
698 S H O R T  C O M M U : ~ I C A T I O : N ' S  

T h e  ideal  s t r u c t u r e  m a y  also be  desc r ibed  as s t a c k i n g  
of c loses t  p a c k e d  h e x a g o n a l  layers ,  t h e  s e c o n d  l aye r  ly ing  
ove r  t h e  f i rs t  s u c h  t h a t  each  a t o m  in i t  t o u c h e s  two  a t o m s  
in t h e  f i rs t  l aye r  ( r a t he r  t h a n  t h r e e  as in cubic  or  h e x a g -  
ona l  c loses t  pack ing ) .  T h e  t h i r d  l aye r  t h e n  lies d i r ec t l y  
ove r  t h e  f irst ,  t h e  s t a c k i n g  s e q u e n c e  t h u s  be ing  [AB]A . . .  
B e c a u s e  of t h e  r e l a t i on  of t h e  f i rs t  l aye r  to  t h e  s e c o n d  
t h e  s y m m e t r y  of t h e  s t r u c t u r e  is n o t  h e x a g o n a l ,  b u t  
t e t r a g o n a l .  T h e  s t r u c t u r e  m a y ,  neve r the l e s s ,  be  desc r ibed  
w i t h  a h e x a g o n a l  u n i t  cell, w i t h  a t o m s  a t  (0, 0, 0) a n d  
(½, 0, ½). T h e  c o r r e s p o n d i n g  o r t h o h e x a g o n a l  cell is in 
r ea l i t y  t h e  face  c e n t e r e d  t e t r a g o n a l  cell r e l a t e d  in  t h e  
u s u a l  w a y  to  t h e  ideal  b o d y  c e n t e r e d  t e t r a g o n a l  cell 
d e s c r i b e d  b y  Z a c h a r i a s e n .  D e n o t i n g  t h e  axes  of t h e  face 
c e n t e r e d  cell as A i  a n d  t hose  of t h e  b o d y  c e n t e r e d  cell 
as  ai, t h e  fo l lowing  re l a t ions  o b t a i n  for  t h e  ideal  s t ruc-  
t u r e :  

A l = a l - a  s, Ap=al+a~, A3=aa; 
3 = ~3A3 a~ =a~ = ~ a  a, A~ =A~ 

Z a e h a r i a s e n  f o u n d  t h a t  a d e v i a t i o n  of a b o u t  1% f r o m  
t h e  v a l u e  ~/-.~ for  t h e  r a t io  as/a 1 was  r e q u i r e d  b y  his p o w d e r  
d a t a .  Th i s  d i s t o r t i o n  g ives  each  a t o m  e i g h t  c loses t  
n e i g h b o r s  a t  t h e  corners  of a s q u a r e  p r i s m  p lus  t w o  m o r e  
a t  a s l igh t ly  longe r  d i s t a n c e  a b o v e  a n d  be low t h e  cen t e r s  
of t h e  squares .  I wish  to  p o i n t  o u t  t h a t  t h e  ideal  s t r u c t u r e  
m a y  be  d i s t o r t e d  in a d i f f e r en t  w a y  w h i c h  agrees  a l m o s t *  
as well  w i t h  t h e  p o w d e r  d a t a .  I f  t h e  v a l u e  of As,  r a t h e r  
t h a n  A 3, is c h a n g e d  f r o m  t h e  idea l  va lue ,  t h e n  t h e  c loses t  
p a c k i n g  w i t h i n  each  h e x a g o n a l  l aye r  is p r e s e r v e d ,  b u t  t h e  
d i s t a n c e  b e t w e e n  layers  is c h a n g e d  s l ight ly .  T h e  s y m -  
m e t r y  of th i s  s e c o n d  s t r u c t u r e  is o r t h o r h o m b i c ,  space  
g r o u p  Fmmm, fou r  a t o m s  p e r  u n i t  cell, A 1 = 5-566, A s = 
5.603, A s = 3 . 2 1 4  /~_ (A1/A 3 = ~/3). T h e  c o m p a r i s o n  of t h e  
va lues  of s in s 0 c a l c u l a t e d  (~ for  Cu K a  = 1.5418 A) for  
th i s  s t r u c t u r e  w i t h  t h e  o b s e r v e d  va lues ,  a n d  w i t h  t hose  
c a l c u l a t e d  for  t he  t e t r a g o n a l  s t r u c t u r e  is s h o w n  in Tab le  1. 

