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POLY SELENOMETHY L E N E  

During invest igat ion on polymers of thioformaldehyde and selenoform- 
aldehyde,  the cyc l ic  trimer of selenoformaldehyde, 1 ,3 ,5- t r iselenane (I) 
w a s  polymerized to polyselenomethylene. 

I 

“Selenoformaldehyde” had been prepared long time a g o  (1) by reaction 
of hydrogen se len ide  with formaldehyde in  aqueous solut ion,  in  the  pres-  
e n c e  of concentrated hydrochloric ac id ,  and its empirical formula had  
been obtained from elemental  ana lys i s  (1,Z). By molecular weight deter- 
mination i t  h a s  been ascer ta ined  that  th i s  compound is a trirner of seleno-  
formaldehyde (3), however no ring s t ructure  w a s  shown. 

During th i s  reaction we obtained a separat ion of a white so l id ,  from 
which t r i se lenane  w a s  extracted by treatment with ethanol  i n  a Soxhlet 
extractor. By x-ray ana lys i s ,  we have  found that  th i s  compound is the  
cyc l ic  trimer of selenoformaldehyde, 1,3,5-triselenane (I), with a n  or- 
thorombic crystal l ine lattice isomorphous with 1,3,>-trithiane, but not 
with 1,3,5-trioxane (4). 

However, after extract ion,  a large quantity of product remained unex- 
t racted.  T h i s  material began to melt at 133-139OC. with par t ia l  decom- 
posi t ion and it w a s  a l s o  insoluble  i n  all usua l  organic so lvents  at tem- 
peratures  above its melting point. X-ray a n a l y s i s  showed that  t h i s  pro- 
duct  w a s  t h e  l inear  polymer of selenoformaldehyde, polyselenomethylene. 
Its s t ructure  had been proved to be  hexagonal  (5), as polythiomethylene 
(6), and as  one of t h e  two s t ructure  of polyoxymethylene (7). Now l inear  
polyselenomethylene had been obtained by bulk polymerization with ca- 
t ionic  catalyst  (e.g., B F  3). T h i s  polymerization probably proceeds  v ia  a 
mechanism similar  to that  reported for t h e  polymerization of trioxane (8) 
and of trithiane (9). 
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I I1 

+ - - F ,B-Se-CH,-Se-CH,-Se-CH, - 
+ - 

F 3B-Se-CH2-Se-CH ,-Se=CH, 

I11 

T h e  complex (11) undergoes a react ion of ring opening with formation of 
a resonance-stabi l ized carbonium ion (111) and the ini t ia t ion of t h e  poly- 
merization is completed. 

Preparat ion of 1,3,5-Triselenane and Polyselenomethylene i n  
Water Solution 

A large amount of hydrogen se len ide  w a s  bubbled into a solut ion com- 
p o s e d  of 55 g. of aqueous formaldehyde 35 wt.-% and 145 g. of concen- 
t ra ted hydrochloric acid.  After 15 min., t h e  precipitation of a white  sol- 
i d  s t a r t s .  After 4 hr.,  the  react ion w a s  s topped and the  crude product 
w a s  separa ted  (yield,  ca lcu la ted  as CH,Se, 57.7%), washed  with water 
and ethanol ,  dried, and extracted with ethanol  i n  a Soxhlet extractor .  
Tr i se lenane  g o e s  into solut ion,  while  polyselenomethylene remained un- 
extracted.  

Tr i se lenane  w a s  recovered from the  solut ion (48 wt.-%) by evaporation 
of the  solvent  and crystal l ized twice  by hot benzene. Analysis :  found: 
C, 13.1; H, 2.3; Se ,  84.3; ca lcd .  for (CH,Se)3: C, 12.9; H,  2.15; Se,  
85.0. T h e  melting point  of t r iselenane cannot  be  determined in  a i r ,  ow- 
ing to i t s  tendency to sublime. However we have  determined a s h a r p  
melting point  at 226-228OC. in  a s e a l e d  capi l lary with a microscope. 
Different va lues  reported in l i terature  (205-215°C) (1-3) may be  due to 
the  descr ibed phenomenum. 

T h e  unextracted polymer h a s  been  purified by further treatment in  a 
Soxhlet extractor with benzene.  Polyselenomethylene appears  as a 
white powder that  mel ts  between 133-139OC., with partial decomposi- 
tion. By anneal ing at 125OC. for 3 hr., t h i s  sample l o s e s  the  15% of its 
s tar t ing weight; a f te r  th i s  treatment t h e  sample is indefinitely s t a b l e  at 
t h i s  temperature and shows a sharp  melting point  at 174-178OC. 
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Fig. 1. Powder patterns obtained by high angle spectrometer using 
CuKu radiation: (A) hexagonal polyselenomethylene; (B) hexagonal 
polythiomethylene; ( C )  hexagonal polyoxymethylene. 

Analysis: found: C, 13.60; H, 2.35; Se, 84.2. Yield of extraction on 
the crude product, 51%. 

Polymerization of 1,3,5-Triselenane 

In a pyrex polymerization tube, 10 g. of triselenane were heated a t  a 
temperature of 235OC. under a nitrogen atmosphere. When the triselenane 
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was completely melted, 0.01 g. of BF,-etherate was added a s  a poly- 
merization initiator. 

The reaction goes very fast and, a t  the temperature of reaction, the 
resulting polymer appears a s  a brown viscous melt that becomes solid 
under 200OC. 

The polyselenomethylene was then removed from the tube, extracted 
with hot benzene to remove unreacted triselenane, and vacuum dried at 
8OoC. Polymerization yield: 74.6%. Melting range: 185- 19OoC. Analy- 
sis: found: C, 12.8; H, 2.25; Se, 84.1%. 

Properties 

Owing to the insolubility of polyselenomethylene in all  common organ- 
ic solvents, and in solvents for polyoxymethylene and polythiomethylene 
even a t  temperatures above its melting point, it was not possible to 
measure viscosity. Nevertheless, it is thought that the polymer obtain- 
ed from the anhydrous reaction has a higher molecular weight than 
polymer obtained from an aqueous solution. This may be confirmed by 
the higher melting point of the polymer from bulk polymerization and by 
the kinds of reactions by which the polymers were obtained. 

Both the products from bulk polymerization and from solution have 
been proved by x-ray analysis to be hexagonal polyselenomethylene 
which consists of an hexagonal unit cell with a = 5.22 A ,  and c = 46.25 
A., crossed by one helical chain parallel to the c axis; 21 -CH,Se- 
units and 11 turns of the helix comprise the identity period of 46.25 A. 
(5). 

A powder pattern obtained by a high angle spectrometer (using CuKa 
radiation) of polyselenomethylene is shown in Figure 1(A) together with 
the patterns of hexagonal polythiomethylene (B) and of hexagonal poly- 
oxymethylene (C). 

W e  have examined the thermal stability of polyselenomethylene ob- 
tained by cationic polymerization of 1,3,5-triselenane. This sample, 
heated at  220OC. for 1 hr. under vacuum, loses 8% of its starting weight. 
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