three lying approximately in the plane normal to a 
near-linear uranyl group. Chloroform molecules which co-crystallize exist as solvent of crystallization 
only, and are slightly disordered. 

The compound produced by the precipitation of the 
uranyl ion with oxine (8-quinolinol) has the formula 
UOa(C9H6NO)2C9H7NO and contains what appears to 

be an extra molecule of oxine. This molecule is lost at 
210°C, though at lower temperatures the compound 
is sufficiently stable for the precipitation of the complex 
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to be a standard procedure for the gravimetric analysis 
of uranium(VI). Similar compounds containing excess 
oxine may be formed with scandium(Ill), thorium(IV), 
uranium(IV) and plutonium(VI) (Wendlandt & Hor- 
ton, 1961), and with various substituted oxines (Hor- 
ton & Wendlandt, 1963). 

It has been shown calorimetrically (von Tassel & 
Wendlandt, 1959) that there is little energy difference 
between the systems [UO2(C9H6NO)2CgH7NO(solid)] 
and [UOE(C9H6NO)E(Solid) and C9H7NO(solid)], and 
this was taken to indicate that only weak lattice forces 
bind the extra molecule. The absence of an absorption 
band characteristic of free oxine has been noted 
(Charles, Freiser, Friedel, Hilliard & Johnston, 1956) 
and the formation of salts such as NaUO2(C9H6NO)3 
(Bullwinkels & Nobel, 1958) has led to the proposal 
of an acidic structure HUOE(CgH6NO)3 in which the 
three oxines are equivalent and the uranium 8-coordi- 
nate as in sodium uranyl acetate (Zachariasen, 1959). 

It appeared that knowledge of the coordination 
chemistry of uranium is so fragmentary that the 
unequivocal solution of this problem could be achieved 
only by crystal-structure analysis. Crystals of appreci- 
able size were extremely difficult to grow, and the only 
ones at all suitable for X-ray photography were 
obtained from chloroform solution. These crystals 
contained one molecule of chloroform per molecule 
of uranium complex, but it was thought probable 
that the chloroform existed only as solvent of crystal- 
lization, and that its presence was unlikely to affect 
any conclusions concerning the nature of the uranium 
complex. The structure analysis has justified this as- 
sumption. 

Experimental 

Orange-red monoclinic crystals, elongated along 
[010] and bounded by faces of the forms {100} and 
{i01}, were grown from chloroform solution. The cell 

c(5) 
~ ~  ~]~(6) 

C~i7~and a. 

..... ½C1(2) \ /~0(11) Ligand b. 
.½cll~) /" \ / " ' - -  ~ C ( 3 )  ½C1(4)~//½el(l) _ ~ / . ~C(2) -"~( 

/ . . . .  

½C1(6~,~?'' ~ . ~ N , I )  \ t''e~l / 

 0,2, 
Fig. 1. Numbering of the atoms. 

parameters a, c and fl were obtained from the hOl 
Weissenberg photograph by the method of Main & 
Woolfson (1963), and b from a sodium-chloride-cali- 
brated rotation photograph, as a=20.76+0.015, b=  
8.75+0-02, c=15.625+0.01A, f l=97°30 '+5  '. The 
density was measured by flotation in aqueous zinc 
bromide solution as 1.94 g.cm -3, whereas the calculated 
density for 4 molecules per unit cell is 1.95 g.cm -3. 
The space group is P21/n, with reflexions system- 
atically absent for hOl with h+l  odd, and 0k0 with 
k odd. 

Weissenberg photographs were taken of the layers 
(hOl) to (h31). All the crystals were slightly deformed 
and the spot shape on layers for k > 3 was too variable 
to permit satisfactory intensity measurement. Intensi- 
ties were measured visually, and corrected for absorp- 
tion by a method based on that of Busing & Levy 
(1957). Photographs were also taken about the c axis, 
but the small needle-like crystals gave most unsuitable 
spots which rapidly fell off in intensity for high values 
of k. The hkO intensities were measured and were cor- 
rected for absorption, but as these corrections were 
large, the resultant values may not be reliable. 

Structure determination 

The uranium atom position was readily obtained from 
projections of the Patterson function, and the R index 
based on this atom alone was 0.24. All the light atoms 
other than hydrogen were then located by a three- 
dimensional electron-density difference synthesis. It 
was noted that the uranium atom showed a strong 
apparent preferred vibration along the [010] direction, 
although it was not known to what extent this was a 
genuine thermal motion, and to what extent it repre- 
sented erroneous interlayer scaling due to imperfectly 
corrected absorption in the hkO data. An electron 
density difference synthesis projected on (001) gave a 
satisfactory (but considerably overlapped) representa- 
tion of the structure and again indicated a marked 
preferred vibration along [010] for the uranium atom. 
It appeared that any residual of the absorption effect, 
if present, was effectively concentrated on the dominant 
uranium, and it was then practical to correct the 
uranium as for thermal anisotropy, irrespective of the 
meaning of the parameters obtained. The values of the 
relevant uranium temperature parameters were then 
derived from electron density difference projections on 
(001), using a two-dimensional modification of the 
method of Leung, Marsh & Schomaker (1957); see 
Hall, Rae & Waters (1966). 

Refinement then proceeded by three-dimensional 
electron density difference syntheses, using the hOl 
to h31 data only. All the atoms except uranium were 
assumed to be thermally isotropic. 

Because of the large covariance between the indivi- 
dual scale constants and the B22 parameter of the 
dominant uranium atom, the value of B2z, previously 
derived, was held constant and the layers of data 
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indiv idual ly  scaled. Subsequent ly  a least-squares pro- 
gram became available,  and ref inement  was con t inued  
in a similar  manner .  

I t  was no ted  tha t  the chlor ine  t empera tu re  param-  
eters were high, and  after several cycles an iso t rop ic  
parameters  were in t roduced.  These assumed such 
extreme values (the effective B a long  the ma jo r  axes 
of  the v ib ra t ion  ell ipsoid being 22-9, 14.0 and  10.7/k z 
for  the three a toms respectively) tha t  it was assumed 
tha t  pos i t ional  d isorder  must  occur. Each a tom was 
then  represented by two half-weight  a toms,  separated 
by 2u (where Bm~x = 8~2U 2) a long  the ma jo r  axis, and  
assumed to v ibra te  isot ropical ly  with B = 7 . 0  ,~z. The  
ha l f -a toms were then refined independent ly .  

No  da ta  appeared  to suffer f rom ext inct ion,  but  it 
was tha t  no ted  the intensit ies o f  all high angle data,  for  

which the Cu Kcq - d2 spli t t ing was greater  t han  0.6 mm,  
had  been underes t imated .  These reflexions were omi t -  
ted f rom the final refinement.  

Table  2. Values of the uranium temperature parameters 
in the directions of  the principle axes of  the vibrational 

Axis B(A 2) 
1 3"971 
2 3"028 
3 1"375 

fli~ values (× 105): 

fill ill2 
132 57 

ellipsoid 

Direction cosines 
relative to the a*bc axes 

0.0084 0-9925 - 0.0080 
0.7126 -0.0032 0.7016 

- 0.6962 0.1127 0-7090 

ill3 fl22 fl23 fl33 
174 1285 - 67 254 

Table  1. The final values for the fractional coordinates and temperature parameters (A 2) 

x(ax) Y(av) Z(az) B (a B) 
U 0.3233 (0) 0.1139 (2) 0.5133 (1) - -  
O(1) 0.2991 (12) 0.2401 (46) 0.4526 (16) 4.990 (370) 
0(2) 0.3418 (13) -0.0216 (49) 0-5746 (17) 5.400 (440) 

Ligand a 
N(1) 0.3129 (12) -0.0399 (50) 0.3711 (16) 3.350 (300) 
C(2) 0.2617 (18) -0"1159 (70) 0"3348 (24) 4.950 (712) 
C(3) 0.2564 (17) -0.2089 (85) 0.2582 (22) 4.480 (830) 
C(4) 0.3121 (20) -0.2004 (77) 0.2130 (26) 5.800 (990) 
C(5) 0.4273 (19) -0.1403 (76) 0.2144 (24) 5.280 (800) 
C(6) 0.4798 (20) -0.0558 (73) 0-2568 (26) 5.080 (920) 
C(7) 0.4799 (14) 0.0157 (59) 0.3349 (18) 2.810 (350) 
C(8) 0.4203 (14) 0.0296 (62) 0.3742 (19) 3.090 (400) 
C(9) 0-3666 (15) -0.0367 (64) 0.3327 (20) 3.620 (480) 
C(10) 0.3667 (18) -0.1372 (71) 0.2538 (23) 4.780 (681) 
O(11) 0.4180 (9) 0.0863 (39) 0.4503 (12) 2.950 (160) 

Ligand b 
N(1) 0.5076 (13) 0.2815 (53) 0.5311 (18) 4.030 (380) 
C(2) 0-5663 (13) 0-2958 (58) 0.5974 (17) 2.570 (310) 
C(3) 0.6147 (19) 0-3826 (74) 0.5293 (26) 5.900 (900) 
C(4) 0.6030 (20) 0.4707 (80) 0.6038 (27) 6-320 (1.040) 
C(5) 0.5403 (20) 0-5424 (77) 0.7159 (27) 7-060 (1.010) 
C(6) 0.4764 (20) 0.5375 (76) 0.7443 (26) 6.810 (1.030) 
C(7) 0.4270 (20) 0.4465 (77) 0.7052 (26) 6.260 (1.000) 
C(8) 0.4386 (15) 0.3297 (66) 0.6363 (20) 3.620 (450) 
C(9) 0.4988 (15) 0-3625 (65) 0.6019 (20) 3.630 (440) 
C(10) 0.5470 (18) 0.4592 (70) 0.6384 (23) 4.590 (710) 
O(11) 0.3964 (10) 0.2486 (42) 0.6014 (14) 3.720 (250) 

Ligand c 
N(1) 0-2508 (14) 0-1960 (54) 0.6233 (18) 4.200 (420) 
C(2) 0.2682 (20) 0.2483 (76) 0.7009 (27) 5.480 (1.010) 
C(3) 0.2216 (20) 0.3346 (76) 0.7535 (26) 7.250 (930) 
C(4) 0.1573 (20) 0-3243 (77) 0.7141 (26) 6.420 (960) 
C(5) 0-0761 (19) 0.2730 (76) 0.5907 (26) 5.500 (930) 
C(6) 0.0563 (20) 0-2057 (77) 0.5220 (26) 5.750 (1.000) 
C(7) 0.1015 (18) 0.1097 (70) 0.4771 (23) 4.840 (690) 
C(8) 0.1706 (15) 0-1210 (64) 0.5165 (20) 3.590 (410) 
C(9) 0.1867 (16) 0-1953 (66) 0.5930 (20) 3.910 (510) 
C(10) 0.1360 (15) 0.2600 (64) 0.6303 (20) 3.640 (490) 
O(11) 0.2161 (10) 0.0386 (40) 0.4825 (13) 3.240 (200) 