E v e n  t h o u g h  t h e  t e t r a g o n a l  s t r u c t u r e  is in b e t t e r  
a g r e e m e n t  w i t h  t h e  d a t a , ~  t h e r e  w o u l d  a p p e a r  to  be  no  
s t r o n g  bas is  for  r e j e c t i ng  t h e  o r t h o r h o m b i c  s t r u c t u r e  

* See, however,  the note which follows this one. 
t If a t ten t ion  is centered on the  first ten  lines due to Pa  

only, Nos. 8, 9, 12, 14, 17, 18, 19, 2I, 23, and 24, then  the  
average difference between 0calc. and 0obs. is 0.07 ° for the  
te t ragonal  s t ructure  and 0-10 ° for the or thorhombie s t ructure ;  
the largest differences are 0.18 ° and  0.26 ° respectively. 

a l t o g e t h e r . *  T h e  o r t h o r h o m b i c  s t r u c t u r e  p r e d i c t s  a r a t h e r  
m o r e  d i f fuse  d i f f r ac t i on  p a t t e r n ,  b u t  t h e  s i t u a t i o n  is 
c o m p l i c a t e d  b y  t h e  fac t  t h a t  t h e  p r e p a r a t i o n  f r o m  w h i c h  
t h e  d a t a  were  r e c o r d e d  was  c o n t a m i n a t e d  b y  t w o  o t h e r  
p h a s e s  w h i c h  Z a c h a r i a s e n  iden t i f i ed  as P a O  a n d  P a O  s. 
H i s  o b s e r v e d  a n d  ca l cu l a t ed  va lues  of sin s 0 for  t h e s e  
s u b s t a n c e s  a re  also i n c l u d e d  in Tab l e  1. 

I n  t h e  o r t h o r h o m b i e  s t r u c t u r e  each  a t o m  h a s  six 
n e i g h b o r s  a t  3.214 /~ a n d  fou r  a t  3.235 A, t h e  a v e r a g e  
d i s t a n c e  be ing  3.222 A. T h e  l igancy  is t h u s  d i f f e r e n t  
f r o m  t h a t  in  t h e  t e t r a g o n a l  s t r u c t u r e .  T h e  v o l u m e  p e r  
a t o m  is 25.1 A 3. T h e r e  is a n  i n t e r e s t i n g  r e l a t i o n s h i p  
b e t w e e n  t h e  o r t h o r h o m b i c  s t r u c t u r e  a n d  t h e  s t r u c t u r e  
p r o p o s e d  b y  Z a c h a r i a s e n  (1955) for  ? p l u t o n i u m .  I f  t h e  
success ive  c loses t  p a c k e d  layers  a re  s t a c k e d  n o t  in t h e  
s e q u e n c e  [AB]A . . .  b u t  in t h e  s e q u e n c e  [ABCD]A. . .  
a d i f f e r en t  o r t h o r h o m b i c  s t r u c t u r e  resu l t s ,  space  g r o u p  
Fddd, 8 a t o m s  p e r  u n i t  cell. T h e  s t r u c t u r e  of ? p l u t o n i u m  
has  th i s  s y m m e t r y ,  b u t  w i t h  d i s t o r t i o n s  (at  235 °C.) 
w i t h i n  each  l aye r  so t h a t  each  a t o m  has  f o u r  n e i g h b o r s  
a t  3.288 /~ a n d  t w o  a t  3.159 A, a n d  w i t h  a cont rm~t ion  
of t h e  i n t e r l a y e r  d i s t a n c e  w h i c h  r educes  t h e  fou r  b o n d  
d i s t ance s  to  a t o m s  in a d j a c e n t  l ayers  to  3-026 A. 

