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= ½  and t a B = ½ t a a = ½ t z B .  

The theory can be extended in an obvious manner to 
the case of several motif points within the primitive 
unit cell. 

We are indebted to Dr :N. F. M. Henry  and to the 
referee for helpful suggestions in improving the presen- 
tation. One of us (D.B.D.) acknowledges a Universi ty 
Grant from the Wfltshire County Council. 

Acta Cryst. (1955). 8, 91 

The Crystal Structure of 1,4-Dithiane* 

BY RIC~rARD E. MARSH 

The Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena 4, California, U.S.A.  

(Received 2 August 1954) 

T h e  c ry s t a l  s t r u c t u r e  of 1 ,4 -d i th iane  ha s  b e e n  d e t e r m i n e d  a n d  r e f i n e d  b y  l e a s t - squa re s  m e t h o d s ,  
u s i n g  c o m p l e t e  t h r e e - d i m e n s i o n a l  d i f f r a c t i o n  d a t a  f r o m  c o p p e r  X - r a d i a t i o n .  T h e  c o m p o u n d  is 
isomorphous with 1,4-diselenane, and hence the molecule has the centro-symmetric chair con- 
figuration, as reported by Dothie. The bond distances and standard deviations are: S-C1, 1.8014- 
0-013 A; S-C~, 1-8214-0-011 /~; C1-C e, 1-4904-0.018 A. 

Introduction 

In  an electron-diffraction investigation of 1,4-dithiane, 
C4HaS~, Hassel & Viervoll (1947) reported sulfur- 
carbon distances of approximately 1.81 ~,  which is 
the sum of the accepted single-bond radii of carbon 
and sulfur (Pauling, 1948), but were unable to dif- 
ferentiate between two different models for the mole- 
cule. An X-ray diffraction investigation of 1,4- 
diselenane (Marsh & McCullough, 1951) showed tha t  
this molecule has the expected chair form; however, 
the average Se-C distance proved to be 2-01 A - -  
significantly greater than  the sum of the single-bond 
radii of selenium and carbon (1.94 /~). The present 
X-ray diffraction investigation of crystals of 1,4- 
dithiane was undertaken to provide a check on the 
S-C distances, as well as to ascertain the molecular 
configuration. Recently, Dothie (1953) has reported 
unit-cell dimensions and space-group symmetry  for 
1,4-dithiane which require tha t  the molecule be in the 
centro-symmetric chair configuration. 

Experimenta l  

A sample of 1,4-dithiane was recrystalfized by slow 
subLimation in a sealed ampoule. The resulting mono- 
clinic crystals, which were elongated in the b direction, 
were sealed in thin-wall glass capillaries to prevent 
evaporation during X-ray photography. Two crystals 
were photographed; one was oriented with its b axis 
parallel to the axis of the capillary and had dimensions 
of about 0.5 × 1.5 x0.2 mm., while the other had its 
c axis approximately parallel to the axis of the 

* Contr ibut ion  1~o. 1926 f rom The Gates and  Crellin Labo- 
ratories of Chemistry.  

capillary and had dimensions of about 0"3 ×0.t.<0-2 
ram. Multiple-film Weissenberg photographs were 
prepared with unfiltered copper X-radiation for the 
equator and first four layer lines about the b axis, 
and for the equator and first six layer fines about the 
c axis; by this means, all of the reflections within the 
sphere of copper radiation were recorded. Out of the 
total  of 618 reflections within the sphere, 548 were 
strong enough to be observed. Intensities were esti- 
mated visually by comparison with a calibrated strip, 
and a film factor of 3-8 sec" was used to correlate 
intensities of successive photographs, /x being the 
equi-inclination angle. :No correction was made for 
absorption. 

The space-group symmetry,  as determined from the 
Weissenberg photographs, is tha t  of C~h-P21/n. Ap- 
proximate unit-cell dimensions and intensity com- 
parisons showed tha t  the compound is isomorphous 
with 1,4-diselenane (Marsh & McCullough, 1951); 
there are thus two centro-symmetric molecules in the 
unit  cell, in agreement with the findings of Dothie 
(1953). Accurate values for the lattice parameters 

Table 1. Lattice parameters 
1,4-Dithiane 

- 

This invest igat ion Dothie  1,4-Diselenane 
(1) (2) (3) 

a 6.7634-0.002 A 6.74 A 6.974-0.02 A 
b 5.4644-0.005 A 5.46 A 5.62-a0.02 A 
c 7.8444-0.003 A 7.69 A 8-014-0-02 
fl 92.67 4-0.04 ° 91"53 ° 93.6 4-0"1 ¢ 
c' 10.12 4-0-008 A 10.09 A 
fl' 129.25 4-0.07 ° 130.37 ° - -  

