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  A  sealing  device  for  analytical  slide  encasing  a  multilayer 
analytical  element  within  a  frame  having  an  opening  on  each  of 
upper  and  lower  surfaces  thereof  for  use  in  a  process  for  analy- 
sis  of  a  liquid  sample  comprising  steps  of  applying  the  liquid 
sample  onto  the  analytical  element,  incubating  the  element  and 
detecting  a  reaction  occurring  in  the  element,  said  sealing 
device  being  to  be  so  arranged  adjacently  to  the  analytical  slide 
as  to  substantially  cover  the  surface  of  the  element  on  which 
the  liquid  sample  is  applied,  for  serving  to  reduce  evaporation 
of  the  liquid  sample  from  the  analytical  element  during  the  incu- 
bation  step,  characterised  in  that  at  least  a  part  of  the  surface 
of  the  sealing  device  to  face  the  surface  of  the  element  on 
which  the  liquid  sample  is  applied  is  made  of  an  inert  material 
such  as  a  fluorine-containing  polymer. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the   i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  s e a l i n g   d e v i c e  

f o r   an  a n a l y t i c a l   s l i d e .   More  p a r t i c u l a r l y ,   the   p r e s e n t  
i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t   of  a  s e a l i n g   d e v i c e  

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

e v a p o r a t i o n   of  a  l i q u i d   s a m p l e   f rom  a  m u l t i l a y e r   a n a l y t i -  
c a l   e l e m e n t   d u r i n g   the   i n c u b a t i o n   p r o c e s s   in  q u a n t i t a t i v e  

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

e m p l o y e i n g   an  a n a l y t i c a l   s l i d e .  

D e s c r i p t i o n   of  p r i o r   a r t s  

In  r e c e n t   c l i n i c a l   d i a g n o s i s ,   c l i n i c a l   c h e m i c a l  

t e s t s   i n c l u d i n g   q u a n t i t a t i v e   a n a l y s i s   of  a  s p e c i f i c   c o m -  

p o n e n t   in  a  body   l i q u i d  h a s   b e e n   p a i d   much  a t t e n t i o n   f o r  

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

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

e m p l o y e d   in  the   c l i n i c a l   c h e m i c a l   t e s t .  

The  p h o t o m e t r i c   d e t e r m i n a t i o n   i s   b a s e d   on  a  p r i n c i -  

p l e   t h a t   a b s o r b a n c e   or  c h a n g e   of  a b s o r b a n c e   of   a  s p e c i f i c  

c o m p o n e n t ( a n a l y t e )   to  be  a n a l y z e d   in   a  l i q u i d   s a m p l e   or  a  
s u b s t a n c e   g e n e r a t e d   by  c h e m i c a l   r e a c t i o n   of  the   a n a l y t e  

i n c l u d i n g   an  enzyme  r e a c t i o n   i s   s u b j e c t e d   to  c o l o r i m e t r y .  

In  t he   c a s e   t h a t   an  a n a l y t e   or   the   g e n e r a t e d   s u b s t a n c e  

shows  n e i t h e r   c o l o r   nor   c h a n g e   of  c o l o r ,   an  a p p r o p r i a t e  

c o l o r - f o r m i n g   r e a g e n t   w h i c h   g i v e   c o l o r   f o r m a t i o n   c o u p l i n g  
w i t h   the   c h e m i c a l   r e a c t i o n   p r o d u c t   of  the   a n a l y t e   can  b e  

e m p l o y e d .  



In  the   c l i n i c a l   c h e m i c a l   t e s t   of  p r i o r   a r t s ,   an  a n a -  

l y s i s   c a l l e d   wet   m e t h o d   has   b e e n   c a r r i e d   out   a c c o r d i n g   t o  

the   above   p r i n c i p l e .   For  i n s t a n c e ,   an  a n a l y s i s   e m p l o y i n g  

enzyme  r e a c t i o n   a c c o r d i n g   to  the   wet   m e t h o d   is   p e r f o r m e d  

as  f o l l o w s .   A  l i q u i d   s a m p l e   c o n t a i n i n g   an  a n a l y t e   s u c h  

as  b l o o d   p l a s m a   (o r   d i l u t e d   s o l u t i o n   t h e r e o f )   and  a n  

e n z y m e - c o n t a i n i n g   s o l u t i o n   a re   p l a c e d   in  a  c e l l   and  f u l l y  

m i x e d .   Then ,   the   m i x t u r e   i s   p l a c e d   in  an  i n c u b a t o r   so  a s  

