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2 = X - r a y  wave  length ,  cm., 
ro = eg/mc ~ = 2.81784 × 10 -13 cm., 
A = a tomic  weight ,  
N = A v o g a d r o ' s  number ,  6.02472 × 1023 mol. -1, 

#m = mass  obsorp t ion  coefficient,  cm.2g. -1. 

Table  8. Comparison between observed and calculated 
values for A f "  

Calculated values according to the formula of 
Townsend, Jeffrey & Pangis (1959) 

Th Afo'" 
Aye'" 

U Afo'" 
Aft'" 

Pu ,d f o'" 
Aft'" 

Mo Kc¢ Cu Ka Fe Ka Cr Ka 
14.4 ± 1.2 18.9 ± 1.6 25.5 ± 3.4 22.3 ± 3-6 
10-6 18.4 24.6 28.6 

12.9±2.5 16.0±2-5 20-0±5.4 30.5± 6-3 
12-6 18.6 25-0 27.1 

I0.0±2.7 20.3± 1.9 32.6±5.0 34.7± 5.9 
5.4 22-5 33.9 38-7 

As an example  we will consider  the  ca lcu la t ion  of 
/ I f "  for P u  for Cu K a  rad ia t ion .  2 = 1.5418 × 10 -s cm., 
A = 2 4 2 ,  a n d  # m = 4 8 8  cm.2g. -1 a n d  the  ca lcu la ted  
A f "  =22 .5 ,  which  is in good ag reemen t  wi th  the  ob- 
served  va lue  of L J f " = 2 1 . 0 _ + l . 9 .  Tab le  8 l ists  these  
values  a long wi th  the  ca lcu la ted  and  observed ~Jf" for 
the  o ther  e lements  and  rad ia t ions .  Consider ing the  
d i f f icu l ty  in ob t a in ing  observed  values  o f / I f "  a n d  the  
a s sumpt ions  invo lved  in the  theore t ica l  formula ,  
(equat ion  (13) being s t r i c t l y  va l id  on ly  for sin 0/2 = 0), 
t he  a g r e e m e n t  is qui te  good and  in th is  case m a y  be 
descr ibed as s emi -quan t i t a t i ve .  

The author wishes to acknowledge the assistance of 

R. H. Moore of this Laboratory for his statistical 
application of least squares fitting to nonlinear func- 
tions, and the helpful comments and criticisms of 
Prof. K. N. Trueblood and Prof. D. H. Templeton. 
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The Ref inement  of the Structure  of the C o m p l e x  of Iodine with  
1 ,4-Dise lenane,  C4HsSe2.2 I2 
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The s tructure of the molecular complex CaHsSe 2. 2 12 has been refined by  three-dimensional,  full- 
mat r ix  least-squares procedures. There are two molecules of the complex in the uni t  cell which has 
the dimensions : 

a = 6.876 ± 0.007, b = 6"325 i 0"007, c = 17.68 i 0.01/~ ; fl = 118030 , i 20 ' .  

The space group is P21/c. The molecules are thus  required only to be centrosymme~rlc bu t  the 
molecular symmet ry  is actual ly  2/m within the s tandard  deviations.  The observed bond distances 
and angles are: I i - I  2 = 2.870±0-003, I2-Se = 2 .829i0 .004 ,  Se-C 1 = 1.947±0.024, Se-C~ -- 
1.980 ± 0-024, Cx-Cs = 1.568 ± 0.030/~ ; I~-Ie-Se = 180.0 ± 0.3 °, I2-Se-C1 = 101.5 ± 1.0 °, Is-Se-C2 = 
100.5 ± 1.0 °, C1-Se--C 2 -- 100.5 ± 1.8 °, Se--C1-C 2' -- 117.2 ± 2.0 °, Se-Cs-C 1' = 113.0 ± 2-0. 

The structure of the diselenane par t  of the molecule is bu t  sl ightly changed by  complexing with  
iodine, however, the I - I  bond in the complex is 0.21 A longer than  tha t  in solid I s. In  contrast  to the 
equatorial  bonding of iodine to sulfur in the di thiane complex, the iodine is bonded to selenium in 
axial  positions in the diselenane complex. 

I n t r o d u c t i o n  lough,  Chao & Zuccaro,  1959) a n d  the  th ree -d imen-  

A p r e l i m i n a r y  s t u d y  of the  s t ruc tu res  of the  iodine * Present address: Department of Geology, Carleton Uni- 
complexes  of 1 ,4-di th iane  a n d  1,4-diselenane (McCul- versity, Ottawa, Canada. 
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sional ref inement  of the structure of the di thiane 
complex (Chao & MeCullough, 1960) have been re- 
ported. The present communicat ion is concerned with 
the three-dimensional  ref inement  of the structure of 
the diselenane complex. 

E x p e r i m e n t a l  

The substance C4HsSe2.2 I2 was first reported and 
described by McCullough & Tideswell (1954). Crystals 
sui table  for X-ray  diffraction studies can be prepared 
by recrystal l izat ion from ethylene chloride by  slowly 
cooling solutions sa tura ted at a higher temperature .  
The predominant  hab i t  of the purple colored crystals 
is tha t  of needles extended along the b axis of the 
monoclinic unit.  Because of the volat i l i ty  of the com- 
plex, the selected crystals were sealed in thin-walled 
X-ray  capillaries. 

Rota t ion and Weissenberg photographs about  the b 
axis were prepared with Mo Kc¢ radiation.  The inten- 
s i ty  da ta  were obtained by use of the mult iple-f i lm 
Weissenberg procedure, inter leaving 0-0025 cm. brass 
foils between the films. Precession photographs of 
the h/c0, 0/cl and several other nets which include 0/C0 
as a common row were also prepared with Mo Kc~ 
radiation.  On the precession camera, in tens i ty  data  
were obtained by making  graduated sets of t imed ex- 
posures of each net. Intensi t ies  were est imated visu- 
a l ly  by  use of cal ibrated comparison strips and were 
corrected by applicat ion of appropriate  factors to give 
IF012 values. The crystals used in the in tens i ty  measure- 
ments  were six-sided prisms elongated on b with a 
near ly  uniform thickness of 0.08-0.10 mm. The cor- 
responding value of #r=0.5 is small  enough so tha t  
omission of absorpt ion corrections was considered jus- 
tified. 

Measurement  of the photographs indicated a mono- 
clinic uni t  cell with the dimensions:  

a = 6 . 8 7 6 + 0 . 0 0 7 ,  b=6.325_+0.007, c=17 .68+0 .01  A; 
fl = 118°30 ' _+ 20 ' .  

The above values are based on M o K a = 0 . 7 1 0 7  /~. 
The pycnometr ic  densi ty  of a small  sample of the 
crystals was 3.41 g.cm. -3 while tha t  calculated on the 
basis of 2 C4HsSe2.2 I2 in the unit  cell is 3.549 g.cm. -3. 
The only systemat ic  extinctions are those for hO1 with 
1 odd and 0/c0 with k odd. The space group P21/c is 
thus indicated and the molecules are required to be 
centrosymmetric .  

D e t e r m i n a t i o n  of the  s t r u c t u r e  

Pat terson summat ions  on (100), (010) and (001) indi- 
cated tr ial  parameters  for I and Se which served to 
fix the star t ing phases for two-dimensional  Fourier  
refinement.  The heavy  atom parameters  which resulted 
from this ref inement  are given in Set 1 in Table 1. 
Since the carbon atom positions were not  unambigu-  
ously determined in the two-dimensional  work, a 

Se 

Table 1. Atomic positonal parameters 
in C a H s S e 2 . 2  I2 

Set 1 Set 2 

Four ier  Final  L.S. S t anda rd  
parameters  parameters  devia t ion  

x 0-770 0.7786 0.0003 
y 0.920 0.9189 0.0003 
z 0-173 0.1738 0.0001 

x 0.472 0.4758 0.0003 
y 0.259 0.2627 0.0003 
z 0.139 0.1401 0.0001 

x 0.192 0-1848 0.0006 
y 0.607 0-6066 0.0006 
z 0.110 0.1103 0.0002 

C 1 x 0.14 0.1454 0"0030 
y 0.72 0.7117 0.0032 
z 0"00 0"0004 0.0011 

C 2 x 0"90 0"9003 0"0030 
y 0.44 0-4555 0"0032 
z 0.07 0.0717 0"0011 

three-dimensional  difference synthesis was carried out. 
In  this  synthesis,  some 930 [Fol values derived from 
the observed reflections and the corresponding Fc 
values based on the iodine and selenium parameters  
in Set 1 were used. Well-defined carbon m a x i m a  
appeared at  the positions indicated in Set 1 in Table 1. 

R e f i n e m e n t  of the  s t r u c t u r e  

The preceding calculations were carried out on 
SWAC. However, since it  was necessary to move this 
computer  to a new building, a process which required 
almost  a year, three-dimensional  ref inement  was car- 
ried out on the IBM 709 computer  at the Western 
Data  Processing Center in the UCLA School of Busi- 
ness Adminis t ra t ion.  The first three-dimensional  re- 
f inement  routine avai lable  on the IBM 709 was one 
pat terned after the ful l -matr ix  least-squares routine 
wri t ten for SWAC. In  all other respects, the refine- 
ment  procedure was closely similar  to tha t  used for 
the iodine complex of dithiane.  