().---- 1-5418 for Cu Ka, 1.54050 for Cu Kct 1, 
1.54434 for Cu Kc%) 
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S y 
z 

Table 2. Atomio positional parameters for 1,4-dithiane 
Leas t  squares 

S ta r t ing  Fom'iers on . ^ 
pa ramete r s  (010) and  (001) No. 1 No. 2 

0-225 0-217 0-2179 0-2184 
0-167 0"160 0"1586 0-1579 
0"038 0"038 0"0395 0"0397 

No. 3 

0.2184 
0.1578 
0.0397 

Probable  
error 

0-0002 
0.0003 
0.0602 

x 0.987 0.996 0-9932 0.9942 0.9953 0-0008 
C 1 y 0-183 0.175 0.1784 0.1789 0.1792 0.0009 

z 0.167 0.158 0.1560 0.1555 0-1556 0-0008 

x 0-192 0-186 0.1859 0.1869 0-1875 0-0008 
C a y 0.835 0-840 0-8449 0.8479 0-8485 0.0008 

z 0-947 0.955 0.9559 0.9554 0.9562 0-0008 

- -  0.19" 0"137t 0"134t 

* Isotropic  t empe ra tu r e  fac tor  applied to calculated s t ruc ture  factors.  
Anisotropic t empe ra tu r e  fac tor  applied to ca lcula ted s t ruc ture  factors.  

were obtained from photographs prepared in a 
Straumanis-type single-crystal rotation camera, using 
Cu K~  radiation. These photographs were indexed by 
comparison with the Weissenberg photographs, and 
a least-squares adjustment  of values of sin 0 resulted 
in the lattice parameters and probable errors which are 
listed in column (1), Table 1. For comparison, the 
values reported by  Dothie are given in column (2), 
while the values found by Marsh & McCullough for 
1,4-diselenane are given in column (3). 

Values for c' and fl' in Table 1 refer to the alternate 
space group setting P21/a--the setting on which 
Dothie's measurements were based. Thus, although the 
agreement between the present values and those of 
Dothie does not, at first glance, appear to be too 
satisfactory, i t  is seen tha t  the source of discrepancy 
lies in the value of fl'. Indeed, if the value of fl' as 
reported by Dothie from optical-goniometrie measure- 
ments, namely 129.42 ° , be accepted in preference to 
the value of 130-37 ° obtained by him from rotation 
photographs, the overall agreement of lattice para- 
meters is quite adequate. As a check on the values of 
fl and fl', measurements were made of the lattice-row 
separations on a zero-layer Weissenberg photograph 
taken about the b axis. The lateral spacing between 
equivalent lattice rows 180 ° apart  was used for calibra- 
tion. The resulting values for fl and fl' were 92.63 ° 
and 129-17 °, in good agreement with Dothie's gonio- 
metric values and with the values obtained from the 
least-squares analysis of the Straumanis-type photo- 
graphs. 

Refinement  of atomic  posit ional parameters  

As a starting point for the refinement of the positional 
parameters for the sulfur atom and the two carbon 
atoms within the asymmetric unit, the final parameters 
found for 1,4-diselenane (Marsh & McCullough, 1951) 
were used to calculate signs of structure factors of the 
type hk0 and hO1. Fourier projections and difference 
maps were then calculated for these two zones, and the 

resulting improved parameters were used for the first 
three-dimensional structure-factor calculations. The 
atomic form factors of James & Brindley (1935) were 
used for sulfur, while the values of McWeeny (1951) 
were used for the carbon atoms. The observed da ta  
were placed on an absolute scale by  application of an 
empirical scale factor, and the calculated s tructure 
factors were corrected by an empirical isotropic 
temperature factor with B = 2.85 /~2. At this stage 
the correlation factor R was 0.19. 

