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ABSTRACT 

After evaluating several instruments, a quadrupole and a monopole 

mass  analyzer have been selected a s  basic components of an  integrated 

gas chromatographic-mass spectrometric system for  the analysis of 

organic compounds. 

This system has been assembled and tested in the laboratory. The 

results obtained with the new apparatus a r e  comparable to those ob- 

tained with much heavier instruments. 

Further experimental work will be necessary in order to determine 

the potential application of a similar (compact and automated) instru - 

ment for the analysis of organic compounds on the Moon and planetary 

surfaces. 
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1. 

I. INTRODUCTION 

The general instrumental and analytical objectives a s  described in 

the proposal for the -- In Situ Organic Analysis of the Lunar Surface pro-  

vided the basic work platform for this period of accomplishments. This 

repor t  is a summary of the work carr ied out in the f i r s t  six months of 

the project. 

visiting experts a t  this laboratory, in the interest  of time and economy, 

the workshop was deleted. In lieu of the workshop the staff visited and 

viewed first-hand other laboratories engaged in similar research  

projects. 

avoid many of the pitfalls experienced by other researchers .  Thus, it 

became possible to begin the project just beyond a point that other lab- 

orator ies  a r e  now striving to achieve. 

the visits .  

Although it was originally planned to conduct a workshop of 

These visits  accelerated the program by permitting us to 

The following i s  a partial l i s t  of 

1. 

2. 

3. 

-4. 

5. 

6. 

7. 

General Electric Company, Schenectady, N. Y. 

Electron Associates, Inc., Palo Alto, Calif. 

Varian Associates, Palo Alto, Calif. 

Midwest Research IfistitUte, Kansas City, Mo. 

The Avco Corporation, Tulsa, Okla. 

The Jet Propulsion Laboratories, Pasadena, Calif. 

The Bell and Howell Research Center, Palo Alto, Calif. 



2 .  

Essentially the analytical data collected on the LKB Model 9 0 0 0  

Combination Mass Spectrometer-Gas Chromatograph shown in photo- 

graph, Figure I . ,  guided the choice of instrumentation f o r  this project. 

It was surmised that equivalent data collecting ability on the surface of 

the moon would, in fact, yield the scientific information ultimately de- 

sired in accordance with the aims of the NASA space exploration pro- 

gram. 

With the above in mind an equipment evaluation phase was under- 

taken and the block diagram shown in Figure 2 was constructed. 

Section I1 is a report  of this phase with particular emphasis on the 

choice of the mass  spectrometer. Simultaneously, a l i terature survey 

was made to determine optimum analytical procedures, the most  ap- 

plicable samples to analyze, and to evaluate the present state of research  

in this a rea .  

Section I11 is a concise description of the experimental apparatus. 

(Section V shows actual photographs of the equipment). A summary of 

the results and a brief discussion of these results i s  presented in  Sec- 

tion IV. This section describes some of the gas chromatographic and 

mass spectral  data collected and how it compares to that obtained with 

the LKB 9000  instrument. A publication of this work is reproduced in 

Section VI. 
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11. SELECTION O F  INSTRUMENTATION 

The s e l e c t i o n  o f  t h e  p r e - p r o t o t y p e  mass-spec t rometer  f o r  

t h e  -- I n  S i t u  Organic  A n a l y s i s  o f  t h e  Lunar S u r f a c e  p r o j e c t  re- 

q u i r e d  a m a j o r  i n s t r u m e n t  i n v e s t i g a t i o n  and e v e n t u a l  d e c i s i o n  

t o  be made. The i n i t i a l  approach was t o  examine a l l  of  t h e  

i n s t r u m e n t s  which are t h e o r e t i c a l l y  c a p a b l e  of p r o v i d i n g  t h e  

n e c e s s a r y  mass a n a l y s i s .  Th i s  i n c l u d e d  p r a c t i c a l l y  a l l  t h e  

known mass-spec t rometers .  The  f o l l o w i n g  t y p e s  o f  m a s s  a n a l y z e r s  

w e r e  c o n s i d e r e d  p o t e n t i a l l y  capab le  of t h e  -~ I n  S i t u  a n a l y s i s :  

1. 