Table 2. Anisotropic temperature parameters 
in C4HsSe2.2 I2 

(S tandard  deviat ions  in parentheses) 

Bll B22 B33 B12 Bla 
11 4.72 4-33 4.95 2.50 3.26 

(0.08) (0.08) (0.08) (0.16) (0.12) 

12 3.11 4-10 3.47 0.71 2.32 
(0.08) (0.08) (0.08) (0.16) (0.12) 

Se 3.08 3.58 3.20 0.54 2.18 
(0.18) (0 .18)  (0 .18)  (0 .30)  (0.20) 

C 1 4.6 3.3 5.0 --0.4 3.6 
(0.8) (1.0) (1.0) (1.2) (1.2) 

C 2 4.9 1.5 6.5 1.40 6.9 
(0.8) (1.0) (1.0) (1.4) (1.4) 

B23 
-- 0.59 

(0.35) 

0.43 
(0.35) 

1-54 
(0.35) 

- 0 . 3  
(1.3) 

1-0 
(1-6) 
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T a b l e  3. Comparison of observed and calculated structure factors for C 4 H s S e s .  2 Is 

The Fo v~lues enclosed in p~rentheses ~re the minimum observable v~lues for unobserved reflect/ons. 

b k ,.~ /Po Fc 

OO CO O3 112.8 93.6- 
CO CO Oa 259.1 315.1- 
CO CO 06 158.1` 170.1 
CO CO 08 63.8 61.9 
CO CO 10 34.2 ~-5- 
CO CO 12 1/.9 ~-9 
co'co 11̀  22.6 i~.0- 

CO 16 (16.3) 13.2 
co~ (17V 3.3 
CO 20 (19.0) 0 . 4 -  

CO CO ~ (20.5) 7.7 
01 CO 18- 27.0 28-5 
01 CO 16- 12.6 13.1 
Ol CO i~- 106.1 115.6- 
Ol 00.]2- ~3.5 39.8 
Ol CO lO- 22]..5 252.5 
01 CO 08- 175.0 198.h-  
01 CO O6- IB7.9 2el.9- 
01 CO 04- 2~6.2 3O2.2 
Ol CO 02- 28.1 26.5 
Ol CO CO 80.5 79.3- 
Ol oo o2 77.4 62.1 
01 CO 04 52.5 51 .8-  
Ol CO 06 47.1` ~8.1 
Ol CO 08 22-3 17.5 
Ol CO 10 22.6 21.8- 
Ol CO 12 35.1 30.5 
Ol CO 1~ 42.5 39.5-" 
Ol CO 16 (27.3) 5-3- 
Ol CO 18 5o.9 1`7.8 
Ol 00 20 17.5 ]2.8- 

~ CO ~ 29.8 22.9- 
CO 20.- ~.3 39-5 

~ CO 18- 78.2 77.6- 
CO 16- 35.5 35.~-  

~ CO 14- 118.0 ]25.8 
0 ~ ] 2 -  25 .8  2 5 . 2 -  

O3 lO- 65.o  66.5- 

~ oo 08- 34.9 39.9 
(x) 06- 6~.5 61.1- 

O~CO OA- 47.7 ~.6 
CO 02- 6.1 i/.6 

O3~00 CO 71.8 60.1- 
CO O2 65 .9  61.T 

~ co oh 96.1 96.3- 
CO 06 17.9 16.5 

O3 CO O8 130.1 1~4.1` 
O3~00 10 IOO. 1 103 • 5- 

CO 1.9 74.9 73.2- 

~ CO 11̀  82.6 82.6 
CO 16 (18.1`) 13-5 

O3 CO 18 31.8 33.2- 

o3 9.6- (15.o) 
03 CO 14- 15.7 13.1` 
o3 CO 12- (]2.6) 3.o 
03 CO 10- 35.1 28.9- 
o3 CO 08- 26.1 20.o 
o3 co o6- 9o.5 8 9 . 6 -  
03 00 Oh- 62.6 59.0 
03 0002-  11`1`.3 i~.8 
03 CO CO 24~.9 26~.?- 
03 CO 02 6L6 65 .0-  
03 CO OU, 223.8 249.6 
0 3 C O ~  52 .6  50,8- 
03 107 • 6 116.4 - 
o3 CO io ~o.3 38.7 
o 3 co ]2 16.9 2~'.2 
03 CO 14 (18.3) 6.7- 
03 CO 16 (19.7) 8.h- 
o3 oo 18 (21.o) 2,6- 

OO i~ ( .... ) 3.6 
CO 15.0 16.0- 

O~ CO lh- &7.6 kT.l 
O~ CO ] 2 .  28.2 25.7 
oh OO 10- 160.8 174.9- 
oh CO 08- ~9-0 ~.2 
OOhoo 06- 213.5 237.0 

CO 04- 160. 7 170.8- 
0~ CO 02- Ih0.6 144. 5- 
~ o o  1~.7 ~1.8 

o~ (13.1) 14.1 
~0~O0 38.4 33.8- 

co o6 (15.o) 8.4- 
04 CO 08 (16.2) 9.3- 
~CO~ (17.3) 14.3 

CO (18.5) 4.6- 

~ oo 1~ (19.7) 0.7- 
co 16 (21.o) 5.6 

oh CO 18 (22.e) 1/.8- 
~ -  ~.7 37.7- 

15- ~.3 43.~ 
05 (X) 16- 62.1 62.6 
05 CO lh- 107.2 109.2- 

o5oo]2 285 397 
I05 CO lO- 122.7 ]21.9 
O5 CO O8. 21.3 13.7- 
O5 CO 06- h5.6 '.3.1- 

Oh- (13.2) 5.9 oo 
co o2- 21.9 iI. 1̀ - 
~co ,52 261 

o2 (1'..9) Io .2-  
O5 ~0 Oh (15.8) ~.O- 
~ c o ~  21.3 ~.9 

CO 35.1 33.3- 
05 OO IO 18. 9 11.7 
~co~ ~3 313 

co (21.e) 22 .5 -  
O6~CO 20- ~8.4 39.0 

CO 18- 23-9 14.6- 

~ CO 16- 24.7 23.2- 
oo 14- (~-7)  lO.8 

~ OO ]2- (15.2) o.6 
000%10- 14.6 15.0 

O6~ 08- (I~.T) 5.1- 
CO 06- (lh.?) 1.9 

c6 oo o~ (I~.9) 11.1` 
o6co02 .... 9 ..... 
o6oo CO 43-5 39.6 
05 CO O2 h~.4 ~6.7 

h k /;  F o F a 

~ CO Oh 69.1` 71.5- 
CO O6 (18.1`) 11.2- 

0660008  57-5 51`.6 
co lO (2o.5) 5.5- 

o7 co 18- (18.o) o.5 
07 CO 16- (17.3) 1.7 
07 CO 1~" (16.8) 3.9- 
o7 oo ]2- (16 .5)  15.1- 
07 OO 10- 1`3.h. ~.6 
07 O008- 29.1 15.1 
07 O0 06- 78.3 81.1- 
07 CO Oh- 31.5 25.0 
07 CO 02- 81.8 80.8 
o7 oo co ~e.8 ~.2- 
07 OO 02 1`7.0 37.2- 
07 O00~ 31.0 27.8 
08 CO - k~.2 31.0- 
o8 oo 11`- 38.6 3~.2 
08 O0 ]2- 4h. 3 37-5 
o8 CO lO- 57.3  53-5- 
08 co 08- 30.1` 19.1- 
o8 Co o6 5~3 '.39 
08 CO 02- 18.5 15.8- 
CO ol 01 3o.4 29.7- 
CO Ol c~ 3h.8 4O.4- 
CO 01 ~ 86.9 102.7- 
O0 01 7.5 7.6 
CO 01 05 160.5 169.0 
CO 01 o6 o 86.3 9o.8 
CO Ol 07 9.8 7.7 
co o l  o8 8o.o 8o.6- 
co Ol o9 11~.~ 12~.9- 

; O0 01 10 6~.8 72 .7-  

co 01 12 102.0 111.0 
co Ol 13 2o.7 22.0 
O00l 14 21.7 16.5 
OO Ol 15 22.7 15.5- 
OO Ol 16 72.~ 72.6- 
CO Ol 17 (17.0) 7-7 
CO 01 18 (17.9) 8.7 
CO Ol 19 16.3 13.8- 
CO Ol 2O 29-3 29.1 
01 O1 20- 36.4 28.9 
Ol Ol 19- 35.0 28.6- 
01 Ol 18- 21.3 16.8 
Ol 01 17- 21.1 14.6 
01 Ol 16- 37-5 38.9- 
01 Ol 15- 43.8 44.7 
Ol Ol 14- (1".3) 8.1 
01 01 13- 47.5 1`7.5- 
01 01 12- 28.8 2.82 
O1 O1 12- 16.6 9.1- 
Ol 01 10- (11.5) 13.2- 
Ol oz o9- (11.o) 6.8- 
Ol Ol 08- 7.2 10.2- 
01 01 07- 26.8 28.6- 
01 Ol 06- 43.6 ~'1.8 
Ol Ol 05- 158.7 179-3 
01 01 04- 72.6 71.9 

h k 1 F o F c 

03 01 14- 25.5  24 .2-  
03 O1 13- 19.3 20.3 
03 01 12- 133.2 146.9 
03 01 11- ~9.3 4~.4- 
o30l 10- 24.7 23.4- 
o3 01 09- 52,7 52 .9  
03 Ol 0~- 14~.1` 165.8- 
03 01 07- 58-3 64.4 
03 01 06- 85.7 91.2 
03 01 05- 137.5 156.1`-. 
03 01 Oh- 88.9 93.0  
o3 Ol 03- 39.3 33.9 
03 Ol O2- 67.3 67.0- 
o3 01 01- 119.2 L~2.h 
03 0 l  CO 10.7 16.6- 
o 3 0 t  Ol 53.3 5h.5-  
o3 Ol O2 2h.8 27.O 
03 Ol o3 (8.6) 3.6 
03 01 Oh 16.7 13.6 
03 01 05 26.4 23.3- 
03 O106  27.5  ~5.4- 
O3 ot o7 3o.5 25.5- 
o3 oi 08 (14.7) 6.1 
03 01 09 55-3 61.4 
03 01 10 33.4 37.4 
03 01 11 (12.8) 5.6-  
O3 Ol [2 29.0 29.2-  
03 Ol 13 30.1 31-2- 
03 Ol 1~ 26.6 21.1-  
03 01 15 16.8 11.3 
03 0116 33-5 31.0 
~ 01 20- 30.8 25.3-  

