
J )  

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 
0  2 1 1   6 4 5  

A 2  

00  Publication  number: 

EUROPEAN  PATENT  APPLICATION 

©  intci.*:  G  01  N  2 7 / 6 2  
H  01  J  4 9 / 0 4  

(21)  Application  number:  86306004.2 

@  Dateoffiling:  04.08.86 

Q6)  Priority:  21.08.85  US  767819 
21.08.85  US  767820 

(ti)  Applicant:  SPECTROS  LIMITED 
Barton  Dock  Road 
Urmston  Manchester  M31  2LD(GB) 

©  Inventor:  Caprioli,  Richard  M. 
5637  Lucerne 
Bellaire  Texas  77401  (US) 

©  Inventor:  Cottrell.JohnS. 
33  Bamford  Road 
Disbury  Manchester  M20  8QP(GB) 

5)  Representative:  Taylor,  Derek  George  et  al, 
MATHISEN,  MACARA  &  CO.  The  Coach  House  6-8 
Swakeleys  Road 
Ickenham  Uxbridge  UB10  8BZ(GB) 

(fa)  Date  of  publication  of  application: 
25.02.87  Bulletin  87/9 

@  Designated  Contracting  States: 
DE  FR  GB 

@  Apparatus  and  methods  for  use  in  the  mass  analysis  of  chemical  samples. 
(sy  A  probe  for  supporting  a  sample  in  an  ion  source  of  a 
mass  spectrometer  is  arranged  to  receive  a  continuous  supply of  liquid  containing  a  sample  to  be  analysed,  which  sample 
may,  or  may  not,  change  with  time.  The  probe  can  comprise  a 
target  formed  by  a  copper  probe  tip  18  and  the  liquid  sample 
can  pass,  for  example,  through  a  fine  bore  18a  of  the  tip,  on  to 
the  end  surface  of  the  tip  where  it  is  held  as  a  droplet  by 
surface  tension.  In  order  to  replenish  the  droplet  surface, 
liquid  sample  can  be  supplied,  for  example  via  capillary  tub- 
ing  14  from  a  syringe  11,  to  the  inlet  end  of  the  bore  in  the 
probe  tip. 

<  

s  

M  

O  

Q. 

•/••I 
Croydon  Printing  Company  Ltd. 



DIRECTION  OF 
PR/MART  BEAM 

SECONDARY 
-  DNS 
..  TOWARDS 

H.S. 

Fig.  I. 
% 

12  K11a 



0 2 1 1 6 4 5  

APPARATUS  AND  MRTHOHS  FOR  HSR  TN 

THE  MASS  ANALYSTS  OF  r.HFMICAL  SAMPLRS 

T h i s   i n v e n t i o n ,   r e l a t e s   to   m a s s   s p e c t r o a e t r y   a p p a r a t u s  

f o r   use   in  t h e   c o n t i n u o u s   a n a l y s i s   of  a  c h e m i c a l  

s a m p l e ,   and  m e t h o d s   of  u s i n g   such   a p p a r a t u s .  

M e t h o d s   of  u s i n g   mass   s p e c t r o m e t e r s   f o r   t he   a n a l y s i s  

of  s a m p l e s   w h i c h   do  no t   c h a n g e   w i t h   t i m e   a r e   w e l l  

known,   b u t   in  the   use   of  mass   s p e c t r o m e t e r s   f o r  

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

t he   p r o b l e m   a r i s e s   of  l o c a t i n g   the   s a m p l e   in  an  i o n  

s o u r c e   a t   t h e   moment  a t   w h i c h   t h e   r e a c t i o n   p r o d u c t s  

a r e   to   be  a n a l y s e d .  

I t   h a s   b e e n   s u g g e s t e d   ( s e e   Anal  Chem  1 9 8 5 , 5 7 , 1 1 5 3 - 5 5 )  

t h a t   t h e   t ime   p r o f i l e   of  a  c h e m i c a l   r e a c t i o n   can  b e  

m o n i t o r e d   by  p a s s i n g   a q u e o u s   s a m p l e s   t h r o u g h  

s e m i p e r m e a b l e   s i l i c o n   c a p i l l a r y   t u b i n g   of   w h i c h   a  l o o p  

i s   s e a l - e d   w i t h i n   a  h i g h   v a c u u m   s y s t e m ,   t h e   i n l e t   a n d  

o u t l e t   e n d s   of  i ;he  t u b i - n g   t oe ing   o u t s i d e   t h e   v a c u u m  

s y s t e m .   S a m p l e s   p a s s i n g   t h r o u g h   t he   t u b i n g   w a l l   e n t e r  

an  a r e a   w h i c h   i s   c o n n e c t e d   by  d u c t i n g   to   an  ion   s o u r c e  

of  a  t r i p l e   q u a d r u p o l e   mass   s p e c t r o m e t e r .   H o w e v e r ,  

t h i s   a p p r o a c h   i s   o n l y   a p p l i c a b l e   to   t h e   a n a l y s i s   o f  

v o l a t i l e   s a m p l e s .  
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A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   t h e r e  

i s   p r o v i d e d   mass   s p e c t r o m e t r y   a p p a r a t u s   f o r   u se   in   t h e  

c o n t i n u o u s   a n a l y s i s   of  a  s a m p l e   of  w h i c h   t h e  

c o m p o s i t i o n   may,  or  may  n o t ,   c h a n g e   w i t h   t i m e ,   w h i c h  

c o m p r i s e s   a  h i g h   vacuum  s y s t e m ,   means   f o r   d e p o s i t i n g   a 

s u p p l y   of  t he   s a m p l e   on  a  s u r f a c e   l o c a t e d   w i t h i n   t h e  

h i g h   vacuum  s y s t e m ,   means   f o r   i o n i s i n g   t h e   d e p o s i t e d  

s a m p l e   in  s i t u   on  the   s u r f a c e   and  m e a n s   f o r   m a s s  

a n a l y s i n g   t h e   i o n s   so  p r o d u c e d .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a p p a r a t u s   f o r  

u s e ,   in  a s s o c i a t i o n   w i t h   a  mass   s p e c t r o m e t e r   i n c l u d i n g  

a  h i g h   vacuum  a n a l y s e r   s y s t e m   and  a  s p u t t e r i n g   i o n  

s o u r c e ,   in  t h e   c o n t i n u o u s   a n a l y s i s   of  a  s a m p l e   o f  

w h i c h   the   c o m p o s i t i o n   may,  or  may  n o t ,   c h a n g e   w i t h  

t i m e ,   w h i c h   a p p a r a t u s   c o m p r i s e s   a  t a r g e t   c a r r i e r  

a d a p t e d   to  be  c o n n e c t e d   to   t h e   h i g h   vacuum  a n a l y s e r  

s y s t e m   so  t h a t   a  s u r f a c e   of  t h e   t a r g e t   c a r r i e r   s u b j e c t  

to   t h e   h i g h   v a c u u m   w i t h i n   t h e   s y s t e m   can   f o r m   a  t a r g e t  

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

o p e r a t i o n   of  t h e   a p p a r a t u s ,   to   c o n d u c t   a  f l ow  o f  

l i q u i d   in  w h i c h   t h e   s a m p l e   i s   c a r r i e d   f rom  a  l o c a t i o n ,  

w h i c h   i s   a t   a  h i g h   p r e s s u r e   r e l a t i v e   to  t h a t   w i t h i n  

s a i d   s y s t e m ,   to  t he   s a i d   s u r f a c e   w h i c h   i s   s u b j e c t   t o  

the   h i g h   v a c u u m .  
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A c c o r d i n g   to  a n o t h e r   a s p e c t   t h e   p r e s e n t   i n v e n t i o n  

p r o v i d e s   a  m e t h o d   f o r   t he   c o n t i n u o u s   a n a l y s i s   of  a  

s a m p l e   of  w h i c h   the   c o m p o s i t i o n   may  or  may  no t   c h a n g e  

w i t h   t i m e   w h i c h   c o m p r i s e s   c o n t i n u o u s l y   d e p o s i t i n g   a  

s u p p l y   of  t he   s a m p l e   on  a  s u r f a c e   l o c a t e d   w i t h i n   a 

h i g h   v a c u u m   s y s t e m ,   i o n i s i n g   the   d e p o s i t e d   s a m p l e   i n  

s i t u   on  t h e   s u r f a c e   and  mass   a n a l y s i n g   t h e   i o n s   s o  

p r o d u c e d .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  m e t h o d   f o r   t h e  

c o n t i n u o u s   a n a l y s i s   of  a  s a m p l e   of  a  b i o p o l y m e r ,   s u c h  

f o r   e x a m p l e   as  a  p r o t e i n ,   w h i c h   c o m p r i s e s   r e a c t i n g   t h e  

b i o p o l y m e r   s a m p l e   w i t h   a  s u b s t a n c e   w h i c h   s e q u e n t i a l l y  

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

s u p p l y   of  t he   r e a c t i o n   p r o d u c t s   c o n t i n u o u s l y   on  t h e  

t a r g e t   s u r f a c e   of  a  s p u t t e r i n g   i o n   s o u r c e ,   c a u s i n g  

i o n i s a t i o n   of  the   d e p o s i t e d   r e a c t i o n   p r o d u c t s   and  m a s s  

a n a l y s i n g   t h e   i o n s   so  p r o d u c e d   to   p e r m i t  

i d e n t i f i c a t i o n   of  t he   t e r m i n a l   u n i t s   s e q u e n t i a l l y  

r e m o v e d   f rom  t h e   b i o p o l y m e r   by  - d e t e r m i n i n g   t h e  

r e d u c t i o n   w i t h   t ime   of  t h e   m o l e c u l a r   m a s s   of  t h e  

b i o p o l y m e r   as  t he   t e r m i n a l   u n i t s   a r e   r e m o v e d .  