to  c a u s e   enzyme  r e a c t i o n .   The  i n c u b a t o r   e m p l o y e d   in  t h e  

wet   m e t h o d   is   a  tub  f i l l e d   w i t h   w a t e r   and  p r o v i d e d   w i t h   a  

h e a t i n g   d e v i c e   f o r   k e e p i n g   the   w a t e r   a t   a  p r e d e t e r m i n e d  

t e m p e r a t u r e ,   f o r   e x a m p l e ,   37°C.   I n c u b a t i o n   p r o c e s s   i s  

c a r r i e d   o u t   by  p u t t i n g   the   c e l l   in  the   tub   f o r   5  to  1 0  

m i n u t e s .   A f t e r   the   i n c u b a t i o n   i s   c o m p l e t e d ,   the   c e l l   i s  

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

e x a m p l e ,   n e a r   u l t r a v i o l e t   r a y s   ( w a v e l e n g t h :   190  to  4 0 0  

nm)  or  v i s i b l e   r a y s   ( w a v e l e n g t h :   400  to  800  nm)  f rom  o n e  

s i d e   of   t he   c e l l .   Rays  h a v i n g   p a s s e d   t h r o u g h   the   c e l l  

and  t he   s o l u t i o n   i s   p h o t o m e t r i c a l l y   d e t e c t e d   by  a  p h o t o -  

d e t e c t e r   f o r   p h o t o e l e c t r i c   t r a n s f o r m a t i o n .   Th  a n a l y t e   i s  

t h e n   q u a n t i t a t i v e l y   a n a l y z e d   u s i n g   the   o b t a i n e d   a b s o r -  

b a n c e .  

A c c o r d i n g   to  the   p r o c e s s   u s i n g   a  c e l l   or  t e s t   t u b e ,  

a  r e l a t i v e l y   l a r g e   amount   of  a  l i q u i d   s a m p l e   and  c a r e f u l  

h a n d l i n g   a re   r e q u i r e d .   T h e r e f o r e ,   i t   i s   d i f f i c u l t   t o  

c a r r y   ou t   a n a l y s i s   e a s i l y   and  r a p i d l y .   M o r e o v e r ,   i t   i s  

no t   p o s s i b l e   to  a n a l y z e   many  s a m p l e s   c o n t i n u o u s l y   o n e  

a f t e r   a n o t h e r .   To  cope  w i t h   t h e s e   p r o b l e m s ,   a  dry   m e t h o d  

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

and  a l r e a d y   u s e d   in  p r a c t i c e   in  p l a c e   of  the   wet  m e t h o d .  

A  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   has   a  b a s i c   s t r u c -  

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

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

w h i c h   r e a c t s   d i r e c t l y   or  i n d i r e c t l y   w i t h   an  a n a l y t e   t o  

show  f o r m a t i o n   or  c h a n g e   of  c o l o r .   M u l t i l a y e r   a n a l y t i c a l  

e l e m e n t s   in  v a r i o u s   e m b o d i m e n t s   b a s e d   on  the   above   b a s i c  



s t r u c t u r e   have   b e e n   k n o w n .  

G e n e r a l l y ,   the   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   i s  

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

e a c h   of  u p p e r   and  l o w e r   s u r f a c e s   t h e r e o f   s o  a s   to  t a k e   a  

form  of  a  s l i d e .   One  of  the   e m b o d i m e n t s   of   the   a n a l y t i -  

c a l   s l i d e   i s   an  i n t e g r a l   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t  

c o m p r i s i n g   a  t r a n s p a r e n t   s u p p o r t ,   a  r e a g e n t   l a y e r   and  a  

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

as  d i s c l o s e d   in  J a p a n e s e   U t i l i t y   Model   P r o v i s i o n a l   P u b l i -  

c a t i o n   No.  5 6 ( 1 9 8 1 ) - 1 4 2 4 5 4   and  J a p a n e s e   P a t e n t   P r o v i s i o n -  

al  P u b l i c a t i o n   No.  5 7 ( 1 9 8 2 ) - 6 3 4 5 2 .   In  a n o t h e r   e m b o d i -  

m e n t ,   the   i n t e g r a l   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   i s  

i n s e r t e d   b e t w e e n   an  u p p e r   f r a m e   h a v i n g   an  o p e n i n g   f o r  

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

l o w e r   f r a m e   h a v i n g   an  o p e n i n g   f o r   c o l o r i m e t r y   a t   t h e  

c e n t e r   t h e r e o f ,   b o t h   ends   of   t he   u p p e r   and  l o w e r   f r a m e s  

b e i n g   c o m b i n e   t h r o u g h   f u s i o n .  