01 19" 15.0 17.8 
oO~hOl 18- 1`3-3 ~3.1`-  

OJ 17- (15.7) 4.1 
oh O; 16- 52-3 52-7 
oI~ Ol 15- 51.9  51`.3- 
Oh 01 14- 26.0 25.9 
00~01 13- 32-I 35.1 

Ol 12- 55 .0  58.7- 
04 01 ~1- 49.6 55.7 
oh oi IO- (~.5) o.3 
o4 ol  o9- 56.8 ~ . 2 -  
O4 01 08- 27.2 ~6.2 

~ Ol o7- (9.1) 1.3 
Ol 06- 9.1 10.3- 

Oh Ol 05- 2 2 . t  21 .5-  
04 Ol Oh- 31.0 28.4. 

~ 01 03- 9.1 7 .1 -  
Ol 02- 21.8 192' 

Oh oi oi- 101.5 107.7 
Oh. 01 CO ~.0 39.1 
~o~01 01 ~8.1 ~6.9- 

01 02 71,3 75.1'. - 
01̀  01 ~ 6~.6 66.6- 
Oh 01 17.7 20.1. 

01 ~ 52.3 55.6 
01 82.8 91.7 
Olo~ (~.7) 3.5 
01 17.2 20.6- 

Ol Ol o3- 70.5 71.o- o~ Ol.'O9 (16.8) 9.o- 
01 01 @2- 130.2 128.2- Oh 01 I0 60.6 61.1- 
"01 01 01- 208.5 212.1- 04 01 11 (18.0) 5.8 
oz Ol co 31.5 31 .o-  Oh Ol 12 25.1 26.1` 
Ol 01- 01 I ~ . 8  1 6 2 . 0 0 ~  01 13 (19.3) 11`.7- 
01 01 02 239-3 27~-2 01 11̀  24.8 23.1` 
01 Ol 03 19.3 13.7 05 01 11- 48.8 ~.7 

; Ol 01 Oh 57.1 55,3-  0 5 0 1 1 0 -  ( ] 2 . 8 )  2 .8  
Ol Ol 05 67.3 66.8- 05 01 09- 59.2 63.0- 
01 Ol 06 180.4 202.5- 05 01 08" 61.8 65.8- 
01 01 07 45.0 ~8.7 05 01 07- ~6.4 1`3-2- 

i 01 01 08 108.5 117.0 05 Ol 06- 20.1 17.2 
Ol 01 09 55.1 54.7- 05 O1 05- 7~'.2 78.9 
01 01 I0 81.9 89.2 

j ol Ol 11 (13.9) ' 5.9 
Ol Ol /2 65.6 6B.2- 
Ol Ol 13 53.3 55-6 
01 01 11̀  11`.1 19.1- 

I O10l 15 29. h 29.0- 
Ol Ol 16 25.0 26.1 
01 Ol 17 15.9 18.3- 
O201 16- 17-3 20.~ 

Ol 15- 1`o.o 1`1.6 
o1 ~ -  (lO.1) 1.2 

02 Ol 13- 52.8 56.6- 
o2 o1 12- 55-3 58.3- 
o2 Ol 11- 63.7 67.1- 
02 Ol 10- 36.2 36.3 
02 01 09- 113.8 ]27.1 
02 01 05- 11`3.7 161.1` 
O 2 0 l  o7- 18.9 11.7-  
~e oz O6- ~.~ ~.7- 
02 01 o5- 55.9  60.8- 

~ Ol CA- 152. h 169.6- 
Ol 03- 77.7 78.0 

020l O2- 257-1` ~31.3 
020l O1- 97-1 100-3- 

~ oI CO 9~.3 81`.7 
oi 01 1`9.5 43.8 
01 O2 15e.2 1~.2- 

02 01 03 112.6 ii~.7 
02 01 04 21`.7 28.7 
OZ 01 O~ ~ 3 , 9  L-~,0- 
02 01 O6 83.1` 87.0 
02 01 07 26.1` 22. 7- 
02 o1 08 (13.2) 13.3- 
02 01 09 65.3 65.9 
O2 01 10 19.6 20.1`- 

Ol ~ (15.1) 6.9- 
Ol (15.7) 8.0 

o2 Ol *3 (16.1`) 1.8 
02 Ol 11  ̀ (17.o) ~.~ 
o2 Ol 15 (17.8) 9.B- 

Ol 16 (18.5) lO.4- 
03 o l  ~"o- ~5-3 ~1.8 

01 19- 34.5 33-5 
i o3 Ol 18- 27.6 25.0 
~33 °1 17- (15"7) 9"8" 9- 
03 Ol 16- 58.7 67. 

o.i 15- 26.5 21L 

o•OZ 
o~- 9~.I 97.3 

01 o3- 13.5 ]2.5- 
Ol 02- 79.2 81.3- 

O5~01 - 28.3 16.2- 01 
Ol OO 81.9 83.7- 

o~O1 (11`.5) 15.9 o i  
01 02 87.6 ~.0 
Ol 03 34.2 3h.2 - 

O501 01̀  26.8 25-9 
01 o5 25.0 23.0 

~O1 57.7 61.3- O6 
Ol 07 23.3 25.2  

~5oI~ (15.7) 3.4- 
01 32.5 29.2- 
Ol 10 (18.9) 22.6  

o5 Ol 11 ( i 9 . 4 )  5 .2 -  
05 01 12 (20.1) 1.6- 
O5 Ol 13 (20.6) 1.6- 
06 Ol 15- 36.7 36.~ 
06 01 i~- 31.2 29.~ 
o6 Ol 13- 15.5 ]2.3- 
O60l 12- 61.3 67.8- 
06 01 ll- 20.3 Ii.i- 
o6 o1 io- 28.3 ~5.o-  
O6 01 09- (15.0) 6.9 
O60l ~- 88.1 98.8 
08 oi o7- 32.7 28.8- 
o6 o1 O6- 18.4 12.7- 
o6 01 o5- 33.8 35.~ 
¢6 01 04- 83, 3 %,  1- 
06 O 1 0 3 -  26 .8  18.3 
O6 01 O2- 31.3 28.0 
O6 01 01- 53.0 56.8- 
06 01 CO 34.8 37.2 
06 01 Ol 18.6 9.6 
O6 o1 o2 25.5 20.6- 
o60l 03 27.7 ~7.4 
06 Ol 04 17.9 14.7- 
06 Ol 05 (18.0) 6.6- 
o6 Ol o6 (18.5) 8.6 
o6 Ol o7 (19.o) 1.6- 
O6 Ol o8 (192') ~.3 
O6 01 (20.1) 9.2- 
O60l i°9o (20.5) 9.~- 
co 02 co ~2.5 52.1- 
co o'2 Ol 82.~ 81.o 
oo (De 02 20.5 19.2- 
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CO o2 03 83.5 82.1- 
CO 02 O4 7~.4 72.3 
CO 02 05 75.3 70.h- 
CO 02 06 31-3 ~-0- 
CO 02 07 ].36.0 158.4 
O0 ~ (~ 102.2 108.7- 
~ 1~3 128- 

10 63-5 66.1 
0~02 11 71.3 79-2- 

02 12 1`1.0 43.~ 
O0 02 13 15.6 14.5 
CO O2 1~ 65-7 73.6- 
o ~ 0 2  15 (15 .8)  u.O 

o2 16 (16.4) 2.2 
~i~ (17.1) ~8 

34-7 37.2 
Ol 

34 .3  31.9- 
Ol O2 17- 3~.7 39.6- 
oz 02 16- (11.7) 6.6 
01 02 15- 37.3 37.8 
Ol (~ l&- 36-3 32.6 
01 O~ 13- 30.4 28.2 
o1 ~ ]2- 2h.4 23-7- 
01"02 ii- 39-9 43.9- 
Ol 02 i0- 29.9 28.5" 
Ol 02 o9- 3o.~ 3~.1 
Ol ~ 0~- 12.2 16.1 
Ol O3 07- 68.7 70-3- 
Ol 02 06- 5~.7 51.0 
Ol ~ 05- 2~-3 27.3- 
01 02 oh- 8~,.2 82.0- 
01 O2 03- 190.3 197.0 
Ol O~ 02- 112. 5 111.2- 
Ol o2 o1- Iao.3 113.o- 
Ol 02 oo 19o.1 181.2 
O1 020l 160.5 152-3" 
o1 o2 o2 32.1 3c.I 
o1 02 03 11o.~ ioh.z 
oi o3 o~ 21o.8 2o3.0- 
Ol 02 05 18.3 16.7 
Ol ~ O6 75.4 73.~ 
o~g~ 17.5 16.~ 
Ol 1Ol.3 98.9 
o1 o2 12.7 10.8 
o~ o2 ~ 95.6  93.2- 
Ol 02 11 66.7 65.2- 