In  p a r t i c u l a r   the   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o b e  

fo r   i n s e r t i o n   i n t o   a  mass   s p e c t r o m e t e r   w h i c h ,   i n  

o p e r a t i o n ,   p e r m i t s   a  c o n t i n u o u s   r e p l e n i s h m e n t   of  t h e  
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s a m p l e   a t   t he   t a r g e t   f o r   i r r a d i a t i o n .   The  m a s s  

s p e c t r o m e t e r   s o u r c e   in  w h i c h   t he   p r o b e   i s   l o c a t e d  

i o n i s e s   t h e   s a m p l e   by  F . A . B .   ( F a s t   Atom  B o m b a r d m e n t ) ,  

or  any  o t h e r   s p u t t e r i n g   t e c h n i q u e .  

The  i n v e n t i o n   w i l l   now  be  more  p a r t i c u l a r l y   d e s c r i b e d  

by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g   in  w h i c h : -  

F i g u r e   1  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  o n e  

e m b o d i m e n t   of  a p p a r a t u s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   2  is   a  d i a g r a m m a t i c   s e c t i o n   t h r o u g h   a  m o d i f i e d  

form  of  p r o b e ;  

F i g u r e   3  i s   a  d i a g r a m m a t i c   s e c t i o n   t h r o u g h   a n  

a l t e r n a t i v e   fo rm  of  p r o b e ;  

F i g u r e   i)  i s   a  d i a g r a m m a t i c   s e c t i o n   t h r o u g h   t h e   p r o b e  

t i p   of  y e t   a n o t h e r   f o rm  of  p r o b e ,   a n d  

F i g u r e   5  i s   a  d i a g r a m m a t i c   s e c t i o n   t h r o u g h   y e t   a n o t h e r  

fo rm  of  p r o b e .  

The  a p p a r a t u s   i l l u s t r a t e d   in   F i g u r e   1  of  t he   d r a w i n g  

is   d e s i g n e d   to  a l l o w   a  s a m p l e   u n d e r   i n v e s t i g a t i o n   t o  

be  i n t r o d u c e d   i n t o   t h e   h i g h   vacuum  s y s t e m   of  a  m a s s  

s p e c t r o m e t e r .  
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The  a p p a r a t u s   c o m p r i s e s   a  g a s - t i g h t   s y r i n g e   11  o f  

s u i t a b l e   c a p a c i t y   (eg  50  or  100  m i c r o l i t r e s ) .   T h i s  

s y r i n g e   i s   m o u n t e d   on  a  m e c h a n i c a l   a c t u a t o r   known  as  a  

" s y r i n g e   pump"  w h i c h   moves   a  p l u o g e r   11a  of  . t h e  

s y r i n g e   a t   c o n s t a n t   r a t e   so  as   to   p r o v i d e   a  known  f l o w  

of  m i x t u r e   12  o u t   of  t he   n e e d l e   11b  of  t he   s y r i n g e   T h e  

m i x t u r e   12  w o u l d   be  t y p i c a l l y   90  m i c r o l i t r e s   d e g a s s e d  

w a t e r ,   10  m i c r o l i t r e s   d e g a s s e d   g l y c e r o l ,   the   s a m p l e  

u n d e r   i n v e s t i g a t i o n   ( e . g .   a  p e p t i d e   a t   a 

c o n c e n t r a t i o n   of  1  m i c r o g r a m   per   m i c r o l i t r e ) ,   a n  

enzyme   m i x t u r e ,   b u f f e r   s a l t s   and  o t h e r   i n g r e d i e n t s  

d e p e n d e n t   on  t h e   n a t u r e   of  t h e   e x p e r i m e n t .   C o u p l i n g  

m e a n s   13  i s   u sed   to   c o n n e c t   t h e   s y r i n g e   n e e d l e   to  a 

l e n g t h   of  f u s e d   q u a r t z   c a p i l l a r y   t u b i n g   14.  T h i s  

c o u p l i n g   m e a n s   may  c o n v e n i e n t l y   i n c l u d e   an  i n - l i n e  

f i l t e r   to   r e m o v e   p a r t i c u l a t e   m a t t e r   f rom  the   l i q u i d  

f low  w h i c h   m i g h t   o t h e r w i s e   b l o c k   t h e   c a p i l l a r y   t u b i n g  

14.  C a p i l l a r y   t u b i n g   14  i s   t y p i c a l l y   a  1  m e t r e   l e n g t h  

of  25  m i c r o m e t r e   i n t e r n a l   d i a m e t e r   f u s e d   q u a r t z .   T h e  

l e n g t h   and.  d i a m e t e r   a r e   c h o s e n   s u c h   t h a t   o n l y   a  f e w  

a t m o s p h e r e s   of  p r e s s u r e   a r e   r e q u i r e d   to   p r o d u c e   t h e  

d e s i r e d   f l o w   r a t e .   C a p i l l a r y   t u b i n g   14  e n t e r s   a  p r o b e  

a s s e m b l y   15  t h r o u g h   c o u p l i n g   m e a n s   16  wh ich   p r o v i d e s   a 

vacuum  t i g h t   s e a l .   The  p r o b e   a s s e m b l y   i n c l u d e s   a 

h o l l o w   s h a f t   17  t h r o u g h   w h i c h   the   c a p i l l a r y   t u b i n g   14 

p a s s e s   i n t o   a  p r o b e   t i p   18  t h r o u g h   w h i c h   a  c a p i l l a r y  
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b o r e   18a  e x t e n d s .   The  i n n e r   end  of  t h e   b o r e   of  t h e  

p r o b e   t i p   18  i s   a  c l o s e   f i t   to   t he   c a p i l l a r y   t u b i n g   14 

so  as   to  p r o v i d e   good  t h e r m a l   c o n t a c t   b e t w e e n   t h e  

p r o b e   t i p   18  .and  t h e   end  of  t h e .   c a p i l l a r y . . . t u M n g   1 4 .  

P r e f e r a b l y   t h e   p r o b e   t i p   i s   made  of  c o p p e r   f o r   g o o d  

h e a t   t r a n s f e r .   A  v e n t   17a  i s   p r o v i d e d   in  s h a f t   17  f o r  

e f f i c i e n t   e v a c u a t i o n   of  t he   h o l l o w   p r o b e   s h a f t .   I n  

o p e r a t i o n ,   a  bead  19  of  g l y c e r o l   s o l u t i o n   f o r m s   on  t h e  

t i p   18  at  t he   o u t l e t   end  of  t h e   b o r e   18a  as  a  r e s u l t  

of  e x p u l s i o n   of  s o l u t i o n   t h r o u g h   t h e   t i p   18,  t h e  

l i q u i d   bead   b e i n g   r e t a i n e d   by  s u r f a c e   t e n s i o n   on  t h e  

p r o b e   t i p   s u r f a c e   s u r r o u n d i n g   the   b o r e   o u t l e t .   T h e  

s h a p e   and  a n g l e   of  i n c l i n a t i o n   of  t h e   end  s u r f a c e   o f  

p r o b e   t i p   18  w i l l   d e p e n d   on  the   g e o m e t r y   of  t he   m a s s  

s p e c t r o m e t e r   ion   s o u r c e .  

The  p r o b e   t i p   i s   s e a l e d   i n t o   t h e   h i g h   vacuum  c h a m b e r  

20  ( shown   by  a  d o t t e d   l i n e )   of  t h e   i on   s o u r c e   of  a  

mass  s p e c t r o m e t e r ,   w i t h   t h e   o u t l e t   end  of  t h e   p r o b e  

t i p   b o r e   l o c a t e d   a t   a  p o s i t i o n   on  t h e   p a t h   of  a  

p r i m a r y   beam  of  r a d i a t i o n .  

The  p r i n c i p l e   of  o p e r a t i o n   w i l l   now  be  d e s c r i b e d .  

E n z y m a t i c   r e a c t i o n s   can  on ly   p r o c e e d   in  a q u e o u s  

s o l u t i o n .   On  e x p o s u r e   to  a  v a c u u m ,   t h e   w a t e r   c o n t e n t  

of  any  s o l u t i o n   w i l l   e v a p o r a t e   r a p i d l y   and  t h e  
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r e a c t i o n   w i l l   c e a s e .   T h i s   a p p a r a t u s   p r o v i d e s   a  m e a n s  
of  i n t r o d u c i n g   a  c o n t i n u o u s   f low  of  r e a c t i o n   m i x t u r e  
i n t o   a  mass   s p e c t r o m e t e r   ion   s o u r c e   w i t h o u t   e x p o s i n g  
t he   l>ulk  of  t h e   m i x t u r e ,   to   t h e   v a c u u m .  