~lFol 
h 

0 1951 
1 2771 
2 3556 
3 3321 
4 2110 
5 2147 
6 920 
7 883 
8 264 

k 

0 2705 
1 4411 
2 4341 
3 2803 
4 2096 
5 1055 
6 512 

Table 3 

2035 306 0.157 42 
2727 374 0-135 87 
3468 428 0"120 92 
3316 401 0-121 85 
1986 294 ~139  74 
2177 286 0-133 67 

867 143 0.155 43 
850 107 0-122 33 
280 54 0.205 14 

2786 257 0-095 57 
4339 496 0.113 119 
4131 562 0.129 113 
2668 423 0.151 93 
2215 391 0.187 79 
1020 191 0.181 47 

547 73 0.143 29 

l 

0 1650 
1 3098 
2 2920 
3 3133 
4 2562 
5 1887 
6 1268 
7 802 
8 404 
9 199 

1712 196 0.119 37 
3211 509 0.165 79 
2774 366 0.126 76 
2976 397 0.128 80 
2442 328 0-128 72 
1865 234 0.124 66 
1266 162 0-128 51 

845 125 0"156 38 
417 43 0-106 24 
198 33 0.166 14 

.~Ureflec- 
t ions 17923 17706 2393 0.134 537 
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Three success ive  least -squares  ref inements  of the  
atomic  parameters  were  carried out ,  us ing all of the  
observed data.  A we ight ing  s y s t e m  similar to tha t  of 
H u g h e s  (1941) was  used,  wi th  the  except ion  tha t  e leven 
low-order ref lect ions  apparent ly  suffering from ex- 
t inc t ion  were g iven  zero weight .  The  off -diagonal  terms 
in the  matrices  represent ing  the  n ine  normal  equat ions  
were neg lected;  the  un i t  cell is near ly  orthogonal ,  so 
t h a t  even  the  coupl ing  b e t w e e n  the  x and z coordinates  
of the  same a tom w o u l d  be expec ted  to  be small .  

Prior to  the  s econd  least -squares  ref inement ,  an 
anisotropic  t e m p e r a t u r e  factor  was  appl ied to the  

calculated s tructure  factors• This  empirical  correct ion 
was  of the  form exp  ( - B  sin ~ O/F-o~h~/4a2-?l~/4c~), 
values  of B,  ~ ,  and y being 2•85 / ~ ,  - 0 . 4 6  ~ ,  and 
0.66/~2,  respect ively•  This  t emperature  factor probably  
has l i tt le  s ignif icance in terms of thermal  mot ions  of 
the  atoms;  rather,  it  probably  represents  absorpt ion 
and spot - shape  effects  due to  the  anisotropic  shapes  
of the  crystals  and capillaries. W h a t e v e r  its  basis,  the  
i m p r o v e m e n t  in in tens i ty  agreement  and result ing 
reduct ion  in probable  errors of the  atomic  parameters  
warrants  its appl icat ion.  

The  nine  atomic  coordinates  obta ined  after each 

Table  4. Observed and calculated structure factors for 1,4-dithiane 

12.9 -.18.1 ~ 2.3 - 2.2 ~ .6 - 1.0 
1,.2 z~.a. ~ 6.~ 6.x _~ x.~ z.'~ 

i ~ . ~  :~ ,.4 . , .6 ~.6 . :, 
- % 7  9 .1  ~ 1 .0  

5.5 - 6.2 ! ~.o 4.7 
9.6 10.3 

.Io.6 9.0 
~.~ 2 • 7  - J.9 I n.6 z~.4 o u.z 20.9 

10.6 -1~.5 
% 9  • 3.~,]. ~06 2 15.9 .-20.2 

i 0 . 7  - 1o .5  
1 9 .5  ' 11*0 ~ 3 . 7  3*5 g*7 

6.~ . ~:~ 9., ~o., ,.~ ,.~ , ,.,- 
. . . .  ,..., ~ 2 : ~ .  ,.6 2.1 

2.1 - 1.9 * 3.3 - 3.2 
<'~ :~ 

!3.,, 1 ~ ~ , . . . .  9 16.3 -2..l.2 2.7 2..1. 
13.1 25-2 2*2 - 1~1 ) -9  - 3.5 

i 3.8 - 3.3 2 16,9 -2.1,4 5./. 5.,1 6.1 5.8 
4 9 .2  9,0 1 3*5 - ~.7 

5.1 5.3 9.3 - 9.~ .~ 'I " ' ~  ,o., ,.. 
• s 2.0 2.0 %9 - 5 .7  

Io 4.I 5.2 
IL~ ~ .6  -~.6 

i 6.2 - 6.) i 2.4 - 2*4 21 2.2 - 1-.19 9., . ~  ,.o 2.. /9.9 
17.6 -18. .  • o 1*8 2.A 
~ , . ,  2 :,9 ~.~ I ~.~ --~.~ 11.6 

1 8.6 - 9.3 4 • 2.4 2.8 
- 4.~ - 4 . 7  

1*.~ • ~ 7 I *9 - 2 . 0  

b04 1 ) . 0  - 2.9 

2.~ 2.1 . 1.8 

z ~., -~" ~ i <.6 :~ 6.8 - 8.2 1.7 I 
o 6.6 6.6 1 % 7  8*9 0.9 o . o  

6.~2"8 1.9 ! 2 ~ . , - ~ - z  2 - o.~ o.o , ,., ,.~ ~ ~:~ ,.6 .., .... 
,.~ - , , 9  . ~:g ,.o 3.~ 

6.8 6.7 4.// - 4*~; 

3.6 3./. 

