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I N T R O D U C T I O N  

X-ray d i f f rac t i on  data have  been accumulated by t h i s  laboratory for  a large number o f  uranium 

compounds. No data are a v a i l a b l e  in the  x-ray d i f f rac t i on  data cards pub l ished by the  ASTM 
J o i n t  Commit tee on Chemica l  A n a l y s i s  by X-Ray D i f f rac t i on  Methods for 74 o f  these compounds. 

No x-ray data have  been pub l ished anywhere for  approx imate ly  one- th i rd  of these compounds, 

E Q U I P M E N T  

T h e  fo l l ow ing  data were obta ined from f i lms  made w i th  a standard G-E powder camera h a v i n g  

a diameter of 14.32 cm and a 0.025-in. p i n h o l e  co l l imator .  The  cameras have the Straumanis f i l m  

arrangement. A copper target, CA-7 x-ray tube w i t h  a n i c k e l - f o i l  f i l t e r  between the  sample and 

t h e  f i l m  was used for a l l  these f i lms .  A G-E F l u o r o l i n e  i l l umina tor  w i t h  a f i l m  holder  conta in ing  

a cent imeter  s c a l e  and  a vernier graduated t o  0.05 mm was used  to determine l i n e  pos i t ions .  

L i n e  i n t e n s i t i e s  were es t imated  by u s e  of a ca l i b ra ted  s t r i p  as  reference. 

C A L C U C A T  IONS 

T h e  degree 8 was obta ined by m u l t i p l y i n g  the  read ing  i n  cent imeters by  the  convers ion  

The  interplanar spacing d was determined by s o l v i n g  the equat ion nX = 2d s in 8, where 

doublet  was no t  r e s o l v e d  and 1.54050 X for  K a  when the  

factor.  

h was 1.5418 B when the  K 1  KO, 

K,,Ka2 doublet  was  resolved.  For  these c a l c u l a t i o n s  one was subs t i tu ted  for n. 

means, any s ign i f i can t  errors in  read ing  or c a l c u l a t i n g  the  f i lms  c o u l d  be detected. 

1 2  1 

A n  independent check on the interplanar spac ing  was made by u s i n g  the K e i s  chart .  By t h i s  

These  data have  no t  been corrected for absorpt ion.  

T h e  d i f f rac t i on  data have been d i v i d e d  in to  two sections; data for pure compounds are l i s t e d  

on pages 3 through 14, and data for other compounds are on pages 15 through 42. 
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P U R E  COMPOUNDS 

T h e  pure compounds that  are inc luded i n  t h i s  report  were ob ta ined from va r ious  research 

groups i n  the Oak R idge Nat ional  Laboratory .  In  general, t he  t reatment of these compounds 

leaves  l i t t l e  or no  doubt as to  the i r  compos i t ion  and pur i ty .  References to  reports and other 

pub l i ca t i ons  are given when known. 

T h e  f o l l o w i n g  methods have been used to  es tab l i sh  the compos i t ion  and pu r i t y  of these 

compounds : 

1. Schreinemaker wet - res idue p lo t s  were made i n  wh ich  the chemica l  ana lyses  o f  the mother 

l iquor  and s o l i d  phase o f  var ious concentrat ions were p lo t ted on a graph and ext rapolated to  the 

compos i t ion  o f  the s o l i d  phases. This method g ives very conc lus i ve  ev idence of the compo- 

s i t i o n  of the s o l i d  phase. 

2. T h e  compound was prepared by more than one method that  t heo re t i ca l l y  shou ld  produce 

the des i red compound. 

3. Cross  checks  by x-ray d i f f rac t i bn  were made i n  wh ich  the patterns of the  compounds 

prepared as descr ibed i n  methods 1 and 2 were compared, and patterns of other known compounds 

wh ich  migh t  have been present were checked. 

4. Chemica l  t e s t s  and ana lyses  were used when the nature of the  compound and method o f  

preparat ion were such as to  make t h i s  method o f  value. 

5.  Pet rograph ic  mic roscop ic  examinat ion  was used to  detect  the presence of more than one. 

compound, i f  such were present, and to  i d e n t i f y  these compounds when data were ava i l ab le .  

T h i s  method cou ld  be used only  when the grain s i z e  was fa i r l y  large. 

6. Spectrographic analyses were used  t o  detect  the presence of poss ib le  ca t i on  impur i t ies .  

7. Me l t i ng -po in t  determinat ions were used t o  detect  the presence of more than one compound, 

i f  such were present, and occas iona l l y .a re  an i n d i c a t i o n  of t he  i den t i t y  o f  the compound. 
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X-RAY D l F F R A C T l O N  D A T A  FOR P U R E  COMPOUNDS 

0 
1/11 dA 

UFq (Uranium Tetrafluoride) 

cut off 
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40 
100 
40 
20 
50 
10 
25 
15 
12 
15 
12 
10 
10 
35 
70 
15 
35 
35 
100 
35 
25 
60 
12 
12 
20 
20 
25 
40 
30 
35 
8 
20 
35 
15 
12 
50 
35 
70 
50 
35 
20 
60 

21 .oo 
4.13 

3.67 
3.50 
3.32 
3.25 
2.77 
2.67 
2.64 
2.56 
2.45 
2.43 
2.29 
2.18 
2.10 
2.06 
2.01 
1.99 
1.97 
1.93 
1.91 

3.88 

I .a9 
1 .a7 

1.84 
1.81 

1.73 
1.69 
1.64 
1.63 
1.60 
1.58 
1.55 
1.54 
1.51 
1.495 

1.447 
1.423 
1.398 
1.372 
1.356 
1.341 

1.78 

1.483 

0 
Z/l, d A 

10 
12 
15 
8 
12 
60 
10 
12 
12 
50 
10 
35 
35 
35 
40 

a 
6 
8 
35 
10 
50 
12 
50 
3 
6 
35 
20 
25 
25 
60 
10 

10 
8 
20 
15 
40 
10 
20 

10 
20 
20 

a 

a 

a 
6 

1.322 
1.312 
1.300 
1.287 
1.276 
1.261 
1.250 
1.233 
1.222 
1.203 
1.186 
1.170 
1.152 
1 .I44 
1.131 
1.120 
1.112 
1.105 
1.098 
1.089 
1 .082 
1.076 
1.064 
1.055 
1.046 
1.041 
1.036 
1.032 
1.022 
1.017 
1.010 
1.003 
0.997 
0.992 
0.989 
0.981 
0.973 
0.970 
0.968 

0.958 
0.960 

0.952 
0.939 
0.928 
0.92 1 

0 
1 /11  dA 

50 
35 
10 
15 
40 
12 
30 
30 
10 
10 
70 
12 
a 
15 
30 
20 
15 
12 
12 
12 
30 
12 
35 
30 
35 
15 
25 
30 
20 
15 
15 
30 
20 
12 
15 
12 
6 
20 
10 
10 
30 

c u t  off 

0.915 
0.907 
0.901 
0.899 
0.897 
0.891 
0.885 
0.878 
0.873 
0.868 

0.862 
0.859 
0.854 

0.864 

0.850 
0.849 
0.846 

0.841 
0.835 

0,843 

0.834 
0.831 
0.829 
0,825 
0.823 
0.82 1 

0.817 
0.819 

0.813 
0.807 
0.805 
0.803 
0.795 
0.793 
0.790 
0.789 
0.786 
o .784 
0.780 
0.7795 
0.7778 
0.7727 
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0 

I / I  d A  

UF4-2\H20 (Uranium 

Te tr  af I u or ide Hydrate) 

(ref. 1 )  

c u t  off 
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4 
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50 
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60 
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10 

4 5  
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3 
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5 

3 
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5 
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7 
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3 

2 
7 

9 

35 
5 

10 

70 
4 
a 

40 

21.00 

8.41 

6.36 
5.94 
5.55 

5.34 
5.09 

4.94 

4.72 

4.55 
4.35 

4.19 
3.60 

3.55 

3.49 

3.45 

3.38 
3.27 

3.17 

3.04 

2.97 
2.90 

2.82 

2.76 

2.71 

2.64 

2.58 

2.55 

2.50 

2.45 

2.40 

2.36 

2.32 
2.27 

2.24 

2.19 

2.16 

2.12 
2.10 
2.07 

2.02 
1.992 

1.961 

1.940 

0 

I / l  d A  

3 
40 

20 

18 

18 
5 

16 

18 

4 

2 

5 
16 

4 
5 

3 

25 

a 
8 

20 
3 

3 

12  

8 

12 
10 

10 

4 

10 

10 
20 

8 

9 
6 

8 

5 
5 

7 
5 

10 
10 

a 

a 
8 

3 

10 

10 
15 

1.922 
1.899 

1.860 

1 .a23 

1 .a02 
1.777 

1.765 

1.729 

1.700 

1.684 

1.668 
1.642 

1.621 
1.605 

1.592 

1.568 

1.54 1 
1.533 

1.506 

1.485 

1.468 

1.457 

1.440 

1.406 

1.396 

1.382 
1.358 

1.330 

1.310 

1.300 

1.288 

1.258 

1.238 

1.279 

1.223 

1.215 
1.200 

1.192 
1.180 

1.173 

1.155 

1.142 
1.136 

1.123 

1.113 

1.101 
1.096 

0 
l / l ,  d A  

2 

10 
9 
9 

9 
9 

12 

10 
9 

15 
3 

a 
5 

6 
9 

2 
4 

5 

7 

9 

9 

a 
a 

10 
2 

a 
6 

4 

8 

6 

7 

a. 
4 

4 

10 
2 
9 

10 
3 

3 

10 
10 

9 

10 
9 

4 

4 

1 .oa2 

1.078 

1.068 

1.060 
1.049 

1.042 
1.031 

1.017 

1.005 

1.003 
0.993 

0.984 

0.977 

0.970 
0.966 

0.960 

0.956 

0.948 

0.943 
0.932 

0.920 
0.919 

0.916 
0.909 

0.907 

0.905 

0.897 

0.892 

0.890 

0.885 

0.88 1 

0.880 

0.877 

0.873 
0.868 

0.865 

o .a6 2 

0.860 

0.857 

0.853 

0.848 
0.844 

0.835 

0.875 

0.851 

0.842 

0.830 
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0 

1/11 d A  

1 UF4.2 $H20 (Uranium 

Tetrafluoride Hydrate) 

(ref. 1 )  

5 
5 
6 
5 
2 
7 
5 
7 
5 
5 
5 
5 
6 
10 
9 
9 
9 
4 
8 
7 
7 
6 
7 
7 
3 
6 
6 

c u t  off 

0.828 
0.826 
0.824 
0.823 
0.821 
0.819 
0.816 
0.8 14 
0.809 
0.808 
0.805 
0.803 
0.800 
0.798 
0.797 
0.796 
0.795 
0.792 
0.790 
0.787 
0.786 
0.784 
0.781 
0.779 
0.777 
0.776 
0.775 
0.773 

U(HP04)2-H20 (Uranous 

Monohydrogen Phosphate 

Monohydrate) (ref. 2) 

c u t  off 21 .oo 
90 13.47 
25 6.65 
60 5.89 
75 4.45 
18 4.23 
50 3.m 
12 3.66 
70 3.43 
50 3.33 
10 3.01 
100 2.97 
30 2.91 

0 
I/I d A  

50 
50 
12 
12 
12 
12 
35 
35 
10 
10 
8 
50 
35 
40 
25 
10 
12 
35 
12 
10 
15 
15 
30 
10 
10 
30 
8 
10 
10 
8 
10 
8 
8 
8 
10 
8 
8 
10 
8 
8 
18 
10 
10 
10 
8 
8 

c u t  off 

2.73 
2.48 
2.39 
2.35 
2.32 
2.25 
2.15 
2.08 
2 .oo 
1.95 
1.92 
1.89 
1.84 
1.79 
1.74 
1.69 
1.65 
1.62 
1.59 
1.56 
1.53 
1.49 
1.45 
1.42 
1.37 
1.34 
1.30 
1.27 
1.26 
1.23 
1.21 
1.19 
1.18 
1.17 
1.15 
1.13 
1.12 
1.11 
1.09 
1.07 
1.06 
1.02 
0.976 
0.912 
0.903 
0.874 
0.773 

0 
I/1 J A  

U(HP04)2-2H20 (Uranous 

Monohydrogen Phosphate 

Dihydrate) (ref. 3) 

c u t  off 21.00 
40 8.6 
100 4.7 
10 2.64 
10 2.06 
10 1.29 

c u t  off 0.773 

U( H P 04) H20 (Uranou s 

Monohydrogen Phosphate 

Tewahydrate) (ref. 3) 

c u t  off 21.00 
100 11.14 
15 5.39 
3 4.83 
12 4.25 
5 3.92 
12 3.61 
3 3.26 
10 3.00 
3 2.85 
12 2.70 
2 2.40 
2 2.03 
2 1.80 
2 1.63 
3 1.54 

c u t  off 0.773 

U(H P04)2*6H20 (Uranous 

Monoh yd r og en P h os p hate 

Hexahydrate) (ref. 3) 

cu t  off 2 1 .oo 
100 11.31 
2 8.65 
2 6.38 
10 5.53 
4 5.24 
12 4.89 
5 4.28 
6 3.66 
2 3.22 
8 3.02 
12 2.87 
5 2.77 
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U(HP04)2*6H20 (Uranous 

Monohydrogen Phosphate 

Hexahydrate) (ref. 3) 

18 2.70 
8 2.63 
6 2.49 
4 2.41 
4 2.19 
4 2.07 
5 2.00 
2 1.91 
5 1.84 
2 1.79 
3 1.77 
2 1.67 
5 1.62 
5 1.54 
3 1.48 
3 1.42 
2 1.38 
3 1.33 
3 1.30 
2 1.22 

c u t  off 0.773 

U (s-1 2P 04) 2( C I 04) *-4H 2O 

(Uran ium( IV)  Perch lorate 

Dihydrogen Phosphate 

Tetrahydrate) (ref. 4)  

c u t  off 
100 
80 
8 
35 
90 
25 
8 
6 
6 
30 
60 
50 
50 
35 
18 
6 
15 

21.00 
8.95 
7.05 
5.63 
5.25 
4.74 
4.45 
4.23 
4.03 
3.91 
3.83 
3.74 
3.61 
3.50 
3.35 
3.20 
3.06 
2.99 

8 
6 
25 
35 
10 
25 
8 
40 
8 
15 
18 
6 
6 
8 
40 
18 
18 
8 
18 
10 
10 
25 
18 
30 
6 
20 
8 
8 
6 
6 
8 
8 
6 
6 
6 
6 
8 
8 
6 
6 
8 
8 
8 
8 
6 
6 
8 

2.91 
2.86 
2.79 
2.76 
2.69 
2.62 
2.59 
2.53 
2.49 
2.44 
2.39 
2.35 
2.31 
2.28 
2.24 
2.19 
2.14 
2.12 
2.09 
2.02 
1.96 
1.92 
1.89 
1.84 
1.78 
1.75 
1.72 
1.62 
1.60 
1.59 
1.56 
l"54 
1.52 
1.51 
1.454 
1.418 
1.366 
1.352 
1.320 
1.307 
1.287 
1.256 
1.237 
1.191 
1.178 
1.165 
1.156 

6 1.145 
6 1.114 
6 1.095 
6 1.084 
6 1.068 
6 1.052 
10 1.047 
6 1.040 
6 1.027 
6 1.020 
8 1.013 
6 0.995 
6 0.988 
6 0.949 
6 0.91 5 

c u t  off 0.773 

I-U(H 2 P  04 )2 (C  I 04) 2-6H 2O 
(Uran i urn( I V) Perchlorate 

Dihydrogen Phosphate 

Hexahydrate) (ref. 4) 

c u t  off  
18 
40 
18 
50 
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15 
10 
12 
12 