2.  

3 .  

4 .  

5. 

6 .  

7. 

0 .  

9. 

10. 

11. 

F i r s t  o r d e r  momentum f o c u s i n g ,  magne t i c  d e f l e c t i o n  

( N i e r  t y p e )  

Double f o c u s i n g ,  energy  and momentum f o c u s i n g  combina- 

t i ons  e l e c t r o s t a t i c  magnet ic  de f1ec t i . cn  (Nier-Johnson 

and Mattauch-Herzog) 

P a u l  quadrupo le  m a s s  f i l t e r  

voc Zahn monopole mass f i l t e r  

Bendix t i m e - o f - f l i g h t  

H j  pple-Sommers omegatron 

B e n n e t t  r a d i o  f requency  

M a c h l e t t  r a d i o  f requency  

Johns ton  L a b o r a t o r i e s  c o i n c i d e n c e  

C y c l o d i a l  f o c u s i n g  m a g n e t i c - e l e c t r i c  

Dempster f i r s t  o r d e r  magnet ic  d e f l e c t i o n  

Each o f  t h e s e  i n s t r u m e n t s  was c a r e f u l l y  examiced t o  d e t e r -  

mine t h e i r  p r e s e n t  and p a s t  per formances .  methods em- 

p l o y e d  i n c l u d e  d i r e c t  o b s e r v a t i o n ,  rev iewing  t h e  l i t e r a t u r e ,  

and  v i s i t i n g  l a b o r a t o r i e s  where p a r t i c u l a r  i n s t r u m e n t s  were 
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b e i n g  d e s i g n e d  and p l a c e d  i n  o p e r a t i o n .  A l s o  c o n s i d e r e d  

were p o s s i b l e  m o d i f i c a t i o n s  of any o f  t h e s e  i n s t r u m e n t s  

which migh t  r e n d e r  them mere u s e f u l  f o r  a n a l y s i s  on t h i s  

p r o j e c t  . 
C r i t i c a l  examinat ion  of t h e  above in s t ru rnen t s  w a s  made 

c o n s i d e r i n g  t h e  b a s i c  i n s t r u m e n t  performance r e q u i r e m e n t s ,  

i n  p a r t i c u l a r  t h e  f o l l o w i n g  c r u c i a l  r equ i r emen t s :  

1. Mass r ange  o f  m / e  t o  1 5 0  amu 

2 .  

3 .  G e n e r a l l y  f l y a b l e  charac te r i s t ics  

4 .  Demonstrated c a p a b i l i t y  w i t h i n  t h e  p r e s e n t  s t a t e  

R e s o l u t i o n  t o  m/Am of 1 5 0  

of technology 

I n  l i g h t  o f  t h e s e  o p e r a t i o n a l  r e q u i r e m e n t s ,  a more p r e -  

cise d e f i n i t i o n  of p o t e n t i a l l y  u s a b l e  i n s t r u m e n t s  w a s  d e r i v e d .  

The f o l l o w i n g  i n s t r u n e n t s  were t h o u g h t  t o  have t h e  b a s i c  poten-  

t i a l  c a p a b i l i t y :  

1. A quadrupo le  mass f i l t e r  w i t h  approx ima te ly  5" r o d s  

2.  A monopole mass f i l t e r  w i t h  approx ima te ly  5" " V e e "  

and rod assembly 

3 .  A 4 "  r a d i u s  o f  morrienturr. f o c u s i n g  magne t i c  d e f l e c t i o n  

m a s s  a n a l y z e r ,  of e i t h e r  t h e  N i e r  o r  t h e  Dempster 

t Y  Pe 

4 .  A 2 "  o r  3" r a d i u s  combina t ion  e l e c t r o s t a t i c - m a g n e t i c  

doub le  f o c u s i n g  mass a n a l y z e r  o f  the  Nier-Johnson 

o r  t h e  Mattauch-Herzoq c o n f i g u r a t i o n  
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The n e x t  s t e p  i n  t h i s  s tudy  covered  t h e  m o r e  p r a c t i c a l  

' problems i n  t h i s  c h o i c e  of an i n s t r u m e n t .  These problems 

i n c l u d e d  a v a i l a b i l i t y ,  cost ,  and o p e r a t i o n a l  ccnvenience.  