. Ol 02 12 26.2 25.9- 
Ol O3 13 35 • 1 34 .0 
O1 02 i~ ~8.3 h5.7 
01 O3 15 32.6 29.4  
Ol o2 16 (17.5) 1.8 
02 02 18- (16.6) 16.9 
g g 17- (15.9) ~.5- 

16- (15.2) 8.6 
o2 o3 15- (11`.8) lO.5 
g g . . . . . . .  435 

13- 59-3 6U.1 

78.2 83.3- 
o2 ~e 10- 107.2 I/9.5 
02 O3 09- 62.7 65.5- 
O2 02 O8- 45.1 ~.0- 
0~O3 O7- lO8.0 i~0.4 

O3 06- l&8.0 167.6- 
02 O2 O5- (8.5) 3.8- 
o2 02 ok- i48.1 161.7 
02 02 03- 18.8 15.0- 
O2 02 02- 92.6 86.1 
02 02 01- 1`1.7 35.9- 
(~ 03 O0 175.2 194.4- 
0~ Ol 107.9 108.4- 

02 02 34.3 33.2 
C~02 03 ]20.0 117.1 

O3 o~ 120.1 1/5.8 
02 02 05 5~.5 50.9 
02 02 o6 41.1 41.9- 
~02o2 07 9~.7 lO3.7- 

02 08 ~O.8 39.3- 
C~ (3~ 09 (13.9) 9.9 
02~0~ i0 15.8 17.3 

(~ 11 23-3 19.9 
02 02 12 21.7 20.7 
02~,~ (16.8) 5.3- 
02 (17.k) 11.3- 

~ (17.8) u.6 
o~ (18.2) u.7- 

O2 21- 20.7 ~.z- 
Ce 20-. 29.8 25.0 

03 o2 19- (17.o) 7.1- 
03 o'2 15- 38 • 9 3~'. 1- 
03 O2 17- 42.1 hi.3 
03 02 16- 37.~ 3~.6 - 
03 O2 ~ -  (16 .h)  6.9- 
03 02 11`- 79.8 88-5 
03 O2 13- 18.3 21.1- 
03 02 12- 15.3 6.8 
03 O~ ii- 18.9 21.~- 
03 02 10- 94. 3 113.1- 
03 O2 09- 32.0 32.4- 
03 o3 oB- 71.8 78.2 
03 O2 07- lO7.2 ]2o.I 
03 te 06- 78.0 84. 9 
03 ~ o5- (lO.1) 6.5  
03 02 Oh- 85.8 89.2- 
03 02 03- t 4 4 . 5  153.5- 
03 0"2 O2- 23.4 19.7- 

02 01- 60.3 03 61.7 
03 ~ 0~I 52.0 52.5 
03 43.2 ~o.6 
03 O2 02 27.2 23.6 
03 03 03 32.3 32.~- 
03 02 Oh 33.1 28.6- 
03 0"2 05 37.2 35.6  
03 ~ c~ (13.4) L9.o- 
03 O2 07 ~5-5 h~,.5- 
03 02 08 ~8.8 49.4 
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03 02 12 30.1 34.3 - 
03 (>2 13 (17.8) 2.7- 
03 O2 I~ e8.5 25.4 
03 02 15 20.8 20.8- 
03 O~ 16 19.3 11.8 
Oh~o2 2°- 26.8 ~6.1- 

O2 19- (17.o) 6.1` 
Oh o2 18- 35.' 32.3 
o~02 17- 35.0 34.1 

02 16- 13.4 16.~ 
O~ C~ 15- 21.2 21.3- 
04 0"2 I~- 45.7 ~.~- 
oh 02 13- 59.1 62.6- 
Oh 02 ]2-  (15.2) 9.7 
~O~02 ii- 53.6 58.5 

O2 10- ~o. 9 I'2.3 
(~o2 09- 28.'. 28.4 

o2 08- H2.0) 1.2- 
Oh 02 o7- 34.8 34.9- 
Oh O2 06- 36.1` 31.3- 
0 h 0e 05- 37-5 34-6 

~ oP oh- 9.1 10.5 
02 03- 61.3 60.2- 

Oh 02 02- 64.5 6~.6 

~ o2 o1- (~2.3) 2 .3 -  
02 CO 53.7 hT.5- 

~OCe Ol lOt.7 102.5 
02 02 51.1 51-5- 

~ O203 47.7 45.2- 
O2 Oh 8h.5 87.~ 

Oh 02 05 51.8 50.6- 
oh 0~ C6 (11.8) 8.1 

~ O2 07 29.9 27.8 
O~ 08 59.0 62.8- 

~Oh02 09 (16.8) 11.6 
c~ IO ~9.3 24.7 

~ o2 ~ (~8.o) 8.1 
02 12 28.1` ~.I 

05 02 IB- (16.8) ii.I- 
05 03 17- (16.2) 14.h- 
05 02 16- (15 .9)  ] 2 J , -  
o5 02 ~5- (15.h) 6.0 
05 o2 14- 18.6 18.1` 
05 02 13- 26.6 ~4.~- 
O~O2 /2- 23.8 20.9 

c~a i f -  u.2 18.2 
05 02 10- 51.8 52.6- 

~ 0209- 64.9 63.8 
0~ 08- 13.5 i0. I- 
02 O7- 67.~ 68.1- 

~ 02 O6- 89.2 IOO.O 
02 05- 39-9 36.7- 

502 Oh- h0.6 36.2- 
02 03- 65.6 65.2 
02 O2- 81.0 67.6- 

o5 ~ oi- (14 .2)  7 .5  
O~O2 oo 72.0 74.9 

02 Ol (1~,.8) 1.3 
o~ g o~ 3~.9 31.~ 

20.7 19.3- 
05 02 04 58.2 61.6- 
~ 23.5 24.6. 

02 (16.81 2.8 
02 g 35.2 35.8  
02 30.1 30.5 

C~02 09 (18.5) 9.9 
03 15- 17.5 11.4 

O5~02 17- 32.1 29.8- 
O2 16- 32.4 33.5 

o~o2 15- (16.1) ~.8- 
o2 lh- '.1.7 42.5- 

~ 02 13- 1`2.5 1`1.0 
02 12- 36.4 36.4- 

~ 0~ Ii- (15.2) 1`.3- 
02 10- 65.8 67.0 

0~02 09- 12.9 12.~- 
o~08- (14.51 o.~- 

08~ O7" 21.2 18.8- 
0e 06- 62.6 67.1- 

0~02 05- 11.9 10-9" 
0"2 Oh- 28.5 29.1 

O6~02 03- 55.5 56.1 
O2 O2- 3~-2 33-0 

~ o2 Ol- (13.8) 2 .5 -  
02 OO 30.h 27.6- 

~ o2 o1 42.'. 44.0- 
02 O~ 17.1 17.8- o~ 307 ~ 5 -  

- (15.o) 6.5 
0~02 lh- 28.& 23.9 

02 13- 28.2 27.6 

~ 0~ /2- Ih.L II.0 
02 ii- 16.6 17.4- 

~O7O2 10- 34.3 29.3- 
0209- 35-I 33-5- 

o" ~ o6- (16.h) ~.8- 
~7 o2 o7" 29.8 26.5 

02 06- 18.7 19.5 

~ C~ 05- (16.7) 8.8 
02 Oh- (16.8) 2.6 

07 O2 03- (17.0) 7.1`- 
Q~C~ 02- 17.8 22.3" 

O~ Oi- (17,9) ~,6 

g 02 00 (17.9) 2.6 
O20l 24.0 19-3- 

(~ O~ 10- IP.l 10.8 
08~02 O9- 29.1 13.5- 

o2 08- 15.8 ]2-3 
0~02 07- ]2.;, 9.9 

02 06- ~h.4 26.0- 
"08 02 05- 20,8 20.0 
o8 o2 oh- (13.o) 3.2- 
08~o~ 03- ~1.3 21.1- 

O2 0~- 23.7 30.7 
08 c:~ oi- (19.3) 11.6.- 
o~o~ oo lh.O 11.5- 

03 Ol 53-7 ~8.6 

03 0~ (15.9) - ~3-3 03 &7.0 5 ~ CO 03 03 39.6- 
co 03 oh !h ~.o ]29.3- 
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o%03 32.2 25 .1 . -  
03 ~ 116.0 111.3- 

oo 03 29.1  ̀03 g 331 
75.7 75.7 

03 09 21.6 IB.5 
oo 03 io IO.O IO.O 
oo 03 .u 03.1) 3.~- 
O0 03 12. (13.9) 3.7 
CO 03 13 (14.1`) I.~- 
CO 03 11̀  (15.5) 6.7- 
co 03 15 (15.9) 1`.7- 
00 03 16 (17.5) 9.7- 
Ol 03 16- 41.8 ~7.2 
Ol 03 15- i~.2 ~B.8- 
Ol 03 i~- (13.5) 1`.5 
Ol 03 13- (13.5) 5.1- 
Ol 03 12- 116.o 135.7- 
01 03 II- 33.2 39.2 
Ol 03 I0- 59.2 63.5 
01 03 o9- (11.o) 1`.8 
Ol 03 08- 154.2 167.1 
Ol 03 07- 1`3.7 h3.1- 
Ol 03 o6- 199.2 186.9- 
O1 03 05- (7.9) 3.9 
Ol 03 Ok- 83.0 69.1- 
Ol 03 03- ~. h 1`7.9 
o1 03 o2- 15o.1 i~8.o 
Ol 03 Ol- 14.5 13.1 
Ol 03 O0 36.2 35.6- 
Ol 03 O1 29.9 25.8- 
01 03 02 (7.8) 2.7- 
Ol 03 03 22.0 13.2- 
Ol 03 oh 19.1` 11`.4- 
01 03 05 (9.7) 5-5 
01 03 06 47.9 ~2.8- 
Ol 03 o7 (n.3) 8.7 
Ol 03 oB 31.7 32.5 
01 03 09 17.8 15.o 
ol 03 io 16.5 11`.o- 
01 03 i/ (11`.1) 3.6 
o1 03 12 (14.9) 8.1 
Ol 03 13 19.1 14.8- 
Ol 03 14 25.0 17.0 
Ol 03 15 (17.o) 4.2- 
Ol 03 16 36.5 37.2- 
Ce 03 ~ 32.5 32.0 
02 03 19- (17-3) %7- 
o2 03 18- 29.1 32.7 
02~03 17- ( 16. I) 15.1- 