Th i s  w o r k  was  s u p p o r t e d  b y  a g r a n t  f r o m  t h e  N a t i o n a l  
Science  F o u n d a t i o n .  
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* In  the following note,  Prof. Zaehariasen reports  the  
results of his reexaminat ion of the  photographs .  I-Ie f inds 
observed values of sin 2 0 which are smaller in an irregular 
fashion by up to 16 × 10 -4 from those originally reported,  
and a t t r ibutes  the  differences to film shrinkage. He then  uses 
lattice constants  for PaO and P a O  2 to correct, for absorpt ion 
and sample size effects, the  observed values for sin 2 0 for five 
lines which correspond to single Pa  reflections. These corrected 
values differ by  up to 25 × 10 -4 from the  original. Since the  
values of sin 2 0 for two of these lines (8 and 14) as calculated 
for the  or thorhombie  structure,  differ from the new, corrected 
observed values of sin 2 0 by 36 x 10 -4 and 22 × 10 -4, Prof.  
Zachariasen rejects the  or thorhombic  s t ructure  as incorrect.  
I prefer to th ink  t ha t  the  question of which s t ructure  is 
correct for Pa  is open (with a bias, of course, in favor  of the 
te t ragonal  one). 
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(Received 2 March, 1959) 

I n  t h e  p r e c e d i n g  n o t e  D o n o h u e  p o i n t s  o u t  t h a t  t h e  (110) 
p l anes  of t h e  t e t r a g o n a l  s t r u c t u r e  r e p o r t e d  for  p r o t a c -  
t i n i u m  m e t a l  s h o w  a n e a r l y  h e x a g o n a l  d i s t r i b u t i o n  of  
a t o m s .  T h i s  is t rue ,  as a d i r ec t  c o n s e q u e n c e  of t h e  f ac t  
t h a t  t h e  r a t i o  a 3 :a  1 is o n l y  a b o u t  one  p e r  c e n t  g r e a t e r  
than 

T h e  t e t r a g o n a l  b o d y - c e n t e r e d  s t r u c t u r e  can,  of course ,  
be  desc r ibed  as t e t r a g o n a l  f a ce - cen t e r ed  w i t h  

A1 = A 2  = ~/(2)al, A3 = a 3 ,  

in w h i c h  case (100) a n d  (010) b e c o m e  t h e  p s e u d o -  
h e x a g o n a l  p lanes .  

D o n o h u e  sugges t s  t h a t  t h e  p r o t a c t i n i u m  s t r u c t u r e  m a y  
be  o r t h o r h o m b i c ,  p s e u d o - h e x a g o n a l  a n d  p s e u d o - t e t r a g -  
onal ,  such  t h a t  t h e  r a t io  A 1 :A~ is e x a c t l y  ]/3, b u t  A I #  A 2. 
I n  o t h e r  w o r d s  i t  is p r o p o s e d  t h a t  t h e  in i t i a l ly  p s e u d o -  
h e x a g o n a l  l a t t i ce  p l a n e  (100) is m a d e  prec i se ly  h e x a g o n a l ,  
w h e r e a s  (010) r e m a i n s  p s e u d o - h e x a g o n a l .  A l t h o u g h  t h e r e  
is n o  o b v i o u s  r eason  w h y  t h e  o r t h o r h o m b i c  s t r u c t u r e  
p r o p o s e d  b y  D o n o h u e  s h o u l d  be  ene rge t i ca l ly  m o r e  s t ab l e  
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than the simpler tetragonal structure reported by the 
writer, the suggestion put forth by I)onohue is an in- 
teresting one. The writer has therefore reexamined the 
original films to test whether or not the experimental 
data can be interpreted in the manner proposed by 
I)onohue. 

The particular film (:~5480), upon which the original 
paper of the writer was based, has been remeasured three 
times, and a second fill (~5473), only slightly less good, 
was remeasured twice. Special care was taken to ascertain 
that there was no shrinkage of the, by now thoroughly 
'aged', films during each independent set of measure- 
ments. No such film shrinkage was observed. 

Table I gives the sine squares obtained for film :~5480 
with the lines numbered as in the original paper. Lines 
no. 24-30 were more difficult to measure precisely and 
have not been included. No corrections have been applied 
to the data of Table 1. The glancing angles are measured 
to better than _+ 0.03 ° so that the sine squares of Table 1 

T a b l e  1. s in  e 0 for f i lm  ~5480  

Line no. Obs. PaO and  PaO 2 A × 104 

1 0.0589 0-0588 1 
2 0.0726 0.0723 3 
3 0"0778 - -  
4 0"0963 - -  - -  
5 0.1557 - -  - -  
6 0.1940 0.1929 11 
7 0-2168 0.2158 10 
8 0.2278 - -  - -  
9 0.2500 ~ 

10 0.2663 0.2653 10 
11 0.2904 0.2893 11 
12 0"3054 ~ - -  
13 0.3831 ~ - -  
14 0-4043 - -  
15 0-4594 0.4582 12 
16 0"4838 0.4823 15 
17 0-5352 - -  - -  
18 0.5497 - -  - -  
19 0.5575 ~ - -  
20 0.5801 0.5787 14 
21 0.6121 ~ - -  
22 0.6520 0-6511 9 
23 0"7034 - -  - -  
24 0.7110 - -  

are accurate to _+ 6 x 10 -4 apart from systematic errors 
due to absorption and sample size effects. Film ~5473 
gave identical results within the experimental error. 