100 
18 
20 
10 
100 
35 
12 
12 
20 
18 
18 
12 
10 
12 
10 

12 

21.00 
13.33 
6.41 
5.96 
5.26 
4.65 
4.14 
3.94 
3.75 
3.60 
3.47 
3.38 
3.31 
3.17 
2.99 
2.92 
2.80 
2.70 
2.61 
2.58 
2.56 
2.53 
2.39 
2.34 
2.28 
2.23 
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0 
1/1, r l  A 

I-U( H2P04)2(C104)2*6H20 
(Uranium(lV) Perchlorate 

Dihydrogen Phosphate 

Hexahydrate) (ref. 4) 
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12 
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10 
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12 
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cut off 

2.18 
2.14 
2.12 
2.09 
2.03 
2.02 
1.94 
1.90 
1.85 
1.84 
1.82 
1.80 
1.77 
1.74 
1.72 
1.65 
1.6 1 
1 .sa 
1.54 
1.52 
1.493 
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1.441 
1.353 
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1.271 
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1.246 
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1.210 
1.196 
1.159 
1.147 
1.139 
1.129 
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0.953 
0.773 

0 

Z/I, d A  

Il-U(H,P04),(C10,),~6H20 
(Uranium( IV) Perc hloro te 

Dihydrogen Phosphate 

Hexahydrate) (ref. 4) 

cut off 21.00 
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8 

10 
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35 
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6 
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25 
6 

35 
10 

100 
40 
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6 
8 
6 
3 
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30 
18 
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12 
12 
10 
6 
3 

15 
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18 
6 
6 

20 
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12.36 
1 1.35 
10.29 
9.19 
8.52 
7.77 
7.06 
6.01 
5.64 
5.46 
5.26 
5.04 
4.91 
4.78 
4.45 
4.21 
4.10 
3.99 
3.83 
3.70 
3.58 
3.47 
3.44 
3.35 
3.26 
3.22 
3.07 
3.02 
2.95 
2.91 
2.88 
2.84 
2.79 
2.75 
2.70 
2.66 
2.61 
2.56 
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1 / 1 ,  dA  

a 
6 

15 
8 

12 
6 
6 

25 
25 
6 

25 
8 
8 

12 
6 
6 
8 

12 
15 
6 

15 
18 
6 
6 

15 
12  
18 
12 
15 
15 
6 
6 
8 
6 

2.51 
2.49 
2.46 
2.41 
2.39 
2.34 
2.31 
2.28 
2.26 
2.24 
2.19 
2.13 
2.12 
2.09 
2.04 
2.02 
2.00 
1.96 
1.92 
1.90 
1.85 
1.82 
1.78 
1.76 
1.74 
1.71 
1.69 
1.65 
1.63 
7.61 
1.55 
1.52 
1.51 
1.056 

cut o f f  0.773 

lII-U(H2P04)2(C104)2.6H20 
(Ur an i u in( I V) Perch lo ra te  

Di hydrogen Phosphate 

Hexahydrate) (ref. 4) 

cut off  2 1 .oo 
100 11.66 

5 6.65 
60 5.31 

7 



0 

I / I  d A  

III-U(H2P04)2(C104)2*6H20 
(Uraniu m ( l V )  Perch I orate 
Dihydrogen Phosphate 
Hexahydrate) (ref. 4 )  

5 4.13 
10 3.53 
10 2.99 
15 2.84 
35 2.69 
5 2.41 
5 2.16 
20 2.07 
30 2.03 
5 1.92 
5 1.84 
5 1.74 
10 1.55 
5 1.29 

cut off 0.773 

U(HP04)2(H,PQ4)-H 2O 
(Uranous Phosphoric Acid 
Monohydrogen Phosphate 
Monohydrate) (ref. 3) 

cut off 21.00 
90 7.51 
90 6.88 
6 6.60 
80 5.07 
30 4.20 
40 3.93 
4 3.79 

100 3.65 
15 3.54 
10 3.44 
35 3.30 
25 3.15 
18 2.95 
4 2.80 
15 2.76 
18 2.67 
12 2.63 
6 2.59 
12 2.56 
10 2.52 
4 2.47 
18 2.42 

0 
I / I  d A  

12 
15 
8 
20 
12 
15 
25 
6 
10 
8 
3 
3 
6 
10 
4 
4 
20 
4 
3 
3 
4 
6 
6 
3 
3 
3 
8 
6 
8 
4 
4 
3 
3 
3 
4 
3 

Cut off 

2.36 
2.31 
2.25 
2.19 
2.15 
2.10 
2.04 
2.00 
1.97 
1.90 
1.87 
1 .a0 
1.77 
1.75 
1.73 
1.71 
1.68 
1.66 
1.64 
1.60 
1.59 
1.53 
1.498 
1.470 
1.404 
1.387 
1.356 
1.337 
1.315 
1.252 
1.201 
1.192 
1.165 
1.070 
1.048 
1.026 
0.773 

UP20,.6H20 (Uranous 

Pyrophosphate Hexa- 
hydrate) (ref, 2) 

cut off 21.00 
100 5.22 
35 2.71 
35 2.10 
10 1.70 
10 1.40 

0 

2 / 1  d A  

10 1.21 
cut off 0.773 

U 0 2 C 0 3  (Uranyl Carbonate) 
(refs. 5 and 6) 

cut off 

75 
75 
60 
80 
50 
20 
25 
40 
40 
50 
100 
35 
60 
40 
45 
20 
25 
20 
25 
35 
25 
18 
18 
40 
35 
25 
15 
50 
20 
25 
40 
18 
40 
25 
10 
6 
40 
30 
25 
18 
25 

21 .oo 
4.49 
4.18 
3.81 
3.16 
2.60 
2.56 
2.46 
2.39 
2.27 
2.12 
2.04 
1.93 
1.90 
1.85 
1.72 
1.70 
1.68 
1.66 
1.64 
1.60 
1.58 
1.56 
1.52 
1.50 
1.427 
1.420 
1.407 
1.379 
1.365 
1.335 
1.309 
1.289 
1.271 
1.256 
1.240 
1.229 
1.217 
1.205 
1.184 
1.175 
1.164 

8 



0 

I / I ,  d A  

U 0 2 C 0 3  (Uranyl Carbonate) 

(refs. 5 and 6 )  

35 
25 
18 
18 
35 
35 
40 
35 
25 

3 
18 
20 
18 
25 

8 
20 

3 
25 
35 
30 
18 
35 
10 
25 
25 
20 
15 
30 
25 
30 
2 0  
40  
10 

Cut off 

1.151 
1.139 
1.108 
1.086 
1.069 
1.052 
1.039 
1.025 
1.022 
1.012 
0.989 
0.980 
0.968 
0.957 
0.948 
0.942 
0.933 
0.923 
0.918 
0.889 
0.884 
0.877 
0.869 
0.856 
0.846 
0.832 
0.826 
0.806 
0.804 
0.801 
0.794 
0.789 
o .7 a2 
0.773 

2Na 2C03-U 02C O3 (Sodi urn 
Uranyl Ts icarbon ate 1 
(refs. 5 and 6) 

cut off 21.00 
6 12.31 

25 7 .G9 

25 4.87 
60 4.53 
25 3.94 
18 3.38 

0 
1/11 d A  

i a  
5 

40 
25 
10 
35 
25 
75 

6 
3 
3 

60 
50 
3 
3 

40 
25 
25 
10 
15 
3 

10 
15 
18 
25 
10 
35 
30 

100 
5 
2 
2 
4 
2 

25 
10 
18 
20 
20 
18 
12 
10 
20 
15 
15 
12 
3 

3.33 
3.25 
3.17 
3 .OO 
2.93 
2.73 
2.70 
2.65 
2.60 
2.50 
2.46 
2.30 
2.2 1 

2.16 
2.10 
2.08 
2.04 
2.02 
2.00 
1.92 
1.90 
1.88 
1.86 
1.83 
1 .80 
1.77 
1.76 
1.74 
1.73 
1.71 
1.69 
1.68 
1.62 
1.60 
1.58 
1.56 
1.54 
1.52 
1.478 
1.464 
1.439 
1.404 
1.385 
1.375 
1.359 

2.18 

1.348 

0 

I/[, d A  

25 
5 
5 
5 

20 
50 
10 
2 

10 
10 
15 
5 

20 
25 
15 
15 
15 
10 
18 
12 

20 
18 
12 

a 

i a  
25 
10 
5 

15 
15 
20 
40 
12 
8 
8 

15 
6 
4 

15 
12 
18 
10 
12 
12 
3 
6 

15 

1.336 
1.325 
1.316 
1.311 
1.295 
1.284 
1.266 
1.252 
1.244 
1.231 
1.223 
1.216 
1.205 
1.196 
1.184 
1.171 
1.158 
1.147 
1.132 
1.125 
1.114 
1.100 
1.094 
1 .OS4 
1.073 
1.063 
1.051 
1.046 
1.040 
1.028 
1.016 
1.012 
1.003 
0.996 
0.992 
0.971 
0.958 
0.947 
0.936 
0.933 
0.928 
0.922 
0.915 
0.91 1 
0.904 
0.901 
0.897 

9 



0 

I / ! ,  d A  

2Na2C03-U 02CQ3 (Sodium 

Uranyl Tricarhonate) 

(refs. 5 and 6 )  

18 
10 
30 
6 

12 
10 
10 
12 
5 
5 

10 
25 

5 
4 
8 

12 
8 

10 
12 
12 
12 
3 
3 

15 
25 
20 
8 

12 
12 

cut off 

0.893 
0.887 
0.877 
0.864 
0.86 1 
0.856 
0.854 
0.851 
0.848 
0.843 
0.838 
0.834 
0.829 
0.817 
0.815 
0.81 2 
0.810 
0.804 
0.802 
0.800 
0.798 
0.795 
0.793 
0.791 
0.789 
0.784 
0.782 
0.779 
0.774 
0.773 

U03 (Uranium Trioxide)  

(ref. 7) 

Cut off 21.00 
50 4.91 
40 4.35 

100 3.42 
75 3.22 
50 3.02 
80 2.78 
20 2.73 
40 2.62 
35 2.38 
40 2.17 

0 

1 / 1 ,  d A  

20 
35 
40 
35 
20 
40 
12 
40 
50 
60 
8 

10 
25 
20 
40 
18 
20 
30 
35 
20 
60 
35 
30 
25 
30 
18 
12 
15 
20 
18 
35 
35 
10 
10 
35 
40 
10 
10 
25 
10 
40 
35 
25 
25 
30 
12 
12 

2.12 
2.10 
2.01 
1.98 
1.89 
1.83 
1.78 
1.75 
1.73 
1.72 
1.69 
1.66 
1.62 
1.59 
1.54 
1.52 
1.467 
1.439 
1.419 
1.394 
1.370 
1.332 
1.313 
1.305 
1.298 
1.272 
1.253 
1.243 
1.226 
1.218 
1.193 
1.168 
1.140 
1.129 
1.117 
1.095 
1.060 
1.053 
1.041 
1.016 
1.009 
0.998 
0.996 
0.980 
0.969 
0.954 
0.939 

0 

I / [ ,  d A  

30 0.920 
35 0.91 1 
12 0.899 
6 0.892 

35 0.876 
30 0.868 
30 0.862 

8 0.853 
6 0.851 

35 0.837 
30 0.834 
35 0.826 
25 0.812 
10 0.8 10 
12 0.805 
15 0.798 
25 0.792 
35 0.787 

cut off 0.773 

(U02)3(P04)2*4H20 (Norma I 
Uranyl Phosphate 

Tetrahydrate) (ref. 8) 

cut off 21 .oo 
20 10.23 
40 8.38 
10 6.28 
25 5.78 

100 5.14 
6 4.91 
9 4.75 

100 4.21 
10 3.68 
15 3.59 
35 3.49 
25 3.25 

8 3.16 
6 3.10 

20 3.02 
50 2.96 
15 2.90 
10 2.83 
25 2.79 
15 2.70 
15 2.59 
8 2.54 

15 2.50 

10 



I/[, C l A  

(U02)3( PO4)**4H ,O (Normal 
Uranyl Phosphate 
Tetrahydrate) (ref. 8) 

a 
40 
15 
4 

20 
1 0  
10 

10 
5 

10 
8 

12 

40 
6 
6 

10 
25 

6 
20 

8 
6 
5 

4 
6 
4 

10 
6 

a 

a 

a 

a 
6 
5 
5 
4 
3 

10 
5 
8 
8 
6 

15 
3 
4 

2.46 
2.43 
2.38 
2.29 
2.25 
2.21 
2.1 8 
2.14 
2.12 
2.04 
2.02 
1.97 
1.94 
1.91 
1 .a6 
1 .a2 
I .7a 
1.74 
1.73 
1.70 
1.68 
1.65 
1.61 
1 .sa 
1.57 
1.55 
1.54 
1.53 
1.499 
1.488 
1.464 
1.421 
1.407 
1.395 
1.356 
1.346 
1.331 
1.317 
1,309 
1.282 
1.249 
1.235 
1.221 
1.191 

0 
I/[ d A  

6 
3 
6 
6 
4 
6 
4 

10 
6 
6 
8 
6 
5 
4 
4 
2 

10 
6 
1 
2 
6 
6 
3 
6 
2 
4 
3 
4 
6 
1 
4 
3 
5 
2 
2 
6 
1 
6 
1 
3 
3 
2 
1 
2 

cut off 

1.179 
1.167 
1.158 
1.138 
1.116 
1.107 
1.086 
1.074 
1.062 
1.049 
1.039 
1.029 
1.015 
0.999 
0.989 

0.968 
0.958 

0.977 

0.951 
0.947 
0.939 
0.935 
0.912 
0.903 
0.893 
0.886 
o ,878 
0.868 
0.866 
0 3 5 2  

0.843 
0.849 

0.839 

0 .a 28 
0.826 
0,816 

0.831 

0.802 
0.799 
0.797 
0.787 
0.781 
0.778 
0.776 
0.773 

I / [  dA 

U02NH4P 0,.3 H20 (Urany I 
Ammonium Phosphate 
Trihydraie) (ref. 9) 

c u t  off 

50 
12 
40 
10 
30 
15 
40 
10 

100 
12 
6 

60 
0 
8 

i a  

ao 
35 
45 
25 
15 
30 
25 
30 
40 
40 
20 
12 
5 

18 
i a  
15 
10 
40 
i a  
18 
40 
12 
12 
18 
15 
15 
12 
15 

21.00 
9.41 

5.73 
5.41 
5.1 1 

4.44 
4.27 

3.74 

3.52 
3.45 
3.33 
3.28 
3.22 
2.93 
2.74 
2.56 
2.46 
2.37 
2.25 
2.20 
2.16 
2.14 
2.07 
2.04 

8.74 

4.86 

3 .a6 

3.58 

1.98 
1.89 
1.84 

1.80 
1.78 
1.75 
1.71 
1.69 
1.66 
1.65 
1.63 
1.62 
1.60 
1. .59 

1 .a3 

1 .sa 

1 1  



0 

1/11 d A  

U02NH4P04.3H20 (Uranyl 

Ammonium Phosphate 

Trihydrate) (ref. 9) 

12 
15 
8 

15 
15 
12 
15 
35 
2 0  

6 
18 
18 
18 
25 
6 
6 

20 
8 

12 
6 

25 
8 
8 
6 

10 
11 
12 
20 

5 
8 

10 
10 
20 
20 
10 
18 
20 
10 
10 
12 
12 
6 

12 
12 

1.56 
1.54 
1.50 
1.476 
1.469 
1.455 
1.438 
1.397 
1.382 
1.370 
1.356 
1.335 
1.285 
1.268 
1.257 
1.249 
1.2424 
1.226 
1.217 
1.202 
1.192 
1.182 
1.174 
1.168 
1.157 
1.142 
1.128 
1.114 
1.108 
1.100 
1.094 
1.085 
1.076 
1.062 
1.038 
1.028 
1.017 
1.001 
0.994 
0.985 
0.977 
0.973 
0.966 
0.956 