When  t h e   r e a c t i o n   m i x t u r e   i s   pumped  t h r o u g h   a  s u i t a b l e  

c a p i l l a r y   a t   a  f low  r a t e   of  a b o u t   1  m i c r o l i t r e   p e r  
m i n u t e ,   e v a p o r a t i o n   w i l l   not   t a k e   p l a c e   u n t i l   t h e  
f l u i d   e m e r g e s   f rom  t h e   t i p   of  the   c a p i l l a r y .   At  t h i s  

p o i n t ,   t h e   w a t e r   c o n t e n t   of  t h e   m i x t u r e   w i l l   e v a p o r a t e  

r a p i d l y ,   w h i l e   t h e   l e s s   v o l a t i l e   g l y c e r o l   c o n t e n t   w i l l  
f l o w   o n t o   t h e   p r o b e   t i p   end  s u r f a c e .   Only  a  f r a c t i o n  

of  the   g l y c e r o l   w i l l   e v a p o r a t e   d u r i n g   t h e   e x p e r i m e n t ;  
t he   a r e a   of  t he   end  s u r f a c e   of  t h e   p r o b e   t i p   ( e . g .   3 0  

s q u a r e   m i l l i m e t r e s )   i s   s u f f i c i e n t   to  s u p p o r t   t h i s  

v o l u m e   of  g l y c e r o l   w i t h o u t   i t   f o r m i n g   an  u n w i e l d y  

d r o p l e t .   A p p r o x i m a t e l y   54  m i c r o l i t r e s   of  w a t e r   w i l l  

e v a p o r a t e   i n t o   t h e   s o u r c e   vacuum  .each  h o u r .   A  t y p i c a l  

mass   s p e c t r o m e t e r   p u m p i n g   s y s t e m   c a n   . cope   w i t h   t h i s  
f l o w   r a t e   and  s t i l l   m a i n t a i n   an  a d e q u a t e   s o u r c e  

v a c u u m .  

Heat   mus t   be  a p p l i e d   to  t he   c a p i l l a r y   t i p   i f   t h e  

c o n t i n u o u s   e v a p o r a t i o n   of  w a t e r   i s   no t   to  r e s u l t   i n  

the   m i x t u r e   f r e e z i n g .   To  f a c i l i t a t e   h e a t   t r a n s f e r ,  
the  p r o b e   t i p   i s   in  good  t h e r m a l   c o n t a c t   w i t h   t h e  
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c a p i l l a r y   t u b i n g .   In  our  a p p a r a t u s ,   t he   e n e r g y  

i n c i d e n t   on  the   p r o b e   t i p   f rom  the   p r i m a r y   p a r t i c l e  

beam  i s   s u f f i c i e n t   to   m a i n t a i n   i t   a t   room  t e m p e r a t u r e .  

U n d e r   o t h e r   c i r c u m s t a n c e s   some  h e a t i n g   m e a n s ,   s u . c h . a s  

an  e l e c t r i c a l   r e s i s t a n c e   h e a t e r ,   wou ld   be  r e q u i r e d .  

A  f u r t h e r   a d v a n t a g e   of  u s i n g   a  f i n e   q u a r t z   c a p i l l a r y  

i s   t h a t   t h e   r e s i s t a n c e   of  a  1  m e t r e   l e n g t h   i s  

s u f f i c i e n t   to  p r e v e n t   v o l t a g e   b r e a k d o w n   b e t w e e n   t h e  

p r o b e   t i p   and  g r o u n d .   In  a  m a g n e t i c   mass   s p e c t r o m e t e r  

t h e   p r o b e   t i p   may  be  a t   a  p o t e n t i a l   of  1 0 , 0 0 0   V. 

I t   may  be  a d v a n t a g e o u s   to   h a v e   c o n t r o l   ove r   t he   r a t e  

of  c h e m i c a l   r e a c t i o n   w i t h i n   m i x t u r e   12.  For  e x a m p l e ,  

t h e   r e a c t i o n   c o u l d   be  i n h i b i t e d   d u r i n g   t h e   l o a d i n g   o f  

t h e   s y r i n g e   and  d u r i n g   t h e   i n s e r t i o n   of  t he   p r o b e   i n t o  

t h e   mass   s p e c t r o m e t e r   s o u r c e .   Such  c o n t r o l   may  b e  

o b t a i n e d   t h r o u g h   t e m p e r a t u r e   r e g u l a t i o n   of  m i x t u r e   1 2 .  

R e d u c t i o n   of  t h e   t e m p e r a t u r e   to   0°C  w i l l   i n h i b i t   t h e  

r e a c t i o n   w h i l s t   w a r m i n g   to   body  t e m p e r a t u r e   w i l l  

a c c e l e r a t e   t h e   r e a c t i o n .   T e m p e r a t u r e   r e g u l a t i o n   o f  

t he   s y r i n g e   and  i t s   c o n t e n t s   c o u l d   be  p r o v i d e d   by  a  

w a t e r   j a c k e t .   T e m p e r a t u r e   r e g u l a t i o n   of  t he   c a p i l l a r y  

w i l l   not   n o r m a l l y   be  n e c e s s a r y ,   a l t h o u g h   t h e r m a l  

i n s u l a t i o n   by  means   of  h e a t   i n s u l a t i n g   s l e e v i n g   w o u l d  

be  d e s i r a b l e .  
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A  t y p i c a l   e x p e r i m e n t a l   p r o c e d u r e   w o u l d   be  as  f o l l o w s :  

S y r i n g e   11  i s   f i l l e d   w i t h   a  d e g a s s e d   s o l u t i o n   of  9 0  

m i c r o l i t r e s   w a t e r ,   10  m i c r o l i t r e s   g l y c e r o l ,   S u b s t a n c e -  

P  (a  p o l y p e p t i d e )   and   a  m i x t u r e   of  c a r i j o x y r p c p t i d a s e   y  

and  c a r b o x y p e p t i d a s e   B.  The  r e l a t i v e   c o n c e n t r a t i o n s  

of  t he   e n z y m e s   a re   such   as   to  g i v e   c o m p l e t e   h y d r o l y s i s  

of  t h e   p o l y p e p t i d e   ove r   t h e   d u r a t i o n   of  t he   e x p e r i m e n t  

( t y p i c a l l y   a  few  m i n u t e s   pe r   amino   a c i d   r e s i d u e ) .   T h e  

s y r i n g e   i s   t h e n   c o u p l e d   t o   t h e   p r o b e   s y s t e m   as  s h o w n  

in  t he   d r a w i n g .  

The  p r o b e   i s   i n t r o d u c e d   t h r o u g h   a  vacuum  l o c k   i n t o   a 

s t a n d a r d   FAB  s o u r c e .   The  s y r i n g e   pump  i s   s e t   to   a  f l o w  

r a t e   of  a b o u t   1  m i c r o l i t r e   per  m i n u t e .   A  beam  o f  

p r i m a r y   p a r t i c l e s   or  r a d i a t i o n   i s   a l l o w e d   to   i m p i n g e  

upon  t h e   s u r f a c e   of  t he   r e a c t i o n   m i x t u r e   e l u t i n g   on  t o  

the   p r o b e   t i p   end  s u r f a c e .   T h i s   p r i m a r y   beam  w o u l d  

t y p i c a l l y   be  xenon   a t o m s ,   bu t   c o u l d   . e q u a l l y   w.ell  b e  

,  c a e s i u m   . i o n s ,   . f i s s i o n   f r a g m e n t s ,   o r .   p h o t o n s .   T h e  

p r i m a r y   beam  c a u s e s   i o n s   to   be  s p u t t e r e d   f rom  t h e  

s u r f a c e   ^of  t h e   r e a c t i o n   m i x u r e .   T h e s e   i o n s   a r e   t h e n  

d rawn   i n t o   a  mass  s p e c t r o m e t e r   and  mass   a n a l y s e d .  