The double-focusing d e v i c e s  were e l i m i n a t e d  a t  t h i s  p o i n t  

because t h e y  must be des igned ,  eng inee red  and c o n s t r u c t e d  on 

a custom b a s i s .  N o  i n s t r u i n e n t  o f  t h i s  g e n e r a l  t y p e  i s  com-  

m e r c i a l l y  a v a i l a b l e .  Although t h e s e  have i n  f a c t  been con- 

s t r u c t e d ,  f lown, ind  p o s s e s s  a performance p o t e n t i a l  above 

t h e  o t h e r s ,  t h e  cho ice  of t h i s  d e v i c e  would s e v e r e l y  impa i r  

t h e  t i m e  s chedu le  of t h e  p r o j e c t .  The s i n g l e - f o c u s i n g  mag- 

n e t i c  sector i n s t r u m e c t s  were e l i m i n a t e d  f o r  e s s e n t i a l l y  t h e  

same r e a s o n s .  This  l e f t  t h e  quadrupole  and t h e  monopole 

mass f i l t e r s  as t h e  p r i n e  c a n d i d a t e s  f o r  t h i s  du ty .  

An e x t e n s i v e  s t u d y  was made of t h e  quadrupole  and mono- 

p o l e  m a s s  f i l t e r s ,  and c u r r e n t  r e l e v a n t  t e c h n i c a l  i n f o r m a t i o n  

w a s  c o l l e c t e d  from many l a b o r a t o r i e s .  I n  an e f f o r t  t o  o b t a i n  

r e l i a b l e  f i r s t - h a n d  in fo rma t ion  i n v e s t i g a t o r s  i n  s e v e r a l  l a b o r -  

a to r i e s  employing t h e s e  mass s p e c t r o m e t e r s ,  w e r e  v i s i t e d  and 

c o n s u l t e d  on t h e  o p e r a t i o n  of t h e i r  i n s t r u m e n t s .  For t h e  pur-  

* pose  of t h i s  p r o j e c t ,  t h e  fo l lowing  i s  a sumnary l i s t  of g e n e r a l  

c h a r a c t e r i s t i c s  and a v a i l a b i l i t y  p e r t a i n i n g  t c  b o t h  t h e  quadru- 

p o l e  and t h e  nonopole mass f i l t e r s ,  o r  t o  e i t h e r  of them. 

A .  OM - Quadrupole  and Monopole 

B.  M - Monopole o n l y  

c .  Q - Quadrupcle  on ly  



6 

A .  Quadrupole  and Moncpole 

1. N o  magnet i s  r e q u i r e d  

2 .  Low i o n  e n e r g i e s  . 

3 .  The i o n s  may be  r e l a t i v e l y  non-horiogenous i n  energy  

4 .  Compatible w i t h  secondary e l e c t r o n  m w l t i p l i e r s  of 

any t y p e  

5. Good vacuum c h a r a c t e r i s t i c s  and e a s i l y  ou tgassed  

6 .  

7 .  R e l a t i v e l y  s imple  mechanics 

Large and somewhat u n p r e d i c t a b l e  m a s s  d i s c r i m i n a t i o n  

8.  R e l a t i v e l y  complex e l e c t r o n i c s  

9 .  Normally u s e s  a s p e c i a l  open s t r u c t u r e d  i o n  s c u r c e ,  

b u t  compat ib le  w i t h  a conven t iona l  one 

1 0 .  Mass range  t o  6 0 0  amu under very  s p e c i a l  cond . i t i ons ,  

b u t  r e l i a b l y  t o  1 5 0  amu 

Reso lu t ion  t o  o n e  p a r t  i n  500  under very  s p e c i a l  con- 

d i t i o n s ;  r e l i a b l y  t o  one p a r t  i n  150  

11. 

-15 1 2 .  S e n s i t i v i t y  t o  10 t o r r  n i t r o g e n  p a r t i a l  p r e s s u r e  

b 13. Dynanic rapcje t o  1 0  

14. 