0 

I / I  1 dA 

15 
18 
6 

10 
15 
8 

18 
10 
20 

8 
8 
8 

15 
8 

12 
8 
8 

15 
6 
6 

10 
25 
15 
12 
8 

12 
12 
15 
10 
12 
9 
9 
9 
8 
9 
5 

18 
15 
12 
18 
5 
5 
8 

12 
c u t  off 

0.949 
0.944 
0.931 
0.923 
0.917 
0.909 
0.893 
0.887 
0.880 
0.878 
0.875 
0.873 
0.870 
0.865 
0.861 
0.859 
0.857 
0.855 
0.851 
0.849 
0.847 
0.836 
0.829 
0.827 
0.824 
0.821 
0.818 
0.81 3 
0.81 1 
0.808 
0.804 
0.801 
0.796 
0.794 
0.793 
0.791 
0.787 
0.785 
0.784 
0.782 
0.781 
0.780 
0.777 
0.775 
0.773 

0 

I / l  d A  

U02HP04.4H20 (Uranyl 

Monohydrogen Phosphate 

Tetrahydrate) (ref. 8) 

Cut off 

100 
75 
60 
5 0  

100 
75 

100 
12 
50 
18 
40 
35 
10 
25 
4 0  
20 
45 
15 
60 
15 
40 
18 
20 
12 
30 
15 
40  
15 
15 
10 
40 
35 
10 
15 
40 
30 
30 
12 
10 
12 
10 
12 
40 

2 1 .oo 
8.59 
5.39 
4.90 
4.27 
3.68 
3.47 
3.40 
3.05 
2.93 
2.71 
2 -67 
2.53 
2.49 
2.46 
2.36 
2.24 
2.20 
2.17 
2.13 
2.08 
2.05 
1.99 
1.88 
1.85 
1.81 
1.78 
1.77 
1.74 
1.71 
1.66 
1.64 
1.61 
1.59 
1.57 
1.56 
1.55 
1.54 
1.462 
1.446 
1.422 
1.393 
1 2 7 8  
1.368 

12 



1/11 
0 

d A  
0 

I/$ d A  

U O 2 H P O 4 . 4 H 2 0  (Uranyl 

Monohydrogen P h o s p h a t e  

Tetrahydrate )  (ref.  8) 

12 
10 
ia 
15 
10 
10 
20 
12 
12 
10 
12 
15 
15 
12 
15 
12 
12 
10 
12 
12 
12 
15 
12 
10 
15 
6 
6 
6 
a 
9 
5 
4 

20 
12 
5 
15 
12 
3 
12 
5 
12 
12 
12 

a 

1.352 
1.338 
1.329 
1.313 
i .2a2 
1.268 
1.258 
1.242 
1.233 
1.222 
1.213 
1.197 
1.185 
1.176 
1.163 
1.159 
1.154 

1.110 
1.1 05 
1.096 

1.138 

1.078 
1.068 
1.057 
1.049 
1.034 
1.030 
1.027 
1.022 
1.013 
1.009 
1.005 
0.998 
0.988 
0.981 
0.973 
0.969 
0.963 
0.954 
0.948 
0.943 
0.937 
0.934 
0,930 

10 
12 
12 

6 
6 
12 
2 
5 
10 
35 

i a  

a 
20 
20 
ia 
ia 
a 
20 
15 
15 
ia 
5 
25 
12 
12 
12 
15 
10 
10 
10 
ia 
15 
15 

cut off 

0.925 
0.917 
0.91 1 
0.900 
0.885 

0.876 
0.871 

0.862 
0.860 
0.855 

o .a47 
0.845 

0.835 
0.831 
0.824 
0.821 
0.818 
0 . a ~  
0.812 

0.807 
0.806 
0.804 

0.879 

0.867 

0.850 

0.843 

0.809 

0.800 
0.792 
0.788 
0.78 1 
0.778 
0.776 
0.773 

UO 2(H 2P 0J2.3H2O (Uranyl 

Di h ydr ogen P h o s p h a t e  

Trihydrate)  (ref. 8) 

c u t  off 21 .oo 

25 6.95 
100 6.16 
12 5.21 
60 4.97 
40 4.23 
30 4.01 
25 3.6 1 

25 8.33 

12 
25 
9 
50 
5 
25 
10 
15 
8 
30 
7 
a 
a 
15 
5 
14 
3 
3 
20 
14 
12 
14 
a 
5 
5 
10 
12 
14 
12 
12 
15 
a 
a 
14 
12 
6 
2 
3 
a 
12 
12 
7 
2 
3 
3 
10 
8 

3.47 
3.42 
3.37 
3.32 
3.20 
3.13 
3.07 
2.90 
2.83 
2.78 
2.69 
2.65 
2.6 1 
2.57 
2.51 
2.46 
2.41 
2.36 
2.31 
2.26 
2.18 
2.12 
2.09 
2.07 
2.04 
2 .oo 

1.95 
1.91 

1.98 

1.88 

1 .a2 
1.86 

1.75 
1.73 
1.69 
1.66 
1.63 
1.61 
1 s a  
1.55 
1.53 
1.51 
1.492 
1.475 
1.463 
1.450 
1.429 

13 



0 

r / r  d A  

U 0 2 ( H 2 P  04)2*3 t i  2O (Urany I 
D i  hydrogen Phosphate 
Trihydrate) (ref. 8) 

2 1.411 
3 1.392 
3 1.377 
12 1.364 
4 1.348 
2 1.339 
3 1.305 
5 1.278 
4 1.255 
5 1.238 
4 1.219 
5 1.186 
3 1.174 
3 1.162 
4 1.132 
3 1 .lo9 
1 1.098 
4 1.058 
2 1.001 
1 0.867 
1 0.856 

c u t  off 0.773 

No 4 U 0 2 ( P 0 4 ) 2 ~ 6 H 2 0  
(Sodium Uranyl Phosphate 

Hexahydrate) (ref. 10) 

Cut off 21.00 
80 14.18 
25 7.91 
15 6.97 
100 6.16 
5 5.56 
35 5.14 
10 4.85 
10 4.62 
2 4.38 
15 4.23 
15 4.17 
4 3.94 
12 3.83 
15 3.69 
5 3.54 
50 3.42 
40 3.26 

0 

1/11 d A  

10 
10 
40 
4 
3 
12 
25 
5 
20 
3 
12 
3 
10 
25 
2 
7 
4 
2 
5 
5 
7 
12 
12 
12 
12 
5 
6 
15 
7 
3 

20 
5 
1 
1 
5 
2 
3 
2 
2 
1 
7 
8 
1 
4 
10 
2 
1 

3.14 
3.07 
2.96 
2.85 
2.78 
2.75 
2.64 
2.56 
2.50 
2.42 
2.35 
2.32 
2.25 
2.19 
2.14 
2.10 
2.06 
2.04 
2.02 
2.00 
1.97 
1.93 
1.87 
1.86 
1.84 
1.81 
1.78 
1.72 
1.65 
1.58 

l"55 
1.52 
1.475 
1.454 
1.432 
1.416 
1.403 
1.348 
1.338 
1.323 
1.31 1 
1.267 
1.223 
1.147 
1.124 
1.120 
1.105 

0 
l / l ,  d A  

cut off 0.773 

Na4U308(P04)2.61120 
(Tetras od i u rn Hydrolyzed 
Uran iurn(V1) Phos phate 
Hexahydrate) (ref. 10) 

cut off 

100 
50 
12 
60 
40 
100 
12 
10 
15 
10 
12 
15 
40 
12 
10 
12 
40 
12 
15 
15 
12 
12 
12 
10 

cut off 

2 1 .oo 
6.44 
4.39 
3.82 
3.44 
3.20 
3.03 
2.82 
2.71 
2.58 
2.43 
2.31 
2.24 
2.14 
2.01 
1.98 
1.94 
1.92 
1.87 
1.83 
1.74 
1.73 
1.71 
1.61 
1.41 
0.773 
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OTHER COMPOUNDS 

These  compounds were obta ined from the same sources os the  compounds tha t  a re  known to  

b e  pure. A l though there i s  good ev idence as to the compos i t ion  and pur i ty  of  these compounds, 

because o f  t he  method of preparat ion or because o f  i nsu f f i c i en t  checks i t  has not been p o s s i b l e  

t o  e l i m i n a t e  a l l  doubt concern ing the i r  compos i t ion  and pur i ty .  To a l im i ted  ex ten t  the same 

methods tha t  were used t o  es tab l i sh  the  compos i t ion  and pu r i t y  o f  the  “Pure  Compounds” have  

been used for these “Other Compounds.” 

X-RAY D I F F R A C T I O N  D A T A  FOR OTHER COMPOUNDS 

1/11 
0 

d A  h k l  /I 1/11 
0 

‘1 A 

UN (Uranium Nitride; 

System - Focesentered  Cubic; 

d o  = 4.895 -t 0.005 A) 

UN2 (Uranium Dinitride; 

System - Face-centered Cubic; 

a. = 5.332 k 0.005 A) 

c u t  off 
30 
25 
35 
40 
15 
12 
35 
35 
40 
50 
35 
100 
90 

cut off 

21 .oo 
2.78 
2 -42 
1.72 
1.47 
1.40 
1.22 
1.12 
1.09 
0.997 
0.941 
0.865 
0.827 
0.816 
0.773 

1 1 1  
200 
220 
311 
222 
400 
331 
420 
422 

511, 333 
44 0 
531 
600 

c u i  off 

90 
40 
75 
100 
20 
18 
50 
50 
40 
45 
15 
40 
25 
20 
20 
20 

Cut off 

21 .oo 
3.02 
2.62 
1.86 
1.59 
1.53 
1.32 
1.22 
1.19 
1.08 
1.02 
0.940 
0.899 
0.887 
0.842 
0.813 
0.803 
0.773 

1 1 1  
200 
220 
31 1 
222 
400 
331 
420 
422 

511, 333 
440 
531 
6 00 
620 
335 
622 
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0 

I / I ,  dA 

UC I (Uran ium T r  ic h I or ide) 

c u t  off 
a 
40 
50 
15 
30 
35 
30 
75 
50 
5 
35 
30 
40 
15 
18 
15 
20 
45 
40 
12 
15 
15 
30 
25 
12 
35 
20 
10 
40 
12 
18 
15 
40 
40 
8 
10 
12 
15 
40 
15 
12 
40 
18 
20 
50 

2 1 .oo 
7.36 
6.25 
3.64 
3.53 
3.18 
2.55 
2.41 
2.13 
2.10 
2.02 
1.84 
1.78 
1.64 
1.60 
1.51 
1.50 
1.47 
1.40 
1.39 
1.37 
1.31 
1.28 
1.24 
1.23 
1.22 
1.18 
1.17 
1.15 
1.12 
1.10 
1.09 
1.06 
1.030 
1 e027 
1 .o 18 
0.981 
0.964 
0.960 
0.957 
0.950 
0.933 
0.930 
0.920 
0.902 
0.899 

0 

[ / I ,  dA 

18 
40 
30 
50 
25 
6 
18 
10 
20 
30 
60 
40 
10 
100 
20 
12 
18 
40 

cut off  

UOCll (Uranium 

Oxychloride) 

cut off 
100 
20 
70 
50 
70 
8 
8 
15 
18 
18 
35 
40 
15 
25 
30 
12 
15 
25 
20 
20 
35 
50 
6 

50 

0.894 
0.874 
0.856 

0.846 
0.837 
0.835 

0.826 

0.812 
0.810 

0.853 

0.828 

0.814 

0.805 
0.794 
0.790 
0.787 
0.778 
0.776 
0.773 

2 1 .oo 
7.49 
5.45 
3.81 
3.45 
3.19 
3.08 
3.01 
2.94 
2.89 
2.75 
2.69 
2.58 
2.54 
2.49 
2.43 
2.39 
2.32 
2.18 
2.00 
1.98 
1.92 
1.81 
1.76 
1.73 

0 

! / I ,  d A  

12 
10 
10 
12 
10 
8 
20 
20 
15 
10 
12 
6 
15 
10 
12 
6 
12 
10 
12 
12 
8 
8 
40 
6 
5 
8 
6 
8 
12 
6 
10 
a 
6 
5 
10 
8 
6 
6 
8 
6 

cut off 

1.67 
1.65 
1.64 
1.60 
1.57 
1.55 
1.54 
1.52 
1.500 
1.473 
1.444 
1.413 
1.376 
1.300 
1.284 
1.264 
1.249 
1.238 
1.222 
1.208 
1.195 
1.184 
1.175 
1.150 
1.132 
1.120 
1.110 
1.090 
1.067 
1.040 
1.006 
0.985 
0.957 
0.950 
0.920 
0.875 
0.867 
0.838 
0.832 
0.793 
0.773 

(UO)2 P 20, (U ra n iu rn 

Oxygen Pyrophosphate) 

cut off  21 .oo 
75 6.15 
50 4.41 
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0 

!/I1 d A 

(UO)2P2Q, (Uronium 

Oxygen  Pyrophosphate ) 

45 4.14 
20 3.61 
100 3.48 
20 3.12 
45 3.05 
50 2.73 
40 2.68 
35 2.5 1 
30 2.31 
25 2.19 
40 2.13 
30 2.10 
ia 2.07 
a 2.03 
25 1.97 
20 1.90 
12 1.87 
40 1.84 
30 1 ,a3 
35 1 .ai 
12 1.78 
45 1.76 
60 1.72 
i a  1.70 
30 1.68 
25 1.64 
20 1.59 

30 1.51 
25 1.490 
20 1,440 
40 1.416 
20 1.375 
20 1.357 
25 1.312 
40 1.293 
30 1.275 
45 1.256 
15 1.234 
25 1.214 
ia 1.192 
35 1.177 
i a  1.159 
20 1.139 
25 1.122 

20 1 s a  

n 
I/I d A  

0 
d A  

35 1 .lo5 
15 1.065 
40 1.040 
30 1.029 
18 1.013 
15 1.002 

15 0.967 
35 0.988 

40 0.958 
35 0.946 
20 0.926 
15 0.919 
20 0.905 
25 0.886 
i a  0.841 

25 0.808 
18 0.789 

i a  0.817 

cut off 0.773 

U Z r z F , ,  (Uranium 

Zirconium Fluoride) 

cut off 21.00 
50 6.10 
100 4.10 
40 3.95 
50 3.72 
a 3.63 
40 3.43 
20 3.17 
50 3.07 
18 2.76 
25 2.68 
35 2.51 
i a  2.28 
15 2.25 
20 2.11 
60 2.05 
12 2.01 
15 1.97 
40 1.92 
6 1 .a9 

i a  1 .a6 

25 1 .a4 
25 1.81 
20 1.77 
15 1.73 

I 18 
a 
15 
6 
18 
18 
20 
10 

12 
20 
20 
5 
5 
6 
12 
10 
10 
6 
5 
8 
10 
6 
5 
10 
6 

a 

a 
12 
6 
10 

10 
15 
8 
12 
6 

a 

a 
15 
6 
6 
a 
15 
10 
6 
8 
10 
5 

1.68 

1.62 
1.59 

1.54 
1.51 

1.434 
1.414 

1 .sa 

1.484 

1.380 
1.369 
1.341 
1.315 
1.297 
1.279 
1.261 
1.239 
1.226 
1.211 
1 .I99 
1.181 
1.172 
1.158 
1.146 
1.124 
1.108 
1.099 
1,083 
1.063 
1.055 
1.046 
1.039 
1.029 
1.010 