~, , . .  F . ~ .  ~ ~ , .  ~ .  ~ r ~ . .  ~ . .  

~2  (oo0.~.) ~ ~o  

,o., ~' "i:~ "~'~ 
2., .o ~., ~ 

1•6 3.7 ~.2 2 3.~ 

/"e I. '~ ~ 3. - 3,~ '/. 2.6 2 . ,  
1•o 0 

2.1 2.3 ~ 3 .5  - /*.4 
• I 4.3 h.5 7 2.9 2 . 6  b ~  3.9 ~..9 

2.1 1.4 

i ~'.4~. - :: ~-',.o - ' :  ~°':'~. . ~.~,.,'" 
~ , . :  :; 2.~ 2., 2., ,.j. . . . . .  o ~ ~ _  

! ' : !  : ' "  -"'2::'". ,., 
. . . . .  ~ ~:! : ' :~  

2 12.2 ].1,1 
5 • 1.2 

5 1.3 - 1.1 ~ -9 - . 8  
• 7 - 1.6 

~'~ ~-6 x z.o 

1.9 1 . 7  
6.3 - 6 . 7  

h~  

~.3 - , i  I 6.4. 5-9 
4 .0  - 3.e ~ - h•e 

~ "  ~"  I ".~ .~:~ ; ,.4 -3.2 
9.5 8*6 1,5 3.7  / , .7 
l , e  - 1 , 2  6 1.8 1.2 
~.~ . ~.4 ~e 

2., .2.2 ~ :~, :.~ 
7*1 5.8 - ~ 1.2 1*8 

: ~.42"' '::. ~ '.4'", "":- 2~ ! ' "  " ' "  
, : ;  :.~ 1 , . ,  ,.o 

• /..4 4.7 

" 2 .9  - 3 . 3  

~.. ~.,. ~ ~. ¢.~. 

b.l~ (comB.)  b16 (contd.) 

, 9., ~o., o 2.,' . . . . .  .~.~6 
4.0 3.4 2 6.7 6.9 , ,.6 . , ,  ! 
2.7 - 2.6 3.2 3.0 

2.~ - 2.0 
• ~ 1:~ 

i 4.2 - ~.7  2 4.9 .3.9 4.4 ) .9  
1.3 - 1 .o  5.9 4.9 

7.4. - 6.7 3.2 - 2.9 5 
1~.5 -1~.3 2.0 l . e  ,-, ~, ~ ,.62"' .2~. 

% ?  -IO,O 1 1.7 - 1.~ o I . . . . . . .  ~.o -,.2 2 :I • ~m 
3 1,1  , 2  ~ 2 2 . 0  

i.~ -1.~ ~ i.o 1.1 
• 2 .3  - 2 .~  

! 2 ,  - : ;  

3., -3..~ i ~:'~ -2~ ! K..6 4.2- - / , . 7  21 

6:1 : %, ~.9 . . . .  2.3 2.3 

2.J - 2.3 1.9 2 .~  
2.5 - 2.4 

2 2.~ - 2.~ ~ 

I 2., ~' '  2.4'" ~ ~.o ~ "  . . . .  ~., 
, ,.2-,.~., ~ 2., 1.6" 8 1.9 - i,7 - m 

3.2.3.~ ~ "' "~ "i ~, , . ,  : ~  , , . , ~ .  
1.5 0 lZ,.~ 

1 1.l.2 -~3..0 I i ~.6 2.2 4 . 0  3 . 1  4 . 8  4.-3. 0 
2.7 - 2.0 8 . 4  9 . 4  1 
e .o  - 7.6 

. 2:~ :q ! 

(coma.)  ~ .  

2.3 1.8 • - 1.5 

X.~l 

1.o 1.2 

• X ,5  

I 2.3 2.1 
- 2 . e  

~ A  2.3 2.5 
2 2.5 3.2 ¢ . 7  
I ' '~ - "  ~.2 ,.3 o 

2.2 - 2.0 2.3 2.4 

1.2 1.4 ~.7 - • 
4.5 - / . . 0  4. 