15.  

16. 

V e r y  l i t t l e  a n a l y t i c a l  d a t a  a v a i l a b l e  

Exceedingly ccrcpl icated t h e c r y  of o p e r a t i o n  

Exceedingly temperamental  a t  optirflun: performance b u t  

r e l i a b l e  a t  m i n i m u m  requi rements  

B.  Quadrupole  on1.y 

1. 

2. 

Flown i n  space  many t i m e s  by many i n v e s t i g a t o r s  

S u b j e c t  of  much p r e s e n t  i n v e s t i g a t i o n  i n  many l a b o r a -  

tor ies ,  a l though  re1 a t i v e l y  new 
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3 .  Quadrupoles  have been b u i l t  by Atlas-Werke, Var i an  

Associates, E l e c t r o n  A s s o c i a t e s ,  I n c . ,  B e l l  & Howell 

Research C e n t e r ,  Consol ida ted  Elec t rodynamics  Corp.,  

A i r  Force Cambridge Research L a b o r a t o r i e s ,  The Uni- 

v e r s i t y  of  Michigan, U n i v e r s i t y  of  Minnesota ,  Massa- 

c h u s e t t s  I n s t i t u t e  of Technology, J e t  P r o p u l s i o n  Labora- 

t o r i e s ,  and s e v e r a l  N a t i o n a l  A e r o n a u t i c a l  and Space 

Admin i s t r a t ion  Cen te r s .  

4 .  An a p p l i c a b l e  quadrupole-mass spec t romete r  i s  r e a d i l y  

a v a i l a b l e  frorr! E l e c t r o n  A s s o c i a t e s ,  I n c . ,  ( E . A . I . )  

C.  Monopole on ly  

1. An a p p l i c a b l e  monopole i s  r e a d i l y  a v a i l a b l e  from t h e  

Genera l  E l e c t r i c  Company ( n o t  b u i l t  by anyone e l se  a t  

t h i s  t i m e )  

2 .  Has a tendency t c  b u i l d  up space  charge  on t h e  " V e e "  

e l e c t r o d e  

Cpera t e s  w i t h  an a s y m e t r i c  i o n  beam w i t h  Ron-axial  

e n t r y  a n d  e x i t  of t h i s  beam 

3 .  

This  d a t a  imp l i ed  t h a t  t h e  quadrupc le  and mofiopole b o t h  

had advantages  and d i sadvan tages ,  b u t  t h e  i n s t r u m e n t s ,  a l t hough  

n o t  i d e n t i c a l ,  w e r e  scrrlewhat e q u i v a l e n t .  V i s i t s  t o  s e v e r a l  i n -  

s t a l l a t i o n s  confirmed t h e s e  f a c t s .  The re fo re ,  t h e  d e c i s i o n  was 

made t o  p rocure  both  t h e  EA1 quadrupole  and t h e  Genera l  E l e c t r i c  

monopole. The o v e r a l l  exper imenta l  system was des igned  t o  c a p i -  

t a l i z e  o n  t h e  unique f e a t u r e s  of each  d e v i c e .  
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This  approach w a s  i n t e n d e d  t o  e x p e d i t e  t h e  p r o j e c t  and n o t  

t o  p rov ide  a comparison o f  ins t ruments - -our  purposes  l i e  

beyond i n s t r u m e n t a l  e v a l u a t i o n .  Thus, most of  t h e  e f f o r t  

w a s  d i r e c t e d  towards t h e  n.aximurn u t i l i z a t i o n  of e x i s t i n g  

technology,  deve loping  o n l y  w h e r e  a need e x i s t s  o r  an i m -  

provement i s  obvious .  Althcugh w e  s h a l l  remain cogn izan t  

o f  o t h e r  mass s p e c t r o m e t r i c  i n s t rumer i t a t i cn ,  p r e s e n t  p l a n s  

are t o  develog  and err,ploy a quadru.pole and monopole mass 

f i l t e r  f o r  t h i s  p r o j e c t .  