O b s e r v a t i o n   of  t he   mass   s p e c t r u m   of  t h e   r e a c t i o n  

m i x t u r e   w i l l   r e v e a l   t he   f o l l o w i n g   f e a t u r e s : -  
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I n i t i a l l y ,   t h e r e   w i l l   be  a  s t r o n g   p e a k   c o r r e s p o n d i n g  

to   t h e   i n t a c t   p o l y p e p t i d e   m o l e c u l e .   I f   t h e   m a s s  

s p e c t r o m e t e r   i s   t r a n s m i t t i n g   p o s i t i v e   i o n s   t h i s   w i l l  

be  t h e   p r o t o n a t e d   m o l e c u l a r   i o n   (M+H)+.   In   t h e   c a s e  

of  S u b s t a n c e - P   ( H - A r g i n i n e - P r o l   i n e - L y   s i n e - P r o l   i n e -  

G l u t a m i n e - G l u t a m i n e - P h e n y l a l a n i n e - P h e n y l a l a n i n e -  

G  l y   c i   n e - L e u c i   n e -   M e t h i o n i   n e - O H )   t h e   p r o t o n a t e d  

m o l e c u l a r   i o n   i s   o b s e r v e d   a t   m / z   1 3 4 8 .   As  t h e  

p o l y p e p t i d e   i s   d i g e s t e d   by  t h e   e n z y m e   m i x t u r e ,   a m i n o  

a c i d   r e s i d u e s   a r e   s e q u e n t i a l l y   r e m o v e d   f r o m   t h e   C 

t e r m i n u s   of  t h e   c h a i n ,   and  we  o b s e r v e   t h e   a p p e a r a n c e  

of  new  m o l e c u l a r   i o n s   c o r r e s p o n d i n g   to  t he   l o s s   of  M e t  

( y i e l d i n g   m / z   1 2 1 7 ) ,   l o s s   of  Leu   ( y i e l d i n g   m / z   1 1 0 4 ) .  

Thus  t h e   mass   d i f f e r e n c e   b e t w e e n   c o n s e c u t i v e   m o l e c u l a r  

i o n s   i d e n t i f i e s   t h e   a m i n o   a c i d   r e s i d u e   r e m o v e d   f r o m  

the   c h a i n ,   so  y i e l d i n g   t he   a m i n o   a c i d   s e q u e n c e   of  t h e  

p o l y p e p t i d e .   The  o n l y   a m b i g u i t y   in  t h e   s e q u e n c e  

i n f o r m a t i o n   p r o v i d e d   by  t h i s   t e c h n i q u e   i s   f a i l u r e   t o  

d i s t i n g u i s h   b e t w e e n   r e s i d u e s   of   t h e   s a m e   m o l e c u l a r  

w e i g h t .   A m o n g s t   t h e   c o m m o n   a m i n o   a c i d s   t h e r e  

a r e   o n l y   t w o   e x a m p l e s   o f   t h i s :   G l u t a m i n e   a n d   L y s i n e  

( b o t h   m/z  128)  and  t h e   i s o m e r s   L e u c i n e   and  i s o L e u c i n e  

( b o t h   m / z   1 1 3 ) .  

An  a d v a n t a g e   of  t h i s   t e c h n i q u e   i s   t h a t   t h e   m o l e c u l a r  

i o n   i n t e n s i t i e s   a r e   o b t a i n e d   as   a  f u n c t i o n   of  t i m e .  
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Some  m o l e c u l a r   ion   p e a k s   w i l l   be  of  r e l a t i v e l y   l o w  

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

c l e a v a g e   w h i c h   o c c u r s   p a r t i c u l a r y   s l o w l y   r e s u l t i n g   i n  

a  low  i n s t a n t a n e o u s   c o n c e t i t r a r t i O T i   ;of  1 & a t   s p e c i e s .  

O b s e r v a t i o n   of  t he   t i m e   d e p e n d a n t   b e h a v i o u r   of  t h e  

" p a r e n t "   and  " d a u g h t e r "   m o l e c u l a r   i o n s   w i l l   a l l o w   t h e  

t i m e   d e p e n d a n c e   of  t h e   " m i s s i n g "   m o l e c u l a r   ion   to   b e  

p r e d i c t e d .   S i n c e   t h e r e   w i l l   be  o n l y   one  or  t w o  

p o s s i b l e   mass   v a l u e s   f o r   t h e   " m i s s i n g "   i o n ,   t h i s  

i n f o r m a t i o n   w i l l   e n a b l e   e x t r e m e l y   weak   m o l e c u l a r   i o n s  

to  be  d i s t i n g u i s h e d   f rom  i n t e r f e r i n g   p e a k s   w h i c h   d o  

no t   show  t he   e x p e c t e d   t i m e   d e p e n d e n c e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a p p l i c a t i o n   of  t h i s  

t e c h n i q u e   i s   no t   r e s t r i c t e d   to   t he   C - t e r m i n u s  

s e q u e n c i n g   of  p e p t i d e s   and  p r o t e i n s .   Use  o f  

a m i n o p e p t i d a s e   e n z y m e s   p e r m i t s   p e p t i d e s   to  b e  

s e q u e n c e d   f rom  t h e   N - t e r n r i t r a s .   A l t e r n a t i v e l y ,  

p o l y s a c c h a r i d e s ,   o l i g o m a c l e o   t i d e s   and  o t h e r  

b i o p o l y m e r s   may  be  s e q u e n c e d   u s i n g   t h e   a p p r o p r i a t e  

r e a c t i o n   m i x t u r e .  

The  c e l l   wou ld   a l s o   be  i d e a l   f o r   t h e   o b s e r v a t i o n   a n d  

m e a s u r e m e n t   of  enzyme  k i n e t i c s   and  any  e x p e r i m e n t   i n  

w h i c h   o b s e r v a t i o n   t i m e   w o u l d   be  l i m i t e d   by  e v a p o r a t i o n  

of  a  v o l a t i l e   s o l v e n t   or  m a t r i x .  
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A  m o d i f i c a t i o n   of  t h e   a p p a r a t u s   f o r   p e r f o r m i n g   t h e  

i n v e n t i o n   i s   i l l u s t r a t e d   in  F i g u r e   2.  The  p r o b e  

i l l u s t r a t e d   in   F i g u r e   2  c o m p r i s e s   a t   l e a s t   t h r e e  

s e c t i o n s ,   a  f i r s t   or  t e r m i n a l   s e c t i o n   30  w h i c h   f o r m s   a  

t a r g e t   c a r r i e r ,   t h e   s e c t i o n   b e i n g   of  t u b u l a r   s h a p e   a n d  

s c r e w t h r e a d e d   to  a  s e c o n d   t u b u l a r   s e c t i o n   31  to  g r i p  

t h e r e b e t w e e n   t h e   r im  of  a  s e m i - p e r m e a b l e   m e m b r a n e   3 2 .  

The  c y l i n d r i c a l   s p a c e   w i t h i n   t h e   t u b e   s e c t i o n   30  f o r m s  

a  r e a c t i o n   c e l l   33  t h e   a x i a l l y - i n n e r   b o u n d a r y   of  w h i c h  

i s   d e f i n e d   by  the   s e m i - p e r m e a b l e   m e m b r a n e   32.   At  t h e  

o u t e r   end  of  t h e   c e l l ,   a  h i g h   t r a n s p a r e n c y   s t a i n l e s s  

s t e e l   mesh  34  can  be  l o c a t e d   to   a s s i s t   in  d e f i n i n g   a  

p h y s i c a l   b o u n d a r y   of  l i q u i d   l o c a t e d   in   t h e   c e l l .  

A  t h i r d   t u b u l a r   s e c t i o n   35  f o r m s ,   or  i s   m o u n t e d   o n ,  
t h e   main   p a r t   of  t h e   p r o b e   s h a f t   41  ,  and  i s  

s c r e w t h r e a d e d   to  t he   a x i a l l y - i n n e r   end  of  s e c t i o n   31 
to  g r i p   t h e r e b e t w e e n   t h e   r im  of  a  f l e x i b l e   i m p e r m e a b l e  

m e m b r a n e   36.  M e m b r a n e s   32  and  36  d e f i n e   b e t w e e n   them  a 

r e s e r v o i r .   37  w i t h i n   s e c t i o n   31.   The  a x i a l l y - o u t e r   e n d  

p o r t i o n   of  s e c t i o n   35  i s   h o l l o w   to   fo rm  a  c h a m b e r   3 8  

w h i c h   i s   c l o s e d   a t   i t s   o u t e r   end  by  t h e   i m p e r m e a b l e  

m e m b r a n e   36  and  can  c o m m u n i c a t e   w i t h   a  p r e s s u r e   s o u r c e  
v i a   an  e q u i l i b r a t i o n   v e n t   40  in  t h e   w a l l   of  s e c t i o n  

3 5 .  
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The  i n n e r   end  of  t he   p r o b e   s h a f t   41  can   s u p p o r t   a n  

u l t r a s o n i c   t r a n s d u c e r   42  f o r   a  p u r p o s e   to  be  d e s c r i b e d  

b e l o w .   The  p r o b e   s h a f t ,   in  u s e ,   can  be  i n t r o d u c e d  

i n t o   t h e   m a s s   s p e c t r . o a e   t r y   s o u r c e   i h r o u g h   a  v a c u u m  

l o c k ,   w i t h o u t   v e n t i n g   t h e   s o u r c e .   The  t u b u l a r  

s e c t i o n s   3 0 , 3 1   and  35  t h u s   fo rm  a  c a s i n g   w h i c h  

s e p a r a t e s   t h e   h i g h   vacuum  w i t h i n   t h e   i on   s o u r c e   f r o m  

the   r e l a t i v e l y   h i g h   a m b i e n t   p r e s s u r e ,   y e t   p e r m i t s  

l i q u i d   to   be  i n t r o d u c e d   i n t o   t h e   vacuum  s p a c e   t h r o u g h  

a  r e s t r i c t e d   p a t h   f o r m e d   by  t h e   s e m i p e r m e a b l e   m e m b r a n e  

32,   or  o t h e r w i s e   as  d e s c r i b e d   b e l o w .  

