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INTRODUCTION 

Previous work w i t h  plasmas produced from hydrocarbons (1)  demonstrated 
t h a t  both gaseous and s o l i d  plasma rearrangement products  are  produced. The 
d i s t r i b u t i o n  of  these  products  depends upon the  atomic hydrogen t o  carbon r a t i o  
o f  the r e a c t i n g  m a t e r i a l .  A l i m i t i n g  H / C  r a t i o  of  approximate ly  1 . 6  
was found f o r  t h e  s o l i d .  I f  t h e  atomic H / C  r a t i o  of t h e  s t a r t i n g  m a t e r i a l  w a s  
g r e a t e r  than 1 .6  b o t h  s o l i d  and gaseous products  were formed, i f  t h e  r a t i o  was 
l e s s  than 1.6 o n l y  s o l i d  m a t e r i a l  was formed. With r e a c t i n g  g a s  r a t i o s  of 
l e s s  than 1 . 6  t h e  s o l i d  would tend t o  have t h e  same H,'C r a t i o  a s  t h e  r e a c t i n g  
g a s .  

The polymers produced by t h i s  process  o n l y  depend upon t h e  H / C  r a t i o  
of  the  plasma and a r e  independent  o f  t h e  molecular  s t r u c t u r e  of  t h e  o r i g i n a l  r e -  
a c t a n t s .  With plasmas produced from s i n g l e  gases  o n l y  a l i m i t e d  number of 
H / C  r a t i o s  a r e  a v a i l a b l e .  However, by copolymer iza t ion  o f  multicomponent 
mixtures  s o l i d s  of vary ing  H / C  r a t i o  (max.=1.6) c a n  be produced. 

EXPERIMENTAL 

M a t e r i a l s  - Hydrogen ( e x t r a  dry) ,  a c e t y l e n e  ( p r e p u r i f i e d )  and methane 
(CP) were obta ined  from t h e  Matheson Co. 
i n g  t o  the method descr ibed  by Armitage, e t  a l . ,  ( 2 )  and p u r i f i e d  by d i s t i l l -  
a t i o n .  

The d i a c e t y l e n e  was prepared  accord-  

Apparatus - The plasma genera tor  c o n s i s t e d  of  a Raytheon* Diatherm 
u n i t  (Model CMD 10) coupled t o  a n  Ophthos** c y l i n d r i c a l  c a v i t y .  The frequency 
of  the  plasma g e n e r a t o r  was 2450 Mc. and the  maximum o u t p u t  was 8 5  wat ts .  
The plasma r e a c t i o n s  were c a r r i e d  o u t  i n  a Pyrex bulb  (vol.=15Occ.) w i th  a 
Vycor f i n g e r  (OD=13mm). 

Procedure - The experimental  procedure c o n s i s t e d  of f i l l i n g  t h e  
r e a c t i o n  bulbs  w i t h  the  r e a c t i n g  gas  and ana lyz ing  the  mixture  mass s p e c t r o -  
m e t r i c a l l y  before  and a f t e r  d i s c h a r g e ;  the H / C  r a t i o  of  t h e  s o l i d  produced i s  
determined by making a m a t e r i a l  ba lance .  The a c t u a l  d i s c h a r g e  t a k e s  p l a c e , i n  
t h e  Vycor f i n g e r  of t h e  r e a c t i o n  bulb.  The Vycor f i n g e r  i s  p o s i t i o n e d  a long  
t h e  c e n t r a l  a x i s  of t h e  c y l i n d r i c a l  microwave c a v i t y .  

* Raytheon Co., Burl ington,  Mass. 
** Ophthos Instrument  Co., Rockvi l le ,  Md. 
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1 RESULTS 

Table I i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between t h e  H/C r a t i o  of the  
s t a r t i n g  ma te r i a l  and t h e  H / C  r a t i o  of the  s o l i d  produced. / 

Mixture 

Table I 

DISCHARGE CHARACTERISTICS OF VARIOUS HYDROCARBONS 

H/C Pressure ,  t o r r  Polymer 
Before A f t e r  Before A f t e r  A ppea ranee 

Discharge Discharge Discharge Discharge 

4.00 
2.37 
1.59 
1 .45  
1 .38  
1.31 
1 .23  
1.20 
1 .20  
1.00 
1 .00  
0.80 
0.80 
0.50 
0.50 

1.60 
1.60 
1 .48  
1 .38  
1.28 
1.26 
1.20 
1.20 
1 .19  
1.00 
1.00 
0.80 
0 .80  
0.50 
0.50 

3.49 
5.08 
5.40 
4.70 
3.75 
2.50 
2.70 
4.10 
5.42 
5.02 
4.90 
4.85 
5.32 
2.72 
3.35 

3.86 
1 .79  
0.53 
0.25 
0.67 
-0.10 
0.05 
0.02 
0.15 
0 .03  
0.03 
0.08 
0.02 
0.06 
0.02 

Clear  
1 1  

I, 

Very l i g h t  brown 

Light  brown 
I1 

I f  

I 1  

I 1  

Brown 

Dark brown 

Very dark brown 

I 1  

II 

11 

I f  t h e  i n i t i a l  H / C  r a t i o  i s  g r e a t e r  than 1 .6  the s o l i d  w i l l  have a l i m i t i n g  
H / C  r a t i o  of 1 .6  and the  remainder of the  hydrogen and carbon i n  the  system 
w i l l  b,e i n  the gas  phase. 
maining a f t e r  a d i scha rge  l a s t i n g  120 seconds f o r  a plasma produced from 
methane (H/C=4) and one produced from a diacetylene-hydrogen mixture  

Table I1 g i v e s  the  composition of t he  gases  r e -  . 