0.979 
0.974 
0.96 1 
0.947 
0.940 
0.918 
0.899 

0.987 

0.884 
0.872 
0.865 
0.862 
0.852 
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0 

1/11 d A  

U Z r 2 F ,  (Uranium 

Zirconium Fluoride) 

12 0.840 
6 0.831 
8 0.826 
8 0.816 
8 0.806 
5 0.802 
6 0.798 
5 0.796 
6 0.792 
5 0.7 88 

cut off 0.773 

UZr3F15 (Uranium 

Z i IC on ium F I uor i de) 

cut off 

10 
18 
20 

100 
10 
10 
35 
20 
25 
5 
6 

25 
8 

15 
3 

18 
2 

12 
12 
2 

10 
30 
12 
6 

35 
18 
15 
12 
20 
20 

21.00 
6.35 
6.03 
4.04 
3.92 
3.84 
3.66 
3.60 
3.51 
3.40 
3.25 
3.15 
3.08 
2.77 
2.63 
2.58 
2.49 
2.38 
2.26 
2.16 
2.10 
2.03 
1.99 
1.97 
1.95 
1.97. 
1.90 
1.86 
1.83 
1.82 
1.80 

0 

1/11 dA 

6 
6 

18 
12 
12 
15 
6 
5 
5 
3 
8 
8 
8 
6 
8 

12  
10 
12  
8 

12 
5 
8 
5 
3 
5 
2 
3 
3 
8 
6 
8 
6 
6 
8 
8 
3 
6 

10 
8 

10 
8 

10 
5 
8 
5 
8 

10 

1.78 
1.77 
1.73 
1.69 
1.67 
1.64 
1.60 
1 . 5 ~ 1  
1.54 
1.53 
1.51 
1.491 
1.475 
1.415 
1,402 
1.377 
1.369 
1.356 
1.331 
1.322 
1.304 
1.294 
1.254 
1.229 
1.202 
1.178 
1.150 
1.141 
1.120 
1,093 
1.080 
1.059 
1.052 
1.033 
1.023 
1.006 
0.992 
0.975 
0.964 
0.956 
0.937 
0.912 
0.904 
0.883 
0.87 1 
0.860 
0.848 

0 

i/r, d A  

12 0.839 
3 0.828 
5 0,820 
6 0.8 12 
3 0.806 
3 0,799 
6 0.794 
3 0.790 
8 0.783 
3 0.779 

cut off 0.773 

UNaZr2Fl2 (Uranium 

Sodium Zirconium 

Fluoride) 

cut off 
20 
25 
10 
6 

12 
18 
75 
30 
30 
25 
90 
1 2  
10 
18 
6 
8 
6 
6 

15 
8 

25 
25 
25 

100 
10 
20 
35 
35 

8 
8 
8 

21 .oo 
7.27 
6.01 
4.99 
4.5 1 
4.34 
4.05 
3.93 
3.58 
3.41 
3.19 
3.1 2 
2.70 
2.63 
2.49 
2.37 
2.26 
2.16 
2.1 1 
2.06 
2.04 
2.02 
1.99 
1.96 
1.92 
1.90 
1.86 
1.83 
1.80 
1.77 
1.73 
1.69 
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UNaZr2F 1 2  (Uranium 

Sodium Zirconium 

Fluoride) 

50 
12 
10 
8 

10 
6 
12 
8 
8 
30 
20 
25 
8 
25 
8 
6 
6 
8 
8 
8 
12 
25 
5 
5 
6 
8 
20 
10 
10 
8 
15 
10 
12 
10 
10 
6 
6 
20 
6 
18 
6 
12 
15 
5 

1.64 
1.61 
1.57 
1.54 
1.51 
1,491 
1.483 
1.443 
1.405 
1.370 
1.357 
1.329 
1.298 
1.248 
1.216 
1.199 
1 .I84 
1.170 
1.163 
1.157 
1.135 
1.114 
1.102 
1.084 
1.073 
1.059 
1.050 
1.035 
1.026 
1.008 
0.996 
0.986 
0 -976 
0.965 
0.954 
0.944 
0.939 
0.922 
0.905 
0.890 
0.878 
0.881 
0,855 
0.848 

0 

1/1,  d A  

8 
20 
12 
25 
8 
6 
6 
12 
12 

C u t  off 

0.842 
0.839 
0.830 
0.824 
0.8 18 
0.806 
0.796 
0.791 
0.783 
0.773 

UC2 ? (Uranium Dicarbide) 

cu t  off 

35 
75 
50 
100 
70 
35 
100 
100 
40 
50 
25 
60 
40 
30 
40 
30 
50 
40 
15 
70 
30 
80 
40 
50 
18 
70 
50 
80 
40 
40 
.5 0 
70 
60 
80 

21 -00 
3.32 
3.01 
2.97 
2.47 
1.91 
1.75 
1.73 
I .52 
1 .so 
1.283 
1.243 
1.235 
1.149 
1.141 
1.1 34 
1.113 
1.043 
1.011 
0.998 
0.964 
0.957 
0.954 
0.927 
0.894 
0.8 80 
0,878 
0.869 

0.846 
0.839 
0.832 
0.830 
0.800 
0.788 
0.786 

35 0.780 
Cut off 0.773 

U F ~ . ~ H ~ O  (Uranium 
Tetrofluoride Hydrote) 
(ref. 1) 

cut off 

25 
10 
30 
15 
100 
40 
70 
25 
25 
60 
10 
7 
15 
35 
85 
15 
5 
25 
5 
20 
25 
20 
10 
15 
7 
15 
30 
5 
30 
10 
10 
7 
7 
5 
7 
5 
6 
5 
5 
5 

21 .oo 
11.64 
7.4 1 
6.92 
4.44 
4.23 
4.06 
3.67 
3.34 
3.06 
2.83 
2.72 
2.66 
2.29 
2.08 
2.0 1 
1.94 
1.90 
I .a7 
1.82 
1.79 
1.72 
1.66 
1.63 
1.58 
1.53 
1.485 
1.441 
1.432 
1.413 
1.397 
1.375 
1.363 
1.332 
1.304 
1.274 
1.242 
1 .I91 
1.159 
1.142 
1.042 
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0 

[/I dA 
....._.._ 

U F ~ - ~ H ~ O  (Uranium 
T e tr of I u or ide Hydrate) 
(ref. 1) 

6 1,034 
cui off 0.773 

U ( M O Q ~ ) ~ . X H ~ C I  (Uranium 

cut off 2 1 .oo 
Molybdate Hydrate) 

15 
60 
20 
25 
10 
18 
15 
30 
20 
100 
25 
8 
10 
8 
6 
3 
20 
12 
6 
6 
18 
15 
8 
8 
10 
8 
18 
10 
15 
6 
12 
8 
12 
10 
18 
10 
6 
3 
10 

9.10 
6.49 
5.74 
5.26 
4,55 
4.31 
3.58 
3.44 
3.34 
3.22 
3.12 
3.03 
2.96 
2.89 
2.78 
2.72 
2.63 
2.54 
2.48 
2.32 
2.15 
2.08 
2.03 
2.0 1 
1.98 
1.94 
1.91 
1.87 
1.84 
1.79 
1.76 
1.73 
1.70 
1.66 
1.64 
1.61 
1.59 
1.56 
1.54 

0 

1/11 dA 

6 1.52 
6 1.50 
3 1.48 
12 1.46 
8 1.44 
8 1.39 
6 1.36 
3 1.30 
3 1.28 
6 1.25 
3 1.23 
3 1.21 
6 1.19 
6 1.17 
6 1.13 
3 0.92 

cut off 0.773 

UFPO4*H20 (Uranous 
Monof lu oroph os phate 
Monohydrate) (ref. 1) 

c u t  off 
12 
5 
75 
60 
50 
50 
2 
12 
5 

100 
3 
20 
10 
25 
23 
4 
4 

100 
10 
5 
25 
3 
10 
70 
15 
10 

21.00 
6.28 
6.02 
5.76 
4.73 
4.56 
4.34 
4.13 
4.00 
3.84 
3.74 
3.63 
3.55 
3.42 
3.23 
3.14 
3.07 
3.03 
2.97 
2.93 
2.88 
2.80 
2.78 
2.73 
2.68 
2.46 
2.44 

0 
1/11 dA 

10 
7 
10 
7 
9 
9 
20 
20 
12 
12 
15 
7 
20 
8 
10 
9 

1 1  
10 
4 
5 
15 
15 
12 
7 
12 
8 
8 
10 
10 
9 
10 
9 
4 
10 
6 
8 
10 
8 
2 
4 
4 
8 
5 
9 
2 
4 
9 
3 

2.37 
2.34 
2.28 
2.25 
2.21 
2.16 
2.11 
2.08 
2.06 
2.03 
2.00 
1.97 
1.93 
1.90 
1.88 
1 .E6 
1.84 
1 .81 
1.78 
1.76 
1.75 
1.71 
1.69 
1.68 
1.65 
1.62 
1.60 
1.58 
1.56 
1.54 
1.51 
1.392 
1.470 
1.456 
1.44 1 
1.418 
1.397 
1.379 
1.364 
1.356 
1.346 
1.337 
1.320 
1.300 
1.290 
1.278 
1.263 
1.252 
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U F P 0 4 . H  2O (Uranous 
Monof luorophos phote 
Monohydrate) (ref. 1) 

12 
5 
7 
4 
12 
7 
6 
4 
8 
5 
5 
6 
6 
12 
6 
4 
8 
5 
5 
5 
10 
7 
5 
3 
3 
6 
6 
5 
2 
4 
5 
5 
4 
5 
5 
5 
4 
2 
3 
4 
5 
4 
4 
2 

1.236 
1.225 
1.209 
1.199 
1 .I89 
1.174 
1.168 
1.158 
1.148 
1.138 
1.125 
1.112 
1.099 
1.087 
1.066 
1.052 
1.042 
1.031 
1.021 
1.009 
0.989 
0.981 
0.967 
0.958 
0.950 
0.939 
0.927 
0.917 
0.903 
0.896 
0.886 
0.876 
0.864 
0,858 
0.845 
0.833 
0.821 
0.81 1 
0.807 
0.802 
0.798 
0.794 
0.790 
0.786 

3 0.784 
3 0,782 
3 0.777 

Cut off 0.773 

UPZQ, (Uranous 
Pyrophosphate) (ref. 1) 

Cut ofi  

75 
100 
1 o*  
1 o*  
60 
6* 
80 

6* 

15 
15 
35 
40 
30 
40 
15 
25 
20 
12 
12 
12 
5" 
5" 
5* 
15 
12 
15 
20 
4 
10 
12 
10 
12 
4 
6 
15 
8 
5 

10 
4 

21 .oo 
4.97 
4.31 
3.85 
3.51 
3.04 
2.66 
2.59 
2.54 
2.49 
2.15 
1.98 
1.93 
1.76 
1.66 
1.52 
1.456 
1.435 
1.362 
1.31 5 
1.300 
1.243 
1.233 
1.221 
1.207 
1.196 
1.152 
1.123 
1.077 
1.054 
I .046 
1.017 
0.996 
0.989 
0.966 
0.947 
0.941 
0.920 
0.905 

0.880 

15 
15 
15 
10 
6 
8 
8 

c u t  off 

U C I 5  (Uranium 

Cut off 
10 
5 
8 

20 
5 
3 
2 
3 
25 
7 
9 

100 
6 
9 
8 
12 
10 
5 
15 
5 
15 
30 
6 
15 
15 
6 
15 
3 
2 
17 
5 
5 
5 

10 

5 

Pentach loride) 

0.867 
0.846 
0.834 
0.804 
0.801 
0.787 
0.778 
0.773 

2 1 .oo 
6.23 
5.58 
5.03 
4.44 
3.89 
3.68 
3.50 
3.35 
3.22 
3.01 
2.69 
2.65 
2.57 
2.50 
2.46 
2.41 
2.36 
2.25 
2.21 
2.12 
2.05 
2.00 
1.97 
1.91 
1.88 
1.84 
1.82 
1.78 
1.76 
1.74 
1.71 
1.70 
1.66 
1.64 
1.61 

*These l ines  may be from an impur i ty.  
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0 

1 / 1 ,  d A  

UCI5 (Uranium 

Pentach loride) 

12 
7 
20 
20 
5 
5 
4 
17 
4 
2 
7 
3 
5 
10 
8 
12 
7 
5 
4 
3 
8 
4 
4 
5 
4 
4 
5 
2 
4 
3 
6 
3 
4 
4 
4 
1 
2 
3 
5 
4 
1 
3 
1 
2 
2 
2 

1.57 
1.52 
1.501 
1.499 
1.443 
1.415 
1.404 
1.335 
1.31 9 
1.303 
1.268 
1.256 
1.215 
1.197 
1.182 
1.165 
1.143 
1.120 
1.098 
1.085 
1.078 
1.048 
1.024 
1.008 
0.994 
0.977 
0.967 
0.951 
0.940 
0.927 
0.921 
0.909 
0.893 
0.874 
0.869 
0.848 
0.838 
0.820 
0.817 
0.815 
0.810 
0.808 
0.803 
0.800 
0.794 
0.79 1 

0 

1/11 d A  

6 0.786 
3 0.783 
1 0.78 1 

c u t  of f  0.773 

U205 (Uranium Oxide) 

c u t  off 2 1 .oo 
75 
75 
60 
75 
35 
18 
50 
40 
35 
60 
100 
35 
15 
10 
12 
40 
20 
18 
30 
25 
35 
15 
12 
12 
50 
35 
18 
40 
10 
10 
10 
12 
50 
18 
10 
12 
12 
18 
10 
18 
10 

4.13 
3.40 
2.63 
2.57 
2.21 
2.07 
2.04 
1.96 
1.93 
1.77 
1.75 
1.69 
1.66 
1.61 
1.59 
1.56 
1.54 
1.49 
1.42 
1.41 
1.37 
1.31 
1.30 
1.29 
1.27 
1.23 
1.13 
1.09 
1.08 
1.07 
1.06 
1.03 
0.988 
0.943 
0.934 
0.925 
0.917 
0.9 14 
0.895 
0.885 
0.869 

0 

! / I  1 d A  

15 0.863 
10 0.853 
10 0.841 
15 0.828 
40 0.809 
60 0.805 

c u t  off 0.773 

NII4UO2AsO4*xH2Q 

(Ammonium Uranyl 

Arsenate Hydrate) (ref. 1 1 )  

Cut off  
90 
50 
45 
20 
40 
100 
6 
70 
6 
6 
40 
18 
20 
25 
25 
6 
18 
30 
20 
12 
12 
10 
18 
20 
15 
12 
10 
20 
18 
6 
6 
8 
10 
8 
6 

c u t  off  

21 .oo 
8.62 
5.47 
4.96 
4.36 
3.74 
3.53 
3.46 
3.29 
3.1 5 
3.06 
2.98 
2.75 
2.58 
2.51 
2.42 
2.36 
2.30 
2.25 
2.18 
2.09 
1.93 
1.86 
1.81 
1.78 
1.75 
1.70 
1.65 
1.60 
1.57 
1 S O  
1.45 
1.44 
1.41 
1.36 
1.13 
0.773 

22 



0 

[ / I ,  d A  

U 02H As O4 (Urony I 
Monohydrogen Arsenate) 

(ref. 11) 

c u t  off 

100 
70 
35 
35 
90 
50 
80 
4 
35 
2 
2 
10 
40 
20 
35 
35 
2 
12 
15 
20 
20 
35 
40 
3 
10 
5 
10 
20 
20 
4 
18 
5 
2 
25 
8 
8 
6 
40 

