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The molecular s t ructure  of di thio-oxamido (rubeanie 
acid), (CS.NH3) 2, has been determined b y  an  X - r a y  
diffraction s tudy  of single crystals.  The crystals  are 
triclinic wi th  

a ---- 5.857 A, b = 1 0 . 6 9 0 A ,  c =  3.933A, 
= 90 °31',  fl = 102°47' ,  7 = 92°24'. 

The space group is PY and  the  un i t  cell contains two 
planar  molecules, each lying on a centre of symmet ry .  
The s t ructure  was refined b y  successive three-dimen- 
sional differential  syntheses,  performed on the  Man- 
chester Univers i ty  electronic computer.  The bond lengths  
are 

Molecule 1 Molecule 2 

C-C 1.544 A 1.534 2~ 
C-N 1.308 1-285 
C-S 1.663 1.662 

A detai led discussion of th is  analysis  and  of the  results  
will be presented later,  bu t  i t  is of interest  to note  t h a t  
the  C-C distance is t h a t  of a single bond, in agreement  
wi th  recent  work on ~-anhydrous  oxalic acid (Cox, 
I)ougill  & Jeffrey,  1952) and  on oxalic acid d ihydra te  
(Ahmed & Cruickshank,  1953). A pre l iminary  value of 
1.49/~ has  been publ ished for the corresponding bond in 
oxamide (Romers, 1953). 
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Table  1. The cell dimensions determined by several investigators 

a b c fl 
(i) 15.01 5.69 3.68 A 104 ° 30' 
(ii) 1 5 . 0 1 + 0 . 0 4  5 . 5 0 ± 0 . 0 2  3 . 6 7 + 0 . 0 1  kX.  104 ° 30' 
(iii) 15.11 5.67 3.71 A 103 ° 45' 
(iv) 15-176q-0.003 5.630~-0.002 3 . 7 0 8 + 0 . 0 0 2  A 104 ° 31"±5'  

a' b C' fl' 
(V) 15.129 5 . 6 3 0 ± 0 . 0 0 2  3.708-4-0.002 A 103 ° 49' 

(i): Dahr (1937); (ii): Herpin (1952); (iii): our previous values (1952); (iv): our revised values; iv): our [102] axis -- a '  axis 

Since we reported in a short  communicat ion to th is  
journal  on the  crystal  s t ructure  of potass ium bicarbonate  
(Nitta,  Tomiie & Koo, 1952), there  has appeared another  
similar report  b y  Herp in  (1952). Though the atomic par- 
ameters  obta ined b y  Herp in  are not  as accurate  as ours, 
her results agree approximate ly  wi th  ours. As to the  cell 
dimensions, there exist  s l ight  differences among the  
values reported by  various X- r ay  invest igators  (Dahr, 

1937; Nitta etal., 1052; Herpln, 1952). We have therefore 
re-examined the  cell dimensions b y  the  back-reflexion 
method  using (18r2r0), (470), (404), (40~), (204) and  (204) 
spectra wi th  the  rocksal t  Debye-Scher re r  lines as refer- 
ence. The values thus  obta ined are l isted in the  four th  
row of Table 1. The calculated dens i ty  is ~c = 2.1846 
g.cm. -3, which is closer to the  values obta ined b y  direct  
measurements  (Groth, 1906-19). For  comparison, all the  
previously reported values of the  cell dimensions are 
given in Table 1. 

Couture-Mathieu (1950) has examined the R a m a n  effect 
of single crystals  of K H C O  3 and  has determined the 

or ienta t ion of the carbonate  ions in them.  She proposed 
an  atomic a r rangement  in the un i t  cell using her  results  
and  I )ahr ' s  X- r ay  da ta  (1937), assuming t h a t  the  carbonate  
ions are l inked b y  hydrogen  bonds in the  same m a n n e r  
as those exist ing i n N a H C O  8 (Zachariasen, 1933). However ,  
we had  though t  t h a t  Couture-Mathieu 's  proposed 
s t ruc ture  did no t  agree wi th  ours, in respect  of the  
or ienta t ion of the  carbonate  ions, if her  axes were the  

same as ours. 
To obtain  the relat ionship between Cou~ure-Mathieu's 

R a m a n  invest igat ion and  our X - r a y  one, we have  re- 
inves t iga ted  the  problem, mak ing  optical  ext inc t ion  and  
goniometric measurements  of the  crystal .  F r o m  our 
examinat ion ,  we found t h a t  the  a axis described in 
Groth 's  Chemische KrystaUographie, and  also adopted  b y  
Couture-Mathieu as the a axis, was no t  the  a axis bu t  
the [102] axis, which has  been chosen b y  all of the  X - r a y  
invest igators.  On the basis t h a t  her  a axis is no t  the  a 
axis of the  X- r ay  invest igators,  i t  was found t h a t  Couture- 
Mathieu ' s  conclusion for the or ienta t ion of the  carbonate  