03 16- 70.5 75.9- 
O2 03 15- 11.9 i0.7 
o2 03 lh- (lO.O) 1`.I- 
02 03 13- 18.8 17.5 
C~ 03 12- 67.5 76.6 
Oe 03 II- (15.2) 6.2- 
O2 03 10- 41.5 43.6- 

~ o3 09- 24.9 27.3- 
03 08- 7.~ 8.6- 

~(~03 07- 6.8 6.~- 
03 O6- 12.1 9-5- 

O2 03 o5- 34.6 28.~ 
02 03 o~- 56.9 ~6.0- 
o~ o~ 03- 11.9 8.1 
0~ 03 O2- 66.0 58.0 
02 03 Ol- (8.3) 2.8- 
O2 03 OO 20.9  21.7- 
C~ 03 01 6.h 5-3- 
(X~ 03 c~ 11.9 10.3 
oe 03 03 2~.o 32.5-  
02 03 Oh 18.9 22.3 
o2 03 o5 (11.5) 2.7 
02 03 06 ~I.0 108.3- 
02 03 07 ~7.0 35.0 
02 03 08 39.0 42.1 
C~ 03 09 (13.9) 7.3- 
Oe 03 10 69.3 80.0 
0"2 03 ii 12.3 24.3- 
03 03 12 66.3 73.5- 
O~ 03 13 (16.O) 5.0 
O2 03 1'. 26.8 25.2- 
03 03 18- (16.~) '..5- 
03 03 17- (15.?) 1`.0 
03 03 16- (]~.2) 2.7 
03 03 15- (14.6) 1~.9 
03 03 l&- (14 .1)  11.0- 
03 03 13- (13.5) 7.6- 
03 03 12- 24.8 25.9 
03 03 11- (]2. h) lh.L- 
03 03 lO- (12.o) 8.5- 
03 03 o9- (11.5) 2.2- 
03 03 o8- (11.o) 5.0 
03 03 o7- ~3.o 21.1- 
03 03 o6- (lO.2) 7.9- 
03 03 05- 19.h 16.7 
03 03 oh- 100.2 IO5.9- 
03 03 03- 33.5 38.3 
03 03 C~- I I I . 7  113.1 
03 03 01- 1`5.3 ~.3- 
03 03 O0 93.0 96.0 
o3 o30l 30.6 3b.0- 
03 03 (~ 171.2 188. 9- 
03 03 03 28.6 32.6 
03 03 04 (12.2) 3-9 
03 03 05 ( I L 5 )  13.o 
03 03 06 109.1 127.0 
03 03 07 ~2.0 2o.8- 
03 03 o8 38.5 ~h.3- 
03 03 09 (~5.~) 10.8- 
03 03 i0 hi,2 43.J- 
03 03 ii (16.7) 5.4 
03 03 12 (17.3) 16.2 
03 03 13 (18.0) J'.:. 
~ 03 lh (17.9) 9.9 

03 14- 16.h 19.5- 
O~ 03 13- (14.3) 8.1 
Ob 03 L?- 69.6 81.6 
Oh 03 11- 37.6 3~-0- 
Oh 03 10- (L'.~) 13.6 
Oh 03 
,, 03 ~: i,(~"), 8 1~:~: 
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Table 3 (cont.) 
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i ! i 
g 03 07- 39.2 h2.2 CO Oh 02 (,-5) 3.0 03 Oh 08- 31.6 26.1- 07 Oh 16- 31.6 O2 05 09 31.2 30.9- 00 o6 05 25.0 oh 
04 03 O6- 68.1 71.2 
Oh O3 O5- (u.?) lO.O- 
Oh o3 o~.. L~.O 137.o 
oh o3 o3- 32..2 32.2- 
Oh 03 O2- 111.0 1/9.3- 
Oh O3 01- (12.7) o.8 
Oh. 03 CO 36.9 38.5- 
Oh 03 01 (13.0) 1~.1 
Oh 03 O2 56.8 6".h 
Oh 03 03 (lh.h) 6.9 
oh o3 Oh ~lh. ~') 3.2 
oh 03 05 (14.9) 13..1- 
oh o3 o6 (1 , .3)  o.6- 
oh o3 o? (15.9) 8.h- 
Oh 03 08 (16.6) 11.,-  
Oh 03 09 (17.0) 1.6 
Oh o3 lO (17.5) 2.2- 
o5 o3 18- ~o.o h3.0- 
05 03 17- (16.3) 16.3 
O5 o3 16- ~6.6 ,2.1 

~ 03 15- 11.0 lh .2-  
03 1~- ~0.8 h5.6 

o5 o3 ]3- ( lh .5)  lh.O- 
0~o3 12- 72.2 85.2- 

03 11- (13.9) 12.2 
O5 03 10- (13.5) 1.h 
05 03 09- (13.3) 10.6 
05 03 08- 58. h 6,.  9 
o5 o3 o7- (13.2) o.2- 
o5 o3 o6- 19.5 16.8- 
05 03 05- 2~.8 19.0- 
o5 o3 Oh- (13.3) 3.8- 
o5 o3 o3- (13.5) 6 . 2 -  
05 03 02- lh.h 11.0- 
o5 03 01- lb.? 16.9 
O5 o3 oo ( lh .6)  2.2- 
o5 o3 Ol (lb.8) o.2 
o5 o3 o2 17.3 2o.8 
o5 o3 o3 (15.h) o.? 
o~O3 oh (16.o) u.o- 

03 05 (16.6) 1.5 
o~ o3 O6 (17.o) lh.9 
o6 o3 16- (16.7) lh .1-  
06 03 15- (16.3) 8.6- 
o6 o3 z ~  (15.8) 5.o-- 
06 03 13- (1, .6)  h.8 
o6 o3 12- (15. ,)  o.?- 
o6 o3 11- (15.h) 16.9 
o6 o3 10- (15.2) 1.? 
o6 o3 o9- (15.o) 5.9- 
06 03 08- (1, .0)  16.1 
o6 o3 o7- (1, .o)  h.8- 
o6 o3 o6- (15.o) 8.5- 
o6 o3 o5- (15.o) 2.8 
06 03 Ok- (15.2) 15.8 
O6 O3 o3- (15.h) 12.7- 
06 03 02- (1,.7) 7.,- 

o 3 ~  (~:~) 12o 
~o.8- o3 

06 03 01 21.8 17.9 
06 03 02 hl.6 ~5.1 
o6 o3 o3 lh.O 15.8- 
o6 o3 oh ~7.~ 25.3 
06 03 05 (16.8) 8.0- 
06 03 06 ~h.~ ~8.6- 
07 03 10- (16.6) 16.0- 
o7 o3 o9- (16.5) ?.h 
07 03 08- hh.6 50." 
~O7- (16.5) 21.8- 

o6- (16.8) 3.o 
o? o3 o5- (16.8) o.9 
o7 o3 Oh- ,6.5 66.3- 
07 03 03- (17.3) 19.6 
o7 03 O2- 19.7 25.3 
07 03 01- (17.6) 3.2- 
07 o3 O0 37.h ~e.h 
o7 o3 Ol (18.h) 8.2- 
o7 o3 o2 28.8 28.7- 
O7 o3 o3 (19.2) o.7 

~ o3 lh- 3,.2 32.o- 
03 13- (18.2) ll.l 

08 03 12- 31.6 30.7 
08 o3 11- (18.o) 8.7- 
08 03 10- 29.0 22.6 
o8 o3 o9- (18.o) , . 6 -  
~ 03 06- 35.7 37.9- 

03 07- (18.3) 5.2 
08 03 06- (18.") 5.1- 
o8 o3 o5- (18.,) h.6 
08 03 Oh- (18.6) 21.1 
08 03 03- (19.0) 0.8 
oo Oh co (3.h) 1.2 
O0 Oh 01 37.3 3h-9 

co Oh 03 35.7 37.3- 
oo Oh Oh 21.7 17.3- 
CO Oh O5 13.9 lO.I.- 
oo Oh ¢6 h3.6 3h.5 