Chloroform 
C 0.1140 (20) -0.2714 (77) 0.5118 (26) 5.820 (1.028) 
½CI(1) 0.2279 (14) -0.4327 (51) 0.5545 (17) 7-520 (350) 
½C1(2) 0.2128 (13) -0.4624 (50) 0.4987 (17) 6-160 (330) 
½C1(3) 0.1171 (13) -0.3421 (50) 0.4304 (17) 8.100 (430) 
½C1(4) 0.1043 (13) -0.2969 (51) 0.4015 (17) 6.920 (410) 
½C1(5) 0.1132 (12) -0.2916 (47) 0.5944 (16) 7.130 (440) 
½C1(6) 0.1191 (12) -0-2599 (48) 0.6041 (16) 7-130 (420) 
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Table  3. Bond lengths and bond angles 
(a) The coordination about the uranium atom 
Bond lengths 
U-O(1) 1"50 A U-O(11)c 
U-O(2) 1"54 U-N(1)a 
U-O(11)a 2.33 U-N(I)c 
U-O(11 )b 2.24 (U-N(1)b) 

2"31 
2"58 
2"54 

(4"07) 

Angles 
O(11)a-U-N(1)a 63.7 ° O(11)b-U-O(11)a 77.0 ° 
O(11)c-U-N(1)c 65-0 O(11)b-U-N(1)c 81"4 
O(11)c-U-N(1)a 73" 1 O(1)---U-O(2) 174.8 
O(1)---U-O(I 1)a 92"2 ° O(2)---U-O(11)a 91"8 ° 
O(1)---U-N(1)a 81 "9 O(2)---U-N(1)a 96-8 
O(1)---U-O(11)b 98-1 O(2)---U-O(11)b 86.2 
O(1)---U-N(1)c 92.4 O(2) - -U-N(1)c  85.2 
O(I)---U-O(11)c 81.3 O(2)---U-O(11)c 93.4 

(b) The ligands a, b, c 
Bond lengths Ligand a Ligand b Ligand c 
N(I)-C(2) 1.31 A 1.40 A 1.30 A 
N(1)-C(9) 1"34 1-35 1-35 
C(2)-C(3) 1-44 1"30 1-55 
C(3)-C(4) 1"44 1-44 1"39 
C(4)-C(10) 1"34 1"35 1"44 
C(5)-C(10) 1.48 1.44 1.31 
C(5)-C(6) 1.40 1.46 1-24 
C(6)-C(7) 1-37 1.37 1.50 
C(7)-C(8) 1.46 1-53 1.48 
C(8)-C(9) 1-34 1.46 1.36 
C(8)-O(11) 1.30 1.20 1.35 
C(9)-C(10) 1.51 1.37 1.39 

Angles Ligand a Ligand b Ligand e 
C(9)--N(1)--C(2) 119.5 ° 119-1 ° 117.5 ° 
N( 1 )--C(2)--C(3) 127.4 125.1 123.6 
C(2)--C(3)--C(4) 113.9 114-4 111.4 
C(3)--C(4)--C(10) 118.2 122.2 125.6 
C(10)-C(5)--C(6) 116.4 116.2 122.9 
C(5)--C(6)--C(7) 124.4 122.5 121.0 
C(6)--C(7)--C(8) 121.0 121-4 113.5 
C(7)--C(8)--C(9) 117.2 110.8 120.1 
C(7)--C(8)--O(11) 124"0 122"7 119"2 
C(9)--C(8)--O(11) 118"4 124"0 120"0 
C(8)--C(9)--N(1) 118"7 114"9 114"8 
N(I)--C(9)--C(I 0) 116.6 119.4 128-1 
C(8)--C(9)--C(10) 123.3 125.6 117-0 
C(4)--C(10)-C(5) 120.5 119.3 123-1 
C(4)--C(10)-C(9) 122.0 119-8 112.7 
C(5)--C(10)-C(9) 116-6 120.8 124.0 

C(8)--O(11)-U 124.6 169.3 118.1 
C(9)--N(1)--U 113.6 - -  114.2 
C(2)--N(1)--U 127-0 - -  128.1 

(c) The chloroform molecule 
Bond lengths 
C---~CI(1) 1.99 A C--~CI(3) 1.62 A 
C-~2C1(2) 1.98 C---~C1(4) 1.99 

Half-atom separation 
-~-C1(1)--~-C1(2) 0-92 A ½C1(3)--J2-C1(4) 0"63 .~, 

(d) The N(I)-O(l l )  hydrogen bond between ligands a and b 
Bond lengths 
N(l)b-O(11)a 2.71 A 

Bond angles 
U----O(11)a-C(8)a 124"6 ° C(2)b-N(1)b-O(11)a 
U O(11)a-N(1)b 1 0 7 " 7  C(9)b-N(1)b-O(11)a 
C(8)a-O(11)a-N(1)b 1 2 4 - 0  C(9)b-N(1)b-C(2)b 

c-kcl(5)  
c--~2c1(6) 

~-CI(5)--~C1(6) 

117.4 ° 
123.5 
119.1 

1.78/~, 
1.82 

0.33 A 
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Table 3 (cont.) 
(e) The C-O(11) hydrogen bond between chloroform and ligand c. 
Bond length 
C ----O(11) 2"98 A 

Bond angles 
U O(11)--C 126.1 ° U--O(11)-C(8) 
C(8)--O(11)--C 97.9 ½C1-C ----O(11) 

(f) Other intramolecular approaches 

O(11)b-N(1)c 3.12 A O(11)b-C(2)c 
O(11)c-N(1)a 2.91 O(11)c-C(2)a 
O(11)a-O(11)b 2"84 

118.1 ° 
117"3, 114"9, 117-7 
123-4, 99"5, 107-9 

3.26 A 
2.94 

Table 4. Intermolecular approaches 
The equivalent position of the first atom is x,y,z. 

The equivalent position of the second atom is as shown. 
(a) Approaches to the chloroform molecule 

x, y - l ,  z 
½el(l)-O(1) 3.68 A ½C1(2)-O(1) 3.30 
½CI(I) -N(1)c 3.43 ½C1(2) -N(1)c 3"60 
½CI(I) -C(9)c 3"44 ½CI(2) -C(9)c 3"41 
½CI(1) -C(10)c 3.59 ½C1(2) -C(10)c 3.68 

½--x, --½+Y, ½--z 
½C1(3) -C(6)a 3"62 ½C1(4) -C(6)a 3"81 
½CI(3) -C(5)a 3"49 ½C1(4) -C(5)a 3"52 

l - x ,  - y ,  1 - z  
½CI(1) -C(3)b 3"71 ½C1(2) -C(3)b 3"73 

½-x, -½y, 1½-z 
½C1(5) -C(2)c 3.78 ½C1(6)-C(2)c 3"58 

(b) Approaches between centrosymmetrically related molecules 
l - x ,  - y ,  1 - z  

O(2)--C(2)b 3.35 A C(7)a--C(8)b 3-46 
O(1 l)a-C(2)b 3.45 C(7)a--C(9)b 3-46 
C(8)a--C(2)b 3.47 C(7)a--O(11)b 3-50 
C(8)a--N(1)b 3"35 C(6)a--C(8)b 3.26 
C(7)a--N(1)b 3.33 C(6)a--C(9)b 3.46 
C(5)a--C(10)b 3-61 C(I 0)a-C(4)b 3.67 
C(10)a-C(10)b 3"63 C(9)a--C(3)b 3.70 
C(9)a--C(2)b 3"62 

l - x ,  l - y ,  1 - z  
N(1)b--C(10)b 3-55 C(2)b--C(9)b 3.55 
N(l)b--C(4)b 3.62 C(2)b--C(10)b 3-64 
C(3)b--C(9)b 3.66 O(1)---C(4)b 3.44 
N(1)b--C(9)b 3.74 C(3)b--O(l 1)b 3.81 
C(3)b--C(8)b 3.67 C(2)b--C(8)b 3.88 

(c) Approaches to uranyl oxygen atoms 
½-x, ½+y, ½-z 

O(1)--C(4)a 3.27 ]k O(1)---C(3)a 3"37 A 
½-x, -½+y,  1½-z 

O(2)---C(3)e 3"39 O(2)---C(4)c 3.56 
x, l + y , z  

O(l)---½Cl(1) 3.68 O(1)---½Cl(2) 3.30 
1 - x ,  - y ,  - z 

O(2)--C(2)b 3.35 O(2)---C(3)b 3.72 
l - x ,  l - y ,  1 - z  

O(1)--C(4)b 3.44 O(1)---C(3)b 3.75 

(d) Some other approaches 
½--x, --½+y, 1½--z 

C(2)C -C(3)c 3"69 A C(3)a--C(2)a 3.85 A 
½-x, -½+ y. ½-z 

C(5)a--C(7)c 3.69 C(3)a--C(2)a 3-85 
van der Waals radii: O= 1.4 A, N= 1-5 A, C1 = 1.8 A, half thickness of aromatic molecule, 1.7 A. 
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The scattering factors used were those of Thomas, 
Umeda & King (1958) for uranium [using a real dis- 
persion correction of -6 .8e  (Roof, 1961)], of Viervoll 
& Ogrim (1949) for chlorine and of Freeman (1959) for 
the light atoms. The final R index for the 2090 observed 
reflexions was 0.104. Individual values for the layers of 
data were h0/, 0.086; hll, 0.085; h21, 0.112; h31, 0.132; 
hkO, 0.123. 

The atom coordinates, with standard deviations in 
parenthesis, are listed in Table 1, together with the 
isotropic temperature parameters. The apparent tem- 
perature parameters of the uranium atom are listed in 
Table 2, bond lengths, bond angles and other intramole- 
cular approaches in Table 3, and intermolecular ap- 
proaches of note in Table 4. The scheme for the label- 
ling of atoms is shown in Fig. 1 

The average standard deviation for bonds involving 
the uranium atom is 0.03 A, and for bonds between 

light atoms, 0.06 A. A block-diagonalization approxi- 
mation was used in the least-squares refinement, mak- 
ing no allowance for covariance between the param- 
eters of different atoms, and it is likely that the stan- 
dard deviations relevant to the uranyl oxygen atoms 
[O(1) and 0(2)] are greater than indicated, as these 
atoms proved to be particularly sensitive to changes in 
the uranium or scale parameters. 