An  e x a m p l e   of  the   use  of  t h e   p r o b e   w i l l   now  b e  

c o n s i d e r e d .   The  r e a c t i o n   c e l l   33  c o n t a i n s   a  s o l u t i o n  

of  5 0 : 5 0   V/V  g l y c e r o l   and  w a t e r ,   t o g e t h e r   w i t h   t h e  

s a m p l e   u n d e r   i n v e s t i g a t i o n   ( e . g .   a  p e p t i d e   a t   a  

c o n c e n t r a t i o n   of  5  m i c r o g r a m m e s   p e r   m i c r o l i t r e ) ,   a n  

e n z y m e   m i x t u r e ,   b u f f e r   s a l t s   and  o t h e r   i n g r e d i e n t s  

d e p e n d e n t   on  t h e   n a t u r e   of  t h e   e x p e r i m e n t .   The  v o l u m e  

of  t h e   t o t a l   m i x t u r e   w i l l   be  • t y p i c a l l y   20  m l c r o l i t r e s .  

The  p u r p o s e   of  t h e   r e a c t i o n ,   as   in   t he   c a s e   of  t h e  

f i r s t   e m b o d i m e n t ,   is   to  p e r m i t   e n z y m a t i c   d e g r e d a t i o n  

of  t he   s a m p l e   to   t a k e   p l a c e   and  to   a l l o w   t h e   r e a c t i o n  

p r o d u c t s   to  be  b r o u g h t   to  t h e   t a r g e t   of  t he   p r o b e  

w h e r e   t h e y   w i l l   be  i o n i s e d   in  s i t u   and  t h e   i o n s   to  b e  

mass   a n a l y s e d   so  t h a t   a  t i m e   p r o f i l e   i s   p r o d u c e d   o f  
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t h e   r e a c t i o n   b e t w e e n   t h e   enzyme  and  t h e   s a m p l e .  

S i n c e   t he   d i a m e t e r   and  l e n g t h   of  t h e   r e a c t i o n   c e l l  

w i l l   be  t y p i c a l l y ,   t h r e e   m i l l i m e t r e s ,   . the   . . d r o p l e t   o f  

l i q u i d   w i t h i n   t h e   c e l l   w i l l   be  r e t a i n e d   by  s u r f a c e  

t e n s i o n .  

R e s e r v o i r   37'  c o n t a i n s   e i t h e r   p u r e   w a t e r ,   or  a  s o l u t i o n  

of  g l y c e r o l   in   w a t e r .   The  semi  p e r m e a b l e   m e m b r a n e   3 4 ,  

w h i c h   can  be  p o l y m e r i c ,   c o n v e n i e n t l y   has  an  e f f e c t i v e  

m o l e c u l a r   w e i g h t   c u t   o f f   of  a b o u t   1000  amu  ( e . g .  

M i l l i p o r e   " P e l l i c o n "   u l t r a f   i l t r a t i o n   d i s c   or  t h i n  

c e l l u l o s e   s h e e t ) .   A l t e r n a t i v e l y   i t   c o u l d   be  a  

s i n t e r e d   p o r o u s   m a t e r i a l ,   a  p e r f o r a t e d   p l a t e ,   or  a  

g a u z e   or  m e s h .   I t s   e s s e n t i a l   p r o p e r t y   i s   t h a t   i t   i s  

w a t e r   p e r m e a b l e .   The  p u r p o s e   of  t he   i m p e r m e a b l e  

m e m b r a n e   36  i s   to  p e r m i t   v o l u m e   c h a n g e s   to  o c c u r   i n  

t he   r e s e r v o i r   w i t h o u t   a l t e r a t i o n   in   t h e   p r e s s u r e .  

Membrane   36  . c o u l d   t h e r e f o r e   be  r e p l a c e d   by  a  s l i d i n g  

g a s - t i g h t   p l u n g e r .   The  v e n t .   40  m a i n t a i n s   p r e s s u r e  

e q u i l i b r i u m   d a r i n g   pump  down  and  v e n t i n g   of  t h e   p r o b e .  

The  p r i n c i p l e   of  o p e r a t i o n   w i l l   now  be  d e s c r i b e d .  

S i n c e   t h e   v a p o u r   p r e s s u r e   of  w a t e r   i s   e x t r e m e l y   h i g h  

r e l a t i v e   to  t h a t   of  g l y c e r o l ,   on  e x p o s u r e   to  t h e   h i g h  

v a c u u m ,   w a t e r   i s   l o s t   f rom  the   s u r f a c e   of  the   m i x t u r e  
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in  r e a c t i o n   c e l l   33  a t   a  much  g r e a t e r   r a t e   t h a n  

g l y c e r o l .   S h o r t l y   a f t e r   i n t r o d u c t i o n   i n t o   t h e   h i g h  

v a c u u m   s o u r c e   of  t h e   mass   s p e c t r o m e r ,   a  w a t e r  

- c o n c e n t r a t i o n   g r a d i e n t   w l l l ^ b e   c r e a t e d ,   t h e   w a t e r  

c o n t e n t   of  t h e   m i x t u r e   in   c e l l   33  b e i n g   v e r y   low  a t  
t h e   s u r f a c e   and  v e r y   h i g h   a t   t he   i n t e r f a c e   w i t h  

m e m b r a n e   32.   Unde r   s t e a d y   s t a t e   c o n d i t i o n s   a 

d i f f u s i o n   l i m i t e d   f l o w   of  w a t e r   w i l l   t a k e   p l a c e   f r o m  

t h e   m e m b r a n e   32  to  t h e   s u r f a c e   of  t h e   m i x t u r e   in   c e l l  

33.   The  m a g n i t u d e   of  t h e   c o n c e n t r a t i o n   g r a d i e n t ,   a n d  

h e n c e   t h e   r a t e   of  d i f f u s i o n   of  w a t e r   t o w a r d s   t h e  

s u r f a c e ,   w i l l   d e p e n d   on  the   d i s t a n c e   b e t w e e n   t h e  

m e m b r a n e   i n t e r f a c e   a t   t h e   i n n e r   end  of  c e l l   33  and  t h e  

vacuum  i n t e r f a c e   a t   t h e   o u t e r   end  of  c e l l   33.   T h e  

e n z y m a t i c   h y d r o l y s i s   of  t h e   s a m p l e   in  c e l l   33  can   o n l y  

p r o c e e d   in  t h e   p r e s e n c e   of  w a t e r .   The  p u r p o s e   o f  

r e s e r v o i r   37  i s   to   r e p l e n i s h   t h e   w a t e r   c o n t e n t   of  t h e  

r e a c t i n g   ^ m i x t u r e   in  c e l l   33  by  - d i f f u s i o n   . t h r o u g h  

m e m b r a n e , ^   32 .   In  b o r d e r   -.to  m a i n t a i n   t h e   v o l u m e   o f  

m i x t u r e   c o n s t a n t   o v e r   an  e x t e n d e d ,   t i m e   p e r i o d ,   i t   m a y  
be  f o u n d   n e c e s s a r y   t o   i n c l u d e   a  p e r c e n t a g e   of  g l y c e r o l  

in   r e s e r v o i r   3 7 .  

T h i s   r e a c t i o n   c e l l   r e l i e s   on  t h e   c o n t i n u o u s   d i f f u s i o n  

of  r e a c t i o n   p r o d u c t s   t o w a r d s   the   s u r f a c e   of  m i x t u r e   i n  

c e l l   33,  w h e r e   i o n i s a t i o n   t a k e s   p l a c e ,   and  t h e  
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c o m p l e m e n t a r y   d i f f u s i o n   of  m a t e r i a l   f rom  t h e   s u r f a c e  

b a c k   i n t o   t he   c e n t r a l   r e g i o n s   of  t h e   c e l l   w h e r e   t h e r e  

i s   s u f f i c i e n t   w a t e r   f o r   f u r t h e r   c l e a v a g e   to  o c c u r .  

The  r a t e   of  t r a n s p o r t   of  m a t e r i a l   b e t w e e n   t h e s e  

r e g i o n s   may  be  a c c e l e r a t e d   by  u l t r a s o n i c   a g i t a t i o n  

c a u s e d   by  t he   t r a n s d u c e r   42  e m b e d d e d   i n ,   or  a d j a c e n t  

t o ,   p r o b e   s h a f t   HI  . 

I t   may  be  r e q u i r e d   to  h a v e   i n d e p e n d e n t   c o n t r o l   o v e r  

the   p r e s s u r e   in   r e s e r v o i r   37.  T h i s   c o u l d   be  a c h i e v e d  

by  o m i t t i n g   t h e   e q u i l i b r a t i o n   v e n t   40  and  c o u p l i n g  

c h a m b e r   38  to   an  e x t e r n a l   p r e s s u r e   c o n t r o l   a p p a r a t u s  

by  m e a n s   of  a  t u b e   p a s s i n g   t h r o u g h   t h e   p r o b e   s h a f t   4 1 .  