1 
6 
5 
6 
20 
25 

21 .oo 
8.63 
5.52 
5.03 
4.36 
3.73 
3.57 
3.30 
3.15 
2.99 
2.90 
2.87 
2.76 
2 -70 
2.57 
2.51 
2.42 
2.36 
2.29 
2.25 
2.19 
2.15 
2.09 
2.01 
1.99 
1.93 
1.87 
1.85 
1.81 
1.78 
1.76 
1.75 
1.70 
1.68 
1.66 
1.64 
1.51 
1.60 
1.57 
1.54 
1.494 
1.464 
1.438 
1.41 1 
1,388 

0 

l/Z, dA 

20 
20 
3 
2 
10 
10 
10 
10 
3 
6 
10 
12 

5 
5 
10 
10 
4 
10 
2 
2 
6 
3 
3 
4 
5 

3 
5 
2 
2 
4 
6 
3 
6 
2 
5 
1 
2 
4 
2 
5 
3 
4 
3 
2 
1 

2 
2 

c u t  off 

1.360 
1,336 
1,311 
1.294 
1.285 
1.271 
1.263 
1.250 
1.238 
1.230 
1.217 
1.181 
1 .I69 
1.136 
1.132 
1.121 
1.109 
1.096 
1.093 
1.082 
1.072 
1 .Ob2 

1.044 
1.037 
t .007 
0.992 
0.985 
0,978 
0.964 
0.960 
0.945 
0.932 
0,919 
0.913 
0.897 
0.891 
0.882 
0.877 
0.869 

0.849 
0.834 
0.830 
0.822 
0.814 

0.806 
0.790 
0.773 

0.863 

0 

1/1, d A  

NaU O2AsO4.2H 2O (Sodium 
Uranyl Arsenate 

Dihydrate) (ref. 1 1 )  

c u t  off 

100 
50 
25 
20 
12 
80 
80 
10 
80 
6 
25 
2 
2 
12 
18 
18 
30 
25 
15 
20 
18 
12 
25 
15 
10 
8 
12 
18 
25 
15 
10 
8 
20 
10 
15 
40 
5 
6 
10 
6 
3 
10 
15 
12 

2 1 .oo 
8.51 
5.45 
4.95 
4.30 
3.76 
3.67 
3.53 
3.33 
3.27 
3.04 
2.97 
2.84 
2.78 
2.74 
2.66 
2.55 
2.50 
2.41 
2.28 
2.25 
2.17 
2.13 
2.07 
1.98 
1.92 
1.84 
1.83 
1.79 
1.78 
1.74 
1.69 
1.68 
1.64 
1.60 
1.59 
1.56 
1.52 
1.495 
1.483 
1.452 
1.423 
1.408 
1.375 
1.354 
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0 

I / [  d A  

NaU02As04-2H20 (Sodium 

Uranyl Arsenate 

Dihydrate) (ref. 11) 

10 
5 

10 

10 

8 

2 

10 

10 

10 

12 

3 
3 

12 

10 

4 

2 

12 

2 
8 

6 

2 

8 

4 

5 

10 

6 

6 

5 

2 

3 

2 

4 

3 
4 

2 

3 
2 

3 
5 

4 
5 

3 

2 
3 
4 

1.329 

1.308 

1.280 

1.261 

1.247 

1.234 

1.221 
1.207 

1.189 

1.185 

1.163 

1.153 

1.129 

1.118 

1.106 

1.098 

1.088 

1.078 

1.064 
1.053 

1.040 

1.033 

1.015 
1.008 

0.999 

0.990 
0.982 

0.974 

0.960 

0.954 

0.946 

0.938 

0.927 
0.915 

0.901 
0.894 

0.886 

0.881 
0.873 

0.867 
0.86 1 

0.848 
0.838 

0.830 

0.826 

0 

1/11 d A  

1 0.81 1 
2 0.799 

2 0.796 

c u t  off 0.773 

No U 0 2 A  s 0,-4 H 2O (Sod iu rn 

Uranyl Arsenate 

Tetrahydrate) (ref. 11) 

c u t  off  21.00 

6 

20 

100 

10 

20 

12 

10 

25 

20 

25 
5 

8 

15 

25 

6 

10 

5 
15 

12 

6 

25 

18 

5 

12 

3 

5 

8 

15 

3 

6 

18 

8 
15 
12 

10 
10 

10 

18 
6 

8.18 

7.29 

6.56 

5.12 

4.81 

4.14 

3.60 

3.51 

3.46 

3.36 

3.25 

3.22 

3.12 

3.04 
2.86 

2.71 

2.53 

2.48 

2.45 

2.38 

2.26 

2.24 

2.20 

2.16 

2.01 

1.95 

1.91 

1.88 

1.83 

1.78 

1.76 
1.73 
1.71 

1.69 
1.64 

1.62 
1.59 

1.54 

1.98 

0 

[ / I  1 d A  

12 

8 

12 

6 

8 

15 

6 

3 

5 

6 

8 

6 

10 

8 

6 

12 

6 
8 

6 

6 

8 

10 

6 
10 

5 

6 

5 

4 

12 
8 

5 
6 

c u t  ofi 

1.52 

1.432 

1.400 

1.382 

1.367 

1.346 

1.323 

1.301 

1.281 

1.267 

1.254 

1.228 

1.192 

1.173 

1.144 
1.130 

1,090 

1,076 

1.057 

1.041 

1.015 

0.996 

0.989 
0.982 

0.946 

0.935 
0.924 

0.902 
0.870 

0.860 

0.836 
0.804 

0.773 

2K 2C03-U 02C O3 
(Potassium Uranyl 

Tricarbonate) (ref. 12) 

c u t  off 21 .oo 
30 6.84 

40 6.48 

100 6.13 
100 5.81 

8 5.52 

40 5.11 

10 4.88 
12 4.62 

20 4,10 

10 3.99 
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0 
[ / I  1 JA 

2K2C03-U 02C03 
(Potassium Uranyl 

Tricarbonate) (ref. 12) 

a 
10 
25 
50 
60 
ia 
75 
50 
40 
20 
15 
a5 
ao 
15 
15 
a 
40 
50 
50 
12 
40 
35 
60 
15 
10 
35 
12 
35 
15 
60 
50 
60 

35 
6 
6 
40 
40 

a 

a 
a 
50 
35 
10 
40 

a 

3.89 
3.76 
3.62 
3.41 
3.31 
3.24 
3.16 
3.07 
2.96 

2.73 
2.67 
2.62 
2.56 
2.50 
2.42 
2.35 
2.30 
2.24 
2.16 
2.12 
2.06 
2.02 
1.99 
1.91 

2.86 

I ,as 
1 .a I 
1.75 
1.72 
1.69 
1.65 
1.59 
1.56 
1.55 
1.53 
1.491 
1 .&5 
1.432 
1.410 
1.379 
1.352 
1,327 
1.310 
1.261 
1.247 

0 

dA 

10 
20 
25 

10 
25 
12 
15 
35 

10 

a 

a 

a 
30 
20 
25 
20 
25 
25 
6 
6 
8 
35 
35 
15 
20 
20 

15 
40 
35 
15 
30 
25 
25 

35 
30 
35 
40 

a 

a 

ia 
30 
20 
15 
15 
15 
25 
a 

Cut off 

1.238 
1.222 
1.203 
1.187 
1.177 
1.169 
1.1 59 

1.149 
1.134 
1.121 
1.102 
1.088 
1.069 
1.053 
1.042 
1.035 
1.022 
1.009 
0.985 
0.981 
0.97 1 
0.961 
0.949 
0.943 
0.935 
0.930 
0.923 
0.913 
0.905 
0.894 
0.887 
0.874 
0.865 
0.858 
0.851 
0.843 
0.838 
0.828 
0.817 
0.811 
0.809 
0.804 
0.798 
0.788 

0.784 
0,786 

0,779 
0.773 

U OzC l 2  (Urany I D i ch lor ide ) 

Cut off 
a 
3 

100 
16 
20 
20 
35 
30 
10 
16 
15 
10 
10 
8 

8 
12 
20 
25 
15 
3 
10 

25 
16 
8 
60 

15 
6 
15 
30 
12 
3 
15 
4 
25 
15 
14 
10 
5 

20 
10 
20 
15 
15 
10 

ia 

a 

21.00 

4.94 
4.67 
4.25 
4.10 
3.41 
3.15 
3.1 1 
2.97 
2.71 
2.67 
2.63 
2.56 
2.46 
2.39 
2.37 
2.34 
2.27 
2.17 
2.16 
2.12 

2.06 
2.02 
2.00 

1.96 
1.91 

5.86 

2.08 

1.98 

1 .a8 
1 .a2 
1.80 
1.74 
1.70 
1.68 
1.65 
1.64 
1.60 
1.54 
1.51 
1.477 
1.456 
1.445 
1.427 
1.404 
1.397 
1.382 

25 



0 

1 / 1 ,  d A  

UO2CI2 (Uranyl Dichloride) 

10 
30 
30 
8 

30 
10 
10 
4 

12 
12 
10 
10 
10 
10 
8 
8 
3 
8 

10 
8 
5 

10 
15 
15 
6 
3 

15 
3 
2 

10 
12 
3 
1 
6 
3 
3 

10 
8 
6 

15 
6 
6 

15 
18 
12 
10 
4 

1.368 
1.352 
1.338 
1.31 1 
1.291 
1.278 
1.269 
1.254 
1.243 
1.223 
1.210 
1.182 
1,165 
1.152 
1.131 
1.122 
1.112 
1.104 
1.093 
1.087 
1.078 
1.068 
1 .OS2 
1.034 
1.025 
1.019 
1.010 
1 .oo 1 
0.989 
0.984 
0.977 
0.967 
0.962 

0.946 
0.940 
0.932 
0.917 
0.912 
0.901 
0.889 
0.886 
0.871 
0.868 
0.862 
0.859 
0.851 

0.958 

0 
1 /11  d A  

12 0.849 
1 0.843 
3 0.841 
6 0.838 
3 0.835 
6 0.833 

18 0.828 
15 0.826 
15 0.824 
10 0.814 
10 0.807 
6 0.805 

10 0.802 
10  0.799 
10 0.798 
10 0.796 
4 0.793 
8 0.789 
8 0.788 
6 0.784 
6 0.783 
1 0.781 
6 0.779 

12 0.778 
cut off  0.773 

AgU02Cr04.xH 2O (Silver 

cut off 21 .oo 
15 5.59 
12 4.94 
6 4.68 
3 4.47 
5 4.24 
5 3.98 

12 3.83 
15 3.50 
15 3.44 
3 3.37 
6 3.29 

100 3.16 
100 3.10 
90 3.03 
80 2.93 
70 2.85 

3 2.8 1 
3 2.74 

60 2.65 

Uranyl Chromate Hydrate) 

0 
1/11 d A  

6 
40 

3 
3 
6 

12 
15 
12 
12 
15 

3 
3 
3 

25 
18 
3 
6 

30 
20 
18 
20 

6 
8 
3 
6 
8 
8 

15 
12 
6 

12 
12 
6 
8 
3 
3 
2 
6 
3 
6 
3 
3 
3 
3 
3 
6 
3 

cut of f  

2.55 
2.47 
2.43 
2.39 
2.33 
2.24 
2.2 1 
2.16 
2.12 
2.08 
2.03 
2.00 
1.98 
1.95 
1.93 
1.90 
1 .88 
1.84 
1.80 
1.78 
1.73 
1.68 
1.66 
1.63 
1.62 
1.61 
1.58 
1.56 
1.54 
1.51 
1.48 
1.47 
1.43 
1.40 
1.36 
1.35 
1.34 
1.32 
1.31 
1.27 
1.24 
1.19 
1.16 
1.14 
1.12 
1.10 
1.08 
0.773 
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-- 
0 

1/11 dA 

(UO 2)2Fe(CN la (Uranyl 
Iron Cyanide) 

Cut off 
i a  

50 

100 
10 
10 

40 

8 

35  

12 

i a  

a 
i a  
10 

10 

50 

i a  

i a  

i a  
18 

6 

25 
25 

30 

10 

35 

15 

8 
10 
a 
a 
a 
6 

6 

6 
6 

6 
10 
6 
5 

6 
6 

5 
5 
a 
5 

21 .oo 
7.49 

6.13 

5.72 

5.47 

5.22 

4.97 

4.77 

4.58 

4.35 

4.14 

3.96 

6.78 

3.87 

3.80 

3.59 

3.48 
3.38 

3.24 
3.12 

2.97 

2.77 
2.72 

2.61 

2.5 1 

2.46 

2.42 

2.31 

2.19 
2.13 

2.06 

2.02 
1.99 

1.93 

1.86 

1.79 
1-74 

1.71 

I .a2 

1.68 

1.61 
1.52 

1.49 
1.46 

1.28 
1.23 

6 1.10 

Cut off 0.773 

(NH4I3UO2F (Ammonium 

Uranyl Fluoride) 

c u t  off 

6 

100 

6 

10 
6 

20 

2 
2 

3 
50 

4 
10 

3 

4 

75 

25 

3 
4 

35 

2 

2 
4 

5 

20 

5 
6 

10 

3 

3 
10 
15  

3 

3 

20 

10 

12 

4 

18 

12 

18 
3 
3 

21 .oo 
7.30 

6 -42 

5.54 

5.29 

5.03 

4.79 

4.64 

4.35 

4.19 

4.06 

3.91 

6.98 

3.82 

3.58 

3.48 

3.76 

3.39 

3.33 

3.22 

2.97 

2.87 
2.78 

2.73 

2.67 

2.61 

2.57 

2.52 

2.43 

2.33 

2.21 
2.16 

2,Il 

2.03 

2.01 
2.00 

1.97 

1.95 

1.93 

1.92 

2.08 

1 .a9 

1 .a6 

0 
1 / 1 ,  d A  

2 
2 
3 

15 
10 

3 
3 
4 

15 
3 
3 

3 
12 

3 
3 
2 
4 

3 
3 

3 
3 

4 

3 

2 
2 
3 
3 

2 
2 

2 
3 

2 
3 

2 

3 
3 

3 

2 

c u t  off 

1 .a4 

1.78 

1.82 

1.75 

1.73 

1.68 
1.65 
1.63 

1.61 
1.57 
1.56 

1.54 

1.52 

1.50 

1.47 

1.45 

1.42 

1.41 
1.38 

1.37 

1.36 

1.34 

1.32 

1.31 

1.27 

1.25 

1.23 

1.22 

1.17 

1.15 
1.09 

1.28 

1 .oa 
1.07 

1 .os 
1.04 

1.03 

1 .oo 
0.773 

3 K  F * UO F (Pot as s i  urn 

Uranyl Fluoride) 

c u t  off 21 .oo 
100 5.26 

50  4.58 
a 4.00 

20 3.38 

10 5 .oa 
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0 

1 / 1 1  d A  

3 K F * U 0 2 F 2  (Potassium 
Uranyl Fluoride) 

100 
2 
3 

40 
10  
12 
12 
3 
5 

25 
10 
15 
15 
15 
18 
12 

8 
45 
25 
6 

18 
12 
10 
10 
10 
8 

12 
10 
12 
15 
6 
6 

10 
10 
8 

10 
10 
8 
8 

15 
10 
8 

10 
6 
3 

10 

3.23 
2.86 
2.81 
2.76 
2.72 
2.63 
2.49 
2.46 
2.32 
2.29 
2.27 
2.19 
2.09 
2.08 
2.05 
1.97 
1.89 
1.87 
1 .a1 
1.79 
1.76 
1.68 
1.64 
1.62 
1.61 
1.58 
1.55 
1.53 
1.494 
1.447 
1.422 
1.393 
1.381 
1.356 
1,322 
1.300 
1,281 
1.270 
1.253 
1.223 
1.208 
1.191 
1,183 
1.164 
1.145 
1.133 