OO oh o7 87.h 77.9 
oo o4 o8 hh., h2.3 
CO Oh 09 hl.6 h3.1- 
oo oh lO 66.3 68.9- 
oo Oh 11 31.1 31.5- 
oo Oh 12 23.8 ]8.8- 
oo Oh 13 32., 35.7 
co Oh i~ 58.9 65.1 
O0 Oh 15 (16.1) 7.7- 
00 Oh 16 (16.9) 0.0 
CO Oh 17 (17.5) h.7- 
00 Oh 18 33.8 32.h- 
01 Oh 19- (18.1) 6.6 
Ol Oh 18- 29.0 22.6 
Ol Oh 17- 28.5 25.0- 
Ol Oh 16- (16.1) 10.5 
01 oh 15- (15.5) 7.9 
oz o~ z~- (]3..7) z 8 . o  

' O1 Oh 13- ( l h . l )  18.6 
01 Oh 12- (13.h) 5.3 
01 Oh Ii, (12.7) 7.2- 
Ol oh Io- (12.o) 0.5- 
01 Oh 09- 2h.O 21.a 
Ol oh o8- (lO.h) 7.0- 
o1 oh o7- hT.0 38.0- 
Ol Oh o6- (9.0) h.h 
Ol oh o5- (8.1) 7.8 
Ol o~ o~  39.5 35.5 
Ol Oh 03- 79.8 87.6 
Ol oh o2- (15.5) lh .1 
01 Oh 01- 90.1 88.1- 
01 Oh 00 78.8 103.8- 
Ol Oh Ol 27.8 22.~- 
01 Oh 02 19.6 19.6 
01 O~ 03 9h.6 O2.8 
Ol Oh Oh 137.8 ih3.o 
Ol oh 05 ~6.2 h2.9- 
Ol oh o6 63.8 58.9- 
Ol o~, o? ( u . 5 )  2.9 
Ol oh 08 89.7 91.5- 
Ol O~ 09 31.7 36.2 
Ol o' io 52.6 55.~ 
01 Oh 11 35.2 37.0- 
01 Oh 12 37.8 36.1 
01 Oh 13 (15.7) 5.3 
o1 o~ lh 2h.8 22.5- 
Ol Oh 15 18.3 21.i 
01 Oh 16 (17.8) ii.O- ~ 1 ~ -  (17.71 1.5- 

18- (16.9) 3.6- 
o2 oh 17- (16.2) 13.1- 
o2 oh 16- (1%7) 8.h 
o'2 Oh 15- 25.h 13.7 

o2 Oh lh -  ( lh .3)  lO.3 
o2 oh 13- 29.3 30.2 
02 Oh 12- 17.1 16.1- 
02 Oh ll- ~'9. h 51.2- 
O2 oh lO- ~8.h h?.6- 
,.~ Oh 09- 13.3 i0.0 
O2 oh o8- 53.8 h9.5 
O2 oh o7- 73.9 67. ,  
02 Oh 06- 108.6 95.9 
O2 Oh 05- 69.1 ,9.7- 
uo Oh oh- lh5.8 122.5- 
o2 o4 o3- 36.6 26.9 
0"2 Oh 02- 10~.2 87.h- 
O2 Oh 01- ~8.6 hl.7 
O2 Oh 00 150.1 lhh.l 
02 Oh Ol 88.6 87.0- 
02 Oh O2 28.3 26.2 

.02 Oh 03 ~/~.~' hl.3 
O2 Oh Oh 82.6 8h.7- 
02 Oh 05 50.0 52.6 
o2 o~ o6 (12.2) o.5 
O2 Oh 07 ~7.9 h5.7- 
O 2 ~  21.9 2h.5 
o2 (lh.3) 2.9 
02 oh lO (lh.9) 1.9 
o2 oh 11 (15.7) lh.9 
o2 Oh 12 (16.2) 6.1- 
02 Oh 13 (17.0) 0.2 
O2 Oh I h (17.7) 0.6 
02 0*' 15 (18.3) 2.6 
03 Oh 1/'- 62.8 67.5- 
03 0 ~' 13- 14-7 19.6 
03 Oh 12- (13.2) 11.1- 
03 Oh 11- (12.7) 6.6 
03 Oh 10- 101.2 108.8 
O3 C4 o9- 56.1 58.5- 

03 oh o7- 66.~ 61.1 
03 Oh o6- 99.6 97.h- 
03 o h 05- 38.h 38.8 
03 Oh Oh- h6.5 39.6 
03 Oh 03- 73.5 7h.2 - 
03 Oh O2- 33.0 31-3 
03 Oh 01- 24.7 20.0 
03 Oh co 22.6 19.0- 
03 Oh 01 18.1 17.0 
03 oh 0"2 (ii.7) 5.1- 
03 Oh 03 16.1 I0.h- 
03 Oh Oh (12.7) 1.5- 
03 Oh 05 23.7 15.3 
03 oh o6 (13.8) 2.3- 
03 Oh 07 32.0 25.1- 
03 oh 08 (15.1) 11.h- 
03 oh o9 (15.5) 5.9 
03 Oh iO (16.h) 13-1 
03 Oh 11 (17.0) 2h.9 
03 Oh 12 (17.6) 13.9 
Oh Oh 19- 22.7 12.5- 
Oh oh 18- 05.7 05.1- 
Oh Oh 17- 27.h 25-1 
0~h0h 16- 27.8 3h.9 - 

Oh 15- 29.2 h.2 
Oh Oh 1 ~'- 38.h 37.6 
Oh Oh 13- 39.3 hi.h- 
Oh Oh 12- 17.9 13.3 
Oh Oh II- 17.h 15-0 
Oh Oh 10- 26.7 25.3- 
oh Oh O9- (12.7) 9.2 
Oh Oh 08- (12.h) 3.7 
oh oh o7- (L~.2) h.9- 
oh Oh o6- (12.0) 3.9- 
oh oh 05- 15.6 ]6.1 
Oh oh Oh- (12.o) 7.~- 
Oh Oh 03- ho.6 ~o.h- 
oh oh o2- (L~.h) 2.1- 
Oh Oh 01- 16. h 1,.6 
oh oh oo 22.7 18.5 
Oh oh Ol 37.h 38.5 
Oh Oh 02 (13.6) 8.1 
Oh Oh 03 hh.h hg. 3- 
Oh Oh Oh ~6.9 51.0- 
Oh 0h 05 (15.1) 1.6- 
oh Oh o6 (15.7) 2.8 
Oh Oh 07 2h.3 2h.5 
Oh o~ o8 ~6.3 91.h 
oh Oh 09 (17.3) 16.3- 

oh o~lo lILT ~7.1- Oh Oh Ii 3.5 
Oh Oh 12 2h.8 30.1- 
05 Oh 16- (16.2) 0.9- 

~ oh 15- (15.7) 1.8- 
Oh lh-  (15.3) 3-6- 

05 Oh 13- 22.5 22.9- 
05 Oh 12- (Ih.5) 7.7 
05 0h ii- 17.0 17.0 
05 Oh i0- (1~.i) 9.6 
05 Oh 09- 19.5 19.2 
05 Oh 08- (13.6) 8.3- 
05 Oh 07- 43.7 h9.h- 
05 Oh 06- hl.0 39. h- 
05 Oh 05- (13.6) 13.6 
05 Oh Oh- 29.3 28.1 
05 Oh 03- 22.3 26.6 
05 Oh 02- 58.7 60.0 

"05 Oh 01- 31.6 3h.3 - 
05 Oh 00 55.0 57.7- 
05 Oh 01 13.9 16.8 
05 Oh 0"2 hl.l h2.7- 
05 04 03 (15.9) 5-7 
05 Oh Oh 51.h 51,.o 
05 Oh 05 29.6 2'). I=- 
05 Oh 06 (17.3) lh.O 
05 O~ 07 (17.9) 12.6 
05 Oh 08 25.9 27.5- 
o6 Oh lh- 2:.2 2h.8 
06 Oh 13- (15.8) 7.6 

~ Oh 12- 22.2 19.3 
Oh 11- 23.3 21.2- 

o6 Oh 10- '9.8 5".8- 
06 Oh 09- 18. i 18.7 
06 Oh 08- (l~.l) 10.8- 
o6 Oh o7- (15.1) 5.2- 

~ oh 06- 65.7 71.6 
Oh 05- 32.0 32.2- o~oh" (1~5)  8 8  

03" 22.h 30.6 

~ Oh' 02- hh.o hT.O- 
oh 01- (16.1) 9.7 

O6~ oI* 
co 17.5 15.I 

oh 01 23.8 2h.3- 

31.6 31.h 
~ 15- (17.5) 9.8- 

lh- (17.3) 20.8- 
07 Oh 13- 20.5 23.0 
07 Oh 12- 30.0 27-7- 
07 Oh II- (16.7) 0.3 
07 Oh 10- 28.3 26.1 
07 0h 09- 28.3 22.1- 
07 Oh 08- (16.7) ll.h 
07 Oh 07- (16.7) 7.2 
07 Oh 06- (16.7) 11.9- 
07 Oh 05- (17.0) 3.9 
O7 Oh o~- (17.1) 02' 
07 Oh 03- (17.3) 2.7 
07 Oh O2- (17.7) 1.8 
07 Oh 01- ( ]7.8)  0.6 
~05 15.2 13.2- 

o5 ~ ~ . 8  h3.8- 
00 05 03 h2.1 h8.2 
CO 05 Oh 1&.5 20.8- 
O0 05 05 78-3 65.h- 
O0 05 06 6h.8 52.0 
00 05 07 27.1 23.9- 
o3 05 ¢8 ( n . 5 )  ~.0- 
OO 05 o9 59.7 58.8 
co 05 lO 38.7 38.0- 
oo 05 11 (13.5) 6.1- 
O0 05 12 28.2 28.0 
CO 05 13 19.5 2h.8- 
co 05 lh (15.6) 8.5 
CO 05 15 (16.7) 5.8- 
CO 05 16 2 ' .3  22.9- 
O~ ~ 17 19.6 5-8 