The  p r e s s u r e   of  gas   or  f l u i d   in   c h a m b e r   38  w o u l d   b e  

t r a n s m i t t e d   to  r e s e r v o i r   37  v i a   f l e x i b l e   m e m b r a n e   3 6 .  

A l t e r n a t i v e l y ,   t he   f l e x i b l e   m e m b r a n e   36  c o u l d   b e  

r e p l a c e d   by  a  r i g i d   w a l l   i n t o   w h i c h   a  t u b e   i s   s e a l e d  

c o n n e c t i n g   r e s e r v o i r   37  d i r e c t l y   w i t h   an  e x t e r n a l  

p r e s s u r e   c o n t r o l   a p p a r a t u s .   i n   t h i s   c a s e ,   t h e  

p r e s s u r e   t r a n s m i t t i n g   f l u i d   c o u l d   be  of  t h e   s a m e  

c o m p o s i t i o n   as  t h e   w a t e r /   g l y c e r o l   s o l u t i o n   i n  

r e s e r v o i r   37.  P r o v i s i o n   of  a  s e c o n d   c o n n e c t i n g   t u b e  

b e t w e e n   r e s e r v o i r   37  and  t h e   e x t e r n a l   p r e s s u r e   c o n t r o l  

a p p a r a t u s   wou ld   e n a b l e   t h e   w a t e r / g l y c e r o l   s o l u t i o n   t o  

be  c i r c u l a t e d   b e t w e e n   t h e   e x t e r n a l   a p p a r a t u s   a n d  

r e s e r v o i r   37.  By  t h i s   m e a n s ,   t h e   t e m p e r a t u r e   of  t h e  
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p r o b e   t i p   c o u l d   be  r e g u l a t e d   a c c o r d i n g   to   t h e  

t e m p e r a t u r e   of  the   s o l u t i o n .   T h i s   wou ld   p r o v i d e  

a d d i t i o n a l   c o n t r o l   o v e r   t h e   r a t e   of  r e a c t i o n ,   s i n c e  

t h e   e n z y m e s   g e n e r a l l y   f u n c t i o n   m o s t   ^ e f f i c i e n t l y   a t  

a b o u t   3 7 ° C  

A  t y p i c a l   e x p e r i m e n t a l   p r o c e d u r e   w o u l d   be  as  f o l l o w s :  

D u r i n g   a s s e m b l y   of  t he   p r o b e ,   r e s e r v o i r   37  i s   f i l l e d  

w i t h   a  d e g a s s e d   s o l u t i o n   of  90J  w a t e r ,   10J  g l y c e r o l  

(by  v o l u m e ) .   R e a c t i o n   c e l l   33  i s   f i l l e d   w i t h   a  

d e g a s s e d   s o l u t i o n   of  10  m i c r o l i t r e s   w a t e r ,   1 0  

m i c r o l i t r e s   g l y c e r o l ,   S u b s t a n c e - P   (a  p o l y p e p t i d e )   a n d  

a  m i x t u r e   of  c a r b o x y p e p t i d a s e   Y  and  c a r b o x y p e p t i d a s e  

B.  The  r e l a t i v e   c o n c e n t r a t i o n s   of  t he   e n z y m e s   a r e  

such   as  to   g i v e   c o m p l e t e   h y d r o l y s i s   of  t h e   p o l y p e p t i d e  

o v e r   t h e   d u r a t i o n   of  t he   e x p e r i m e n t   ( t y p i c a l l y   a  f e w  

m i n u t e s   per   amino  a c i d   r e s i d u e ) .  

The  p r o b e   i s   i n t r o d u c e d ,   t h r o u g h   a  vacuum  l o c k   i n t o   a  

s t a n d a r d , .   FAB  s o u r c e .   A;  s h o r t   p e r i o d   i s   a l l o w e d   f o r  

t h e   m i x t u r e   t o   e q u i l i b r a t e   u n d e r   vacuum  c o n d i t i o n s .   A 

beam  of  p r i m a r y   p a r t i c l e s   or  r a d i a t i o n   i s   a l l o w e d   t o  

i m p i n g e   upon  the   s u r f a c e   of  t h e   r e a c t i o n   m i x t u r e .  

T h i s   p r i m a r y   beam,  as  b e f o r e ,   wou ld   t y p i c a l l y   be  x e n o n  

a t o m s ,   bu t   c o u l d   e q u a l l y   w e l l   be  c a e s i u m   i o n s ,   f i s s i o n  

f r a g m e n t s ,   p h o t o n s ,   e t c . ,   e t c .   The  p r i m a r y   b e a m  
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c a u s e s   i o n s   to   be  s p u t t e r e d   f rom  t h e   s u r f a c e   of  t h e  

r e a c t i o n   m i x u r e .   T h e s e   i o n s   a r e   t h e n   d r awn   i n t o   a  

mass   s p e c t r o m e t e r   and  mass   a n a l y s e d .  

O b s e r v a t i o n   of  t h e   mass   s p e c t r u m   of  t he   r e a c t i o n  

m i x t u r e   w i l l   r e v e a l   t h e   same  f e a t u r e s   as  w e r e  

d e s c r i b e d   a b o v e   in  r e l a t i o n   to   t h e   f i r s t   e m b o d i m e n t   o f  

t h e   i n v e n t i o n .  

As  in  t h e   c a s e   of  t h e   f i r s t   e m b o d i m e n t ,   t h e   c e l l   w o u l d  

a l s o   be  i d e a l   f o r   t h e   o b s e r v a t i o n   and  m e a s u r e m e n t   o f  

enzyme  k i n e t i c s   and  any  e x p e r i m e n t   in  w h i c h  

o b s e r v a t i o n   t i m e   w o u l d   be  l i m i t e d   by  e v a p o r a t i o n   of  a 

v o l a t i l e   s o l v e n t   or  m a t r i x .  

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

f low  of  l i q u i d   s a m p l e   to  be  a n a l y s e d ,   i s   i l l u s t r a t e d  

in  F i g u r e   3 .  

As  shown,   t h e   p r o b e   . t i p   .45  c o m p r i s e s   a  s o l i d  

c y l i n d r i c a l   t i p   member  46  h a v i n g   an  end  s u r f a c e   47 

i n c l i n e d   to  t h e   a x i s   of  t h e   p r o b e   and  c o n t a i n i n g   a 

r e c e s s ,   f o r m i n g   a  r e s e r v o i r   48,   w h i c h   i s   c l o s e d   on  i t s  

o u t e r   s i d e   by  a  s e m i - p e r m e a b l e   m e m b r a n e   50.   T h i s  

m e m b r a n e   can  be  made  of  any  of  t he   m a t e r i a l s   d e s c r i b e d  

in  r e l a t i o n   to   m e m b r a n e   32.   The  m e m b r a n e   50  is  h e l d  
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in  p o s i t i o n   on  t h e   end  of  t h e   t i p   member   by  an  a n n u l a r  

cap   51.  C a p i l l a r y   p a s s a g e s   52  e x t e n d   p a r a l l e l   to   t h e  

a x i s   of  t h e   p r o b e ,   t h r o u g h   t h e   l e n g t h   of  t i p   m e m b e r  

i n t o   t h e   r e s e r v o i r   M8.  The  t i p   m e m b e r   J L s  

s c r e w t h r e a d e d   t o   a  t u b u l a r   s h a f t   53  t h r o u g h   w h i c h  

c a p i l l a r y   t u b e s   54,  f o r   e x a m p l e   of  q u a r t z ,   e x t e n d   a n d  

a r e   s e a l e d   to  t h e   r e a r w a r d   e n d s   of  t h e   c a p i l l a r y  

p a s s a g e s .  

A  f u r t h e r   m o d i f i c a t i o n   of  t h e   p r o b e ,   a g a i n   e n a b l i n g   a  

c o n t i n u o u s   f l ow  of  l i q u i d   s a m p l e   to   be  a n a l y s e d ,   i s  

i l l u s t r a t e d   in   F i g u r e   4 .  

As  shown,   t he   p r o b e   t i p   55  c o m p r i s e   a  t i p   member   56  

w h i c h   c o n t a i n s   a  c e n t r a l   c a p i l l a r y   p a s s a g e   57  l e a d i n g  

to  a  cup  p o r t i o n   58  a t   t h e   f o r w a r d   e x t r e m i t y   of  t h e  

t i p   m e m b e r .   The  l i p   60  of  t he   cup  p o r t i o n   h a s   a  s h a r p  

edge   and  t h e   cup  p o r t i o n   i s   s u r r o u n d e d   by  an  a n n u l a r  

o v e r f l o w   c h a n n e l   6 1 .  