The s t u d i e s  which r e s u l t e d .  i.n t h e  s e l e c t i o n  of t h e  

a n c i l l a r y  equipment, Gsed i n  t h i s  s tudy  fol lowed s i m i l a r  

l i n e s  of r eason ing  t o  t h o s e  used i n  t h e  s e l e c t i o n  of t h e  

mass s p e c t r c n e t e r .  I n l e t  s y s t e m s ,  r e a d o u t  sys tems,  and 

vacuum systems were selected mainly on t h e  b a s i s  of func- 

t ior,al  c o n s i d e r a t i c n s .  C e r t a i n  i d e a l  f a c t c r s  w e r e  s ac r i -  

f i c e d  because  of t h e  1imit.ed t i m e  s chedu le .  I n  g e n e r a l ,  

however, t h e  b a s i c  i n s t r u m e n t a l  r equ i r emen t s  w e r e  ma in ta ined  

and t h e  c v e r a l l  o b j e c t i v e s  of t h e  f i r s t  phase of  t h e  p r o j e c t  

w e r e  f u l f i l l e d .  
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111. EXPERIMENTAL (DESCRIPTION O F  INSTRUMENTATION) 

The i n s t r u m e n t a t i o n  f o r  t h i s  p r o j e c t  w a s  based on 

the  u l t i m a t e  o b j e c t i v e s  of t h e  p r o j e c t  a long  w i t h  t h e  

d e s i r e  t o  produce more u s e f u l  s o l u t i o n s  t o  t h e  problems 

i n v e s t i g a t e d .  T h i s  governed t h e  detai led d e s i g n  of t h e  

vacuum sys tems,  t h e  m a s s  s p e c t o r m e t e r s ,  and t h e  p l a n  of 

data c o l l e c t i o n .  By t h e  approach used i n  t h e  s e l e c t i o n  

of i n s t r u m e n t a t i o n  s t a r t - u p  t i m e  h a s  been reduced t o  a 

minimum. 

A .  Mass Spec t romete r s  

The m a s s  a n a l y z e r  s e c t i o n  of t h e  system i s  made 

up of two commercial ly  a v a i l a b l e  Paul  t y p e  m a s s  

f i l t e r s .  An EA1 Quadrupole  Model 250 and a G e n e r a l  

Electric Monopole 11 are o p e r a t e d  i n  p a r a l l e l  t o  

show s i n u l t a n e o u s  mass s p e c t r a  of t h e  same sample. 

The EA1 Quadrupole 250  Res idua l  G a s  Analyzer  

d i f f e r s  from t h e  s t a n d a r d  model o n l y  s l i g h t l y .  The 

M u l t i p l i e r  power supply i s  a John Fluke  Model 4 0 8 B  

r e g u l a t e d  h igh  v o l t a g e  power supp ly  t o  p rov ide  e x t r a  

s t a b i l i t y  and range .  The e l e c t r o m e t e r  Ampl i f i e r  i s  

a K e i t h l y  Model 4 1 7  BR f o r  e x t r a  dynamic range  and 

peak h e i g h t  accu racy .  Minor m o d i f i c a t i o n s  are made 

t o  t h e  sweep c i r c u i t s  t o  produce more a n a l y t i c a l  

t y p e  mass s p e c t r a .  The i o n  s o u r c e  and i t s  a s s o c i a t e d  

. 
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c o n t r o l s  are  q u i t e  s t a n d a r d  and appear  v e r y  s a t i s -  

f a c t o r y  . 
The Genera l  E l e c t r i c  Monopole I1 P a r t i a l  P r e s s u r e  

Analyzer  has  been modif ied t o  a somewhat g r e a t e r  

d e g r e e  t h a n  t h e  quadrupole  because  a less v e r s a t i l e  

d e s i g n  w a s  provided by t h e  manufac tu re r .  A Power  

Designs Model HV-1556 r e g u l a t e d  h i g h  v o l t a g e  supp ly  

is  used t o  d r i v e  t h e  e l e c t r o n  m u l t i p l i e r  t o  produce 

t h e  n e c e s s a r y  s e n s i t i v i t y  and s t a b i l i t y .  A K e i t h l y  

Model 417 BR electrometer a m p l i f i e r  i s  used t o  ex tend  

t h e  s e n s i t i v i t y ,  dynamic r a n g e ,  and s t a b i l i t y .  