The  p r o c e s s   of  a n a l y s i s   of  a  l i q u i d   s a m p l e   e m p l o y i n g  

the   above   a n a l y t i c a l   s l i d e   can  be  c a r r i e d   ou t   by  s t e p s   o f  

a p p l y i n g   a  l i q u i d   s a m p l e   to  t he   m u l t i l a y e r   a n a l y t i c a l  

e l e m e n t   t h r o u g h   the   o p e n i n g   f o r m e d   on  t he   u p p e r   f r a m e ,  

s u b j e c t i n g   the   e l e m e n t   to  i n c u b a t i o n ,   f o r   e x a m p l e ,   a t  
37°C  f o r   6  m i n u t e s   a f t e r   the   l i q u i d   s a m p l e   s p r e a d s   in  t h e  

e l e m e n t ,   c a u s i n g   c o l o r   r e a c t i o n ,   i r r a d i a t i n g   the   c o l o r e d  

p a r t   of  the   e l e m e n t   w i t h   r a y s   t h r o u g h   an  o p e n i n g   f o r m e d  

on  the   l o w e r   f r a m e ,   and  q u a n t i t a t i v e l y   a n a l y z i n g   a  s p e c i -  

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

the   r e a c t i o n   l a y e r .  

O p e r a t i o n   f o r   a n a l y z i n g   a  l i q u i d   s a m p l e   u s i n g   a n  

a n a l y t i c a l   s l i d e   can  be  c a r r i e d   ou t   a u t o m a t i c a l l y   b y  

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

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

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

the   a n a l y t i c a l   s l i d e ,   an  i n c u b a t o r   f o r   h e a t i n g   the   s l i d e  

c a r r y i n g   the  a p p l i e d a   l i q u i d   s a m p l e   in  o r d e r   to  a c c e l e -  

r a t e   a  c o l o r   r e a c t i o n   and  a  p h o t o m e t r i c   means   f o r   o p t i -  



c a l l y   d e t e c t i n g   the   c o l o r   r e a c t i o n   in  the   s l i d e .   T h e  

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

at  an  a p p r o p r i a t e   t e m p e r a t u r e   and  f o r   a  p e r i o d   of  t i m e  

w h i c h   a re   p r e d e t e r m i n e d   d e p e n d i n g   on  the   r e a c t i o n  

i n v o l v e d .  

As  m e n t i o n e d   a b o v e ,   an  a n a l y t i c a l   s l i d e   i s   p r o v i d e d  

w i t h   an  o p e n i n g   f o r   a p p l y i n g   a  l i q u i d   s a m p l e   to  the  m u l -  

t i l a y e r   a n a l y t i c a l   e l e m e n t .   T h e r e f o r e ,   a  l i q u i d   s a m p l e  

a p p l i e d   on  the   e l e m e n t   i s   ap t   to  e v a p o r a t e   d u r i n g   t h e  

i n c u b a t i o n   s t e p .   In  the   c a s e   t h a t   a  r e a c t i v e   gas  s u c h   a s  

ammonia   and  c a r b o n   d i o x i d e   g e n e r a t e d   in  t he   e l e m e n t   b y  

r e a c t i o n   b e t w e e n   an  a n a l y t e   and  r e a g e n t   i s   u t i l i z e d   t o  

c a u s e   c o l o r   r e a c t i o n ,   a  p o r t i o n  o f   the   gas  g e n e r a t e d   i s  

ap t   to  p a s s   t h r o u g h   the   o p e n i n g   to  the   o u t s i d e   and  d o e s  

n o t   c o n t r i b u t e   to  the   c o l o r   r e a c t i o n .   A c c o r d i n g l y ,   t h e  

o b t a i n e d   v a l u e   i s   l o w e r   t h a n   the   a c t u a l   v a l u e .  

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

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

and  u n i f o r m l y   and  p r e v e n t i n g   the   g e n e r a t e d   gas  f rom  r u n -  

n i n g   o u t s i d e ,   the   i n c u b a t i o n   s t e p   i s   s o m e t i m e s   c a r r i e d  

ou t   e m p l o y i n g   an  a n a l y t i c a l   s l i d e   r e c e i v e d   w i t h i n   an  a n a -  

l y t i c a l   s l i d e   c a r r i e r   f o r   s e a l i n g .   The  a n a l y t i c a l   s l i d e  

c a r r i e r   moves   in  u n i t   w i t h   the   a n a l y t i c a l   s l i d e   r e c e i v e d  

