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USE OF HIGH-RESOLUTION MASS SPECTROMETRY TO IDENTIFY PRODUCTS 
FROM MICROWAVE DISCHARGES I N  COAL-DZO MMTURES 

T. Kessler and A .  G .  Sharkey, Jr. 

U.S. Department of t h e  I n t e r i o r ,  Bureau of Mines 
P i t t s b u r g h  Coal Research Center ,  P i t t s b u r g h ,  Pa. 15213 

React ions of carbonaceous m a t e r i a l s  and H 0 i n  microwave d i s c h a r g e s  

a r e  known t o  produce H2, HCN, CO, C02, and l i g h t  hydrocarbon gases  ( p r i -  

m a r i l y  C1 and C2) i n  varying amounts. 

H20 i s  the  source of hydrogen i n  formation of the  above products ,  Fu and 

Blaus te in  reac ted  c o a l  and g r a p h i t e  wi th  D20.l Low-resolut ion mass spec-  

t r a  of t h e  gaseous products  from t h e  D 2 0  experiments  i n d i c a t e d  t h e  p o s s i -  

b i l i t y  of non-deuterated and corresponding d e u t e r a t e d  compounds i n  t h e  

r e a c t i o n  mixture .  Conventional s e p a r a t i o n  and a n a l y t i c a l  t echniques  are 

n o t  a p p l i c a b l e  t o  mixtures  o f  t h i s  type .  This  communication d e s c r i b e s  the 

To determine i f  t h e  s o l i d  o r  t h e  

use of a h i g h - r e s o l u t i o n  mass spec t rometer ,  operated a t  a r e s o l u t i o n  35 per -  

c e n t  less than t h e o r e t i c a l l y  requi red  f o r  s e p a r a t i o n  of  the  H2-D d o u b l e t ,  

t o  e l e c t r i c a l l y  measure p r e c i s e  masses f o r  mixtures  c o n t a i n i n g  micromole 

amounts of d e u t e r a t e d  and non-deuterated l i g h t  gases .  

A s  the  H2-D double t  is  separa ted  by o n l y  0.0015 atomic mass u n i t s  (amu), 

a r e s o l u t i o n  o f  approximately 20,000 i s  r e q u i r e d  f o r  s e p a r a t i o n  of even the  

C2 d e u t e r a t e d  and non-deuterated hydrocarbons. 

a 10 percent  v a l l e y  between 2 a d j a c e n t  mass peaks of equal  i n t e n s i t y . )  

t h i s  r e s o l u t i o n  t h e  s e n s i t i v i t y  of  t h e  mass spectrometer  i s  q u i t e  low. Pre-  

c i s e  masses of  minor components p r e s e n t  i n  mixtures  o f t e n  cannot  be d e t e r -  

mined using a Nier peak matcher .  Although computat ional  methods have been 

(Resolu t ion  is  def ined  as 
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T. KESSm AND A.  G. SHARKEY, JR. 

described i n  the l i t e r a t u r e  t o  loca t e  peak cen te r s  and sepa ra t e  over lap-  

ping l i n e s  from photoplate d a t a , 2  such techniques a re  not  appl icable  t o  

the  Nier peak matching system used i n  many l a b ~ r a t o r i e s . ~  I f  accura te  

mass measurements could be made with more than a 10 percent va l l ey  be- 

tween 2 ad jacent  masses having d i f f e r e n t  i n t e n s i t i e s ,  t h e  instrument 

reso lu t ion  could be decreased with a r e s u l t i n g  ga in  i n  the  ion  i n t e n s i t y  

of t he  mass spectrum of the mixture.  

A Consolidated Electrodynamics Corporation model 21-llOB high- 

reso lu t ion  mass spectrometer was used fo r  t h i s  i nves t iga t ion .4  

mass measurements were made using a Nier peak matcher. 

P rec i se  

To determine i f  accura te  measurements could be made d i r e c t l y  a t  a 

r e so lu t ion  l e s s  than  the  20,000 required f o r  the  separa t ion  of the  €I2-D 

doublet in  the  C2 hydrocarbon range, mass measurements were made with 

the instrument adjusted t o  produce var ious  degrees of r e so lu t ion  f o r  a 

known doublet of d i f f e r e n t  ion i n t e n s i t i e s .  The double t ,  

c7ki8+-cg12c13H7+ a t  m/e 92, present  i n  a toluene-xylene mixture,  r e -  

qu i res  a r e so lu t ion  of 1/20,000 f o r  complete separa t ion  a s  defined above. 

Results of mass measurements and ion  i n t e n s i t i e s  observed with the  i n s t r u -  

ment adjusted t o  produce va l l eys  of 10 and 75 percent ,  r e spec t ive ly ,  a r e  

a s  follows: 

Rela t ive  ion Deviations from t h e o r e t i c a l  
i n t e n s i t y  mass (amu) 

Resolution Valley C,12C13H7z c7H8 C512C13H+ c,@ 
Pct .  

1/20,000 10 18 2 10 0.0000 

1/13,000 75 90 1,200 +0.0001 

-0.0002 

-0.0001 

These r e s u l t s  demonstrate t h a t  a decrease i n  r e so lu t ion  of 35 percent pro- 

duces a 5- t o  6-fold increase  i n  ion  i n t e n s i t y  wi th  no loss  i n  accuracy of 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1
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mass measurement even though the  r a t i o  of  i n t e n s i t i e s  of the  two ions  i s  

about 12 t o  1. 

Table 1 shows the  m u l t i p l e t s  de t ec t ed  a t  masses 14-28 i n  the  gases  

r e s u l t i n g  from t h e  r eac t ion  of  coa l  and D20 i n  a microwave d ischarge .  

presence of CH4, CDH3, CD2H2, CD3H, H20,  HDO, D20,  C2H2, C2DH, C2D2, HCN, 

CO, and N2 was e s t ab l i shed  i n  t h i s  mixture .  

(CO and N ) agreement between measured and t h e o r e t i c a l  masses was b e t t e r  

than 1 mil l imass  u n i t .  

The 

With only two except ions  

2 
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