12 
2 
3 

12 
3 
3 
2 
3 
8 
2 
8 
6 
3 
8 
2 
3 
8 
2 
6 
2 

10 
6 
3 
8 
3 
2 
2 
6 
6 
2 
6 
3 
3 
2 
2 
6 
5 
3 
8 
3 
8 
2 
3 
5 
5 

Cut off  

0 

dA 

II- 

1.111 
1.101 
1.093 
1.080 
1.068 
1.051 
1.042 
1.035 
1.024 
1.01 1 
0,999 
0.990 
0.976 
0.960 
0.953 
0.947 
0.936 
0.924 
0.916 
0.910 
0.899 
0.892 
0.886 
0.882 
0.876 
0.856 
0.854 
0.851 
0.850 
0.845 
0.836 
0.831 
0.826 
0.819 
0.815 
0.810 
0.805 
0,803 
0.801 
0.798 
0.794 
0.790 
0.786 
0.782 
0.777 
0.773 

0 
! / I  1 d A  

UO,(HCOO),.H,O (Uranyl 
Formate Monohydrate) 

cut off 
100 
40 
35 
40 
12 
90  
30 
40 
40 
10 
40  

8 
30 
65 
12  
25 
50 

8 
40  
40 
18 
25 
40 
40 
40 

8 
18 
20 
15 
15 
18 
20 
20 
25 
20 
25 
15 
40  

8 
15 
25 
25 
18 
20 
25 

21.00 
4.97 
4.83 
3.99 
3.13 
3.07 
2.84 
2.80 
2.61 
2.45 
2.42 
2.29 
2.20 
2.16 
2.12 
2.08 
2.02 
2.0 1 
1.98 
1.93 
1.87 
1.86 
1.77 
1.74 
1.73 
1.69 
1.66 
1.64 
1.61 
1.59 
1.58 
1.57 
1.53 
1.52 
1.491 
1.478 
1.459 
1.438 
1.416 
1.408 
1.395 
1,376 
1.372 
1.356 
1.337 
1.315 
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0 
I/[, d A  

UO,(HCOO),*H,O (Uranyl 

Formate Monohydrate) 

8 
25 
35 
20 
18 
10 
18 
2 0  
18 
20 
20 
18 
15 
12 
6 

20 
15 
35 
15 
15 
18 
12 
15 
4 

20 
18 
12 
8 

18 
5 

12 
6 

15 
12 
12 
12 
i a  
18 
15 
20 
15 
8 

25 
25 
20 
8 

1.309 
1.280 
1.270 
1.260 
1.247 
1.237 
1.227 
1.200 
1.190 
1.176 
1.163 
1.139 
1,129 
1.117 
1.1 10 
1.102 
1.084 
1.073 
1.060 
1.054 
1.048 
1.040 
1.034 
1.026 
1.019 
1.016 
1,003 
0.997 
0.982 
0.975 
0,967 
0.962 
0.953 
0.946 
0.942 
0.931 
0.925 
0.917 
0.910 
0.907 
0,899 
0.894 
0.879 

0.870 
0.866 

0.877 

0 

1/11 d A  

12 
15 
6 
5 

8 
12 

10 
8 

30 
6 

10 
10 
18 
18 
25 

a 

a 
20 
20 
18 
20 
15 
8 

15 
c u t  off  

0.864 
0.861 

0.849 
0.846 
0.843 
0.837 
0.835 
0.83 1 
0.827 
0.822 
0.820 
0.81 4 
0.810 

0.804 
0,800 
0.797 
0.794 
0.786 

0.851 

0.808 

0,784 
0.781 
0.779 
0.776 
0.773 

U02C204 (Uranyl Oxalate) 

cut off 

20 
10 
4 0  
12 
30 

100 
30 
25 
18 
35 
10 
50 
4 0  
25 
20 
18 
4 5  
35 
20 
10 

21.00 
6.20 
5.68 
5.24 
4.71 
4.50 
4.38 
4.28 
4.13 
3.02 
2.90 
2.64 
2.57 
2.43 
2.36 
2.30 
2.21 
2.18 
1.90 
1.86 
1.82 

0 

Z/I 1 d A  

12 1.75 
25  1.72 
15 1.47 
10 1.42 
12  1.36 
10 1.28 

cut off 0.773 

U02C204-H2B (Uranyl 

Oxalate Monohydrate) 

Cut off 

40 
40 
18 
35 
30  
12  
25 

100 
40 
35 
30  
12 
35 
15 
25 
15 
12  
20 

10 
10 
25 
18 
35 
35 
18 
25 
10 
50 
6 0  
3 5  

8 
20 
30 
50 
30 
30 
10 

21.00 
8.22 
6.31 
5.97 
5.3 1 
5.1 1 
4.88 
4.58 
4.25 
3.90 
3.80 
3.68 
3.45 
3.19 
3.07 
2.97 
2.89 
2.84 
2.80 
2.74 
2.68 
2.60 
2.53 
2.50 
2.36 
2.33 
2.28 
2.22 
2.17 
2.14 
2.1 1 
2.09 
1.98 
1.92 
1.85 
1.81 
1.78 
1.76 
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0 

l/l ,  dA 

UO2C2Od.H2O (Uranyl 
Oxalate Monohydrate) 

15 
10 
10 
35 
25 
20 
15 
25 
10 
15 
6 
8 
8 

25 
10  
8 
8 

15 
10  
8 

15 
20 
18 
6 

12 
15 
15 
10  
5 
6 
6 
8 

12 
6 

12 
10 
12 
12 

8 
10 
12 

cut off 

1.74 
1.71 
1.69 
1.67 
1.64 
1.62 
1.60 
1.57 
1.55 
1.53 
1.48 
1.46 
1.45 
1.43 
1.40 
1.38 
1.36 
1.34 
1.32 
1.31 
1.29 
1.27 
1.25 
1.23 
1.21 
1.19 
1.17 
1.16 
1.15 
1.14 
1.11 
1.09 
1.07 
1.06 
1.03 
1.02 
0.990 
0.967 
0.928 
0.923 
0.909 
0.773 

U03.2H20 (Uranium 

Trioxide Dihydrate) 

cut off  21.00 
25 7.47 

0 

1/11 d A  

100 
3 
2 
3 

40 
35 
25 
2 
5 

5 0  
20 
2 
3 
2 
2 

10 
8 
3 
2 
3 

35 
15 
6 

10  
3 
8 
2 
6 
2 

10 
4 
8 

12 
15 
20 
3 
2 
4 
6 

20 
10  
3 
8 
6 

10 
10 
4 

10 
3 

7.24 
4.43 
4.04 
3.75 
3.65 
3.57 
3.47 
3.38 
3.30 
3.20 
3.15 
3.05 
2.99 
2.95 
2.92 
2.87 
2.83 
2.79 
2.75 
2.60 
2.55 
2.52 
2.48 
2.44 
2.38 
2.30 
2.26 
2.21 
2.18 
2.14 
2.1 1 
2.06 
2.03 
2.01 
1.95 
1.91 
1.85 
1.83 
1.81 
1.78 
1.75 
1.72 
1.70 
1.68 
1.63 
1.61 
1.58 
1.56 
1.53 

1/11 

2 
2 
8 
3 

10 
2 
3 
2 
2 
3 
2 
3 
3 
3 
8 
2 
2 
2 
3 
2 
2 
3 
2 
3 
4 
5 
2 
2 
1 
4 
1 
4 
3 
2 
2 
4 
5 
2 
2 
2 

c u t  off 

0 

d A  

1.52 
1.480 
1,445 
1.419 
1,358 
1.336 
1.321 
1.303 
1.292 
1.283 
1.257 
1.228 
1.215 
1,204 
1,189 
1.177 
1.171 
1.163 
1.141 
1.1 32 
1.124 
1.113 
1,041 
0.998 
0.981 
0.962 
0.951 
0.945 
0.940 
0.933 
0.927 
0.923 
0.91 1 
0.902 
0.891 
0.879 
0.869 
0.857 
0.843 
0.81 3 
0.773 

(NHd)20-4 U03-7H2Q 
(Ammonium Uranium 

Oxide Hydrate) 

cut off  21.00 
50  7.05 
70  3.46 

100 3.12 

30 



(NH4)20*4U(33.7H20 

(Ammonium Uran iom 

Oxide Hydrate) 

40  2.51 
6 2.32 

5 2.28 
8 2.20 

5 2.17 

30 2.02 

6 1.98 

40 1.94 

35 1.76 

5 1.73 

35 1.70 

8 1.65 

5 1.57 
6 1.55 

5 1.418 

6 1.302 

5 1.266 

5 1.245 

5 1.218 

6 1.209 

5 1.163 

5 1.155 
5 1.137 

5 1.099 
5 0.990 

6 0.927 

5 0.909 

5 0.867 

5 0.830 
cut off 0.773 

U 0, N H4 P 0, (Uran y 1 
Ammonium Phosphate) 
(ref. 9 )  

c u t  off 
35 

100 

18 
5 

18 

2 

25 
1 2  
40 

6 

2 1 .oo 
6.98 

6.59 

4.49 
4.41 

3.69 

3.43 

3.33 
3.26 

3.17 

2.6 8 

0 
I / [ ,  d A  

15 

10 

9 

10 

10 
12 

12 

13 

13 

6 
9 

9 

2 

2 
8 

5 
8 

2 
6 

6 
5 

3 

4 

8 

6 

2 

4 

1 
1 
1 

1 
1 

(1 

(1  
2 
2 

4 

6 
1 

<1 
< I  

1 
Cut off 

2.64 

2.42 

2.34 
2.27 

2.23 
2.12 

2.03 
2.00 

1.96 

1.85 

1.79 

1.73 

1.68 
1.64 

1.62 
1.60 

1.58 

1.55 

1.51 

1.48 

1.44 

1.42 

1.36 

1.32 

1.30 

1.26 

1.25 
1.21 

1.19 

1.18 

1.16 

1.14 

1.12 

1.1 1 

1.09 

1.07 

1.02 

0.992 

0,972 
0,929 

0.867 

0.773 

2.08 

U 0 2 H  P04.2H20 (Uranyl 

Moo ohydro gen Ph os pha te 

Dihydrate) (ref. 8) 

C u t  off 27 "00 

0 

[A,  dA 

25 10.24 

75  8-64 

25 7.48 

40 6.86 

30 6.20 

40  5.86 

45 5.83 
35  5.44 

8 0  5.19 
10 4.97 

18 4.81 

40 4.6 1 
12 4.42 

100 4.22 

2 0  3.94 

20 3.84 

12 3.75 

35  3.68 
20 3.63 

50 3.51 

30 3.39 
60 3.26 

10 3.17 

15 3.10 
10 3.05 
40 2.98 

12 2.92 

12 2.86 
40 2.81 

25 2.72 

12 2.66 

35 2.60 
25 2.51 

30 2.44 

18 2.38 

10 2.30 

12 2.26 
25 2.20 

40 2.13 
30 2.04 
25 2.03 

12 1.97 

18 1.95 
35 1.91 

5 0  1.86 
12 1.82 
10 1.79 

8 1.77 
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UO2HPO4.2H20 (Urnnyl 

Monohydrogen Phosphate 

Dihydrate) (ref. 8) 

35 1.73 

15 1.69 

35 1.64 

12 1.61 

18 1.58 

12 1.50 

1 0  1.49 

1 5  1.46 

10 1.44 

10 1.42 

8 1.39 

8 1.33 

12 1.31 

12 1.28 

15 1.24 

10 1.16 

10 1.11 
12 1.07 

10 1.05 

c u t  off 0.773 

U 0 2 N n P 0 4  (Uronyl Sodium 

c u t  off 21 .oo 
25 9.27 

75 8.21 
40 5.26 

20 4.79 

35 4.19 

3 3.98 

6 3.78 
100 3.60 

60 3.41 

75 3.18 

5 5  2.88 
12 2.67 

50 2.63 

40 2.50 

25 2.43 

40 2.34 
15 2.22 

45 2.18 

35 2.1 5 

55 2.11 

18 2.05 

Phosphate) (ref. 9 )  

35 
25 

20 
18 

40 

18 

45 

40  

35 

15  

5 0  
40 

10  

20 
40 

35 

20 
18 

15 
35  
18 

15 

55 

18 

15 
20 

18 

12 

18 
25 

20 

20 

20 

25 

25 

20 
12 

30 

25 

12 

6 
8 

9 

15  

20 
25 

15 
8 

2.03 

1.97 

1.87 

1.83 

1.80 

1.77 

1.75 

1.73 
1.69 

1.65 

1.63 

1.60 

1.58 

1.56 
1.55 
1.54 

1.52 

1.454 

1.436 
1.411 

1.382 

1.368 

1.357 

1.343 

1.330 
1.320 

1.305 

1.274 

1.261 

1.250 

1.235 
1,225 

1.215 

1.206 

1.190 

1.179 

1.169 
1.156 

1.149 

1.132 

1.119 

1.1 10 

1 .lo4 

1.098 
1.090 
1.071 

1.063 
1 .OS9 

15 

20 
10 

15 
12 

15  

6 

10 

15 

2 5  

15 
6 

20 
8 

8 

18 

6 

10 

20 

20 

1 5  

20 

12 

10 

20 
10 

12 
12 

15 

6 

12 
10 

40 

20 

10 

6 

3 0  

30 

2 5  

25 

18 

3 
20 

10 

25 
1 5  
20 

18 

1.052 

1.044 

1.029 

1.023 

1.01 7 

1.009 

1.003 
0.999 

0.992 

0.984 
0.977 

0.969 

0.965 

0.959 

0.956 

0.946 

0.937 

0.934 

0.930 

0.927 

0.921 

0.913 

0.908 

0.906 

0.896 
0.884 
0.882 

0.876 

0.873 

0.866 

0.863 

0.859 

0.856 

0.854 

0.852 

0.850 

0.847 
0.844 

0,843 

0.841 

0.838 
0.836 
0.832 
0.830 
0.828 

0.826 
0.821 

0.818 
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0 
I/I, d A  

U 0 2 N a P 0 4  (Uranyl Sodium 

Phosphate) (ref. 9 )  

30 0.814 
15 0.812 

ia 0.808 

20 0.806 

20 0.801 

30 0 8 0 9  

15 0.807 

ia 0.803 

a 0.799 
a 0.798 
25 0.797 
12 0.795 
18 0.794 
12 0.792 

3 0.787 
25 0.788 

8 o .7a6 
20 0.785 
10 0.780 
18 0,779 
15 0.778 
i a  0.777 
15 0.776 

c u t  of f  0.773 

NaUO2PO4.5H20  (Sodium 

Uranyl Phosphate 

Pentahydrote) (ref. 10) 

c u t  off 21 .oo 

75 5.43 

50 4.25 
100 3.65 
3 3.51 
60 3.46 
80 3.21 
40 2.91 
10 2.70 
40 2.65 
35 2.52 

100 8.57 

50 4 .a9 

10 2.48 
20 2.45 
35 2.36 
5 2.30 
15 2.23 

0 
1 / 1 1  dA 

40 
12 
40 
35 
5 
15 
30 
3 
15 
15 
12 
25 
12 
25 
15 
15 
3 
3 
25 
25 
3 
15 
25 
20 
15 
ia 
i a  
2 

10 

8 
30 
4 

10 
12 
10 
2 
5 
2 
12 
2 
6 
8 
6 

a 

a 

a 
10 

2 

2.19 
2.16 
2.13 
2.1 1 

2.06 
2.04 
2.0 1 

1.88 
1.84 
1.81 
1.78 
1.76 
1.74 
1.70 
1.67 
1.66 
1.64 
1.61 
1.59 
1.57 
1.55 
1.54 
1.53 
1.456 
1.442 