Discussion 

The three oxine molecules are all coordinated to the 
uranium, two as bidentate ligands through the nitrogen 
and the phenolic oxygen atoms, and the third as a 
monodentate ligand through the oxygen only (Fig. 1). 
All three oxines lie approximately (but only approxim- 
ately - see Fig. 2) in a plane perpendicular to the linear 
uranyl group [O(1)-U-O(2)=174"8°]. The U - O ( l l )  

/ I I 

(a) 

(b) 
Fig. 2. Projections of the structure along axes parallel to the mean molecular plane. (a) along X, (b) along Y. 
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T a b l e  5. Observed and calculated structure factors 
IrO FC H K L FO FC H K FO FC H K L IrO FC H K L 

68.6 68 . , -  II 5 0 53.9 52.7 k 0 67.9 68.5- i3 0 ~ 1).5 3.7 * 14 -g  I0 
86.9 8 , .0  12 5 0 29.4 17.7- * 6 0 91.1 84.1 13- 75.1 81. , .  16 10 
9o.1 92.8 -  • 15 i)~.,,- 18 oO 1o 4 3 . 0 3 6 . "  I1~ ~ 0 0 3 6 . "  9.9-  180 0 0 9 . 0 9 2 . 7 "  00 ~ 5 3 . 6 4 . 7 -  16- 10 

30.2 0.7 37.1 )6 . "  15- 16.7 
74.0 80.1 1 5 5 0 2 6 . 3 2 0 . 4 -  12 g 71. ,  9.9 17-17 ~ 56.1 87.250"7 2018- 01010 
8 3 . 8 8 8 . 3 -  1 6 5 0 2 4 . b .  16.9 * I ,  87.7 ~8.2- 0 81.3 
~ . 7  kk.7 17 ~ 47.) ,5 .o  16 "7.~ 4 . .7  19 g ~ 22.8 19.5- 20- 10 

. 7 3 3 . 8  18 0021 .0  17.3- • 18 g 39. 33.8 19- 79.Z 77.2- 22- o 0 1 0  
32.860"533.159"7- 2019 ~ g 32.3 25.9-  20 0 65.6 59.7-  21 0 5 3".5 2 7 . 6 -  2 . -  o 10 

18.0 1.9 2 2 0  3 8 . 4 3 3 . 1  21- 0 5  17.3 13.2 
15.6 1.3 * 21 ~ 16.0 2, 0 12.5 1.3 • 23 0 5 33.6 304  1 011 
22828.5-  22 g 14.o ~'"-  ~ l .I 26 0 25.5 28.5- 23- ° 0 30.3 27.7 - 0 1111 
. . 25- 37.239.8- 
66.~ 86., 23502).925.3 30 I00.6 i06.8- )-011 

136~ 178.9 0 6 0  , 0 8  35.9- ~-0 7 3 0 5 9 1  200 ~7501~881.9162. ~-0 TM` '  

137.51,4o 11 975 936 ~- ~.o,1 7 9 . 2 8 1 . o -  ! 6 o .e .e  .7.1 ~ - o  o 148.7 I ,O.4 
8o.9 91J,- z 6026.321.1 ° 0 6  ) . 6 5 8 . 2 -  
15.2 0.7-* 25.~ 16.2 6 b- ~0.3 9.  g 66.2 I I  18.819"8 It.k-,5.1 ~ 6 g 19.919.2 11.8-11.o * ; - o  3o.7 19.9 00 6102.3  IO7.2 

• I1 116.5121.8-  7" .k  65.7 5 6  g 5o.8 6 1 . -  '1- 11 28.3 15.~- 9 - 0  129.5 120 . . -  6- 0 6 107.2 94 . )  I 0 ° 11 
6 2 . 0 5 7 . 0 -  ! 66 g 5 7 . 7 6 6 . ~  1 1 0  97.7104.1 8 0 6 7 0 . 9 7 6 . 8 -  
73.8 75.~- 22.9 19. 11-0 136.5 146.7 8-0 6 152.3 I)8.3- 1) 011 
65.8 63. 6 0 31.7 27.8- 13 0 16.0 11.9- I0 0 6 52.6 " 7 . " -  13- 011 
19.2 6.9 * I0 6 0 2".4 10.9- • 13- 0 26.5 18.3- I0-  0 6 5".3 47.1 15 0 I I  
19.6 8.0 * 1 1 6  0 26.1 2~.1- 15 0 ,o.0 ho.)- 1 2 0 6  66.0 68.6 15-oO II 
39.2 35.9 12 6 0 30.0 I , . 4 -  * 15- 0 33.3 35.1- 12- 35.0 26.9 17 I I  
5).2 5.9- ~ 17 0 o 56.J 57.0 1. .6 .0  "5 .5 -  17- 11 k7.Z ~7.2- 13 g 61.5 .8.2 1. 30.0 20 . .  17- 70.6 80.9 14 -g  6 59. )  62 .9-  19 g • II  

g 3 3 . 9  ~0.2 15 66 19 16 0 6 1".9 0 . 3 - *  19- 4 7 . 0 3 . 0  16 038.623.236."-7.3_ * 19- g 37.5 32.6- 55.1 5" .2-  16- 00 66 59.1 65.0 21- g 1111 
O) 2 . . . . .  9 - :  11~ 6 O) 20.8 1.~ * 21 ~ 15.9 7.3 - •  18 "9.3 ~.3.1 2) .... 

2 0 . 2 1 1 . 1  19.2 3.2- 21- 16.5 5.5- 1 8 - 0 6 1 6 . 1  7.3- 
0 2 6 . 9 2 1 . 5 -  1 9 6  o 1 9 . 2 2 1 . 8  2 3 0  4 0 . 7 3 5 . 8  2 0 0 6 5 2 . 4  ,4 .5 -  0 0 1 2  
0 0 3 . . t . 6 2 8 . 4 -  2066 2 3 - 0  , 0 . 0 3 7 . "  2 0 - 0  ~ 4 , . 0 4 6 , 0 -  2 0 1 2  22.3 22.9 21 oO 18.7 12.2 ,~- 12 260 285- 25 ° o 27.~ 269- 22 ° o 13.8 9.4 
0 22.2 22.3 22 6 0 10.0 I I . " -  * 25- 29. 30.0- 22- 57.6 56.G 0012 
0 11.8 10.8- 25 0 6 12.0 I " . 0  4.- 012  

" " ; 25 .5146 .1 -  2 , -  66_ 12 0 "17.3" 20.5- ~ ~ g 20.6 6 . 6 - *  ~ - ° 2 8 7 . 3 7 9 . 6 -  2 6 - g  6 1 5 . 3  19.9- oO 2 4) 9 50.5-  17. ,  202- 
2 ° 0 ,09.5 158.5- ~ , 0 99.8-  14.1 IO.9 ~ o 2o8 9.0 * 98 . .  8 o 1 2  

59.6 61.7 . -  0 2 92.1 71.8- 1 0 7 8 6 . 5  8 7 . 2  8 -  0 12 
2 g 100 ,.3 • 21 .41  ~ - .  66_ o 2111.0107.~ ~-oO ~ 103.829'5105.1-252 10-1° OO 1212 148.2 127.U 2 5 8 3 1 . 1  | ~ 0 2 , ,  2~:o- 8 0  lO8.41124- 3-o 7 7 1 o  67.)- 12 o12 2 OO ~9.0880 ~ 2.7 )7.7 0 22. ,  3.6- * 2 .7 2" .6-  8- 0 2 I47 .2132 .8 -  5 0 7 12.1 9.2 12- 012  
z o o  86.897.11 7 0 2 ~  0 19.7 * 1 0 0  2 3 . 9 2 1 . 5  5 - 0 7 1 1 2 . 1 1 0 0 . 9  1 4 0 1 2  

3 8 . 9 3 7 .  - I 0 7 0  , I . 8  ",'1.9 IO- 0 2 8 9 . )  82.9 7 0 7 6 5 . 5 6 7 . 8  i4- o 12 
2 0  ,,.675"8 ' ~ : L -  I," ~ g 2 , . 6  , . 7 - -  , 2 0  72., 7,.9 ~'-g ~ 8).886" ~8.9-6"'- ,6-'6 0 ° ,2'2 

)0 5 31.0- 12- 0 2 66. ,  67.5 
2 0 2 3 . 6 1 5 . 1  * 1 3 7 0  34.6 0 . ,  * 14 6 7 . 7 6 7 . 2 -  I ? ' g  ~ 5 2 . 9 5 0 . ) -  18 g 12 

0 22.2 3.1 * 14 7 0 27.0 3.9- * l k -  g 2 86.7 93.3- ) ) .9  3~.6 18- 12 
00 91.1 95.1-  15 18.8 " .0  • 16 0 14.7 • 11- 130.1129.2 20- O012 

21. .  0.2 16 ~ OO 9.7 00 ~ 1 4 . 3 1 2 . 3  • • 12 16- I )  22- 29.2  5-].9 33.5 o ~ 5O., 
,4 .8  ,1 .6  0 ° ~ h8.6- I Ol3  22 g 68.2 65.8 17 1 8 . 0  * 18 1 ) -  8 1 . 9 8 2 . . -  

2 1 6  , 5 6 - *  ,8 ~ OO 2~:°: 1 8 - o  2 5 o 2  , .68  ,5 5 3 5  28.9 
2 0021.621"6 3.9-8"1 * 2019 ~ 00 1".0 " .0  20--20 0 2 47"1 63.5-"0"6- 15-- 0 7 16.1 7.1 * I -  013  66.~ 17 4t,. ~_ 13 11..  6.8 oO ~ 53.7 Z o 55.1 .8 .9 -  22 ~ )3.329.o 17- 7).9 78.~ o ° 13 

22.Z i5 .1-  8 " "  2 2 - 0  2 ~0.7 )8.9 1 9 0 7 1 ) . 9 9 . 5 -  
13 2 ~ : t  ~ L ) .  ~ oo l~  .8 ~ : '  2. ,,.9 ,o3 o ; 3 , . 8 2 5 . 2 .  ;-°°'3 0 21:~ 20.~- * 19- 68."  69.9- 24- 00 2 1 2 . 1  1.3- 21 

2 O 17.2 $4.0- * 3 8 O 22.0 ..O •* 26- O 22.3 2),5- 21- g ~ 2~.52 . "  23.7 g 13 ~ 226 I )  2 00 15.0 I . "  * 23 18.7 18.3- g 22.2 16.7- 22. j  16.9- I 0 8 , . 4 8 8 . 3  23- 0 7 2 0 , 3 2 1 . 5  9- 013  
0 8.8 . 3 . 7 - *  ) 88 g 2 . 6  2 5 - o  7 3 7 . 5  4.'1.2- I I  013  2 ~ . 2 3 7 . o  I -  0 3 3 7 . ,  )4 .3-  

22.~. J 0 140.) 139. , -  11- 013  
' 29. 8 8 0 25.6 20.3- ) -  0 3 1 2 8 . 2 1 2 8 . 4 -  0 0 8 i l5 .2"128.2 13 013  

3 ° 0 ~2.71.e ,6.~ 98024.z 13.7-* 50 50.035., 2 o e 16., i,.3- i)- o 13 
0 7 4 . ,  88.2- I 0 8 0 2 5 . 4  5.5 * 5- 0 3 1 2 0 . 0  i05.3 2- 0 8 8 5 . 6  89.0-  1 5 0 1 3  

3 0 67.7 74.5- I I  8 0 28.~ 8.6- * 7 0 67.9 69.8 5 0 8 69.) 75.4- 15- 013  
0 16.3 18.6 12 8 0 33.0 21.3 * ~ - g  ,1 13.n 7.6 ~ - g  88 63.~ 53.9 1 7 0 1 3  