(H/C=2.37). 

Table  I1 
CH4 C4H2-H2 

Ana lys i s ,  mole X 

Before A f t e r  Before Af t e r  
Discharge Discharge Discharge Discharge 

49 79 89 ti, _--  
CH, 100 50 -- 3 
C2H2 

-- 21 8 C4% 

-- _-  1 - -_ 
--- 

With a H/C r a t i o  of l e s s  than 1 .6  most of t h e  s t a r t i n g  m a t e r i a l  w i l l  be i n -  
co rpora t ed  i n  t h e  s o l i d ,  and t h e  d ischarge  w i l l  be ex t inguished  when the  
p r e s s u r e  remaining i n  t h e  r e a c t o r  reaches  t h e  lower pressure  l i m i t  of the 
plasma genera tor .  

Table I11 g i v e s  the  time e lapsed  be fo re  a d i scharge  w i l l  be ex- 
t i ngu i shed  f o r  a s e r i e s  of diacetylene-hydrogen mixtures  of cons t an t  t o t a l  
p re s su re  and vary ing  H I C  r a t i o .  
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Table I11 

Plasma E x t i n c t i o n  Time f o r  C2H4-H2 Mixtures  

Tota l  Pressure ,  Rat io  Discharge Time, 
t o r r  sec.  

2 . 0  
2 . 0  
2 . 0  
2.0 

1 .22  15 
1 .41  22 
1.53  31 
1.66 > 120 

DISCUSS I O N  

A hydrocarbon s o l i d  i s  one of t h e  s t a b l e  products  formed by a 
hydrogen-carbon plasma. The maximum H / C  r a t i o  of t h i s  s o l i d  i s  approximately 
1 .6 .  This  va lue  cannot be exceeded even i n  c a s e s  where the  H / C  r a t i o  of  t he  
plasma is g r e a t e r  t han  1 .6 .  The minimum H / C  r a t i o  of t he  s o l i d  i s  determined 
by the  minimum H / C  r a t i o  of the  hydrocarbon t h a t  i s  used f o r  t h e  plasma d i s -  
charge,  i n  t h i s  work t h e  minimum H / C  was 0 . 5  (d i ace ty l ene ,  C,H2). Table 111 
i l l u s t r a t e s  t h a t  i t  is more d i f f i c u l t  t o  produce s o l i d s  a s  t h e  H/C r a t i o  
approaches  1 .6 .  

The phys ica l  appearance of t he  s o l i d s  v a r i e d  i n  a cont inuous  manner 

In f r a red  a b s o r p t i o n  a n a l y s i s  i n d i c a t e d  no measureable a r q n a t i c  
from a c l e a r ,  f l e x i b l e  f i l m  of H/C=1.6 t o  a ve ry  dark  brown, b r i t t l e  f i l m  of 
H/C=O. 5. 
s t r u c t u r e  even wi th  a H / C  r a t i o  of 0.5.  
6 .2  and 3.0-3.15 microns inc reased  a s  the  H / C  r a t i o  approached 0.5 i n d i c a t i n g  
a n  i n c r e a s e  i n  the  degree of unsa tu ra t ion .  The decomposition products  r e -  
s u l t i n g  from vacuum p y r o l y s i s  of  t h e  polymers were p r i m a r i l y  hydrogen wi th  a 
l e s s e r  amount of hydrocarbon gases  ranging  up t o  Cl0. The m a j o r i t y  of  t h e  
C, t o  Clo hydrocarbons were h igh ly  branched compounds. No s o l v e n t  was found 
f o r  any of t h e  polymers. 

Absorp t ion  i n  the  wave l e n g t h  reg ions  

A p o s s i b l e  s t r u c t u r e  f o r  an i n so lub le ,  s a t u r a t e d  a l i p h a t i c  polymer 
w i t h  a H / C  r a t i o  of 1 .6  i s  shown i n  F igure  l ( a ) .  This t e t r a h e d r a l  monomeric 
u n i t  would form a t h r e e  dimensional h i g h l y  branched polymer; f u r t h e r  hydro- 
gena t ion  would tend to  d e s t r o y  t h e  polymeric s t r u c t u r e .  S ince  t h e  polymers 
produced wi th  H / C  r a t i o s  va ry ing  from 0 . 5  t o  1 . 6  seem t o  be p a r t  o f  a series, 
t h e  s t r u c t u r e s  shown i n  F igure  l ( b )  and l ( c )  a r e  p o s s i b i l i t i e s  of  va ry ing  
degrees  of s a t u r a t i o n  of t he  b a s i c  monomer u n i t .  
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