17- 16.8 lb.5- 
01 05 16- 22.9 13.6- 
0! 05 15- 23.2 20.9- 
Ol 05 lh- 22.2 19.0 
01 05 13- 19.9 26.h 
01 05 12- 16.h 15.2 
01 o5 11- (12.9) 5.5- 
Ol 05 10- 19.9 19.2- 

5.9- Ol 05 09- lb.8 
Ol 05 08- 39-1 32.0- 
Ol 05 o7- 33.8 29.h 
Ol 05 06- 22.5 16.2 
Ol 05 05- 65.2 69. ~- 
Ol 05 Oh- 51.2 6h.3 
01 05 03- (6.5) 2.3- 
Ol 05 0"2- hO.6 39.7- 
01 05 o1- 90.5 9e.l 
Ol 05 O0 33.h hT.l- 
Ol 05 01 hh.1 h5.5- 
01 05 02 78.0 78.3 
Ol 05 03 ~8.5 1.8.7- 
01 05 Oh 9.3 7.8- 
01 05 05 17.6 Ih.5 
01 05 o6 69.7 61.2- 
01 05 07 (11.6) 13.h 
Ol 05 C8 hO.O 41.9 
01 05 09 26.7 23.3 
01 05 i0 21.8 18.3 
01 05 11 23.9 23.8- 
01 05 12 30.2 32-9- 
01 05 13 32.6 22.6- 
01 05 lh (16.8) 3.0 
Ol 05 15 (17.3) 21.1 
01 05 16 (18.3) 17.2 
01 05 17 (18.8) h.7 
02 05 17" (18.3) 3.9 
02 05 16- 22.2 20.3 
02 05 15- 22.5 2h.2- 
02 05 lh- lh.h 17.0 
02 05 13- 16.8 13-7 
02 05 12- hl.l h2.3- 
02 05 ii- hh.6 hg. 5 
o2 05 10- O2.o) 9.5- 
02 05 09- 53.3 ~8.1- 
o2 05 08- 80.3 68.8 
02 05 07- 36.2 31.9- 
02 05 06- ~.2 37.6- 
02 05 0,- 50.2 39.9 
02 05 Oh- 63.7 ,1.7- 
02 05 03- 15.6 15.1 
02 05 02- 91.5 79-7 
O2 05 01- 25.1 19.h 
o2 ~ ~ (8.9) 1.1 
O3 hh.h hh.5- 
o2 o5 02 58.5 55.6- 
02 05 03 3~-9 30.6- 
02 05 Oh 32.7 33.h 
02 05 05 58.7 65.7 
02 05 06 26.2 23.6 
o2 o5 o? (13.2) o.7- 
02 O5 08 22.7 23.0- 

30.9- 
O2 O, io /8.h l~.h- 
O2 o5 11 (1%8) 11.8 
02 05 12 (16.7) 11.2 
03 05 18- 20.h 21.h 
03 o5 17- (16.7) 7 . , -  
03 05 16- 26.7 2".5- 
03 05 1,- 2h.6 25.h 
03 05 i~- lb. 2 12.1- 
03 05 13- (lb.2) 7.6 
03 05 12- hl.6 h5.2 
03 o5 11- (m.9) 1.9- 
03 05 10- 22.6 19.2- 
03 05 09- 35.h 31.5- 
03 05 08- 35.h 32.8- 
03 05 07- (11.0) 5.1- 
03 05 06- hT.l hl.2 
03 05 05- 80.9 7h.9 
03 05 oh- (lO.2) 0.6- 
03 05 03- 22.3 19.7- 
03 05 o2- 33.9 32.8- 
03 05 01- h7.3 ~.6- 
03 o5 oo (11.3) 3.7 
03 05 ol 35.9 38.6 
03 05 O2 29.6 27.2 
03 (12.h) 6.2- 
03 ~ ~ 19.3 16.o 
03 o5 o5 (13.3) 2.2 
03 05 06 38.7 31.2- 
03 05 07 23.3 25.5 
O3 05 08 (15.h) 10.7- 
03 05 o9 23.5 26.1- 
03 05 10 25.7 27.9 
03 o5 ii (20.7) 7.0- 
Oh o5 16- z, .7 16.1 
~ 1 ,  ~1 283 

i~- lb.6 8.8- 
05 13- 21.2 21.3- 

o~ X: 15.3 ~.7- 
21., 25.0- 

~ ~ o9-10- 3h.,11"135.61"9 
~ .  18., 1~:~ 

07- (lh.3) 

~Oh O5~ 06- (lb.3) 6.5- 
O5- (1h.31 3.3 

Oh o5 oh- 38.7 ~.3- 
Oh O5 o3- 26.9 27.9 
Oh O5 O2- (lh.5) 9.5 

~ O5 01- hl.5 h7.3- 
0, 00 h7.2 h9.9 

04 O50l (13.3) 3.1 
O~ 05 02 3h.7 31.8- 
Oh 05 03 h5.5 ~9.9 
oh o5 Oh 21.7 ~ . , -  
Oh 05 05 16.8 15.8- 
Oh o5 o6 31.o 35.2 
oh ~ g_ 22.7 19.8- 
O5~ 25.1 23.9 

0~11- 31.8 31.3- 
05 i0- 19.7 2h.8 
O5 O5 o9- 15.h 1%1 
~ 0 8 -  h2.o h6.6- 

o7- to.7 ~e.h 
05 05 06- 2h.3 6.8- 
05 05 05- 3h.7 36.3- 
o5 o5 oh- hh.7 ~8.h 
05 05 03- 20.7 20.h- 
05 05 02- 26.2 28.0- 
05 05 01- 20.2 20.9 
05 05 00 26.3 2h.2- 
o5o5Ol lh9 ~o6 
~o5~ 315 315 

05 22.5 23.9- 
06 0, ib, - 18. i 23.9 
06 05 13- (16.1) 7.3- 

~ O5 ]2- 29.3 26.5- 
O, ii- 23.1 20.6 

~ ~ 10- (15.5) 7.7- 
09- (15.5) 3.2 

~ O 6 -  31.1 31.1 
07- 10.6 h. 1- 

06 05 06- 10.6 12.8- 
06 05 0,- 22.6 21.6- 
o6o5 o~- 21.7 1,.1- 
o6o5 o3- (1,.8) 1.5- 
06 05 02- 15.7 lh.l 
O6 05 01- 32.2 29.h 
O6 o5 co (16.8) 2.3 
co O6 co 103.2 105.6- 
co ¢60l 3h.8 36.6 
co O6 o2 =:'7.8 28., 
co ~ ~ 28.8 3,.0 
co ,9.h 66.0 

OO (;6 25.0 23.~- 
C O O 6 ~  ~ . 9 -  56.6 
O0 o6 o7 20.5 !7.8- 

oo O6~ ~O9 17.5 12.9- 
oo (12.h) 9.6 
oo 06 10 13.3 13.7 
O0 06 11 (13.9) 3.8 
oo o6 m (lh.7) 2.2 
Ol 06 i£- 33.1 3h.h 
Ol o6 13- 20.2 25.7- 
01 ~ 12- (1%9) 3.9" 
Ol- n- (1L3) 3.7- 
01 06 10- 65.9 62.2- 
01 O6 O9- 3h.6 37.1 
Ol 06 08- 52.5 ~.h 
01 06 07- (10.1) 3.3 
oi o6 o6- hh.7 h'..9 
Ol 06 05- 30.3 37.3- 
Ol o6 o4- ~., 6h.3- 
Ol 06 03- (7.2) 13.6- 
01 o6 o2- (6.0) 5.8 
Ol o6 Ol- (6.0) 16.1 
Ol 06 O0 17. i 23.k 
Ol o6 Ol (7.5) 6.h 
01 o6 o2 (8.0) lh.0- 
Ol o6 03 IO., 8.8- 
Ol o6 o~ (9.5) lO.9 
Ol O6 o5 (lO.3) h.6- 
Ol o6 o6 (11.3) 12.7- 
Ol o6 o? (12.o) 3.8- 
Ol o6 08 (12.8) 0.6- 
oi o6 o9 (13.5) 12  
Ol o6 lO (lh.i) lO.O 
Ol o6 11 ( ih.9)  8.6 
01 o6 12 (15.6) 11.~- 
02 06 lh- 2h.6 30.9- 
02 06 13- (lh.~ 2.6 
03 06 12- (13.6) 10.5 
o2 o6 n- 02.1) lh.9 
o2 o6 10- (12.2) 12.2 
O2 O6 O9- (1/.5) 3.9 
02 06 08- lh.l 15.8- 