3 g 69.1 63.9 13 25.6 16.1 * 83.6 84.1- 75. 78.6 17- 13 
15.,  3.0-  * 1 4 8  g 2 7 . 6 2 5 . 1 -  9- 0 3 1 , 2 . 4 1 2 , . 0 -  6- 0 8 7 0 . 7 5 9 . 2  19- 013  

3 0 " 7 . "  "9.6 15 8 0 18.0 15.8- I I  0 81.1 83.0 8 0 8 28.7 30.6- 21- 0 13 
0 32.5 29.3- 16 8 0 15.6 7.8 * l i -  153.6 151.5 08- 3 o 91.1 lO) .S-  i) o ° 3 ° o ,o5.8 
0 39.9 32.0 I~ 98 OO 12.8 3.9 * ,2.7 6.8-* I 37.7 10.,  tO. ,  * I ) -  0 ) 52.5 57.6- 10- 0 8 71.5 

3 0 37., 28.3 15 ° 0 ss., 55.6- ,2 oo ~ 5).4 
3 ~ 25"1' 20.5- ~ I 9 0 '2i.2" 15.2- • 15- ) 15.7 5.3- * 12- 15.5 

25.6 13.5 0 3 9 . 9 3 , . I -  ~ 99 g 21.2 1.7 • 17 0 59.2 64.0 I ,  0 8 ,2.5 "3 .2 -  ,-0 I, 
29.9 30.6 ,7-0 3 s8.6 67.o 14-o 8 65.7 69.,- 6 0,4 

3 0 .35.032.8- 9 0 2 1 . ~  ).9-* 19 g 2).722.0- 16 ~ 1".7 * 6- 
0 3 1 . 7 3 1 . 9  19- 3 60.1 57.5- 16-00 5.7-  0 15 75.2 79.5 3 0 52.6 50.6 g 22 0 21.2- 21.6 5.2 * 21 0 2) .6 19.0- 18 0 9 ~.2.4 3).9 8- 0 14 

21.6 0 . 2 *  98 ) g 2021"1~5 15.9-1,.7, ** ~ g * 2321" 0 3 40.216"1 0.9-  * 2018- 0 8 15.5 9.6-  * I0 0 I ,  
22.6 g 34. ,  27.9- 10- 2.5 00 35.3 0 1 .  

35.9 3 g 19.2 7.1- * 20- 12 14 2 7 . 9 2 5 . 1 -  Ig 9 g 22'~. 2".35.2_, 23- 338.6 38.7 )8.8-  2500 20.7 19.~ 22 88 9.5 3 . 1 "  12- I ,  
1. 14 ) OO 2 3 . 3 2 0 . 5  11 25- 36. 5 4 . 5 5 5 . 5  3 4 . 5 2 9 . 8  12 g 2 8 . 6 2 1 . 7 - *  34.8 --" 2 2 - 0  oO 20.2 ",1 24- 0 8 24~.6 26.7- 14- 0 I .  

. . 16 I .  o , o 6  ,,.,_ , 3 , 0 , 5 ,  6 ,  ,44,, 8.2 :  60, 6o5 ,6-° ,4 
• • I, 9 0 I).2 2.3 * oO 173.6 79.,.- 0 19.)- ° o 99 23.1 18- ,4 62.0 48.2- 15 11.0 12.,  * - 16.5 132.5- g 

k 35.5 31.7- 16 00 7.6 3.8-  * b, 0 , 33.8 ) 2 . , -  3 0 9 56,8 58.7- 20- I. 
7s.9 67.9 3-0 9 )).0 29.6- I_ ,5 0 s 2 . 9 5 7 . 6  ~ - o  4 , o 7 . ) i o 9 . 9  ° 0 3 2 . 3  23.2 ~_ ,2.) o . ,  • 

32.5 29.0 ? 10 0 ' 2 0 . 1 "  12.5 00 ~ 101." 98.6 g l 5  10 18.9 17.6- 6- 0 176.) 158.1 
0 1 5 . 2  2 .3 - . *  2 1 0 0 1 8 . 8  8 . 8 - *  8 0 k 60,861 .3 -  ~ 00 ~ 5 1 . 8 6 0 . 9  ~ g l 5  

15 - 6 6 . 0 7 O . 2 -  - O 7".6 85 . " -  3 10 O 19.O 1.1 * 8- O 19) . "  182. . -  
oO 29.5 2 ) .9 -  5~10 19.0 2.9- I1.1 8 . 8 - *  ~_ g ~ 62.5 64.4-  ~_ g l5 

6 5 . 8 7 " . 9  I0 g * 10-10 g ~ ) 2 . 6 2 0 . ,  3 0 . 1 3 ' . 7 -  15 19.~ lO.I 
z~ g 3 1 . 6 2 ) . 6  ) 10 1 2 0  . 7 2 . 8 7 8 . 1  11 0 9 2 4 . 3 2 0 . 6  7 015 

21.6 1.1- • 10 g 19.6 11.3 * 2 1 . 2  1 9 , " -  

IO5.~- . . 
38.8- o o 14 18.2 
67.7 2 o14 25.9 
58.9 2- 0 I .  57.2 
12.0 * I h 5) .b 

40.9 
38.9 
16.7 
15.3 
60.0 
"3.6 
"7.3 
38.0 
21.~ 
II 
26.1 
12.1 
"5,5 
25.1 

8.6 

53.8 
44.8 
23.6 
15." 
28.3 
50.6 
36.8 

H K L 

0 0 
6 0 0 
$ 0 0 

I0 0 0 
12 0 0 
I .  0 0 
16 1 8 o  o o  
20 0 0 
22 2 ~ g ~  
26 O 0 

o 
0 
0 | o 

I0 

12 o 

I~ oO 
15 0 
I& 
I~ oO 
19 
20 
21 
22 

25 
26 

? 
2 

II 
12 
,,~ 
15 
16 
17 
18 
19 
2o 
21 
22 
23 
2g 
25 
26 

3 

5 
6 
7 
8 

11 
12 
13 
I .  
15 
16 
17 
18 
19 
2o 
21 
22 
23 
2.  
25 

? 
2 

5 
6 

,21' ~ g 25.o 62.8-9"9 • ~ ,0  O 23.0 13.2- * 
67.3 10 0 19.0 9.1 

13 " 0 28.6 1 0 . 3 - *  10 1 0 0  15.8 0.8 
14 4 61. 63.1 I I  1o 
15 k. g 26.~ 0 9 -  1 2 1 0 0 1 2 . 8  3 . "  * 
16 0 29.1 29.1- 9.2 12.1 
17 ~ 0 23.0 3 . "  * I I I  0 "13.8" 0.1- * 
18 26.8 23.9- 14.4 %3 * 
19 ~ ooo 20.8 8.7-. ~'! og 14.214'8 15.2-"'1 20 ,8 .7  "2.5 4 
2, , 0 21.1 1 5 . 7 5  o I1 .0  1.7- 
22 0 32.1 29.6- 
23 4 14." * 2~* g 3.9-  

1 1 . 8  * " . 6 -  
. , 

] 5 0 34,, 286 
26.1 17.5- 

~ 5 g 57., 52.3- 
11.1 32.G 

5 0 6 2 . 5 6 3 . 3  
6 5 0 17.8 I1 .1-  * 

5 g 1 8 8  1 0 . 7 -  " 
33.9 )8.3- 

Ig 0 58.7 6~;.~ ,- 
3 5 . 7 2 8 . 8  

1 2 -  I .  o 
I " -  
16 0 
16- 

1 8 - 0  
20 0 
20- g 
22 
2:'- 

24- 0 
26- 0 

3 0 
~-g 
5 - 0  
7 0 
7 - 0  

II 0 
I 1 - 0  

45.2 
"6.5 
73.7 

, I , . 7  
55.0 

4 3 7 . 5  
28.5 

, 62.7 
64.5 
28.0 
"6.5 

" 15,8 
13.5 
22.5 

io8.7" 
5 21.1 

120." 
5 83.3 

20.5 
5 106.5 

86.0 
5 68.6 

5 42.2 
101..2 

"2.8 11- " 5 . 9 -  13 ~) ~ 91.5 95.o 7- 15 2 22.7 20.9 ~ 15 
76.9- 13 -g  ~ 63.0 69."- 15 
6.6-  15 49.9 49.6- 19- 00 * 15 

52.6 15- 16.1 12." * 1- 15 
)50 17 o ° ~ I, °15 3 9 . 0 3 2 . 2  
22.2 17- 0 9 59.9 60.0 13- 015  
49.1- 19 0 9 12.5 " .5  * 15- 0 15 
62.6- 19- 62.9- 18.1 21 g ~ 57.0 1 7 - 0 1 5  23.1 19.6- 
"4.5 21- 35.8 31.O 16 
15." 23-00 ) 1 7 . 3 1 8 . 2  20 g 16 
12.4- . . ! ~ 0 1 6  
24.7- 20 OOIO 6 4 . 3 7 5 . 6  g 16 

10 13.1 4.8 * 16 
106.8 I -  0 0 1 0 7 2 . 0 8 2 . 8 -  ~ 0016 

1o 78.5 87.3- - 16 18.7 
122.0- 4- 0 I0 29.3 27.5 8 0 16 
72.9- 6 0  1 0 6 2 . 3 7 0 . 0  108- g 16 

16 10 21.1 18.1 15.2 
95.5 88 g lO 2 2 . 3 2 9 . 1 -  10- g16  
89.8 - I0 81.3 78.0- 12 t6 
58..- 1o o 1o 307.(~ 25.8o.~- 12- o 16 
7.2- 1O-olO 14-~,6 
5L2- 12 o 1o 5 ' ~ : 6 5 1 . 6  ,6- 0 1 6  
)9.5 12- 0 I0 16.1 3.8 * 

107.5 14 0 I0 36." 26.1- I 0 17 

FO FC H K L FO FC 

66.OI).8 67.5-10.8_ ~- 0 17 15.8 33.6-  
0 17 20.8 I ) . 1 -  

68.7 66.9 )- O 17 13.3 t . 9 -  * 
45.8 )8.8 c 17 15.8 14. - ~_ 2..6 1 9 L  - oo ,9 .0 20.3- 1 7 3 3 . 1 3 3 . 6  

707-017 ) 1 . 1 3 0 . 7  23.7 27,8- 1 7 5 3 . 4  5" .3-  "5.2 "8.5 
2 6 . 1 3 3 . 6 -  ~_ g 1 7 1 6 . 9  

17 15.5 
1 H  179- 

I1 017  . 6.1- * "65.6 728 11- ~6.8 61.o-  13- 00,7 31.6 3 , .8  17 39.6 b,7.8- 
8.5 46.5- 15- 0 17 2, .7 32.2 