In  t h i s   c a s e ,   a  s l ow   c o n t i n u o u s   d e l i v e r y   of  a  l i q u i d  

s a m p l e   w i t h   a  h i g h   s u r f a c e   t e n s i o n   e n a b l e s   a  d o m e -  

s h a p e d   d r o p l e t   to  fo rm  in  t h e   cup .   I f   t h e   d e l i v e r y  

r a t e   of  t he   s a m p l e   i s   m a i n t a i n e d   s l i g h t l y   g r e a t e r   t h a n  

t he   e v a p o r a t i o n   r a t e   of  t h e   l i q u i d   c o m p o n e n t   of  t h e  

s a m p l e ,   a  c o n t i n u o u s   o v e r f l o w   w i l l   o c c u r   to   m a i n t a i n   a  
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c o n s t a n t   dome  s h a p e   of  t h e   d r o p l e t   in   t h e   c u p .  

A n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   w h i c h   p e r m i t s   a  

c o n t i n u o u s   f l o w   of  l i q u i d   sample . ,   to   be  a n a l y s e d ,   i s  

i l l u s t r a t e d   in   F i g u r e   5 .  

The  p r o b e   t i p   65,  shown  in  F i g u r e   5,  c o m p r i s e s   a  

t u b u l a r   t i p   member   66  c l o s e d   a t   i t s   o u t e r   end  by  a n  

end  w a l l   67  c o n t a i n i n g   two  a p e r t u r e s   6 8 , 6 9   in  w h i c h  

t he   e n d s   of  s u p p l y   and  r e t u r n   p i p e s   7 1 f 7 2   a re   s e a l e d .  

A  c o v e r   p l a t e   73 ,   f o r   e x a m p l e   of  s t a i n l e s s   s t e e l ,   i s  

f i t t e d   to   t he   end  w a l l   and  s e a l e d   t h e r e t o   a r o u n d   i t s  

p e r i p h e r y   to  fo rm  t h e r e b e t w e e n   a  c h a m b e r   7^  i n t o   w h i c h  

t h e   s u p p l y   p i p e   71  d i s c h a r g e s   and  f rom  wh ich   t h e  

r e t u r n   p i p e   72  d i s c h a r g e s .   In  t h i s   way  a  c o n t i n u o u s  

f low  of  s a m p l e   can  p a s s   t h r o u g h   the   c h a m b e r .  

At  t h e   c e n t r e   of  t h e   c o v e r   p l a t e   73 ,   i s   a  r e s t r i c t e d  

o u t l e t   o r i f i c e   75  >  w h i c h   l e a d s   i n t o   a  jeup  76  f o r  

c o n t a i n i n g   l i q u i d   s a m p l e .   S u r r o u n d i n g   t h e   cup ,   a n d  

f l u s h   w i t h   t h e   l i p   77  of  t h e   cup ,   i s   a  p o r o o s   c e r a m i c  

mass   78  i n t o   w h i c h   l i q u i d   s a m p l e   w h i c h   o v e r f l o w s   t h e  

l i p   of  t h e   cup  can  be  a b s o r b e d .  

The  h o l l o w   i n t e r i o r   of  t h e   t u b u l a r   t i p   member  a l s o  

c o n t a i n s   a  l i q u i d   s u p p l y   p i p e   80  t h r o u g h   w h i c h   w a t e r  
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or  o t h e r   s u i t a b l e   l i q u i d   can  be  c a u s e d   to   f l ow  o v e r  
t he   r e a r w a r d   s u r f a c e   of  t he   end  w a l l   and  t h e r e b y  

c o n t r o l   t h e   t e m p e r a t u r e   of  t h e   end  w a l l   and  t h e   l i q u i d  

s a m p l e   w i t h i n   t h e   r e s e r v o i r .  

The  t i p   member   66  i s   m o u n t e d   on  a  t u b u l a r   p r o b e   s h a f t  

81  t h r o u g h   w h i c h   e x t e n d   the   s a m p l e   s u p p l y   and  r e t u r n  

p i p e s   7 1 , 7 2   as  w e l l   as  t h e   t e m p e r a t u r e - c o n t r o l   l i q u i d  

s u p p l y   p i p e   8 0 .  

In  o p e r a t i o n   of  t h i s   e m b o d i m e n t ,   t h e   f l o w   of  . l i q u i d  

s a m p l e ,   w h i c h   can  be  a  r e a c t i o n   m i x t u r e ,   t h r o u g h   t h e  

o r i f i c e   i s   a t   a  r a t e   s l i g h t l y   g r e a t e r   t h a n   t h e   r a t e   o f  

e v a p o r a t i o n ,   and  t h e   e x c e s s   i s   a b s o r b e d   by  the   p o r o u s  
c e r a m i c   m a s s .   A  c o n v e n i e n t   f l o w   r a t e   wou ld   be  a b o u t  

one  m i c r o l i t r e   per   m i n u t e .  

The  s h a p e   and  a n g l e   of  i n c l i n a t i o n   of  t h e   end  . . s u r f   a c e  
of  t he   p r o b e   t i p   i n   e a c h   of  t h e   e n r b o d i a r e n t s   ;  d e s c r i b e d  

a b o v e   w i l l   d e p e n d   on  t h e   g e o m e t r y   of  t h e   m a s s  

s p e c t r o m e t e r   i o n   s o u r c e .  
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1.  Mass  s p e c t r o m e t r y   a p p a r a t u s   f o r   u s e   i n   . t h e  

c o n t i n u o u s   a n a l y s i s   o f   a  s a m p l e   */of  -  w h i c h   -tia-e 

c o m p o s i t i o n   may,  or  may  n o t ,   c h a n g e   w i t h   t i m e ,   w h i c h  

c o m p r i s e s   a  h i g h   v a c u u m   s y s t e m ,   means   f o r   d e p o s i t i n g   a  

s u p p l y   of  t he   s a m p l e   on  a  s u r f a c e   l o c a t e d   w i t h i n   t h e  

h i g h   vacuum  s y s t e m ,   means   f o r   i o n i s i n g   t h e   d e p o s i t e d  

s a m p l e   in  s i t u   on  t h e   s u r f a c e   and  means   f o r   m a s s  

a n a l y s i n g   t h e   i o n s   so  p r o d u c e d .  

2.  A p p a r a t u s   f o r   u s e ,   in   a s s o c i a t i o n   w i t h   a  m a s s  

s p e c t r o m e t e r   i n c l u d i n g   a  h i g h   vacuum  a n a l y s e r   s y s t e m  

and  a  s p u t t e r i n g   i o n   s o u r c e ,   in   the   c o n t i n u o u s  

a n a l y s i s   of  a  s a m p l e   of  w h i c h   t he   c o m p o s i t i o n   may,  o r  

may  n o t ,   c h a n g e   w i t h   t i m e ,   w h i c h   a p p a r a t u s   c o m p r i s e s   a  

t a r g e t   c a r r i e r   a d a p t e d   to   be  c o n n e c t e d   to   t h e   h i g h  

v a c u u m   a n a l y s e r   s y s t e m   so  t h a t   a  s u r f a c e   of  t h e   t a r g e t   - ;  

c a r r i e r   s u b j e c t   t o   t h e   h i g h   v a c u u m   w i t h i n   t h e   s y s t e m  

can  f o r m   a . - t a r g e i   f a r   s a i d   i o n   s o u r c e ,   and  m e a n s   .< 

e f f e c t i v e ,   d u r i n g   t h e   o p e r a t i o n   of  t h e   a p p a r a t u s ,   t o  

c o n d u c t   a  f l ow  of  l i q u i d   in   w h i c h   the   s a m p l e   i s  

c a r r i e d   f rom  a  l o c a t i o n ,   wh ich   i s   a t   a  h i g h   p r e s s u r e  

r e l a t i v e   to  t h a t   w i t h i n   s a i d   s y s t e m ,   to  t he   s a i d  

s u r f a c e   w h i c h   i s   s u b j e c t   to  t he   h i g h   v a c u u m .  
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3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  or  c l a i m   2  w h e r e i n  

t h e   m e a n s   f o r   c o n d u c t i n g   a  f l ow  of  l i q u i d   c o m p r i s e s   a  

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

w h i c h   t h e   s a m p l e   i s   d i s s o l v e d   or  o t h e r w i s e   c a r r i e d ,  

" t o g e t h e r   w i t h   any  s u b s t a n c e   w i t h   w h i c h   the   s a m p l e   m a y  

be  r e q u i r e d   to   r e a c t ,   and  a  f l u i d - f l o w   d u c t i n g   f o r  

c o n d u c t i n g   a  f low  of  s a i d   l i q u i d   c o n t a i n i n g   s a i d  

s a m p l e   or  t h e   r e a c t i o n   p r o d u c t s   of  s a i d   s a m p l e   a n d  

s a i d   s u b s t a n c e   f rom  t he   v e s s e l   to   t h e   s a i d   s u r f a c e .  

