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PREPARATION OF CARB0N-l3C DISIJLFIDE AND CARBON-13C OXYSULFIDE 
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SUMMARY 

Carbon-13C d i s u l f i d e  was synthesized from methane-13C with 
13 hydrogen s u l f i d e  i n  a heated quartz  chamber. Carbon- C 

oxysulf ide w a s  made from carbon-13C monoxide with elemental  

s u l f u r  heated i n  t h e  presence of sodium methylate. 

Key Words: Carbon-I3C d i s u l f i d e ,  Carbon-13C oxysulf ide,  Methane-13C, 

Carbon-13C monoxide 

INTRODUCTION 

A carbon-I3C d i s u l f i d e  synthes is  has  been developed by modif icat ion of t h e  

process of Waterman and Vlodrop (1) i n  accordance with t h e  fol lowing scheme: 

13CH4 + 2 H2S 13CS2 -k 4 H2. 

The reac t ion  tube, with successive prepara t ions ,  developed a s t a b l e  carbon 

mirror  along i ts  heated length ;  however, no apparent change i n  y i e l d  was seen 

with r e p e t i t i o n  of s e v e r a l  p repara t ions  while using t h e  same tube. 

rate was  chosen i n  prel iminary experiments with t h e  a i d  of i n f r a r e d  s p e c t r a  of 

the  emergent gas stream by decreasing t h e  rate u n t i l  methane w a s  absent  while  

maintaining an excess of 30-40% of hydrogen s u l f i d e .  
gases i n  t h e  tube was  about 40 seconds, and a contac t  time-surface area r e l a t i o n -  

sh ip  can be ca lcu la ted  as 1.5 x 

cent imeter  of quar tz  sur face .  

determined. 

The flow 

Residence t i m e  of t h e  

mol of methane per  second p e r  square 

The e f f e c t  of very slow flow r a t e s  w a s  not  

Carbon oxysulf ide w a s  prepared by a method modeled on t h e  work of Swakon and 

Fie ld  (2 ) .  The r e a c t i o n  scheme, as fol lows,  

036 2-4803/78/05 14-0 793801.00 
0 1973 by John Wiley & Sons Ltd. 



794 

MeOH, NaOCH 
+ l3cos , 

V . N .  Kerr and D.G. O t t  

gave y i e l d s  between 70 and 75%. 

produce any s i g n i f i c a n t  change. 

l i s h e d  under t h e  condi t ions used which is l i m i t i n g .  

Extending t h e  t i m e  f o r  t h e  r e a c t i o n  d i d  n o t  

There i s  apparent ly  an equi l ibr ium estab-  

MATERIALS AND METHODS 

Carbon-13C monoxide (z. 93 mol % 13C) was produced by t h e  Los Alamos Sci- 

e n t i f i c  Laboratory S tab le  Isotopes Separat ion F a c i l i t y  (3). Methane- C w a s  

prepared from carbon-13C monoxide o r  dioxide by c a t a l y t i c  hydrogenation (4) .  

Inf ra red  s p e c t r a  were taken wi th  a Perkin-Elmer Model 710 spectrophotometer 

using 10-cm gas cells;  absorpt ion bands f o r  material with n a t u r a l  abundance 

carbon are shown i n  parentheses  f o r  comparison. 

1 3  

EXPERIMENTAL 

Carbon-I3C Disulfide--A quar tz  combustion tube (24 mm i .d .  x 90 cm) w a s  packed 

along 70 cm of its length  with quar tz  tubing (5 mm o.d., 3 mm i . d . ,  x 25 mm) 
2 (17 pieces  i n  c r o s s  s e c t i o n )  which afforded s. 3500 c m  of quar tz  sur face  a r e a  

3 and s. 250 c m  f r e e  volume. The tube w a s  heated i n  an e lectr ic  furnace a t  975- 

1000°C, and a mixture of methane- 

over t h e  glowing quar tz  a t  flow rates of approximately 275 mlfmin f o r  t h e  

hydrogen s u l f i d e  and 100 mlfmin f o r  t h e  methane. 

through an air-cooled condenser, then a Dry Ice-cooled condenser i n t o  a f l a s k  

cooled t o  -2OOC with a lcohol  and i c e .  A second Dry I c e  condenser w a s  placed on 

the  outflow from t h e  f l a s k ,  and t h i s  w a s  connected t o  a cold t r a p  immersed i n  a 

D r y  Ice  bath t o  assure  c o l l e c t i o n  of a l l  product. 

co l lec ted  i n  t h e  f i r s t  f l a s k .  

1 3  
C and excess hydrogen s u l f i d e  w a s  passed 

The e x i t  r e a c t i o n  gas w a s  l e d  

Over 99% of t h e  product was 

Reaction runs using 1.5-2.0 mol of methane were completed i n  9 h r ,  g iv ing  

crude y i e l d s  of 76-80%. R e d i s t i l l a t i o n  of t h e  product (bp 39.5OC, 590 t o r r )  was 

accomplished with 92% recovery. 

remained i n  t h e  d i s t i l l a t i o n  f l a s k .  Ir (gas) :  s 1480, 1490 ( s  1530, 1540); 

w 2130, 2140 (w 2180, 2195) cm . 

A s m a l l  amount of r e s i d u a l ,  e lemental  s u l f u r  

-1 

Carbon-”C Oxysulfide--Into a 1- l i ter  s t a i n l e s s  steel pressure  v e s s e l  equipped 

with a thermometer, p ressure  gauge, and hea t ing  j a c k e t  were placed 32 g (1 mol) 

of elemental s u l f u r ,  2 g of sodium methoxide, and 50 m l  of anhydrous methanol. 

The vesse l  w a s  p a r t i a l l y  evacuated t o  remove a i r ,  and carbon-13C monoxide w a s  

added t o  200 p s i  (0.45 moly 12.9 9) .  The v e s s e l  w a s  heated t o  100-105°C, and 
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the  contents  were a g i t a t e d  by shaking. 

f l a s k  increased i n i t i a l l y  t o  250-260 psi, then f e l l  and leve led  of f  a t  near  

200 p s i .  

performed by slowly vent ing t h e  r e a c t i o n  v e s s e l  through a t r a i n  which cons is ted  

of two t raps  held a t  -4O'C t o  t r a p  methanol, then a tube containing Lithasorb 

t o  remove by-product carbon dioxide,  and then t h r e e  t r a p s  i n  series cooled t o  

-7O'C with Dry Ice (almost a l l  of t h e  product w a s  re ta ined  i n  t h e  f i r s t  t r a p ) .  

When the reac t ion  v e s s e l  w a s  exhausted, t h e  t r a i n  w a s  clamped o f f  so as t o  

i s o l a t e  the  product t r a p s ,  and these  were connected t o  a 300-ml s t a i n l e s s  steel 
pressure vesse l  which had been evacuated and c h i l l e d  with l i q u i d  ni t rogen.  The 

t raps  were allowed t o  warm t o  room temperature with t r a n s f e r  of product t o  t h e  

pressure vesse l .  Found 19.6 g (71%) ; i r  (gas) : w 840, 860 (W 840, 860) ; w 1000, 

A s  heat  was  appl ied,  t h e  pressure  i n  t h e  

Af te r  a reac t ion  t i m e  of 18-20 h r ,  p u r i f i c a t i o n  of t h e  product was 

1025 (w 1040, io55);  w 1690, 1710 (w 1700, 1720); w 1850, 1870 (w 1885, 1905); 

s 2010, 2040 (s 2065, 2085); w 2945, 2955 (w 2945, 2955); w 3025, 3050 (w 3110, 

3140) cm-l .  
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