3 7 . 5 3 8 . 1 -  
1".3 10.3- * 18 " 1 1 . 5 "  * 8 4 . 5 8 6 . 3  2000 3.2 18 27.1 26.0 52.6 61.7 
"3.8 "3.5-  ~ 0 1 8 3 0 . ,  3 3 . 1 - 0  18 ) '  .0 3 ' . 5 -  
"6.3 51.6- 0 18 35.8 40 4 
23.2 2[*.3 - 6 018  t2.8 12.1 
14.9 5.4 * 6 -o 18 11.7 16.8- 61.3 70.0 8 - o 18 2 5 . 6 2 3 . 6 -  38.0 32.0 I0- 0 18 37.7 43.7 
64.2 67."-  12- u 18 27.q 26.6- 
~ 9 . 8 ~ i. 6 - l 

20.7 26.2 I 0 19 "21.3" 28.5 
28.6 24.9 1- 0 19 24.3 28.2- 
2 8 . 5 3 3 . 1  

9.9 7."  * o , ~  7.8 4.7-  " 
- 9.4 9.J  

54.9 59.7- ~ O I 9  23.4 23.9 
3 2 . 6 3 " . 3  " 1 9 3 3 . 4  ~0.5- 
10.7 IO.5 9-  o 19 18.4 z l . /  

5 2 . 7 4 3 . 0  
18.8 22.1 
59.) 78,5- 
58.0 6) .8-  
" 5 . "  52.6 
5 1 . 1 6 1 . o  
17.7 14.6 
15.3 1.5- • 
"2.7 ,8 .7 -  
" 2 . 5 3 3 . 0 -  
58.5 63."  
43.1 35.7 
21.1 17.8- 
19.3 11.9- 
5 0 . 2 5 3 . 7 -  
19.2 15.9- 
55.J 59.3 
2 5 . 6 2 4 . 8  
20. .  22.8- 
15.2 17.9- 
) 2 . 9 4 2 . 2  

6 0 . 8 6 3 . 5  
40.6 "3 .7 -  
2 6 . 5 2 5 . 5 -  
22.527 .3 -  
15.9 18.1- 
64.9 70.6 
61.3 61.7 
59.6 66.0- 
5 6 . 6 5 7 . 8 -  
23.1 17.1 
14.3 2.4- * 
"5.6 " " . "  
28." 26.6 
58. ,  70.o- 
)6.6 33.2- 
3 2 . 9 3 2 . 7  
12.8 12.6 
2".0 27.0 
"5.3 5) .6-  
3 2 . 1 3 8 . )  

19.9 
26.5 
68.6- 
53.7- 
53.1 
35.5 
o . I -  * 

15.2- 
61.0- 
,2 .5 -  
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:i!! 21 ; 73 o o 20 1 2:07  1,122 ,;6: 

21- IO.2 6.7 21- • 333-  16 15.9 16.3- 
22- 2 9 9.3 2.9 22- 2 12 6.5 6.8 2 16 51.o 55.5- 

81.5 2] -  2 9 81 0.8 . I0 2 16 9.1 2.9 
9.2 25- 2 9 19.7 ]2.5 O 213 52.2 60.2 10- 2 16 17.1 13.1 
7.5 * " ' 1 12213 1~.0 5.2 " 112216 2 6 0 2 9 . 6  

55. 79.0- 0 2 lO 13.1 15.1- 1] ~5.o 25  11- ~6 39.8 
I 2 ~6 i .?"  z ,8.3- [ io2 1:I: 51.2 13 IO 39.5 ]7.7- ~_ 12- 10.~ * , - 2 1 0 7 6 3 8 2 0  ,1 1371], 13 ,6 

,:~98 ~ - I ' °  15o 9.6- 1-113 ,36 , . ]-  1,-~16 102 6.1- 
16 25.7 33.k- 10 25.1- 13 25.~ 13.5 1.5 15- 

69.6- ] 2 10 51.6 55.3- 5 2 1] 13.5 5.3 16- 2 16 7.7 3.0 
9.9 3- z 10 75.7 82.6- 5 - 2  13 51.2 5~.?- 17-2 16 25.0 52.0 
1.6-*  . 2 io i~.2 1.5-* 5 2 13 ,~.~ 5.~ * 

~- I. 10 7029"]6 25."81.5 5-~ 13 ]1.t15'111.9 iO ~ 17 "~.O.1" "0.5 10.5- 13 ]1.6 17 10.8 2.9 10 
1o8 17 9 5 . 2 6 2  ~" 2.2 ~ - 2  10 16.9 11.3 6 - 2 1 3 7 1 . 6 7 1 . 0  2 3.0- 

16.5- . 213 13.o 1~4.2 
- 13 15 .O 2.3- - 1 7 2 0 .  I 17.6- ] 2 . ] -  2 IO 15.8 - 

2 IO 3L.8 - 217 11." 3.7 * 
32."" 13 52.8 36.6- 3 2  IO.6 O."- . - 17 13.3-6.2 7 - I , 0 6 9 . 5 6 3 : 6  1 1 3 2 5 7 . 7 5 9 . 3 -  

10 12.O ~.1- 13 12.6 1.5- ! 217 10 2 6.1- 
2 6.9 0 . 2 2  15.9 15.3- - - 17 I1 5 8 . 2 2 2 1 0 2 3 . 6 1 6 . 5 -  19-2b 18.1 2 17 9.8 ~.7- 19.9 39.9- 10 18.7 16.5- 13 

[ : ~ .  ; o - 1 1 0 7 9 7 7 7 ] -  , 0 1 1 ]  56]  358- L ~ "  I ° 5 2 1 : 1  " I0 12.2 5.6 * 11 13 11.6 5.1- * 17 26.2 
16.6- 10-2 10 I ] . 2 7  . . . .  1 -2  1 3 1 9 . 1 1 5 . 9  6 - 2 1 7  J ~ . 7 5 8 . 3  
73.1 11 2 ~0 50e  55.5 12 2 ~3 130 12.1 7 2 8 9  17 5.2 
5.5- 11- 110 59.5 "11.0 12-~ 13 6 5 . 5 6 2 . 6  7- 1 1 7 1 1 . O  0.2 

I0 13 10.6 3.3 17 20.5 23.7" 15.2- 12 12,, .0 13 
11.3- 12-~ 1055.713"638.~-5"3"* 1[~ 2 98 ~ 1 7 3 3 . /  ]5.7- 1 , - 2 1 3 1 3 . 9 1 ' . 0 -  - 

13 26.8 27.1- 17 7.1 2.1 * 50.7- 13 I0 
25 • 13-1103562~11 1,~- I ,3  592 500 ,0: ~171710 6 ~.0 
8.k 15 I0 12.0 . 13 9.3 7.1- * I0.0 . " -  
I ~ 15 -111013 .5  0.5 ,5- ~ 1 3 1 2 . 0  3.8 11-~ 17 9.7 1.2 

2 ". - 15 11.8 5.8 1 6 1 3  19 O 21.9 12- 17 39.1 51.3 
28 15-11o 882 765- 16-~13 1, ,  15 l~ 1 17 87 87-  

17 28.0 52.1- 37.2 16 10 11.2 0.5- 17- 13 10.6 I.O- 
3.8- 1 6 - ~ 1 0  132 5.0 • 1 8 - ~ 3  27.9 39.5 ~ . 

1 7 1 0  19.8 20.9 19- 13 8.9 1.5- ? 18 9.1 I . "  
1 1 1816 .1  1".9 3.6 17- I0 50.9 52.1 20- 13 31.5 57.5- 

"7.9- 18 1o 9.8 3.8 21- t3 6.5 8.6 ~-~ 1 8 2 0 . 6 2 1 . 5  
95.9 18- 210 12.0 6.8- 18 8.7 ~.7 

5.6- 1 9 2  1 0 2 5 . 5 2 7 . 8 -  O ~ 15 '1~.O" 8.0 ~- ~ 18 9.3 3.9- 
lh .8-  19- 2 I0 11.5 6.2 • I~.0 15 6.3 18 27.,  30.8- 
b.5.5- 20- ~ , 0 1 0 ,  1 . 8 - *  ~- ~ 1 5 5 2 . 7 5 7 . 2  ~ - 1 1 8 3 1 . 3 3 7 . 2 -  
85.0- 21- 10 27.8 39.5- 15 1~.2 5.5 * 18 8.1 3.2- * 
2.2- * 22- 210 8.5 7.2 * 2- 215 13.5 15.O- - 218 9.1 7.8 

25.6 2 3 - 2 1 0  .26"8. "3.3 I-~151559.550662.9-37"1" ~_ ~ 1818 25.519"721.~.30.2 
88.0 ~ k 13.8 * 93 * 0.2- * 7.7- 252 o 1111 53.8 56., 11~ ,.5- 12.2 8.1- * • I~ 13.6 1 0 . 2 1 8  9.3 5.6 

15 50.7 39.8 5.8 ~- 12.8 1 2 ~ L L  3 
55.6 . ,5 , 1 2 2 ~ : I  1~:~ :t ]~:~" 6].8- I'lll 1 2.6 

85.5 ]i: ,5.7 11.,- 13.9 8.5- 6-~I~ i,.o 9.2- i,- ]2.2 37.5 25.7- 
15.3- 3- 2 I I  t2.8 9.5- 7 2 I~ 15.6 18.]- 12- 218 7.1 3.6- 

* • UNOBSERVED ( FO - FNIN ) 
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H K L 

6 ] 0 

,gjo 
I I  .3 0 
12 3 0 
',~Ig 
15 161o o 
1 7 3 0  
1 8 3  
1 9 3  
2O 
21 ~ 
22 
2.1 1 
24 3 
25 3 

3 ] 
. 1 -3  
1+ ] 
1+-3 
5 ] ~-] 
6 - 3  
7 3 

7-I 

9 - 3  
IO 3 
l O - 3  
i t  3 
11 -3  
12 3 
12- ] 
13 ] 
tJ- J 
t~ 3 
1~-3  
1 5 3  
15 -3  
1 6 3  
16 -3  
17 .1 
17- 
,8 ] 
18-3 
19 3 
19- 3 
2o 3 
2O- ] 
2 1 3  
21- , 
22 3 
22- 3 

2 , -  3 
21+ 
21+- ~ 
25- 3 

t 3 
2 .1 2 
2-.3 
] 3 

5 3 
5 - )  2 
6 3 
6-3 2 
7 3 

' I  
8 - 3 2  
9 3  
9 - J  Z 

I0 .1 
I 0 - 3  2 
1 1 3  
1 1 - 3  2 
12 .1 
1 2 - 3  2 
1.1 3 
1.1- 3 2 
I1+ 3 
I1+- 2 
15 ] 
15-] 2 
16 3 
16 -3  2 
17 .1 
1 7 - ]  2 
1 8 3  
1 8 - 3 2  
19 .1 
19- 3 2 
2O 3 
2O- 3 2 
21 ] 
2 1 - . 1 2  
2 2 3  
22- 3 2 
23 .1 
2 ] -  ] 2 

