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Hoern i  & Ibers  (1954) for carbon, modif ied by  a tem- 
pe ra tu re  factor B=3.0.  The form factors fH for the 
4 a toms determining aH were deduced  from the relat ion 

r = 1 H / Z L  = ( f e / f L ) ( 4 / 5 ) ½ ,  

r being assigned values of 0.5, 1.0 and 1.5 in turn.  Values 
of ]FI, IFsl and  a~  were calculated for h ~ 30 and the 
appropr ia te  values of W obta ined by  interpolat ion in 
Table 2. 

Elec t ron-dens i ty  distr ibutions @' and  @'" were cal- 
cu la ted  for the three values of r:  @' was calculated from 
the  s t ruc ture  ampl i tudes  IFI wi th  phase angles aB and @'" 
was calculated from the  sui tably scaled weighted  struc- 
ture  ampl i tudes  IcWIF I with  phase angles all, the  same 
F(0) t e rm being used in each series and  the scale factor  
/c being defined by  

30 30 
IFI = ~ 2." w I F I .  

h=I h=l 

A fair comparison of the two distributions can then be 
made directly. The resultant distributions are shown in 
Fig. I, and an examination of this shows the improved 
resolution in @H, especially at the lowest value of r, of 
the  a toms which make  no contr ibut ion  to all. 

I n  order  to provide a quan t i t a t ive  measure  of the 
improvemen t  a comparison was made  of the  average 
peak  heights  of the known atoms,  t ha t  is, those contr ibut-  
ing to aB, and  the unknown  atoms in the weighted  and  

unweigh ted  Four ier  series of :Fig. 1. Values of (@W/@U)H 

and  (@W/@U)L, the  ratios of the  average peak height  in 
the  weighted  series to the  average peak height  in the 
unweigh ted  series of the  known and  unknown  atoms, 
respectively,  were calculated for the various values of r 

Table 3. Comparison of the average peak heights in the 
weighted and unweighted Fourier series 

r (qw/qv)~ (@w/qu)z 
0-5 1.11 1.42 
1.0 1.05 1.13 
1-5 1.03 1.08 

and are listed in Table 3. The results show tha t  the  aver-  
age peak  height  of an  unknown  a tom is increased con- 
siderably more in the weighted  series t han  is the  peak 
height  of a known atom.  The greatest  improvemen t  in 
resolution is associated wi th  the  smallest  value of r, 
in agreement  wi th  Woolfson's conclusions concerning the  
cen t rosymmetr ica l  case. 

In  view of these results it would appear  tha t  there  is 
a greater  possibility of recognizing the s t ruc ture  in the  
weighted than  in the unweigh ted  series and  it would seem 
worthwhile ,  therefore,  in the  applicat ion of the heavy-  
a tom me thod  to non-cent rosymmetr ica l  s tructures,  par- 
t icular ly  when  the  pa rame te r  r is small, to weight  each 
s t ruc ture  ampl i tude  according to the funct ion t abu la ted  
in Table 2 ra the r  t han  to include indiscr iminately  each 
s t ruc ture  ampl i tude  a t  its face value. 
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A long t e rm  project  in these laboratories has been the  
invest igat ion of the  s t ructures  of compounds  of the type  
R2SeX e and  R~TeX~ where  X is one of the  halogens. 
The previously repor ted  studies have involved only 
dichlorides and  dibromides and  the  s t ructures  have,  in 
all eases, involved near ly  linear X - S e - X  and  .X -Te-X  
axial bonds in molecules wi th  pseudo tr igonal  b ipyramidal  
s t ructures  (see Christofferson, Sparks & McCullough, 
1958, for references to earlier studies). P re l iminary  
studies on several iodides in the  te l lur ium series showed 
these to be s t ruc tura l ly  complex. In  contrast ,  the  iodides 
of 1,4 diselenane and  1,4 di th iane proved to be crystallo- 
graphical ly  simple. Work  on these compounds  indicated 
t h a t  t hey  are molecular  complexes, ra ther  t han  t rue  
diiodides. This unexpec ted  result  gave added  interest  to 
the  s tudy  and p rompted  this pre l iminary  report .  

Crystal lographic da ta  for the  isomorphous compounds  

* This research was sponsored by the National Science 
Foundation under Grant NSF-G 5922. 

Table 1. Crystallographic data 

C4H8S 2 . 2 12 C4HsSe 2 . 2 12 

a (A) 6-83 6.88 
b (A) 6-39 6.33 
c (A) 16.78 17-68 
fl (o) 117 ° 30' 118 ° 30" 
@obs. (g.cm -3) - -  3-4 
@calc.(g.cm -3) 3"22 3-53 

are given in Table 1. Due to the presence of only two 
molecules per uni t  cell in P21/c , the  molecules are re- 
quired to be cent rosymmetr ic .  Sat isfactory tr ial  struc- 
tures  were obta ined by  means  of Pa t te r son  summat ions  
on (010) and  (100) and  Four ier  summat ions  on these 
faces of the  uni t  cells in the  two compounds  gave the  
posit ional parameters  listed in Table 2. Al though ap- 
proximate  carbon positions were indicated  in the two- 
dimensional  summations ,  reliable parameters  mus t  awai t  
the  three-dimensional  ref inement  of the s t ructures  now 
in progress. A project ion of the  s t ruc ture  of the  selenium 
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Table 2. Atomic positional parameters 

(a) C4IIsS 2 . 2 I~ (b) C4HsS % . 2 1 s 

x y z x y z 
S 0.208 0.451 0.100 So 0.192 0.607 0.110 
11 0.525 0-140 0.147 11 0.472 0.259 0.139 
I s 0.825 0.817 0.183 12 0.770 0.920 0.173 

Table 3. Bond distances in C4HsS~. 2 Is, C4HsSe = . 2 I~. 
and related compounds 

Obs. Radius 
dist. sum Diff. 