The sweep f u n c t i o n s  are produced by a Tek t ron ix  

Type T Time-base Genera tor  and Tek t ron ix  Type 1 2 7  

P r e a m p l i f i e r  power supply .  Although t h e  i n s t r u m e n t  

h a s  t o t a l  i o n  c u r r e n t  mon i to r  c a p a b i l i t y ,  it i s  be ing  

used  i n  t h e  conven t iona l  mode a t  t h i s  t i m e .  

B .  Gas Chromatograph and Assoc ia t ed  Sample I n l e t  Systems 

The g a s  chromatograph and t h e  a s s o c i a t e d  sample 

i n l e t  systems are o u t l i n e d  i n  t h e  b lock  diagram of 

F i g u r e  2 and t h e  p e r t i n e n t  p a r t s  of t h e  a p p a r a t u s  i s  

shown i n  t h e  photograph,  F i g u r e  3. Up t o  t h e  p r e s e n t  

t i m e ,  a 500  f t .  0.03 i n .  diameter s t a in l e s s  s tee l ,  1 0 %  

SF-96 ClOOr c o a t e d ,  c a p i l l a r y  column has  been used  t o  

perform t h e  g a s  chromatographic  s e p a r a t i o n s  because  of t h e  

l i m i t a t i o n s  of t h e  temporary vacuum system. Hydrogen 

L 
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has  been employed a s  t h e  carr ier  g a s .  

The i n l e t  a s s e m b l y  i s  composed of t h e  fo l lowing  

equipment:  

1. A Barber-Coleman Series 5 0 0 0  G a s  Chromato- 

graph  w i t h  c a p i l l a r y  column, a. t empera tu re  

programmed oven, a hydrogen f lame d e t e c t o r  

and t h e  g a s  c o n t r o l  a c c e s s o r i e s .  

2 .  A m a s  spec t romete r  h e a t e d  d i r e c t  i n l e t  system. 

3 .  A p y r o l y z i n g  oven. 

4 .  S e v e r a l  bakeable  v a r i a b l e  l e a k  i n l e t  v a l v e s  

f o r  f low c o n t r o l  i n t o  t h e  vacuum. 

C.  Vacuum System 

A b a s i c  vacuum s y s t e m  was des igned  as shown i n  

F i g u r e  4 t o  f u l f i l l  a l l  t h e  needs of  t h e  experiment .  

Because of d e l i v e r y  problems a U l t e k  s t a n d a r d  bench- 

t o p  b e l l  j a r  s y s t e m  was s u b s t i t u t e d  f o r  t h i s  phase  

of the p r o j e c t .  This  i s  shown i n  t h e  photograph,  

F i g u r e  5. 

The f o l l o w i n g  i s  a d e t a i l e d  d e s c r i p t i o n  of t h e  

Yacuum system which w i l l  b e  made o p e r a b l e  a s  equipment 

i s  d e l i v e r e d .  Its d e s i g n  objectives inc lude :  maximum 

v e r s a t i l i t y ,  t h e  a b i l i t y  t o  pump t h e  e n t i r e  e l u t a n t ,  

u l t i m a t e  p r e s s u r e  of 10 t o r r  and n e a r  l u n a r  envi ron-  

ment for  the e n t i r e  system as r e q u i r e d .  The unique  

f e a t u r e s  of t h i s  system revolve abou t  t h e  combinat ion 
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of pumping mechanisms. 

1. Chamber compr is ing:  

Twelve i n c h  d i ame te r  b e l l  j a r  f u l l y  bakeab le  

w i t h  v i ewpor t s ,  l e a k  v a l v e s  and p o r t s  f o r  mass 

s p e c t r o m e t e r s ,  g a g e s ,  c o n t r o l s ,  e tc .  