At large angles there is excellent agreement with the 
sine square values reported in the original paper; but at 
smaller angles the new values are systematically smaller 
than the old. This is probably due to fill shrinkage error 
in the original measurements which were made on 
freshly developed film. 

L i n e s  no .  1 a n d  7 a re  d u e  o n l y  to  P a O  2 fo r  w h i c h  a 
p rec i se  v a l u e  a = 5 . 5 0 5  _+0.001 _~ is k n o w n  (Sellers et al., 
1954). S i m i l a r l y  l ines no .  2, 6, 10, 11, 15, 16, 20 a n d  22 
a re  d u e  o n l y  to  P a O .  T h e  m~cor r ec t ed  s ine  s q u a r e s  g ive  
a = 4 . 9 5 7 - + 0 . 0 0 3  A fo r  P a O  ( u s i n g ) , = 1 . 5 4 2  A for  t h e  
u n r e s o l v e d  ~1, a2 d o u b l e t ) ,  b u t  t h e r e  is a smal l ,  s y s t e m a t i c  
i n c r e a s e  in  a w i t h  g l a n c i n g  a n g l e  as a c o n s e q u e n c e  of 
a b s o r p t i o n  a n d  s a m p l e  size e f fec t s .  T h e  e x t r a p o l a t i o n  to  
0 = 9 0  ° g ives  a = 4 . 9 6 5 _ + 0 - 0 0 3  .~. T h e  s ine  s q u a r e s  cal- 
c u l a t e d  w i t h  t h i s  l a t t e r  v a l u e  a n d  w i t h  a = 5 . 5 0 5  Jk fo r  
PaOe  are  s h o w n  in T a b l e  1. T h e  c o r r e c t i o n  A to  be  a p p l i e d  
t o  t h e  o b s e r v e d  s ine  s q u a r e s  is o b v i o u s l y  zero  a t  s in e 0 = 0 
a n d  s in  2 0 = 1 ,  a n d  t h e  P a O  a n d  PaOe  d a t a  of T a b l e  1 
p r o v i d e  t h e  e x p e r i m e n t a l  p o i n t s  fo r  o b t a i n i n g  A as func -  
t i o n  of  s in  2 0, w i t h  t h e  a i d  of  w h i c h  t h e  o b s e r v e d  s ine  
s q u a r e s  for  t h e  o t h e r  l ines in t h e  d i f f r a c t i o n  p a t t e r n  c a n  
be  c o r r e c t e d .  

S o m e  l ines  in t h e  f i l l ,  nos .  8, 9, 14, 18, 19 c o r r e s p o n d  
to  s ing le  P a  r e f l e c t i o n s  (on t h e  bas is  of  t h e  t e t r a g o n a l  
i n d e x i n g ) .  T h e s e  l ines a re  i n d e e d  s h a r p e r  t h a n  n e i g h b o r i n g  
o t h e r  l ines.  T h e  o b s e r v e d  s ine  s q u a r e s  fo r  t h e s e  r e f l e c t i ons  
as  o b t a i n e d  f r o m  t h e  r e m e a s u r e m e n t s  of  f i l l s  ~5473 a n d  
5480 a re  l i s t ed  in T a b l e  2 t o g e t h e r  w i t h  t h e  c o r r e c t e d  
m e a n  va lue s .  T h e  r e s u l t i n g  cell d i m e n s i o n s  for  l~a a re  

a 1 =  3-932 +_ 0.003 A, aa=3 .238+__0-003_~ .  

T h e  l a s t  c o l u m n  of T a b l e  2 l is ts  t h e  s ine  s q u a r e s  c a l c u l a t e d  
w i t h  t h e s e  va lue s .  