J|.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or  c l a i m   3  w h e r e i n  

t he   t a r g e t   c a r r i e r   i s   f o r m e d   by  t h e   t i p   of  a  p r o b e  

h a v i n g   an  e x t e r n a l   s u r f a c e   w h i c h   s u r r o u n d s   an  o u t l e t  

o r i f i c e   and  f o r m s   t h e   t a r g e t   s u r f a c e ,   and  s a i d  

d u c t i n g ,   w h i c h   i s   f o r m e d   by  c a p i l l a r y   t u b i n g ,   o p e n i n g  

v i a   s a i d   o r i f i c e   on  to   s a i d   t a r g e t   s u r f a c e   so  t h a t   t h e  

l i q u i d   c o n t a i n i n g   the   s a m p l e   or  s a i d   r e a c t i o n   p r o d u c t s  

can  p a s s   t h r o u g h   the   o r i f i c e   on  to  s a i d   t a r g e t  

s u r f a c e .  

5.  A p p a r a t u s   a c c o r d i n g   t o   c l B i m   4  w h e r e i n   t h e   p r o b e  

t i p   i s   made  of  c o p p e r .  

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   M  or  c l a i m   5 

w h e r e i n   a  s y r i n g e   c o n t a i n i n g   a  s u p p l y   of  s a i d   l i q u i d  

is   c o n n e c t e d   to   an  i n l e t   end  of  s a i d   c a p i l l a r y   t u b i n g .  



0 2 1 1 6 4 5  
24  

7.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  or  c l a i m   3  w h e r e i n  

t h e   t a r g e t   c a r r i e r   i n c l u d e s   a  s e m i - p e r m e a b l e   m e m b r a n e  

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

b e t w e e n   s a i d   h i g h   p r e s s u r e   and  s a i d   . h i g h   v a c u u m ,   s a i d  

s e m i - p e r m e a b l e   membrane   h a v i n g   s a i d   t a r g e t   s u r f a c e   o n  

t h e   h i g h   vacuum  s i d e   t h e r e o f   and  s a i d   d u c t i n g   o p e n i n g  

on  to   s a i d   t a r g e t   c a r r i e r   on  t h e   h i g h   p r e s s u r e   s i d e  

t h e r e o f   so  t h a t   t he   l i q u i d   t o g e t h e r   w i t h   t he   s a m p l e   o r  

s a i d   r e a c t i o n   p r o d u c t s   c a r r i e d   t h e r e b y   can  p a s s  

t h r o u g h   t h e   membrane   on  to  s a i d   t a r g e t   s u r f a c e .  

8.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   7  w h e r e i n   t h e  

m e m b r a n e   i s   a  g l a s s   f r i t   or  o t h e r   s i n t e r e d   m a t e r i a l  

h a v i n g   an  e l e c t r i c a l l y - c o n d u c t i v e   c o a t i n g   of  g o l d   o r  

o t h e r   e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l   on  i t s   t a r g e t  

s u r f a c e .  

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or  c l a i m   3 

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

fo rm  a  r e c e p t a c l e   f o r   a  d r o p l e t   of  l i q u i d   and  t h e  

m e a n s   f o r   c o n d u c t i n g   a  f l o w   of  l i q u i d   o p e n   i n t o   s a i d  

r e c e p t a c l e ,   so  t h a t   t h e   d r o p l e t   can  be  r e p l e n i s h e d   a s  

l i q u i d   e v a p o r a t e s   f rom  i t s   s u r f a c e .  
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10.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   9  w h e r e i n   a  

m e m b r a n e   t h r o u g h   w h i c h   l i q u i d   can  p e r m e a t e   i s  

i n t e r p o s e d   in  t h e   p a t h   of  l i q u i d   f l o w i n g   to   s a i d  

. r e c e p t a c l e .  

11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   a 

m e m b r a n e   t h r o u g h   w h i c h   l i q u i d   can  p e r m e a t e   e x t e n d s  

a c r o s s   t h e   mouth   of  s a i d   r e c e p t a c l e .  

12.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

r e c e p t a c l e   has   a  s h a r p   e d g e d   l i p   and  an  o v e r f l o w  

c h a n n e l   s u r r o u n d s   s a i d   l i p .  

13.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9,  w h e r e i n   s a i d  

r e c e p t a c l e   i s   f o r m e d   w i t h   a  l i p ,   and  a  mass   of  p o r o u s  

m a t e r i a l   s u r r o u n d s   s a i d   l i p   and  e x t e n d s   s u b s t a n t i a l l y  

f l u s h   t h e r e w i t h ,   s a i d   m a t e r i a l   b e i n g   a r r a n g e d   t o  

a b s o r b   l i q u i d   o v e r f l o w i n g   t h e   l i p   and  t h e r e b y  

i n f l u e n c e   the   s h a p e   of  t h e   l i q u i d   m e n i s c u s   a t   t h e  

m o u t h   of  t h e   r e c e p t a c l e .  

14.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   t h e   m e a n s  

f o r   c o n d u c t i n g   a  f low  of  l i q u i d   c o m p r i s e s   an  i n l e t  

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

p i p e   a t   or  a d j a c e n t   to  s a i d   r e c e p t a c l e   to  c o n d u c t  

l i q u i d   away  from  t h e   r e c e p t a c l e .  
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15.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3  w h e r e i n   t h e   t a r g e t  

c a r r i e r   i n c l u d e s   a  s o l i d   t a r g e t   member   h a v i n g   t h e r e o n  

s a i d   t a r g e t   s u r f a c e ,   and  a  c a s i n g   s u p p o r t i n g   t h e  

t a r g e t   member   and  e a p a b l « * , o f   w i t h s t a n d i n g   t h e   p r e s s u r e  

d i f f e r e n c e   b e t w e e n   s a i d   h i g h   p r e s s u r e   and  s a i d   h i g h  

v a c u u m ,   s a i d   d u c t i n g   e x t e n d i n g   t h r o u g h   and  b e i n g  

s e a l e d   a t   s a i d   c a s i n g   and  o p e n i n g   a d j a c e n t   s a i d   t a r g e t  

s u r f a c e   so  as  to  d i s c h a r g e   l i q u i d   on  to  s a i d   t a r g e t  

s u r f a c e .  

16 .   A  m e t h o d   f o r   t h e   c o n t i n u o u s   a n a l y s i s   of  a  s a m p l e  

of  w h i c h   the   c o m p o s i t i o n   may  or  may  no t   c h a n g e   w i t h  

t i m e   w h i c h   c o m p r i s e s   c o n t i n u o u s l y   d e p o s i t i n g   a  s u p p l y  

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

v a c u u m   s y s t e m ,   i o n i s i n g   t h e   d e p o s i t e d   s a m p l e   in  s i t u  

on  t he   s u r f a c e   and  m a s s   a n a l y s i n g   t h e   i o n s   s o  

p r o d u c e d .  

17.   A  m e t h o d   f o r   t h e   c o n t i n u o u s   a n a l y s i s   of  a  s a m p l e  

of  a  b i o p o l y m e r ,   -such  f o r   e x a m p l e   as  a  p r o t e i n ,   w h i c h  

c o m p r i s e s   r e a c t i n g   t h e   b i o p o l y m e r   s a m p l e   w i t h   a  

s u b s t a n c e   w h i c h   s e q u e n t i a l l y   r e m o v e s   t e r m i n a l   u n i t s   o f  

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

p r o d u c t s   c o n t i n u o u s l y   on  the   t a r g e t   s u r f a c e   of  a  

s p u t t e r i n g   ion  s o u r c e ,   c a u s i n g   i o n i s a t i o n   of  t h e  

d e p o s i t e d   r e a c t i o n   p r o d u c t s   and  mass   a n a l y s i n g   t h e  
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i o n s   so  p r o d u c e d   to   p e r m i t   i d e n t i f i c a t i o n   of  t h e  

t e r m i n a l   u n i t s   s e q u e n t i a l l y   r e m o v e d   f rom  t h e  

b i o p o l y m e r   by  d e t e r m i n i n g   t h e   r e d u c t i o n   w i t h   t i m e   o f  

t h e   m o l e c u l a r   m a s s   .of   t h e   b i o p o l y m e r   a s   t h e   . . r t e m i o a l  

u n i t s   a r e   r e m o v e d .  

18.  A  m e t h o d   a c c o r d i n g   to   c l a i m   16  or  c l a i m   17  w h i c h  

i n c l u d e s   i o n i s i n g   the   d e p o s i t e d   s a m p l e   by  c a u s i n g   a 

beam  of  p a r t i c l e s   or  of  r a d i a t i o n   to   i m p i n g e   t h e r e o n .  

19.  A  m e t h o d   a c c o r d i n g   to   c l a i m   17  or  c l a i m   18  w h i c h  

i n c l u d e s   d i s s o l v i n g   t h e   s a m p l e   in   a  m i x t u r e   of  w a t e r  

and  g l y c e r o l   or  o t h e r   f l u i d   s u b s t a n c e   l e s s   v o l a t i l e  

t h a n   w a t e r   so  t h a t   a f t e r   t h e   w a t e r   c o n t e n t   of  t h e  

d e p o s i t e d   s u p p l y   h a s   e v a p o r a t e d ,   t h e   m a t e r i a l   of  t h e  

s a m p l e   or  i t s   r e s i d u e   w i l l   be  c o n t a i n e d   in  a  g l o b u l e  

of  s a i d   f l u i d   s u b s t a n c e .  
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