, ~:~ ,.,~'~ 
1 , 2  - 1.5 ~2  
2.2 2*7 

2.5 - 2.S 1.S - 1.6 
2.7 3-4 2.9 ~.~ 2-, ,.~ ':~ ,1 

~ ,.°-, .4 ,; ..2 .~., ~ ~., ~ ~o6 - • 
~5 *4 2 1,9 - 1.1 
1.0 .6 

~; z.2. .~ 

i 4 ~ :I 
~, 24  - 2.4 

1 .o  - 1 .o  

~.~ ~ ,  ~ (~o.~d.) 

U ~.0 ~.4 ? 2.a - ~.9 0 %0 - ~.~ 

3.6 . ~.5 ~ 2./. ~ - )  3 ~,.1 

%3 8.2 3.9 - ~ :h5 - 2. 
4.o 3.9 ,~.2 2.8 5 ~.5 . 

6.~, 5./. 0 L.6 1.6 h2B 
, . ,  . . . . . .  6.  , . ,  
4~ 

I ~ . ,  ,., i % o  . . . .  ~:~ ~.~ ~.9 - ~.~ i ~.~ 
I • I  0 f,5 .9 

~.1 - 3 .?  

, . ,  .,.9 ~' ,4 - :I 
1.6 1.2 
1.9 2.? ) (.6 .6 

1.3 1.~ , 

• 1 .2  1 .1  
1 .~  - 2 .~  L.e 

5.4 ~_~ 
~;.5 
4.1 I %1 - 7.e 
8.8 a . 5  .2 

I~,? 3 6.2 5.e 

..2 ~ ' - ~  ii 9 . S  ~.3 (, ( . ~  - a 
8 .0  - 9 .2  7 ).~. ] . a  
1.1 1.5 ~ 2.o - L.J. 
3.2 2.6 <., -.3 ~, ~ ,:~ . ,  

4 . 2  - 4 . 2  
~-~ ~.6 . . . .  ~ ,o  : ~:: 

,.~-3.~ I . . . . .  :i .... '(*5 • la .  - 1,? 2.,; - 2. )  
" '  "~  I ,.3 ~:~ o :~:: . . . . .  2.0 7.5 6.4 

-10.4 ~';  I ~:~ ,:~ } ~.., ,,.3 
• - 1 . y  2.4 ~ . o  

0 .2  - 8.1 14.0  -12..~ 

,., ,..o a z  6, . . . .  :o ~ 

1.9 - 1.~ 3 2 
0.6 o . 0  • -5 ~_~ 
1,9 2.~ 4.1 4.2 q 4.? ~.~ 
1.7 1.3 2-3 2.2 

5 %7 - 6.0 
l.S 2.0 

? 3.9 3.5 

? ( . 5  .6 
2.4 - 2.~ 

1.2 ~ 2.2 - 2.1 
• 1 3.S 
• I.~ 2.5, 

-i0.5 I0.~ 
- 3 . 6  - 3.3 

5.0 6.5 - S.4 

- 2 . 9  
- 6 . 2  l .&  - 1 . 5  
. . . . .  I ~.~.~, ~:~ 

6 . 8  65 
9.2 • .4 

- 3 .o  

~b , .  ~ .  ~ ~ .  ~ : . , .  a robs. r ~ : .  

h~  n6o 

: ,  : . . . .  ::! 
L . . . .  ~:! - 3 :~  ~ • - ~ . :  

• ~"  ~ ~:o "~:6 1.7 1.7 
(.6 
4.~ 4~ ~I 

4.9 ~.~ 2~ "2" 
¢.6 • • 
~.o ,.~ ~ ~., ~.2 

o ¢.6 .1 
a~t, K.6 .9 < .~ - , :~  ,~ . . . . .  6 

i•9 - 3 1.4 - l•3 

¢.8 • h62 
4.1 4.3 Z (.4 - .? 

4..o - ~., . ,:~ -~.~ 
. 7  .7  ~ 

~.---'-~ .I 2 3.9 - 3-? 
~ ~.~ ~ ~.,~" -I:l 

41.o • 
LO h63 

1.3 3.4 1.4 1.5 ~.~ 
I,i • ,e i•0 

,: 1 I,,4 - 1.7 
h56 :' 1.6 .9 

.1 ,6 - .7 
4.e  o .o  
~:i  3a 1.2 b(~ 

( , l .O  1 .1  - 1 
2.~ ~.~ ¢.6 . 