21+- .1 2 

0 , 
1 3 3  
I -  3 
2 3  ] 
2 - 3  3 s ~  
. " 1 3  
1+-3 
5 3 ] 
5 - 3  

8 .0 88.2- 
6 ~ . 5 7 4 . 5 -  
18.1 18.5 
7 0 9 6 , . 9  
9.0 3.0- * 
1+5.3 1+9.7 
31.9 29.1+- 
85.6 103.1- 
,0 .6  32.0 
27.3 28.5 

T a b l e  5 (cont.) 
H K L FO FC H K L FO FC H K L FO 

73., 7o.6 , , - ~  ~ ~ 11+'" 1+1.944 .5  ]2 .9  
~_ J ~ 85.2 96.8 22 11.2 * 

83 .071+ .1 -  2 2 - ~  ~ 9 . ,  51+.' 22.9 15 2O5 ~ 823.o 
8 - J  ] 5 5 . 8 5 0 . 1 -  2] 9.1+ * 

77.6 6O.8- 2 3 - J  ~ 3.O 15- 16.6 25.8- 16 ,~ .8 21.1+ ]88 
9 3  3 23.t 21.0- 21+- 16- 
9 - 3 3  71+.958.9  2 5 - ~  ~ 9.8 4 . o - *  7.6 o .3-  17 ] ~ ,3.618'8 
10 ] 3 I1.1+ 1+.6- * . 17- 3 8 22.3 
,0-3 3 , 1 + . 2 2 8 . 6  ? ] ~'J1+.2 3,.4- 183 8 1 ] . 9  
I I  3 J 1+0.9 39.8- 23.0 18.1 18- 3 8 1 + ] . I  
11- ] , 3 2 . 0 2 5 . 1  I -  3 6 36.1 29.5- 19 , 8 12.o 

rC I.t K L FO 

.12.7- I I -  3 II 5 ̀5 5 
,0 .7  1 2 3  I I  22.0 
1+'.9 12- 3 I I  16.6 
2 ] .7 -  13 ] 11 24.6 
12.5- * I ] -  3 I I  2] .2 
29.8- 14 ] I I  13.4 
18.7 14- , I I  28.2 
12.1 15 ] 11 128  
26.7 15- , 11 45.6 
1~.0 16 3 11 11.8 
1+7.3- 16- , I I  34.1 

2.6 * 17 3 II 18.0 1 5 . 5 2 0 . 5 -  
I1+.t 13.5 12 3 3 31+.3 36.8 

rC H K L rO FC 

1+0.0- ? J 15 15.8 8.5 * 
20.7 15 15.8 10.4- * 

2.1 * t -  ~ 15 , 2 8  28.0- 
22.7 2 15 15.8 12.7 
1(+.3- ~- 15 18.7 20.0- 
8.7- ~ 32.5 • 15 ,5.6 

26.0- 3" 15 1+1.8 
5.9- ~ 20. I '5 .5  15 18.3- 

52.3 ~- 15 28.7 25.9 
7.6- * ] 15 26.7 23.1+- 

,5.5 65- 2(,.1 1-5 * 16.,- ~ :511+.8 117"2" 
' 3 . 2 -  1 7 - ~ 1 1 3 Z . 2  36.6- 6 - ~ 1 5 1 5 . 4  8.5 * 
9.0  18- 11 13.2 13.0- * 15 11+.3 10.9 

,1+.6 19 -~  I I  12.2 O.B- 7 - ~  15 16.9 10.4- 
10.1 * 20- I I  11.0 12.8- 15 I , . 6  9.6 * 

81+.1+ 100.7 19-~  8 3 0 . 3  
£+01+ 35.5- 20 10.8 
3 4 . 8 3 5 . 1 -  2 0 - ~  829.0 
53.2 55.6- 21- 12.1+ 
3 5 . 0 2 9 . 9 -  2 2 - ~  8 1 1 . 2  0.3 + *  2 1 - 1 1 1 2 2 . 9 2 8 . 1  8 - 1 1 5 2 1 . /  15.8- 
92.5 88.h 2 , -  12.1+ 15.5 22- 11 13.3 24.0 15 1 6 8  t , . 5  
383  1+2 .1  2 1 + - 3 8 1 5 . 7  ?5.3- . q-s 15 51+.6 1+5.1 
77.1 68.5 0 312  1+0 I 1+6.2- I() 3 15 120  10. , -  • 
22.6 23.1+- 0 3 9  "33.8" 3 , .8  I ] 12 35.7 ]6 .0  10- 3 15 , 7 . 7 2 8 . 4  
72.5 65.1- I ] 9 27.6 27.3 I -  3 12 21.2 21+.2- 11 3 15 2,.1+ 21+.9- 
2 8 . 8 2 8 . 6  1- 3 9 77.1+ 82.(+- 2 3 12 35.5 (+2.8 I~- , 15 1 + , . 0 3 3 . o -  
30.5 17. , -  2 3 9 12.8 6.3 * 2- 3 12 T6.1+ 12.6 * 12 , 15 11.2 11.3 
52.0 62.1+ 
1£+.0 0.B * 
1+4.952.1+- 
5 1 . 7 3 8 . 5 -  
1+5.61+8.1+- 4- 3 9 3 3 . 6  
69.2 53.6 5 ] 953.8 
30.o 3~.9 5- , 9 15.4 
58.0 47.2 63 9 ]1.1 
21.2 2,.[+ 6- 3 9  3£+.2 
9 ' .  I 78. I -  7 ] 9 3 2 . O  
11+.2 4./¢ * 7- 3 9 65.3 
18.4 13.9- 8_ 3 9 11+.0 
25. ]  27.1 o 3 9 1 + 3 . 0  
31+.3 ,o .o  9 3  9 14.2 
2 2 . 6 2 2 . 7 -  9- 3 9 68.6 
17.0 9.3-  * 10 3 9 19.2 ~:7 ,89- , o  37.o 

26.0 11 3 ,  32.7 
18.8 17.8 t l -  ] 9 16.2 
21+.5 32.0 12 , 9 2 9 . 4  
22.0 22.1+ 12- I q 20.2 
4 0 5 5 5 . 8 -  I ]  .t § 37. ]  
13.6 3.9 * 13- 3 9 16.6 
33.2 33.8- I1+ 3 9 15.7 

2- 3 9 52.2 51+.1- 3 312  23.9 24.B- 12- 315  13 6 12.1- * 
3 3 9 4 5 . 7  44.3 3- 312  17.1 13.7- 13 315  9 . ,  9.2 
] -  , 9 70.7 75.6 4 3 1 2  15 5 I ] . 8 -  13- ] 15 13.2 2.0- * 
1+ 3 9 33.9 37.9- 1+- 3 12 51.5 50.6 I(,- ] 15 16 6 1~.2- 

28.5 5 3 12 15.1+ 7.1- * 15- 3 15 2 6 0  30.3 
60.0- 5- 312  ]6 .5  29.3 16- , 15 18.5 2,.2 
0.1 * 6 312  22.6 20.8- 17- 3 15 25.9 ' 5 .5 -  

,6.5 6- 3 12 72.9 67.5- 
,0.1 7 ] 12 24.1 25.5 0 ] 16 " ,6 .2"  ,5.1+- 
35.5 7- 3 1 2 1 + t . 3  35.8- I 3 1 6 2 5 . 9 2 1 . 9  
55.0- 8312 31+.4 ,1+.9 I- . 1 1 6 2 3 . 0  19.9- 
3.0-* 8 - 3 1 2  3 5 . 9 2 7 . 7  2 3 1627.2 27.2 

]8 .0 -  9 3  12 17.3 17.1- 2- 3 16 14.0 9.7 * 
6.1+ * 9- 3 12 16.6 3.t  * 3 3 16 14.2 10.5- * 

"55.3 10 3 12 22.1+ 19.8- 3- 3 16 13.8 2.B * 
21.2- 10- 312  1+0.1 31.4 1+ , 16 13.8 1+.9 * 
28.0 I I  3 12 14.2 2.6 * 1+- , 16 15.7 16.5 
32.6- 11- 3 12 '7 .7  '1+.3 5 3 16 13.4 6.5-  * 
15.5- 12 3 12 13.8 9. I -  * 5- 3 16 29.h 25.1 
32.2 t 2 - 3 1 2  71+ .856 .7 -  6 3 1 6 2 8 . 6 2 1 + . 6 -  
12.2- 1 3 1 1 2  13.2 1 0 . 1 "  ~ - ~  1 6 1 + 2 . 8 3 3 . 4 -  
38.0 13- 12 ,3 .4  30.4- 16 17.5 20.2 
13.4- Ik  3 12 23.2 19.7 7- 3 16 21.8 15.7- 
11+.5- 14- , 12 5, .5  £+2.4 8 3 16 2 2 0  2?.9 

12.8 I t . 3  * 1 4 - ] 9 5 2 . 5 1 + 3 . 6 -  1 5 3 1 2 1 1 + 2  
20.7 23.9 15 3 9 11+.2 7.9- * 15- 3 12 11+.8 
11.8 8 . 3 - *  1 5 - 1 9 9  60.4 60.5 1 6 1 1 2  18.5 
t3.6 8.2 16 13.6 5.8-  16- 12 14.0 
16.0 17.2- 16- 3 9 2 9 . ]  28.7 17- ] 12 15.7 
12.6 7.9 * 17 3 9 2,.1+ 19.8- 18- 3 12 ,0 1+ 
12.6 17.2 1 7 - I  ~ 30.7 35.9- 1 9 - J  12 2 0 7  
22.9 29.4- 18 11+.7 11+.6 20- 12 27 

. . 18- 3 9 11+.6 IO 9- * 21- , 12 11.8 
~9.2 52.0 19 3 9 21.7 21+.7 . . 
46.8 1+6.7 19- 3 9 13-8 10.9- * 0 , 13 18.1 

,o6 6;:g: 2o-I 99 ,~:~ : 111 
66.7 21- 3 9 28.4 ~_ 16.6 
36.633.1+ ? 2 - 3  9 1 7 . 0 2 3 . 5  . ~ I~ 3 , .6  
80.1+ 85.1 2] -  3 9  1 9 . 8 3 0 . 6 -  3 31.3 .11.2 
39.9 1+o.9- 1 3  I ]  51.6 

6.8  o.5 o Io ~.5.9 L1+.5- ~') 13 19.7 
60.3 63.8- . 1+4.2 1+- 3 10 51 .k 13 22.5 