2.08 

1.98 

I .42a 

1.383 
1.417 

1.373 
1.361 
1.348 
1.330 
1.325 
1.308 
1.290 
1.278 
1.264 
1.253 
1.246 
1.239 
1.230 
1.218 
1.208 
1.193 
1.180 
1.170 

0 
I / I ,  d A  

12 
12 
3 
6 
4 

2 
a 

a 
3 
8 
3 
3 
4 
8 
3 
2 
3 
6 
3 

10 
a 
4 
5 
2 
3 
2 
3 

10 
2 
3 
5 
4 
12 
3 
10 
10 

12 
12 
4 
3 
2 
10 
5 
3 
6 
6 
3 

a 

1.157 
1.152 
1.142 
1.130 
1,120 
1.108 
.099 
.091 
.O 79 
.072 
,066 
-062 
.055 
.044 
1.031 
1.022 
1.018 
1.009 
0.993 
0.983 
0.976 
0.966 
0,960 
0.949 
0.934 
0.92 1 
0.909 
0.898 
0.888 

0.883 

0.860 

0.853 
0.848 
0.845 

0.874 

0.857 

0.843 
0.841 
0.828 
0.818 
0.815 
0.812 
0.810 

0.805 
0.807 

0.803 
0.802 
0,797 
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0 
[/Il d A  

NaUO2PO4*5H2O (Sodium 

Uranyl Phosphate 

Pentohydrate) (ref. 10) 

3 0.790 
3 0.788 
6 0.785 
3 0.779 
4 0.776 

c u t  off 0.773 

(Uo2)2P207 (Uranyl 

Pyrophosphate) 

c u t  off 
35 
12 
50 
18 
8 
12 
10 
18 
100 
5 
4 
5 
40 
5 
20 
4 

40 
12 
18 
4 
10 
20 
6 
15 
12 
3 
3 
15 
12 
10 
10 
10 
12 
12 
5 

21.00 
8.41 
6.36 
5.21 
4.98 
4.81 
4.67 
4.44 
4.33 
4.18 
3.95 
3.85 
3.61 
3.53 
3.37 
3.26 . 
3.08 
3.01 
2.92 
2.82 
2.77 
2.69 
2.60 
2.50 
2.46 
2.42 
2.33 
2.26 
2.22 
2.14 
2.10 
2.05 
1.98 
1.93 
1.88 
1 .83 

0 

l / l  d A  

4 1.79 
4 1.76 
8 1.72 
6 1.66 
6 1.62 
8 1.59 
4 1.55 
3 1.53 
3 1.48 
3 1.42 

c u t  off 0.773 

(U02)2P20, (Uranyl 

Pyrophosphate) 

c u t  off 
60 
35 
20 
15 
10 
60 
12 
10 
10 
40 
25 
25 
30 
15 
12 
100 
30 
25 
12 
50 
15 
25 
15 
20 
15 
50 
20 
12 
15 
20 
10 
10 
10 

21.00 
5.99 
5.09 
4.88 
4.73 
4.48 
4.15 
3.93 
3.78 
3.66 
3.57 
3.48 
3.37 
3.26 
3.10 
3.01 
2.95 
2.89 
2.75 
2.70 
2.58 
2.51 
2.43 
2.36 
2.29 
2.24 
2.21 
2.17 
2.14 
2.11 
2.06 
2.02 
1.99 
1.97 

l / I  

15 
60 
12 
75 
15 
15 
70 
20 
20 
20 
12 
12 
10 
12 
15 
12 
20 
25 
25 
10 
12 
12 
10 
10 
10 
20 
25 
12 
10 
15 
15 
15 
12 
15 
10 
12 
10 
15 
10 
10 
10 
15 
15 
20 
12 
10 
10 
12 

0 

d A  
_I____- 

1.94 
1.90 
1.87 
1.85 
1.81 
1.79 
1.72 
1.70 
1.68 
1.65 
1.64 
1.62 
1.59 
1.57 
1.55 
1.52 
1.490 
1.454 
1.419 
1.394 
1,364 
1.340 
1.328 
1.303 
1.296 
1.280 
1.237 
1.217 
1.201 
1.189 
1.177 
1.159 
1.143 
1.134 
1.116 
1 .lo6 
1.093 
1.073 
1.062 
1.043 
1.039 
1.029 
1.014 
0,958 
0.935 
0.903 
0.878 
0.866 



l / l ,  
0 

d A  

(~O,),P,O, (Uranyl 

Pyrophosphate) 

10 0.855 
15 0.831 
18 0.826 
12 0.817 
12 0.814 
12 0.802 
15 0.798 

c u t  off 0.773 

U203P207 (Uranyl Uranous 

Pyrophosphate) (ref. 1 )  

cut off 

40 
35 
10 
90 
35 
25 
35 
100 
10 
15 
80 
80 
12 
40 
12 
40 
15 
40 
40 
15 
20 
30 
60 
20 
15 
10 
35 
20 
30 
20 
35 
30 
20 
40 

21.00 
5.42 
5.19 
4.91 
4.42 
4.31 
4.19 
4.08 
3.49 
3.40 
3.31 
3.00 
2.97 
2.90 
2.83 
2.73 
2.66 
2.60 
2.54 
2.49 
2.44 
2.40 
2.2 1 
2.16 
2.13 
2.09 
2.06 
1.92 
1.90 
1.84 
1.82 
1.79 
1.75 
1.73 
1.70 

0 
I/[, d A  

15 
12 
20 
20 
10 
5 
15 
12 
12 
15 
12 
10 
10 
15 
5 
20 
10 
20 
12 
18 
4 
15 
15 
15 
8 
5 
15 
8 
8 
5 
12 

5 
10 
5 
12 
12 
12 
10 

18 

a 
4 
3 
3 
5 
10 
3 
8 
3 

1.68 
1.66 
1.62 
1.59 
1.57 
1.56 
1.53 
1.51 
1.497 

1.428 
1.421 
1.410 
1.393 
1.373 
1.362 
1.349 
1.333 
1.310 
1.298 

1.480 

1.287 
1.278 

1.248 
1.261 

1.236 
1.222 
1.209 
1.197 
1.188 
1 .I76 
1.168 
1.150 
1.135 
1.125 

1.110 
1.096 
1.084 
1,079 
1.064 
1 .OS7 
1,051 
1.043 
1.038 
1.029 
1.021 
1.006 
1 .ooo 

1.1 18 

0 

I/[, d A  

2UO2SQ4-7H20 (Uranyl 

Sulfate Hydrate) 

12 
5 
4 
10 
12 
4 
12 
4 
5 
12 
5 
5 
4 
4 
8 

10 
8 
12 
12 
12 

8 
5 
15 
15 
3 
8 
3 

a 

a 

a 
4 
10 

c u t  off 

0.994 
0.982 
0.973 
0.963 
0.950 
0.940 
0.932 
0.922 
0.918 
0.915 
0.903 
0.890 

0.865 
0.881 

0.850 
0.839 
0.837 

0.828 
0.825 
0.8 17 

0.812 
0.805 
0.800 
0.798 

0.788 
0.784 

0.8 34 

0.815 

0.792 

0.781 
0.778 
0.776 
0.773 

cut off 

40 
40 
18 
35 
40 
100 
35 
40 
12 
35 
12 

2 1 .oo 
7.72 
6.82 
5.78 
5.48 
5.12 
5.03 
4.93 
4.74 
4.48 
4.34 
4.08 

35 



0 
I / l  d A  

2U02S04.7H20 (Uranyl 

Su If a te  Hydrate 1 
50 
15 
35 
10 
40 
8 
12 
15 
8 
12 
35 
20 
18 
35 
10 
8 
30 
12 
25 
8 
30 
8 
6 
8 
12 
18 
10 
8 
6 
35 
30 
25 
10 
15 
6 
30 
25 
8 
5 
5 
6 
8 
6 
10 
6 
6 

3.98 
3.49 
3.42 
3.37 
3.32 
3.24 
3.10 
3.03 
2.99 
2.93 
2.77 
2.70 
2.57 
2.51 
2.42 
2.38 
2.32 
2.25 
2.22 
2.20 
2.13 
2.07 
2.04 
2.01 
1.98 
1.96 
1.90 
1.86 
1 .a4 
1.79 
1.73 
1.68 
1.66 
1.64 
1.60 
1.59 
1.55 
1.51 
1.465 
1.449 
1.438 
1.422 
1.407 
1.391 
1.367 
1.343 

0 
1/11 d A  

8 
6 
10 
6 
8 
10 
10 
12 
12 
8 
10 
8 
12 
6 
8 
6 
12 
8 
10 
6 
6 
6 
5 
6 
5 
6 
6 
5 
8 
6 

c u t  off 

1.329 
1.314 
1.293 
1.278 
1.263 
1.248 
1.215 
1.195 
1.177 
1.122 
1,080 
1.066 
1.052 
1.044 
1.037 
1.024 
0.981 
0.97 1 
0.937 
0.916 
0.909 
0.900 
0.880 

0.851 
0.842 
0.830 
0.825 
0.795 
0.782 
0.773 

0.868 

U02W04 (Uranyl Tungstate) 

c u t  off 21.00 
90 7.54 
100 6.18 
35 5.35 
80 4.78 
60 4.35 
70 3.57 
30 3.38 
25 3.22 
18 3.09 
25 2.97 
70 2.85 
SO 2.59 
12 2.53 
12 2.45 

0 

I / I  dA 

12 2.33 
12 2.26 
12 2.23 
10 2.18 
12 2.14 
30 2.10 
18 2.06 
12 2.03 
25 1.98 
12 1.95 
10 1.87 
10 1.78 
12 1.74 
12 1.69 

c u t  off 0.773 

B a 0 2 U 0 4 - 8 H  2O (Barium 

Oxide Uranate Octahydrate) 

c u t  off 
100 
12 
10 
18 
35 
10 
6 
75 
40 
10 
100 
70 
6 
35 
35 
10 
6 
18 
10 
50 
50 
10 
25 
12 
6 
10 
12 
10 
10 

21.00 
7.35 
4.31 
4.04 
3.89 
3.66 

3.52 
3.46 
3.32 
3.24 
3.15 
3.13 
3.01 

3.58 

2.84 
2.73 
2.53 
2.32 
2.21 
2.17 
2.12 
2.1 1 
2.07 
2.00 
1.94 
1.90 
1.86 
1.76 
1.67 
1.63 



0 
1 /11  riA 

Ba02U04.8H20 (Barium 
Oxide Uronote Qctahydrote) 

10 1.43 
6 1.40 
6 1.35 

10 1.32 
6 1.26 

Cut off 0.773 

( C U O ~ ) ~ U O ~ . X H  (Copper 
Oxide Uranate Hydrate) 

cut of f  

18 
8 

90 
15 
25 
18 
20 
6 

100 
80 
6 
3 

40 
6 

18 
12 
40 
6 
8 
6 

30 
6 

25 
6 

20 
3 
8 
6 

35 
10 
6 
6 
6 
6 
6 
8 

21 .oo 
8.38 
7.37 
6.59 
5.37 
4.23 
4.07 
3.90 
3.70 
3.48 
3.23 
3.04 
2.99 
2.86 
2.78 
2.68 
2.62 
2.52 
2.46 
2.38 

2.27 
2.20 
2.17 
2.12 
2.02 
1.96 
1.88 

'1 "79 
1.75 
1.71 
1.69 
1.62 
1.59 
1.56 
1.54 
1 .so 

I .a3 

0 

1/11 d A  

3 1.46 
6 1.43 
8 1.40 
3 1.26 
3 1.15 

cui off 0.773 

PbU04 (Lead Uronate) 

cut off 
7 5  
50  

5 
50 
3 5  

8 
3 
6 
8 

2 0  
30 

100 
15 
15 
25 
15 
12 
40 
35 
3 5  
30 
20 
20 
18  
18 
15 
12 
30 
20 
3 0  

30 
12 
35 
30 
30 
35 
30  
12 

a 

21 .oo 
3.25 
3.1 9 

2.82 
2.74 

2.98 

2.58 
2.32 

2,24 
2.20 

2.07 
2.03 
I .9a 
1.93 
1.86 
1.81 
1.78 
1.74 
1.72 
1.70 
1.67 
1.64 
1.61 
1.60 
1.58 
1.54 
1.497 
1.456 
1 A23  
1.386 
1.378 
1 -3.50 
1.323 
1.307 
1.293 
1.283 
1.265 
1.243 
1.229 
1.210 

0 

I / I ,  d A  

12 
6 

30  
25  

8 
12 
5 

10 
15 
25 
20 
12 
5 
5 
6 
8 

20 
20 
10 
25 

8 
30 
10 
10 
25 
15 
20 
1 8  
25 
12 
10 
6 

15 
6 

20 
8 
3 

12 
25  

8 
25 

c u t  off 

1.193 
1.181 
1.167 
1.146 
1.135 
1.125 
1.113 
1.100 
1.094 
1.067 
1.041 
1.032 
1.023 
1.014 
1.009 
1.001 
0.993 
0,977 
0.967 
0.960 
0.952 
0.945 
0.934 
0.923 
0.913 
0.900 
0.884 
0.879 
0.875 
0.867 
0.861 
0.853 
0.847 
0.839 
0.834 
0.825 
0.818 
0.812 
0.806 
0.797 
0.794 
0.773 

Li2U04 (Lithiarm Uranate) 

Cut off 2 1 .oo 
10 5.43 
10 5.28 
40 5.1 1 

37 



I/I 
0 

dA 

5 
10 
100 
30 
5 
75 
12 
10 
25 
18 
20 
50 
50 
3 
3 
12 
4 
20 
20 
4 
20 
4 
18 
20 
4 
15 
30 
10 
18 
6 
12 
10 
12 
6 
6 
25 
15 
5 
10 
10 
12 
4 
8 
10 
6 
3 
10 

I1 Li2U04 (L i th ium Uranote) 

3.74 
3.69 
3.62 
2.98 
2.86 
2.59 
2.54 
2.32 
2.28 
1.97 
1.94 
1.84 
1.82 
1.80 
1.78 
1.75 
1.67 
1.65 
1.62 
1.59 
1.56 
1.53 
1.51 
1.482 
1.465 
1.445 
1.397 
1.301 
1.291 
1.278 
1.261 
1.243 
1.219 
1.204 
1.176 
1.168 
1.1 50 
1.128 
1.118 
1.1 15 
1.107 
1.099 
1.091 
1.075 
1.066 
1.055 
1.044 

6 
10 
10 
12 
10 
10 
6 
12 
12 
8 
20 
20 
10 
20 
4 
6 
8 
20 
8 
6 
8 
a 
5 
10 
5 
15 
10 
15 
6 
5 
10 
10 
2 
10 
10 
10 
8 

Cut off 

1.035 
1.026 
1.005 
0.992 
0.983 
0.9 78 
0.972 
0.962 
0.951 
0.941 
0.927 
0.924 
0.916 
0.910 
0.905 
0.899 
0.894 
0.884 
0.877 
0.871 
0,854 
0.8 50 
0.844 
0.839 
o .a 30 
0.828 
0.823 
0.8.14 
0.813 
0.807 
0.805 
0.801 
0.795 
0.793 
0.791 
0.786 
0.781 
0.773 

Ag2U04 (Si lver  Uron ate) 