T a b l e  2. s in  ~ 0 for single Pa-lines 

Observed Mean 
Line F i lm F i lm Cal- 
no. ~: 5473 :~ 5480 Corrected HKL cula ted  

8 0.2275 0-2278 0.2268 002 0.2268 
9 0.2498 0-2500 0.2489 211 0-2489 

14 0"4039 0-4043 0.4028 301 0-4027 
18 0"5498 0.5497 0.5484 103 0-5486 
19 0"5581 0-5575 0"5565 321 0.5565 

Thus the more careful remeasurements of the films 
have led to slight revisions in the values for the lattice 
constants, but otherwise confirmed the original tetragonal 
structure. 

Table 3 shows the same lines as in Table 2, now indexed 
on the basis of the equivalent face-centered tetragonal 
cell and also according to Donohue. Since I)onohue's 
proposed indexing presupposes a precise ratio A I :A a = I/3, 
all but line 9 represent single reflections and any two 
reflections determine the cell dimensions. The last two 
columns of Table 3 give the calculated sine squares for 
I)onohue's proposed structure, using first lines 8 and 14, 
and then lines 18 and 19 for the determination of the 
constants. Irrespective of how one proceeds, I)onohue's 
indexing leads to discrepancies with the sine square 

T a b l e  3. Test of orthorhombic structure 

Indices 

Line sin e 0 Tetr .  F.C. 
no. (corr.) Zachar iasen 

8 0.2268 002 
9 0.2489 311 = 131 

14 0.4028 331 
18 0.5484 113 
19 0.5565 511 = 151 

Orthorh.  F.C. 
Donohue 

002 
311~=131 

331 
151 

511=113 

sin 2 0 (calc.) 

Orthorh.  F.C. 
Donohue  

(0.2268) 
0.2464, 0.2516 

(0.4028) 
0.5645 
0.5488 

0.2304 
0.2493, 0.2470 

0.4006 
(0-5484) 
(0.5565) 
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observations many times greater than the maximum 
possible error. Furthermore, line 9 is sharp and not 
diffuse as required by Donohue's indexing. 

The writer states without reservation that the ortho- 
rhombie structure for protactinium metal proposed in 
the preceding note must be rejected as ineorreei~ because 
it does not fit the data. 

B o t h  of t h e  or ig ina l  f i lms are,  of course ,  ava i l ab l e  on  
loan  f r o m  t h e  wr i t e r ' s  col lec t ion .  
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A n  i n v e s t i g a t i o n  of t h e  Z r - B e  s y s t e m  was  u n d e r t a k e n  
to  d e t e r m i n e  t h e  n u m b e r  a n d  c o m p o s i t i o n s  of t h e  in te r -  
m e t a l l i c  c o m p o u n d s  f o r m e d  in t h i s  s y s t e m .  A v a r i e t y  of 
c o m p o s i t i o n s  of t h e  e l e m e n t a l  p o w d e r s  were  w e i g h e d ,  
m i x e d  a n d  h e a t e d  to  1600 °C; t he se  were  c r u s h e d  aga in  
a n d  r e h e a t e d .  T h e  r e s u l t i n g  p r o d u c t s  were  s t u d i e d  b y  
X - r a y  d i f f r ac t i on  p o w d e r  m e t h o d s  u s ing  D e b y e - S c h e r r e r  
t e c h n i q u e s ;  b o t h  C u K a  (;t = 1.5418) a n d  C r K a  (~ = 
2-2909 A) X - r a y s  were  used .  

T h e  r e s u l t i n g  p o w d e r  p h o t o g r a p h s  s h o w e d  fou r  in te r -  
m e t a l l i c  phases .  T w o  of t he se  Fhases  h a d  been  p r e v i o u s l y  
r e p o r t e d ,  Z r B %  (Nielsen & Baenz ige r ,  1954) a n d  ZrB%3 
(Baenz ige r  & R u n d l e ,  1949); t w o  n e w  p h a s e s  h i t h e r t o  
u n r e p o r t e d  were  f o u n d  in t h e  i n t e r m e d i a t e  c o m p o s i t i o n  
r ange ,  Z rB% a n d  Zr2B%7. 