~ i:~ ~:~ 
2 2.3 - 2.~ 

Corrections to above table.--F(124)cal, s h o u l d  - - 5 . 5 ,  F (141)caL  s h o u l d  b e  - - 3 . 3 ,  F (353 )ca l .  s h o u l d  b e  - - 4 . 3 .  
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Table 5. Bond d/stances and ang/es 

],4-Dithiane 1,4-Diselenane 

S-C 1 1-8014-0.013 .~ Se-C 1 
S-C 2 1.8214-0.011 Se-C~ 
C1-C 2 1.4904- 0.018 C1-C ~ 
S-S (non-bonded) 3.4524-0.007 Se-So (non-bonded) 

S--~I---C 2 112-8 4- 0.9 ° Se-C1-C 2 
S-C2-C 1 112.6 4- 0-9 Se-C2-C 1 
CI-S-C 2 99"04- 0"6 Cx-Se-C ~ 

1-994-0.06/~ 
2.044-0.09 
1.544-0.06 
3.664-0-03 

108.54-4.5 ° 
107.8±6.0 

9 7 - 6 ± 5 . 5  

step of the refinement are given in Table 2. In  addition, 
the probable errors in these parameters, as calculated 
from the residuals and the diagonal terms of the normal 
equations of the final least-squares adjustment,  are 
listed in the last column of Table 2. In  the last two 
least-squares refinements, eight very weak terms were 
omitted whose calculated structure factors were so 
small as to make the signs doubtful. Structure factors 
were not recalculated after the last least-squares 
adjustment.  No a t tempt  was made to find the posi- 
tions of the four hydrogen atoms within the asym- 
metric unit. 

The R factor obtained after the second least-squares 
treatment,  0.134, was calculated only for the observed 
reflections; furthermore, the eleven low-order reflec- 
tions apparently suffering from extinction were also 
omitted from the calculation. In  an a t tempt  to confirm 
the presence of extinction in these eleven reflections, 
a photograph was prepared of a powdered sample of 
1,4-dithiane sealed in a glass capillary. There were 
not enough separate lines in the medium-angle region 
of this photograph to permit  a good correlation of 
intensity data  with the Weissenberg photographs; 
a rough correlation, however, indicated tha t  the 
relative intensities of the eleven reflections in question 
were significantly greater on the powder film than  on 
the single-crystal photographs. 

As an indication of the agreement between observed 
and calculated structure factors, there are listed in 
Table 3 the values of R, together with the values of 
Z[Fo[, ZIF¢[, and ~][Fo[-[Fc][, obtained for all re- 
flections (n in number) having h, k, or l in common; 
these values are listed for each such h, k, or 1. As 
might be expected, the hOl data  show the lowest R 
value; for this zone, the atomic structure factors 
involve a single cosine term, whereas the structure 
factors for all other reflections involve the product of 
two trigonometric terms. 

Observed and calculated structure factors are 
recorded in Table 4. 

The interatomic bond distances and angles are listed 
in Table 5, together with the corresponding values for 
1,4-diselenane (see also Fig. 1). The uncertainties are 
s~andard deviations, as calculated from the residuals 
of the least-squares t rea tment  of the atomic positional 
parameters. 

The average Se-C distance in 1,4-diselenane, 2.01/~, 
is 0.07 A longer than  the sum of the covalent radii of 

Fig. 1. The 1,4-dithlane molecule. 

selenium and carbon (Pauling, 1948); furthermore, an 
electron-diffraction investigation of dimethyl  selenide, 
which is being undertaken in these Laboratories, also 
indicates a Se-C distance appreciably longer than  
predicted (Goldish, Hedberg, Marsh & Schomaker, 
1955). No such effect is noted for 1,4-dithiane, where 
the average S-C distance of 1.81/~ is equal to the sum 
of the covalent radii of sulfur and carbon. The value 
of 1.81 A was also found by Hassel & Viervoll (1947) 
in an electron-diffraction investigation of 1,4-dithiane 
in the vapor state. Hassel & Viervoll report a C--C 
distance of 1.54 A (no uncertainty given), the normal 
single-bond distance, whereas the value found in this 
investigation, 1.49 A, is somewhat shorter. In  view of 
the relatively large standard deviation in the C-C 
bond distance, it  is not felt tha t  this discrepancy is 
necessarily of significance. 

The author is indebted to Dr Stig Sunner of the 
Department  of Chemistry, University of Lund, for 
furnishing a sample of 1,4-dithiane. 
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