2~.6 39.3 I -  3 10 18.4 17.5- 5 3 1 3  ,7 .9  
35.5 ] .8 2 3 I01<.8.1+ 55.2 5- 3 13 2, .9  
5'.1+ 50.3 2 - 3  10 15.0 5 .8  * 6 ] 13 22.9 
51+ .965 .8  ] 3 IO 38.2 39.2- 6- 3 13 17.0 
80.5 66.1-  ] - ]  1021.3 17. , -  7 ] I j  15.3 
12.6 5.1+-*  1+ 3 1 0  24.0 25.9- 7 - 3 t ,  29.O 
61.5 1+9.6- 1+ ~- I 0 7 1 . O  65.(~ 13 3 13 15.0 
13.O 13.3- 5 3 1 0  11+.O 4 . ] -  * 8- 313  39.8 
72.1 62.6 5- 3 1 0  36.6 , t . 3  9 ] 13 11+.6 
13.5 16.0- 6 6_ 10 19.2 19.4- 13 
] 6 . 2 2 5 . 7  1 1 0 9 2 . o  U9.8- 19-33 13 59.1+7.1 
31.9 32.9- 7 3  1 0 2 2 . 7  27.7 10- 313  ]6 .3  
16.o 5 . 6 - *  7-,I0 ] 3 9 2 8 . £ + -  I I  3 ' 3 2 8 . 9  
32.5 37.5 ~3 .t I0521~3 6 , .8  I I -  3 1 3 4 5 . 7  
16.4 8.9 * 8- 3 10 29.0 19.8 12 3 I ,  17.5 
1+2.251+.6 9 ] 1029.1+ 33 . . . .  2 - 3 1 3  156 
50.1 37.2- ~) 3 -  10 16.0 1.9- * 13 3 13 17.2 
25.5 25.,- I0 ] 10 35.1 ,6.4- 13- 3 13 15.1 
55.1 1+3.8- 10- 3 10 51.6 38.9 14 3 13 It.2 
11+.8 8.1-  * I I  3 I0 11+.8 7.8 14- 3 1 3  22.0 
6o5 598 1 1 - ~ 1 o  55.,  45.~ 15 313  lOO 
14.6 5.0- * 12 3 10 Ih.6 5.5- * 15- 3 13 1+'.9 
25.2 28.0 12 -3  I 0 7 2 . 7  59.3- 1 6 - ]  1 3 2 3 . 8  
2, .5  21.8- t3 ~ 10 14.4 12.7 * 17- 3 13 30.0 
26.3 , 0 .9 -  I]- ] 10 44.6 ]8 .9 -  18- 3 13 1(*.2 
2 0 8  20.7 11+ ) 10 27.5 21+.6 19- 3 IJ 9.8 
15.6 0.7 * 14- 3 I0 58.2 49.2 20- 3 1 3  8.4 
29.2 29.0 15 ] 10 17.5 20.~- • • 
21+.0 21.9- 15- 3 10 16.0 0.2-  * 0 3 Ih 1+7.0 
, , . 8  I].1-* 16 331022.821.5- II-33 1426.1+ 
I1+.1 17.9- 16- 10 15.6 1+.1+ * lh 16.4 
13.7 I£+.1+- 1 7 1 1 0 1 2 . 9  I0.83 2 3 1 1 +  ~51+ 
3'.1+ 39.3 '7-  10 11+.8 20. 2-) II, 162 
17.6 20.9 18 3 I0 10.8 6.8 * , ] I1+ 16.6 
23.~ 28.6- 18- ~ io 1+1.1 1+5.,- ~- { ,4 15.8 

8.6 7.8-  * 19- IO 21+.9 2 9 0 -  Ib 16.2 
• • 2 0 - 1 1 0 3 2 . 7  39.5 ~-i I£+ 32. ]  
51.7 52.0- 21- 10 10.8 11.4 * I1+ 16.0 
M . 3  1+1.9 22- 3 10 9.1+ 5.6-  5- 3 I(, k~.3 
24.5 2o.5- 23-.1 ,o 7.1+ 9.1+ * 6 3 ,1+ 29.,  
66.1+ 7~.9 . 6- 3 I£+ 52.8 
13.0 3.9 * 0 3 I I  21+.2 21.8 

16.9- 8- ] 16 ( ` 8 . 6 3 8 . 8  
8.5 * 9 .3 16 I0 6 t0.8- 

21.7- 9 ] 16 16.8 12.6 
2.6 Iv  ) "  16 13.£+ 2.4 * 

21.3 II- 3 16 18.0 11".6 
3£+.7- 12- 3 16 3 9 6 3 5 . o -  
2 7 . 2  13- 3 16 30.5 76.4- 
,8 .6  14- 3 ~6 29.937.6 
16.0 15- ] 16 10.8 1~.7 

~6- 3 1 6  8.o 8.6- * 
14.1 • . 

1+3.0-1"2 * 1 0 17 12.2 5.7 * 
17 13.1 13.2- 

20.O- 10.3 * 1- 17 21.2 
35.O- 2 17 12.O 8.6 
?8.5 2- , 17 1 8 . 7 2 0 7 -  
51.1 , 3 1 2 2 8 . 8  28.1 
17.7- 3 3 -  17 31+.7 31.2 
20.2 1+ 317  18.6 16.0- 
37.0- 4- 3 17 16.9 22.2 
17.1- 5 ] 17 18.8 17.2- 
21.1 5 - ]  17 25.9 21.£+- 

6.3 * 6 3 17 10.2 7.8 * 
18.1 6- ] 17 12.1+ 4.9- * 
22.8- i 1 1 7 9 . 4 2 . 0 "  

3.7 * - 17 12.h 6.9- 
33.8- - 3 17 12.1+ 10.1- 
16.1 9- 317  37.6 33.2 
50 8 10- 3 17 3 0 . 6 2 6 . 0  
10.3- I I -  3 17 ~.2 28.5- 
29.7 12- 3 17 11.6 11+.O- 
29.7- 13- 3 17 I , .1  8".5 
35.3- 14- 317  8.0 9.2-  
16.7 . . 
8 . 2 - "  I 18 26. I 28.0- 
lb.8 ? 17. 18 16.9 
10.8- 1 - 3 1 8  1 5 . 9 1 7 . 7 -  
5.2-  2 3  18 16.3 16.2 

194 -  2 - 3 1 8  1 7 . 0 1 4 . 5  
0 . 3 - *  3 3  18 9.2 6 . 2 - "  

1+3.033- 18 10 0 0.8 
2 7 . 9 1 + 3 1 + - 3 1 8  8.1+ 7.2 " 
36.3- 18 10.8 9.6 
14.9- 5 3 1 8  7.1+ 8.4 
10.3 * 5 ] -  18 I1+.I I£+.O 
I0 .1 -  6- J 18 3 t .7  ' ] . 5 -  
£+3.7- 7-_ ] 18 20820.3- 

1 8 2 9 . 9 3 0 . 1  
28.7 190-- I 18 9.6 7.1 * 
16.o- 18 8.8 2 . 7 -  
£+3.1+ 11- 3 18 16.7 12.0 

6.o  * . . 
10.6- 0 3 19 6.6 0.3 * 
5 . O - *  1 - 3  19 8.0 9.7-  
0.9- 2 - 3  19 In .5  16.2- 

304 3 - 3 1 9 1 7 . 2 2 2 . 4  
5.9-  ~: ~ 1 9 1 , . 8 1 5 . 7  

32.5 19 1 5 7 2 0 8 -  
26.5- 6- 3 19 7.0 5.7- * 
1+2.7- 

31+.1 33.8- 12- 3 3 2 8 . 6 2 7 . 4  
3 0 . 8 3 2 . 8 -  13 ] 3 61.2 70.0 
29.8 31.8 13- 65.0- 1++8.850.2 I1+ 1 1 5 5 . 3  3 2 . 7 3 5 . 1 -  ~_ 
1 7 . 5 1 5 . 9 -  1 4 - 3 3 3 3 . 8 3 5 . 2 -  ~ 6 

5 3 6  16.o 1 4 . 5 - *  1 5 1 3 3 2 . 3 3 £ + . 9 -  
15.1+ 7 . I -  15- 3 3 5 2 . 6 5 9 . 3  5- 3 6 
21+.8 21+.9- 16 3. 3. 15.0 10.6 6 3 6 
19.5 20.1+ 16- .~ p 2 1 . 9 2 0 . 2  6- 36 
27.9 29.6 17 3 3 15.2 9.1+- * 7 ] 6 
8 0 12.4- 17- 3 3 2, .5 19.3- 7- 3 6 

' • 18 3 3 19.7 19.1+ 8 , 6 
25.5 25.6 18--3 .3 17.1+ 1.1 * 8 - 3  6 

8.6 2.9 19 } ~ ,t.2 35.1+ 9 3  6 
17.1 2.2-  19- , 3 26.3 27.3- 9- 3 6 
19.1+ 15.6 2o ~ 3 26.7 29.6- 10 , 6 
61+.3 808- 20- J ~ 21.2 21+.4- I0- 3 6 
~?:g 6,0 21 I I ,50 3 5 2  11 3 6 

494 21 352 ]81 1 1 _ , 6  
59.2 48.8 22 3 3 13 0 9.7 t 12 
8 2 7  88.8 22- 3 , 22.0 23.8 12- 3 6 
88.6 91.3- 23 3 3 11.6 7.1+ * 13 ] 6 
1+6 .951 .2 -  23 1 J 201 24.8- J 
65.1 68 8- z,~" 90  3 7 .  I~- 
39 639.4- 24- 3 3 to 1+ 3.3-  14- 3 6 
61.1 61+.1 25- 3 3 8.3 7.2-  15 3 6 
11.2 1.9- * 15- .t 6 
12.6 6.8-  0 , 1+ "17.3" '2.1+- 1 6 3  6 
291 32.9- 1 , 1+ 5 3 . 7 5 2 . 8  16- 3 b 
28.3 27.8 I -  3 1+ 9.6 11.1 * 17 3 6 
1+1.5 39.9 2 3 1 +  86 .0107.3  1 ) 6  
30 0 25.7 2- 3 463.1+ 58.8- 1t-  3 b 5 9 8  70.8 62.5 76.1- 3 3  1+ 61+.0 76.1- 18- 3 6 ] - , 1 + 5 4 ,  556- 19 3 6  38.2 39.5- 4 3 1 +  5 6 . 8 6 1 . 5 -  19- 3 6 ~9.1 58.5- 
1+6.5 46.1+- ~ - ~  ~ 90.8 81.~ 20 3 . 6  
352 378 484 567 2 0 , o  
12.5 168 [ I :  77.1+ 21 11.9- 21-I~ 
15.8 7.4 * 3 z~ 89.5 77.6- 22 3 6 
15.6 1.7-  * 
16.1+ 5 . 3 - *  ~ 1 ~ 2 2 . 9 1 5 . 7  22- 

- ?8.3 8.1+- 2 3 - J  15.8 14.0 3 1+ ~81+ 475 24 ~ 6 16.6 7.2 8- a 16.8 8.2- 1+o ] 1+3.0 3 8 . 0 3 7 . 2 -  9 3 1 +  4 3 . 6 5 1 . 5 -  0 , 7 
2 2 . 0 2 1 . 9 -  l g - I  k 5 8 . 7 4 9 . 1 -  1 
23.2 2 5 . 2  10- 54.5 61+.8- ~- ] 7 
36.6 37.2- 11 J ~ 90.7 73.6 ~ ~ , , . z  ~ : ~  2-3 7 
37.1 38.5 I1- 3 1+ 62.U 3 3 7 
1£+.0 14.8 * 12 ] 1+ J6.2 38.0 3- ] 7 
20 9 23.1 12- 3 1+ 6 8 . 8 5 8 . 0 -  43 7 
12.6 6.3 * 1 3 1  ~ 13.6 7 .~' * 1 + - 3 7  
1L.7 14.6- 1,_ 16.615.2- 5 3 7  
10 k 1+.7 * I1+ 2 .1+ ~- 
10.8 1.6 11+-I ~ 2"2.521+.1 2~.5 ~ 1 ~ 
8.2 11.0- 15 3 1+ 23.1 27.3- 6- 3 7 