Cut off 21.00 
18 6.19 
100 3.27 
50 3.14 
90 2.98 
8 2.87 
30 2.64 
35 2.34 

0 
[/Il dA 

6 
10 
35 
12 
30 
15 
25 
25 
12 
25 
18 
15 
20 
20 
25 
15 
10 
15 
10 
30 
6 
8 
15 
15 
12 
8 
6 
3 
8 
6 
8 
8 
a 
6 
3 
3 
18 
8 
18 
2 
3 
10 

10 
3 
3 
5 
18 
3 

2.1 7 
2.10 
2.03 
1.96 
1.94 
1.88 
1.79 
1.70 
1.67 
1.65 
1.60 
1.58 
1.55 
1.499 
1.441 
1.329 
1.302 
1.283 
1.263 
1.231 
1.192 
1.177 
1.162 
1.148 
1.1 33 
1.1 19 
1 .loo 
1.070 
1.049 
1.039 
1.020 
1.003 
0.998 
0.986 
0.974 
0.965 
0.938 
0.923 
0.913 
0.899 
0.893 
0.887 
0.876 

o .a 47 
0.838 

o ,a oo 

0.861 

0.8 34 

38 



0 

1/11 dA 

Ag1U04 (Silver Uranate) 

18 0.787 
c u t  off 0.773 

Na2UOq (Sodium Umnate 

c u t  off 
18 
40 
15 

100. 
35 
25 
70 
5 
6 
15 
15 
25 
10 
25 
40 
30 
25 
50 
35 
8 

ia  

a 
ia 

15 

10 
15 
20 
18 
10 
12 
12 
6 
18 
10 
15 
5 
15 
15 
15 
15 
15 
12 

21 .oo 
5.95 
5.78 
3.97 
3 .8a 
2.96 
2.88 
2.83 
2.77 
2.70 
2.64 
2.59 
2.07 
2.05 
2.03 
1.9s 
1 .a5 
1 .ai 
1.69 
1.66 
1.64 
1.63 
1.6 1 
1.59 
155 
1 A89 

1.463 
1.445 
1.421 
1.407 
1.374 
1.326 
1.314 
1.305 
1.293 
1.272 
1.258 
1.248 
1.237 
1.207 
1.193 
1.163 
1,131 

0 
lA1 dA 

12 
15 
15 
15 
15 
12 
15 
15 
15 
15 
10 
20 
20 
10 
12 
10 
12 
15 
8 
12 
18 
10 
12 
6 
15 
12 
20 
10 
12 
12 
15 

12 
15 
5 
12 
15 
12 
12 
10 
72 
12 
10 
18 
TO 
12 
12 
25 

i a  

1.119 
1.096 
1.093 
1.084 
1.069 
1.061 
1.045 
1,030 
1.024 
1.012 
0.998 
0.983 
0.981 
0.974 
0.971 
0.958 
0.948 
0.941 
0.932 
0.927 
0.921 
0.909 
0.896 
0.8 86 
0.884 
0.881 
0.878 
0.872 
0.869 
0,860 
0.857 
o .a 48 

0.842 
0.836 

0.845 

0.832 
0.830 
0,825 
0.823 
0.821 
0.819 
0.817 
0.8 14 
0.813 
0.81 1 
0.809 
0.807 
0.804 

0 

1 / 1 ,  dA  

12 0.80 1 
30 0.794 
i a  0.792 
15 0.790 
10 0.789 
12 0.787 
12 0.786 
18 0.784 

15 o .7a2 

i a  0.778 

18 0.783 

18 0.779 

8 0.777 
18 0.776 
10 0.775 

c u t  off 0.773 

SrU04  (Strontium Uronate) 

c u t  off 
12 
20 
35 
30 
8 
75 
15 
50 
18 
100 
12 
6 
30 
20 
20 

10 
10 
3 
8 
18 
6 
3 

a 

a 
18 
6 
6 
15 
8 

21.00 
6.47 
6.09 
5.00 
4.37 
3.52 
3.46 
3.36 
3.25 
3-10 
3.05 
3.00 
2.84 
2 .a0 

2.74 
2.64 
2.58 
2.47 
2.40 
2.27 
2.19 
2.16 
2.11 
2.05 
2.02 
1.99 
1.96 
1.92 
1.90 
1.88 

39 



0 
1 / 1 ,  d A  

SrUO, (Strontium Uranate) 

12 
15 
6 
25 
18 
3 
8 
3 
3 
10 
10 
3 
3 
6 
10 
8 
3 
6 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 

c u t  off 

1.84 
1.78 
1 .76 
1.74 
1.72 
1 .69 
1.67 
1.62 
1.56 
1.54 
1.52 
1.42 
1.41 
1.40 
1.38 
1.36 
1.34 
1.32 
1.29 
1.26 
1.23 
1.22 
1.21 
1.19 
1.17 
1.14 
1.12 
1.10 
1.06 
1.03 
1.02 
1.01 
1 .oo 
0.91 
0.773 

3aU20, (Barium Diurmate )  

Cut  off 21.00 
60 7.06 
3 5 .87 
50 3.48 
100 3.11 
8 2.76 
a 2.58 
18 2.48 
3 2.35 
8 2.28 

0 
[/I1 d A  

3 2.20 
3 2.1 5 
3 2.06 
25 2.00 
20 1.94 
3 1.87 
3 1.85 
3 1.81 
25 1.74 
15 1.69 
10 1.62 
12 1.57 
6 1.52 
3 1 .46 
6 1.40 
3 1.36 
6 1.32 
8 1.29 
3 1.23 
3 1.19 
6 1.15 
3 1.09 
3 0.96 

c u t  off 0.773 

PbU20,-xH20 (Lead 

D i wan  ate Hydrate) 

c u t  off 21 ,oo 
60 6.99 
12 4.52 
3 3.93 
80 3.48 
100 3.10 
3 2.78 
6 2.54 
20 2.46 
6 2.37 
6 2.27 
6 2.04 
25 1.99 
35 1.93 
6 1.86 
8 1 .80 
30 1.73 

3 1.61 
8 1.56 
6 1.52 

18 1.68 

0 

1 / 1 ,  dA 

3 1.45 
10 1.39 
6 1.35 
6 1.31 
8 1.28 
3 1.22 
6 1.14 
3 1.09 

c u t  off a.773 

MgU207 (Magnesium 

D iuranate) 

Cut  off 
90 
8 
12 
10 
8 
25 
100 
6 

100 
8 
8 
6 
5 
25 
5 
6 
15 
15 
6 
30 
8 
25 
5 
10 
8 
20 
6 
6 
8 
5 
5 
5 
8 
6 
6 

21.00 
7.52 
6.05 
5.22 
4.75 
4.40 
3.74 
3.54 
3.36 
3.20 
3.05 
2.83 
2.76 
2.67 
2.57 
2.47 
2.38 
2.32 
2.22 
2.14 
2.04 
1.99 
1.96 
1.87 
1.79 
1.71 
1.66 
1.61 
1.59 
1.55 
1.50 
1.45 
1.41 
1.39 
1.31 
1.26 

40 



0 

1 / 1 ,  dA 

MgU20, (Magnesium 

Diuronate) 

6 1.22 
8 1.21 

5 1.16 
5 1.15 

5 1 . ia  

Cut off 0.773 

K2U207 (Potassium 

D iuranate) 

Cut off 

100 
75 
10 
10 
25 
i a  
30 
6 
6 
6 

cut off 

21.00 
6.76 
3.40 
2.36 
2.2 1 
2.00 
1.92 
1.72 
1.49 
1.30 
1.15 
0,773 

Na2U207 (Sodium 

Di urana te) 

cut off 

50 
25 

100 
25 

100 
30 
4 0  
12 
15 
15 
35 
12 
i a  
25 
75 
75 
40 
40  
50 
2s  
25  

21 .00 

3.38 
3.30 
3.22 
3.14 
2.93 
2.68 
2.57 
2.52 
2.44 
2.34 
2.23 
2.16 
2.03 
1.96 

1.70 
1.67 
1.64 
1.59 

5.84 

1 .a6 

1 s a  

0 
1 /1 ,  d A  

10 

10 
10 
8 

20 
18 
2 
2 

25 
25 
18 
15 
12 
20 
12 
15 
15 
20 
18 
15 
15 
12 

15 
15 
20 
10 
6 

12 
12 
15 

a 

a 

18 

a 
6 
2 
2 
3 

12 
6 

20 
Cut off 

1 ..54 
1.488 
1.475 
1.460 
1.439 
1,417 
1.396 
1.353 

1.303 

1.277 
1.240 
1.227 
1.213 

1.328 

1.286 

1 . la9 
1.177 
1.153 
1.139 
1.1 19 
1.063 
1.046 
1.020 
1.010 

0.974 
0.943 
0.936 

0.918 
0.913 
0.906 

0.988 

0.928 

0.887 
0.874 
0.866 
0.854 

0.838 
0.833 
0.824 

0.847 

0 .a86 

0.793 

Na 2U20 7.6W 2O (Sod iurn 

D iuranate Hexahydrate) 

cut off 21 .oo 
100 7.56 
75 6.18 

0 

[ / I ,  d A  

a 
25 
70 
40 
a 

25 
40 
30 
25 

8 
40 

6 
6 

35 

8 
6 

a 

a 
18 
25 

20 
20 

6 
6 
6 

10 
10 
8 

i a  

a 

a 

a 
a 

6 

6 
4 
6 
4 
4 
6 

c u t  off 

5.93 
5.36 

4.37 
3.76 
3.57 
3.50 

4.78 

3.38 
3.20 
2.96 
2.86 
2.78 
2.71 
2.59 
2.46 
2.34 
2.28 
2.19 
2.14 
2.10 
2.06 
2.02 
1.99 
1.95 
1.94 
1.93 
1.84 
1.78 

1.74 
1.67 
1.65 
1.59 
1.57 
1.47 
1.46 
1.36 
1.32 
1.30 
1.29 
1.21 
0.773 

U04.2H20 (Uranium 

Peroxide Dihydrate) 

cut off 21.00 
100 5.73 
40 4.16 
40 3.44 
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0 0 
1/11 dA I / I  d A  

UO4.2H20 (Uranium 

Peroxide Dihydrate) 

75 3.36 
35 2.92 
i a  2.70 
20 2.62 
18 2.56 
i a  2.47 
i a  2.42 
2 0  2.35 
35 2.21 
25 2.10 
40 2.00 
40 1.96 
3 0  1.95 
25 1.92 
20 1 .a3 
25 1.79 
20 1.74 

0 
r/il dA 

i a  1.63 
18 1.57 
10 1.54 
10 1.52 
i a  1.495 
15 1.460 
15 1.415 
15 1.396 
15 1.361 
a 1.301 

8 1.266 
10 1.240 
i a  1.216 
a 1.196 

10 1.182 
15 1.162 
12 1.132 

20 1.280 

18 1.114 
12 1 .059 
5 1.047 

6 0.959 

6 0.922 
a 0.914 
3 0.899 

a 0.978 

12 0.938 

a 0.882 
5 0.855 

6 0.836 
6 0.821 
5 0.8 15 
5 0.808 

3 0.847 

8 0.797 
c u t  off 0.773 

42 



N U M E R I C A L  INDEX OF X-RAY D I F F R A C T I O N  P A T T E R N S  O F  URANIUM COMPOUNDS 

Compound 
0 

d A  

11.66 

11.31 

11.14 

8.95 

8.63 

8.59 

8.57 

8.51 

8.41 

7.56 

7.49 

7.35 

7.24 

6.98 

6.76 

6.59 

6.56 

6.44 

6.18 

6.16 

6.16 

6.13 

6.13 

5.73 

5.26 

5.22 

5.14 

5.03 

4.97 

4.7 

4.67 

4.38 

4.31 

4.25 

4.23 

5.3 1 

2.70 

5.39 

4.74 

3.73 

3.68 

3.65 

3.67 

2.02 

6.18 

3.81 

3.15 

3.20 

3.58 

3.40 

3.17 

3.51 

3.03 

7.54 

14.18 

4.97 

6.78 

5.81 

3.36 

3.23 

2.7 1 

4.21 

3.98 

2.84 

8.6 

1.96 

2.57 

2 3 7  

2.14 

2.01 

2.69 

4.89 

4.25 

7.05 

3.30 

3.40 

3.21 

3.53 

3.45 

4.78 

3.19 

3.46 

3.65 

4.19 

1.72 

6.98 

3.36 

3.44 

4.78 

3.42 

3.32 

3.48 

3.16 

4.16 

4.58 

2.10 

2 -96 

7.72 

2.12 

2.64 

3.15 

2.18 

4.97 

2.17 

3.67 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1 00 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1 00 

100 

100 

1 00 

100 

60 

18 

15 

90 

90 

100 

100 

80 

70 

75 

70 

100 

50 

75 

75 

40 

25 

100 

90 

80 

60 

50 

100 

75 

100 

35 

100 

50 

90 

4 0  

60 

50 

80 

60 

85 

35 

12 

12 

80 

80 

100 

80 

80 

6 0  

70 

70 

75 

40 

50 

30 

35 

25 

60 

80 

50 

50 

50 

75 

40 

50 

35 

50 

40 

65 

10 

35 

45 

75 

50 

70 

Page 

7 

5 

5 

6 

23 

12 

33 

23 

4 

41 

16 

36 

30 

27 

41 

31 

24 

14 

36 

14 

13 

27 

24 

41 

27 

8 

10 

35 

28 

5 

25 

29 

2 1  

29 

19 
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Compound 
0 

dA 
..... 

4.22 

4.21 

4.18 

4.10 

3.92 

3.88 

3.74 

3.74 

3.67 

3.65 

3.62 

3.60 

3.54 

3.53 

3.49 

3.48 

3.48 

3.47 

3.42 

3.30 

3.27 

3.22 

3.16 

3.12 

3.11 

3.10 

3.05 

2.97 

2.95 

2.65 

2.47 

2.04 

1.98 

1.92 

1.75 

1.74 

1.59 

0.827 

0.794 
-. ............ ......... 

5.19 

3.99 

5.21 

2.05 

3.60 

2.83 

3.22 

2.97 

1.93 

7.51 

2.59 

8.21 

3.20 

8.62 

4.42 

6.59 

6.15 

2.99 

2.78 

3.14 

2.98 

6.49 

3.10 

3.46 

7.06 

3.48 

3.46 

13.47 

5.99 

2.00 

1.73 

3.16 

3.25 

3.12 

4.13 

2.65 

3.02 

0.816 

2.13 

8.64 

7.06 

3.53 

6.10 

1.92 

1.69 

3.45 

5.76 

4.13 

6.88 

1.84 

3.18 

7.52 

3.29 

3.00 

3.23 

1.72 

4.65 

3.22 

1.96 

3.14 

3.44 

3.03 

7.05 

3.48 

6.99 

3.25 

4.45 

4.15 

3.22 

1.52 

4.49 

3.19 

3.93 

3.40 

4.53 

1.86 

0.94 1 

0.812 

.. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1 00 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

.... 

80 

100 

50 

6 0  

35 

70 

80 

100 

100 

90 

75 

75 

100 

90 

90 

90 

75 

100 

80 

100 

90 

60 

100 

70 

60 

80 

75 

90 

6 0  

30 

100 

80 

75 

90 

75 

75 

90 

90 

75 

75 

75 

40 

50 

35 

50 

6 0  

75 

75 

90 

50 

75 

90 

70 

80 

80 

6 0  

6 0  

75 

75 

50 

30 

90 

50 

50  

60 

50 

75 

6 0  

25 

IO0 

75 

50 

75 

75 

60 

75 

50 

6 0  

Page 

31 

7 

34 

17 

18 

39 

11 

20 

3 

8 

37 

32 

40 

22 

35 

37 

17 

6 

10 

41 

38 

20 

26 

30 

40 

40 

39 

5 

34 

21 

19 

8 

37 

18 

22 

9 

15 

15 

16 
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