~OS O6~ o7" 20.9 17.5- o5- 18.3 16.8 
02 06 O5- (9.2) 6.6- 
o2 o6 oh- (8.8) lO.1- 
O2 O6 03- (8.h) 5.8 
o2 06 o2- (8.h) 3.7- 
02 o6 01- (8.8) 6.6- 
Cq 06 oo 17.h 12.8 
O2 O6 Ol (9.5) h.8 
02 o6 O2 22.1 20.0- 
02 06 03 (10.8) 3.3- 
o 2 ~  26.2 2h.3 
02 26.2 25.&- 
o2 o6 o6 (12.8) .1.8 
O2 o6 o7 (13.5) 6.5 
O 2 ~  ~.5 39.2- 
O2 23.3 23.8 
02 06 i0 26.8 2h.9 
03 O6 lO- (12.5) 6.2 
03 o6 o9- (re.o) 2.3 
03 o6 08- (11.8) 6.5- 
03 o6 O7- (11.2) 0.9- 
03 o6 o6- 28.6 2h.8 
03 o6 O5- 25.1 21.0- 
03 o6 oh- 20.0 L2.8- 
03 O6 03- 20.5 22.7 
03 O6 O2- h9.2 ~6.6- 
03 o6 Ol- 26.5 2h.5 
03 o6 co 57.h 58.8 
03 o6 Ol 36.3 37.0- 
03 O6 O2 2h.9 19.8 
03 06 03 22.1 20. h- 
03 06 Oh 56.6 63.1- 
03 o6 05 23.0 23.0 
03 o6 O6 15.1 13.9 
03 06 07 19.2 11.8 
03 06 08 31.8 30.1 
03 o6 09 (16.3) 8.8- 
~ lO 21.6 lh.2- 

10- 49.6 h8.6 
06 o9- 32.9 3, .5-  

Oh o6 08- (12.o) h.3- 
~ o 7 -  ( ~ . 5 )  5.1 

o6- ,7.2 63.0- 
o4 o6 o[,- 3h.h 36.9 
Oh o6 o~  hl.5 38.6 
o~ ¢6 03- (la.5) 1.0- 
Oh 06 O2- 33.h B2.2 
Oh 06 01- 15.2 17.0- 
Oh O6 O0 35.0 36.5- 

The final positional parameters are given as Set 2 value of the usual residual, R, was 0.095% for all ob- 
in Table 1 and the anisotropic temperature param- served reflections. 
eters are listed in Table 2. The observed structure 
factors are compared in Table 3 with those calculated 

D i s c u s s i o n  of the s tructure  on the basis of the final positional and temperature 
parameters. The atomic scattering factors used for A projection of the structure of C4HsSe2.2 I2 on (010) 
iodine and selenium were those of Thomas & Umeda is shown in Fig. 1 (a) while the molecular structure of 
(1957), corrected for dispersion for Mo Ka radiation the complex is shown in Fig. 2(a). The corresponding 
(Dauben & Templeton, 1955). For carbon, the dia- projection and molecular structure of C4HSS2.2 I2 are 
mond values of McWeeney (1954) were used. The final given in Figs. l(b) and 2(b) respectively. The observed 
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(a) 

O I 

I 

(b) 

Fig. 1. (a) Projection of the structure of C4HsSe s. 2 12 down the b axis. 
(b) Projection of the structure of CattaS s.2 I s down the b axis. 

bond distances and bond angles for the diselenane 
complex are given in Table 4 where they  are compared 
with the results of Marsh & McCullough (1951) for 
1,4-diselenane. The s t ructural ly  impor tan t  non-bonded 
separations are given in Table 5. 

Although the C4I-IsSe2.2 I2 molecule is required only 
to be centrosymmetric ,  it  has, within the s tandard  
deviations of the present study, the symmet ry  2/m. 
Deviations from the higher symmet ry  are much smal- 
ler t han  those found in C4HSS2.2 Ie. On the other 
hand,  it appears tha t  the 1,4-diselenane molecule is 
affected more by  complexing with iodine than  is the 
1,4 di thiane molecule. The structure of the lat ter  is 
affected less t han  the s tandard  deviations involved 
but  the S e . . .  Se distance across the diselenane ring 
is lengthened from 3.66 + 0.02 to 3.746 + 0.005 A by 
complexing with iodine. At  the same time, the angles 

8e-01-C~' and  8e-0~-(~1' are increased {rom the aver- 
age value of 108 _+ 3 ° to an average of 115 + 2 °. 

The most str iking differences between the struc- 
tures of the iodine complexes of 1,4-dithiane and 
1,4-diselenane are the angles of a t t achment  of iodine 
to the ring systems and  the bonded distances involving 
iodine. These differences are shown in Fig. 2 and in 
Table 6. In  the di thiane complex, the iodine mole- 
cules are a t tached to the ring in the equatorial  posi- 
tions whereas the a t t achment  in the diselenane com- 
plex is in the axial  positions. The reason for this inter- 
esting difference in bonding is not at present clear as 

there does not appear  to be any  appreciable intra- 
molecular crowding in either form of the iodine com- 
plex with either di thiane or diselenane. 

A comparison of the S-I  and Se-I  distances indi- 
cates a stronger bond in the lat ter  case. This is also 
suggested by the significantly longer I - I  bond in the 
diselenane complex and by the lower dissociation con- 
s tant  of C4HsSe2.I~ ( K = 3 . 5 5 x  10 -~ tool./1.) when 
compared to tha t  of CaHsSs. I2 (K = 1.30 x l0  -2 mol./1.) 
in carbon tetrachloride solution at 25 °C (McCullough 
& Zimmermann,  1961). I t  is interesting to note tha t  

( 
2'870] 

( 
2"829 

) 
(o) 

) 

) 

Fig. 2. (a) The molecular structure of CattsS%. 2 12. 
(b) The molecular structure of C41:IsS s. 2 1 s. 
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Tab le  4. Bond distances and angles in C4HsSeg.2 Is 
compared with those in CaHsSe9 
(Marsh & McCullough, 1951) 

(a) Distances in A. (Standard deviations in parentheses) 
C4HsSe 2 . 2 12 CaHsS % 

I i - I  2 2.870 (0.003) - -  
I~-Se 2.829 (0.004) - -  
Se-C 1 1.947 (0.024) 1.99 (0.04) 
Se-C 2 1.980 (0.024) 2-04 (0-06) 
C~-C~ 1.568 (0.030) 1.54 (0.04) 
Se - . .  Se 3.746 (0.005) 3.66 (0.02) 

(b) Angles in degrees. (Standard deviations in parentheses) 
C4HsS % . 2 12 C4HsS % 

Ii-Ig-Se 180.0 (0-3) - -  
I2-Se-C 1 101.5 (1.0) - -  
I2-Se-C 2 100.5 (1.0) - -  
I2-Se. • • Se" 89.4 (0.5) 
C~-Se-C 2 100.5 (1.8) 97.6 (3"5) 
Se-C1-Cg' 117.2 (2.0) 108.5 (3.0) 
Se-C~-C 1' 113.0 (2.0) 107.8 (4.0) 

Tab le  5. Shortest non-bonded interatomic separations 
in C4HsSe2.2 I9 

(Standard deviations: I -I ,  0.003 A; I-Se, 0.004/~; I-C, 0.002/~) 
(See Fig. 1 for identification numbers of atoms) 

(a) Atoms within a given molecule 
I-C 2-4 3.74 A 

2-5 3-75 

(b) Atoms in different molecules 

I - I  1- 2' 4.550/~ 
1- 6 4-329 

I-Se 1- 8 3-889 
1-12 4"022 
2- 8 4.O08 

I-C 1- 9 3"92 
1-10 4.06 
1-11 4.11 
2-10 4.37 

Table  6. Comparison of bond distances in the 
iodine complexes of diselenane and dithiane 

Complex Bond Obs. dist. l~adius sum Diff. 

C4HsSe2.2 12 Se-I 2.829 A 2-50 A 0.33 A 
I - I  2.870 2.66 0.21 

C4HsS 2. 2 12 S-I 2.867 2.37 0.50 
I - I  2-787 2.66 0.13 

the  f i rs t  s tage of t he  d i ssoc ia t ion  (corresponding to  the  
loss of the  f i rs t  of t he  two iodine molecules) is com- 
ple te  in  bo th  complexes  in ca rbon  t e t r ach lo r ide  solu- 
t ion  a t  25 °C. 

The  behav io r  of the  t e m p e r a t u r e  p a r a m e t e r s  in 
C4HsSe2.2 Is is s imi lar  to t h a t  in  the  d i t h i ane  com- 

plex. I n  the  p resen t  s t u d y  B~i(I1)>Bi~(I2)>Bit(Se). 
As po in t ed  ou t  in  the  discussion of the  d i t h i a n e  com- 
plex,  th is  a p p a r e n t l y  anomolous  behav io r  of h igher  
t e m p e r a t u r e  p a r a m e t e r s  for the  heav ie r  a toms  is 
u n d e r s t a n d a b l e  in  v iew of the  n a t u r e  of the  s t ruc tu re .  

The  s t ruc tu re  of the  iodine complexes  of d i t h i a n e  
a n d  d ise lenane  r ep resen t  an  in t e re s t ing  case of pseudo 
i somorphism.  The  close s imi l a r i t y  of the  uni t -cel l  
d imens ions  a n d  the  fac t  t h a t  bo th  s t ruc tu re s  are based  
on P21/c s t r o n g l y  suggest  t h a t  t he  two subs tances  are 
i somorphous .  However ,  the  g rea t  dif ference in  mole- 
cular  s t ruc tu res  p r e v e n t s  t rue  i somorphism.  The  dif- 
ference be tween  the  two s t ruc tu res  is g rea t e s t  in the  
y pa ramete r s ,  as shown  b y  compar i son  of the  F va lues  
for 0k0 in  the  two subs tances  which  are as fol lows:  

020 
040 
060 

C4HsS 2 . 2 12 C4HsS % . 2 12 

Fo Fc Fo Fc 
123 --121"8 53 --52.1 
112 -- 104.0 - -  1.2 
74 70.4 103 105.6 

A s t u d y  of the  s t ruc tu re  of the  iodine complex  of 
1 ,4-se lenothiane is p lanned .  
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