Compound Bond (A) (A) (/~) 

C4HsS 2 . 2 12 S-I  t 2.77 2.37 0-40 
I1-L. 2.77 2.66 0.11 

C4HsSe 2 . 2 12 Se-I 2.81 2.50 0.31 
I1-L 2.83 2.66 0.17 

C4HsO~. 2 IC1 O-I 2"6 1.99 0"6 
(Hassel & Hvoslef) I-C1 2.3 2.32 0.0 

C4H802. Br 2 O-Br 2.71 1.80 0.91 
(Hassel & Hvoslef) Br-Br 2.31 2.28 0.03 

C s I  a I i - L  3.04 2.66 0.38 
(Tasman & Boswijk) Ig-I a 2.83 2.66 0.17 

(C6HsCH2)~S. I~, S-I 1 2"84 2"37 0"47 
(Hassel) I1-I9. 2.81 2.66 0" 15 

S 

Fig. 1. Projection of the structure of C4HsSe~.2 I~. on (010). 
Circles represent, in order of decreasing size, I, So and C 
atoms respectively. 

compound  on (010) is shown in Fig. 1. Tenta t ive  bond 
distances between heavy  a toms are given in Table 3. 

The results of t tassel  & I-Ivoslef for the  1,4 dioxane com- 
plexes C4I.IsOg.Br~ (1954) and  C4HsO~.2 IC1 (1956) and  
the  results of Tasman  & Boswijk (1955) for CsI S are 
included in Table 3 for comparison wi th  the  results  of 
the  present  s tudy.  The angles S e - I - I  and  S - I - I  bo th  
have values wi th in  a degree or two of 176 °, the  angle 
found in the  I~- ion. The 0 - I -C1  and  0 - B r - B r  angles 
in the  dioxane complexes are also near ly  linear. 

The sums of the  normal  single covalent  bond  radii  are 
given in Table 3 for comparison wi th  the  observed bond 
distances. The differences in bond  lengths (observed 
minus  calculated) are listed in the  last column of the  
table. If  one makes  the  reasonable assumpt ion  t ha t  a 
smaller difference in these quant i t ies  implies a s t ronger  
bond,  then  it follows t ha t  1,4 diselenane forms a s tronger 
iodine complex t h a n  1,4 di thiane which  in t u rn  forms a 
stronger complex t han  the  IC1 and  Br~ complexes of 
1,4 dioxane. Also the halogen molecule enter ing a s tronger 
complex should become itself more loosely bonded  
( lengthened X - X  or X - X "  bond),  while a halogen mole- 
cule enter ing a weak  complex should be only sl ightly 
dis turbed.  These la t ter  considerations lead to the  same 
conclusions wi th  respect to the  stabilities of the  com- 
plexes. The observed Se- I  bond distance of 2-81 A is 
ac tua l ly  only about  0-1 /~ longer t han  the  an t ic ipa ted  
length of an Se - I  bond in axial I - S e - I  bonding.  I n  the  
la t ter  case Se would be expected to have  a covalent  
radius of 1.39 /~ (McCullough, 1953). 

As a result  of correspondence wi th  Professor O. Hassel ,  
it  was learned t h a t  he is also s tudy ing  the  s t ruc ture  
of the iodine compound  wi th  1,4 di thiane.  H e  indica ted  
t ha t  the  S - I  bonds are in the  equatorial  positions, in 
cont ras t  wi th  the  axial Se - I  bonds shown in our F igure  
1. A review of our results after  receiving his communi-  
cat ion indicated t ha t  the  angle S - S - I  is 130 ° in the  
1,4 di th iane complex and t ha t  the  angle Se-Se--I is 90 ° 
in the  1,4 diselenane complex. The two molecules ac- 
cordingly have  different  conformations and  the  apparen t  
isomorphism of the  compounds  is surprising. 

The authors  grateful ly  ac-lmowledge the  f inancial  
assistance of the  Nat ional  Science Founda t ion  which  
made  this research possible. The authors  also t h a n k  the  
Numerica l  Analysis Research  Projec t  and their  sponsoring 
agencies, the  Office of Naval  Research  and  the  Office of 
Ordnance Research,  U.S. Army,  for mak ing  SWAC a n d  
other  comput ing  facilities available.  We are also indeb ted  
to Mr Charles Coulter for prepar ing one of the  Pa t t e r son  
summat ions  and  for assistance general ly wi th  the  com- 
put ing  on SWAC. 
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