T h e  s t r u c t u r e  of Z rB% was  d e t e r m i n e d  f r o m  i ts  p o w d e r  
p a t t e r n .  T h e  cell v o l u m e  a n d  t h e  r e su l t i ng  i n t e r m e t a l l i c  
d i s t ance s  i n d i c a t e d  t h e  a b o v e  f o r m u l a .  A p o w d e r  p a t t e r n  
of a s a m p l e  p r e p a r e d  u s i n g  t h e  a b o v e  s t o i c h i o m e t r y  
i n d i c a t e d  a fa i r ly  p u r e  Z r B %  phase .  T h e  Zr~Bex7 s t r u c t u r e  
was  d e t e r m i n e d  f r o m  t h e  close s i m i l a r i t y  of i t s  p o w d e r  

Z r B e  s 

Z r B e  s ha s  a h e x a g o n a l  cell w i t h  d i m e n s i o n s  

a ---- 4 . 564±0 .002 ,  c ---- 3"485±0-002 A .  

T h e r e  is one  f o r m u l a  u n i t  pe r  u n i t  cell. T h e  X - r a y  
d e n s i t y  is 3.60 g . cm.  -3. T h e  s t ruct ture  has  t h e  CaZn  5 
t y p e  s t r u c t u r e  (Haucke ,  1940). T h e  space  g r o u p  is 
D~h-P6/mmm (International Tables for X-ray Crystallo- 
graphy, 1952). T h e  a t o m i c  pos i t i ons  a re :  

1 Z r  (a) 0 , 0 , 0 .  
2 B e i  (c) is, ~ 2 1 ~, 0;  0. 
3 B e y r  (g) ½ , 0 , ½ ;  0, 1 1. ~1. 1,½. 2-, ~-~ 2, 2 

T h e  i n t e r a t o m i c  d i s t ance s  a re :  

Z r -  6 Be  2.635 
- 1 2  Be i i  2.871 

B e i -  3 Zr  2.635 
- 6 Bel l  2.191 

B e n -  2 Zr  2.871 
- 4 Bei  2.191 
- 4 Be i i  2.282 

* This work was performed under  the  auspices of the  
U.S. Atomic Energy  Commission. 

These  d i s t ance s  are  in  g o o d  a g r e e m e n t  w i t h  t h o s e  f o u n d  
in t h e  Z r B %  s t r u c t u r e  (Nielsen & Baenz ige r ,  1954). 

Z r 2 B e 1 7  

Zr2Be17 has  a r h o m b o h e d r a l  cell w i t h  a = 5 . 6 9 4 ± 0 . 0 0 5 / ~  
a n d  a = 83 .02±0 .02  °. T h e  t r i p l y  p r i m i t i v e  h e x a g o n a l  
cell has  a = 7 .548±0 .004 ,  c = 10 .997±0-010  ~ a n d  
c/a ---- 1.457. T h e r e  are  3 f o r m u l a  u n i t s  in t h e  h e x a g o n a l  
cell. The  X - r a y  d e n s i t y  is 3-081 g .cm.  -a. Th is  s t r u c t u r e  
is i s o m o r p h o u s  w i t h  t h e  NbeBe l :  t y p e  s t r u c t u r e  (Zalk in ,  
S a n d s  & K r i k o r i a n ,  1959). T h e  space  g r o u p  is R3m. 

Tab le  1 shows  t h e  f i rs t  15 l ines of p o w d e r  p a t t e r n s  
of t he se  t w o  s t r u c t u r e s .  Cr K a  r a d i a t i o n  were  u s e d  t o  
o b t a i n  t he se  p a t t e r n s .  I n  t h e  case of Zr2B%~, t h e  hex -  
agona l  ind ices  are  used .  

Tab l e  1. Powder patterns for Z r B %  a n d  Zr2B%~ 

ZrB% 
A 

I hkl g (A) 

s--  100 3.953 
m 001 3-485 
s +  101 2.614 
m-J- 110 2.282 
m +  200 1.976 
s 111 1.909 
w 002 1.743 
m 201 1.719 
m- -  102 1.594 
m- -  210 1.494 
m 112 1.385 
m +  211 1"373 
w--  300 1"318 
m 202 1.307 
mq- 301 1-232 

Zr2B%v 
^ 

I hkl d (A) 

m 101 5.619 
m- -  102 4-208 
s 110 3"773 
w +  003 3-666 
w +  201 3-132 
w 202 2-809 
s 113 2.629 
w 104 2"534 
w +  211 2-411 
w 212 2-253 
m- -  300 2-179 
w 204 2-104 
w--  105 2.085 
mq- 220 1"886 
mq- 303 1.873 

; s ----- strong. w = w e a k ;  m- - - -med ium 
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