2. Pumping System c o n s i s t i n g  o f :  

a .  200  l i t e r s / s e c o n d  Cold Cathode s p u t t e r  

i o n  pump (Netek)  

h. 4 0 0 0  l i t e r s / s e c o n d  Hot f i l a m e n t  t i t a n u m  

sub l ima t ion  pump ( U l t e k )  

c .  4 0 0 0  l i t e r s / s e c o n d  E l e c t r o n  Beam Titanium 

s u b l i m a t i o n  pump (Andar) 

d .  2500 l i t e r s / s e c o n d  Po lypheny le the r  d i f -  

f u s i o n  pump (NRC) 

e. 20 c f m  mechanical  pump (Edwards) 

f .  Cryogenic t r a p s ,  molecular  sieve t r a p s ,  

vacuum v a l v e s ,  c o n n e c t i o n s ,  e tc .  

3 .  Gaging and Measuring c o n s i s t i n g  o f :  

a .  Bayard-Alpert  i o n i z a t i o n  gage c o n t r o l l e r  

w i t h  nude t u b e s  fo r  b a s i c  measurements 

-11 
. to 10 t o r r .  

b. S p e c i a l  Cold Cathode d i s c h a r g e  gage ,  

t u b e  t o  c o n t r o l  i n l e t  p r e s s u r e  measure- 

ments t o  t o r r .  ( P h i l l i p s )  

c.  Thermocouple gaqing  f o r  f o r e  l i n e s  and 

c 
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rough pumping p r e s s u r e  measurements t o  

t o r r .  

D .  Data Read Out Systems 

The d a t a  r e a d  o u t  systems p r o v i d e  t e s t  and a p p r a i -  

s a l  i n f o r m a t i o n  a long  w i t h  b a s i c  sample d a t a .  

photograph ,  F i g u r e  6,and the b lock  diagram, F i g u r e  2 ,  

show t h e  i n t e g r a t e d  s y s t e m ,  a s  planned and a s  used .  

The 

The f o l l o w i n g  l i s t  d e t a i l s  t h e  i n d i v i d u a l  compo- 

n e n t s  : 

1. I n f o t r o n i c s  Model CRS-llAB/H/Gl d a t a  i n t e g r a t o r  

and d i g i t i z e r  f o r  t h e  g a s  chromatograph. 

2. Leeds and Northrup s t r i p  c h a r t  p o t e n t i o m e t r i c  

r e c o r d e r  f o r  g e n e r a l  chromatographic  d i s p l a y  

and s p e c i a l  mass s p e c t r a l  d i s p l a y .  

Tek t ron ix  Model F W  564 S t o r a g e  O s c i l l o s c o p e  

w i t h  Type 3 preampl i f2e r  and Type 3B4  t i m e  

base f o r  g e n e r a l  mass s p e c t r a l  d i s p l a y .  

3 .  

4 .  Honeywell 1509 V i s i c o r d e r  d i r e c t  w r i t i n g  

r e c o r d i n g  o s c i l l o g r a p h  w i t h  s i x  Accudata 1 0 4  

p r e a m p l i f i e r s  f o r  a n a l y t i c a l  m a s s  s p e c t r a  

d i s p l a y .  

5. Major A n c i l l a r y  Equipment 

Major anc i ’ l la ry  equ ipnen t  necessa ry  f o r  r o u t i n e  

o p e r a t i o n  and opti’mum r e l i a b i l i t y  i n c l u d e s  a 

Consol ida ted  Elec t rodynamics  Node1 24-120B 
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hel ium m a s s  s p e c t r o n e t e r  l e a k  d e t e c t o r ,  a 

T e k t r o n i x  Model 545 o s c i l l o s c o p e ,  a Uni tek  

1-065-02  s p o t  we lde r ,  s p e c i a l  e l e c t r o n e t e r s ,  

power s u p p l i e s ,  vacuum gages, e tc .  
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IV. SUMMARY OF RESULTS AND DISCUSSION 

P r e p r o t o t y p e  e q u i y e n t  h a s  been assembled and t e s t e d  

based on in fo rma t ion  o b t a i n e d  from t h i s  l a b o r a t o r y .  The 

t e s t  and e v a l u a t i o n  phase  has  i n  g e n e r a l  a f f i r m e d  t h e  

c h o i c e  of systems.  I n  t h i s  phase ,  s e l e c t e d  samples w e r e  

used  t o  de t e rmine  t h e  o p e r a t i o n  of t h e  i n t e g r a t e d  system 

by e v a l u a t i n g  t h e  g a s  chromatograph e f f i c i e n c y  and t h e  

b a s i c  performance of t h e  mass s p e c t r o m e t e r s .  