I ~ 1 7 2  0.9- ,  7 ] 7  28.2 2k.2 , ° -  53.1+ 51+.8- 7 - ]  7 73.181+.2  16- 41.1 45.5 8 8_ 
1 7 J  ~ 2 1 2  196 J 65.7 51+.O- 

62149.61+6.1-67"7" 1 7 - 3 4 3 2 . 0 3 6 . 7 9 9 "  I ~ 
5 7 . 2 6 5 . 0 -  1 8 3 1 +  2 8 . 6 2 6 . 5  

18- 1+9.951+. I -  I0 
97.3 81.1 19 1 kk Ih.6 12.1+-* I0-1 
25 .827 .1+  
55.1 36.9 19- 3 1+ 31.3 ]3 .2 -  11 3 7 
205 150 201~ 140 35. 1'I ; 

20- 16.0 23.3 12 
I02.0 89.9- 21 3 1+ 13.1+ 10.7- * 12- 3 7 
25.9 19.1+ 
108  j.1+ , 21- 13 1+9.O 51+.9 22 l ~ 14.8 1.1+ * 17 .917 .1+-  13-: 1 

22- I1+ 1+1.9 ]1 .7 -  2 3 1  /~ 1 3 . 8 1 1 . 9  13.6 18.2 11+-1 45.2 1+2.6- 
32.2 25.O- 2 ] -  3 1+ 13.8 18.9 15 3 7 

24- 26. 30.8- 15- 3 7 
6 1 + . 7 7 3 . 9 -  2 5 - ~  ~ 13.~+ 19.7- 1 6 3 7  
69.1+ 72.£+ 16-I~ 
4, .8  50.0 0 3 S 61.9 68.7 17 
1+5.6 £ + 3 . 3  1 3 5 7 0 . 6 7 6 . 1  17 -~  
38.5 39.2 1- 3 5 9 1 . 7 9 8 . 5 -  18 
32.2 32.9- 2 , 5 1 3 . 8 2 3 . 0 -  18- 3 7 
13. £+ 5 .5-  * 2 - 3 5 3 0 . 5 2 5 . 8 -  19 37 32.6 36.3- 3 ]  5 28.9 ]2 .6  1 9 - ] 7  24.1 27.5 . .3- 3 5 1 + 8 . 6 1 + 5 . 6  20 , 7  15.2 O.7 ,7 .3  32.8- 2 0 - 3 7  
29.1 28.5- ~ J : ~ 1 + _  3 5 11.8 18.0- * 21 3 7 
22.3 20.6- 5 3 5 60 .871+ .2 -  21-3 7 1+7.8 1+8.o- 5- ] 5 2 8 . 8  19.7 22- 7 
23.1 27.9 6 3 5 5 1 . 1  52.8 316 357 6-3 5 3£+6 ,18 ~ : J  
21.7 21 .k 
1+3.11+1.2 !.3573.888.3.3522.323.,- 1 
5 7 . 5 5 5 . 9 -  , > 655 508- o 88 
15.1+ 12.2- * 20 8 2 1 . 5 -  9 ] 5 27.0 26.7- 1- ] 8 

19-35~)  ) 5 8 ] . 9  69.0 2 ] 8 15.o 5 . 9 - *  12.1+ 8.2-  " 2- .I 8 
16.8 19.6 I0-  ~ ~ 36.9 29.2 3 3 8 1+1.9 1+3.o- 
14.1+ 1 , . 9 - *  I, 1+6.4 1+9.,- ~ 8 1+4.6 1+o2- 
15.8  2.0-  * I I -  3 5 10.5 9.7 ~- 1+1.o 42.5- 
2 4 . 6 2 3 . 5 -  1 2 3 5 2 9 . 1  33.9 ~ - ~  1 8 8 . 5 8 2 . 9  
17.2 18.9 12- 3 5 21.5 19.2 6.1 5.6 
17.7 193  t ]  3 5 5 1 + . 1 6 1 . 9  ~- 69 . ]  61.6 
19.9 20.0 ~ 114 .1+  16.9- 221 258 I~'~']1 5 4 8  23.3 26.1+- 6- 3 8 76.2 67.6- 
3 0 . 0 3 3 . 3 -  11+- 3 5 5 1 . 7 1 + 5 . 6 -  7 3  8 3 0 . 5  38.2 
13.7 18.0- 1 5 3  5 19 9 2 1 . 9 -  7-  3 8 21 .k  11+.k- 

15- 3 5 55.8 58.1 8 3 8  50.4 59.9 
"73.8" 81.1+ 16 ] ~ 11+.8 3.3- * 8- 3 8 7 6 . 2  18.0 
94 .1110  I 16- 3 0 0 3 2 . O  99 

t i e . 7 1 1 7 . 2 -  17 3 5 11+.8 13.3- - ~ 8 21.520"821.0-21+.i_ 
21+O 31+.3- 17- 3 5  23.1+ 21+.0- IO 3 8 3 2 . 2  37.3- 
33.6 ] 0 . 9 -  18 , 5 20.7 19.3 10- 3 8 71.9 56.8 

7.6  10.9 * 18- ] 5 16.8 10.2 * I -  I1+ I I  583 1+9.8 I t ~ 3o:~ 2~.7- IZ 36:] 1+o.8 ,5.2- I~- ] ~ ~:~ 21+ 
2 4 . 3 2 3 . 9 -  2o 3 5  13.5 15.8- 12- ] ~ 72.914"657.5-1+'2" * 
85.k 113.6- 20- ] 5 26.5 27.1+- 13 3 8 14.8 10.3 * 
29.6 15.9 

1 3 1 1 1 5 . O  1 5 . 6 7  l - ~  II1~ 
21+. 
34. 7 28.0- 

29.0 

I- 3 II 55.0 60 .0-  8 3 I~ 25.8 23.9 
2 3 11 14.8 7.7 * 8- 3 1 4  35.9 28.5 
2 - ,  11 42.6 47.3- 9 3 14 , 51  i1+.o- 
3 3 II 33.6 31.5 9- 3 IG 16.0 2.1 * 
, - ] 1 1  588  581 1o ,14 1,4 6 . 2 - *  

11 ]09 34.1- I0- 3 14 15.6 I,.0 * 
4 - ]  I1 25.2 24.7 I I  ] 14 12.6 6.2 * 
5 3 I I  k9.8 52.0- I I -  3 14 27.1 20.3 
~ - 1 1 1  ,6 .8  3 . 9 - *  1 2 1 ' 4  11.8 ,0.9-  * 

11 22.7 21.6 12- I1+ 56.9 48.8- 
6- 3 II 34.3 27.3 13 J 11+ IO 6 8.8 
~ 1 1 1 3 0 4 3 2 . 1 +  13 -1 '1+  3 2 . 6 2 7 . 7 -  

- I I  46.0 40.8- I1+ 14 I ) . 8  16.9 
8 3111114 9 1 1 . 9 -  11+- -3 1 4 4 8 . 8 3 9 1  

1+8.4 47.7- 15- j I1+ 12.8 11.2 * 
§ 9_ ~ I 1 1 9 3 2 0 . 2  i 6 - 3 1 4 1 2 . 0  5.1-  

67.6 .58.2 1£+ 10.8 1,.1 
1£+ 26.0- 21.1 I0 1o-11111 172 171+- 117:1 

48.1 38.1 19- 3 11+ 16.5 26.1+- 
I I  3 I I  28.7 .32.6- 
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bonds are similar in length, 2.33, 2.24 and 2.31 ,~, 
while the coordinated U-N(1) bond lengths are 2.58 
and 2.54 ~.  The ligand b is twisted away from the 
uranium atom so that the angle U-O(ll)b-C(8)b is 
169.3 °, as compared with 124.6 ° and 118.1 ° for ligands 
a and c. The N(1)b-U distance is 4.07 A, i.e. the atom 
is not coordinated, but instead makes an approach of 
2.71 ~ (cr=0.04A) to atom O(11) of ligand a. It is 
reasonable to suppose that the proton associated with 
the additional ligand is involved in a hydrogen bond 
between O(11)a and N(1)b, and the angles about this 
approach support this postulate. The singly coordin- 
ated ligand b must then exist as a zwitterion, which 
fact would account for the acid properties of the 
complex (Bullwinkel & Nobel, 1958). 

The mean plane through the uranium and five co- 
ordinated ligand atoms was calculated as - 0.157 Ix + 
0.8354y-0-5267z=-4.222 and the individual dis- 
placements from this plane are: 

U O(11)a O(11)b 
-0.013 A -0.031 A +0.044 A 

O(11)c N(1)a N(1)c 
+0.027 A +0"009 A -0.036 A 

The atomic coordinates may be referred to ortho- 
normal axes, the Z direction being normal to this plane, 
by the transformation 

X =  l l .707x+4.495y+ 8.810z, 
Y= 16.839x- 1.709y- 10.271z, 
Z = - 3 . 2 6 2 x + 7 . 3 1 0 y -  7.819z. 

Projections of the structure down X and Y are shown 
in Fig. 2, whence it may be seen that although the ligand 
molecules are approximately planar individually, they 
(particularly ligand c) are twisted out of the coordina- 
tion plane to facilitate packing. The mean planes 
through ligands a, b and c are (with respect to the 
crystal axes) 

-0.2179x+O.8331y - 0.5084z-- -4 .500 
- 0.3169x + 0.7333y - 0.6015z-- - 6.150 

0.2403x + 0.8433y- 0.4808z = - 2.394 

and these make angles of 3.7, 11.7 and 23.1 ° with the 
coordination plane. 

It is notable that atom O(11) of ligand c, which is 
the ligand most severely twisted from coplanarity, 
makes an approach of 2.98 A (a = 0.07 A) to the carbon 
atom of the chloroform molecule. The angles J2-CI-C- 
O(11)c vary from 99"5 to 123.4 °, and the angles about 
the oxygen from 97.9 to 126.1 o. This geometry would 
be appropriate for a C - H . . .  O hydrogen bond, which 
is thought to occur when the C . . . O  approach is less 
than 3.3 ~ (Sutor, 1963). The distortion of ligand c has 
the effect of permitting this without causing any unduly 
close approach of the chloroform to the uranyl oxygen 
atoms. 

The chloroform molecule occupies a hole between 
complex molecules separated by a distance b. It may 
be seen from Table 4 that none of the approaches 
involving the half-weight chlorine atoms is particularly 
short, and the absence of any strong intermolecular 
force apparently permits the small degree of disorder 
observed. 

We are indebted to the Research Committee of the 
New Zealand University Grants Committee for finan- 
cial support. 
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