The fo l lowing  samples w e r e  ana lyzed  and compared on 

LKB 9 0 0 0  gas chromatograph m a s s  spec t romete r  system and 

t h e  p r e p r o t o t y p e  l u n a r  gas chromatograph m a s s  spec t romete r  

system: 

A. 

B. Aromatic Hydrocarbon l l i x t u r e  

Normal P a r a f f i n s  C6 th rough Cl0 

1. Benzene 

2 .  Toulene 

3 .  Ethylbenzene  

4 .  o-Xylene 

5 .  Mesi ty l ene  

C .  Bio-organic  P y r o l y s i s  Type Fragments 

1. A c e t o n i t r i l e  

2 .  Furan 

3 .  P y r o l e  

D .  S i g n i f i c a n t  Bio-organic  Compounds 

1. P r i s t a n e  
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2. Phytane 

3 .  Farnesane 

E.  Standard Calibration Compounds 

1. Perflurokerosene 

2. Perflurotributylamine 

3 .  2,6-Dimethylheptane . 

' 4 .  2,6-Dimethyloctadiene 

The presentation and discussion of these data in de- 

tail is beyond the scope and purpose of this report. How- 

ever , describing some of the results obtained 

has been written, a copy of which is attached (section V) 

This work will be presented at the Fourth International 

Symposium--Advances in Gas Chromatography in New York 

City on April 3-6, 1967, and will published at that time. 

The results thus far achieved provide a reasonable 

degree of confidence on the possible utilization of the 

selected instrumentation. In the evaluation of the mass 

spectrometers it was found that mass spectra on the 

preprototype instrument is sufficiently similar to that 

obtained on the LKB 9000 system to permit sample identi- 

fication. The mass spectrometers displayed adequate 

sensitivity when operating at a resolution comparable to 

the sector instrument. While both preprototype mass 

spectrometers are operating at a resolving power of m/Am 

of 250 (based on the 10% valley definition) the different 



o p e r a t i n g  p a r a n e t e r s  produce i n f o r m a t i o n  i n  one t h a t  i s  

n o t  i n  t h e  o t h e r .  Problems r e l a t e d  t o  m a s s  d i s c r i m i n a -  

t i o n  and n o n - l i n e a r  r e s o l u t i o n  w i l l  r e q u i r e  f u r t h e r  

k n v e s t i g a t i o n .  

A new pyro lyz ing  system i s  now be ing  c o n s t r u c t e d  and 

more p y r o l y s i S  p roduc t s  of b i o o r g a n i c - t y p e  samples a re  

be ing  i n v e s t i g a t e d .  These r e s u l t s  w i l l  b e  checked 

u t i l i z i n g  s e v e r a l  methods of a n a l y s i s  and i n t e r n a l  s t and-  

a r d s .  The complet ion of assembly of t h e  more s u i t a b l e  

vacuum system w i l l  be  r e a l i z e d  a s  soon as  a l l  t h e  compon- 

e n t s  a r e  a v a i l a b l e .  A s  t h i s  p o i n t  i s  r eached ,  a d d i t i o n a l  

e f f o r t  w i l l  b e  a p p l i e d  t o  t h e  t a s k  of making any 

improvements t o  t h e  expe r imen ta l  a p p a r a t u s .  

samples are  b e i n g  c o l l e c t e d  and w i l l  be  ana lyzed  concur-  

r e n t l y .  I n t e r p r e t a t i o n s  based on da ta  c o l l e c t e d  from 

t h e s e  a n a l y s e s  w i l l  p rovide  t h e  p r e c i s e  i n f o r m a t i o n  neces-  

s a r y  t o  p l a n  t h e  n e x t  major phase  i n  t h e  I n  S i t u  Organic  

Analyses  of t h e  Lunar S u r f a c e .  
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