and  s e a l e d   t h e r e i n .   As  d e s r i b e d   in   J a p a n e s e   P a t e n t   P r o -  

v i s i o n a l   P u b l i c a t i o n   No.  5 8 ( 1 9 8 3 ) - 2 1 5 6 6 ,   an  a n a l y t i c a l  

s l i d e   c a r r i e r   can  t a k e   a  form  of   a  h o u s i n g   w h i c h   i s   o p e n  
at   a  p a r t   f a c i n g   to  t he   l o w e r   s u r f a c e   of  the   m u l t i l a y e r  

a n a l y t i c a l   e l e m e n t   (a  p a r t   a d j a c e n t   to  the   s u p p o r t  

s u r f a c e ) .  

The  p r e s e n t   i n v e n t o r s   have   s t u d i e d   the   p r o c e s s   f o r  

q u a n t i t a t i v e   a n a l y s i s   of  a  c o m p o n e n t   in  a  l i q u i d   s a m p l e  

e m p l o y i n g   an  a n a l y t i c a l   s l i d e   and  a n a l y t i c a l   s l i d e   c a r -  

r i e r .   As  t he   r e s u l t ,   i t   has   b e e n   f o u n d   t h a t   a  k n o w n  

a n a l y t i c a l   s l i d e   c a r r i e r   d i s t u r b s   t he   a c c u r a c y   of  t h e  

m e a s u r e m e n t   in  t he   c a s e   t h a t   a  r e a c t i v e   gas  such   a s  

ammonia   g e n e r a t e d   d u r i n g   the   i n c u b a t i o n   s t e p   i s   u s e d   t o  



c a u s e   the   c o l o r   r e a c t i o n .  

In  more  d e t a i l ,   no t   a  s m a l l   amoun t   of  a  r e a c t i v e   g a s  

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

ca l   e l e m e n t   i s   a d s o r b e d   by  the   i n n e r   s u r f a c e   of  the   a n a -  

l y t i c a l   s l i d e   c a r r i e r ,   p a r t i c u l a r l y   in  the   i n n e r   s u r f a c e  

f a c i n g   to  the   s u r f a c e   of  t he   e l e m e n t   on  w h i c h   a  l i q u i d  

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

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

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

been   s u b j e c t e d   to  the   i n c u b a t i o n   s t e p ,   i n s e r t i n g   a  n e w  

a n a l y t i c a l   s l i d e   t h e r e i n   and  s u b j e c t i n g   to  i n c u b a t i o n .  

A c c o r d i n g l y ,   the   r e a c t i v e   gas  i s   a d s o r b e d   by  the   i n n e r  

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

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

l o w e r i n g   the   o b t a i n e d   v a l u e   t h a n   the   a c t u a l   v a l u e .   On 

the   c o n t r a r y ,   in  the   i n c u b a t i o n   s t e p s   of   t he   s e c o n d   t i m e  

and  a f t e r   t h a t ,   the   amoun t   of  t he   r e a c t i v e   gas   to  be  a d -  

s o r b e d   by  the   i n n e r   s u r f a c e   of   the   c a r r i e r   i s   r e m a r k a b l y  

r e d u c e d ,   or  the   gas  i s   h a r d l y   a d s o r b e d   by  the   i n n e r   s u r -  

f a c e .   F u r t h e r ,   the   r e a c t i v e   gas   a d s o r b e d   by  the   i n n e r  

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

c o n t r i b u t e   to  t he   c o l o r   r e a c t i o n   of  the   a n a l y t i c a l   s l i d e .  

T h e s e   p h e n o m e n a   make  the   o b t a i n e d   v a l u e   h i g h e r   t h a n   t h e  

a c t u a l   v a l u e .  

The  known  s e a l i n g   d e v i c e s   f o r   an  a n a l y t i c a l   s l i d e  

s u c h   as  an  a n a l y t i c a l   s l i d e   c a r r i e r   c a n n o t   s a t i s f a c t o r i l y  

s o l v e   the   p r o b l e m   of  e r r o r s   in  o b t a i n e d   v a l u e s .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  the   i n v e n t i o n   i s   to  p r o v i d e   an  i m p r o v e d  

s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l   s l i d e .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   is   to  p r o v i d e   a  

s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l   s l i d e   c h a r a c t e r i z e d   i n  

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

c h e m i c a l   r e a c t i o n   of  an  a n a l y t e   in  a  m u l t i l a y e r   a n a l y t i -  



c a l   e l e m e n t   r e c e i v e d   in  an  a n a l y t i c a l   s l i d e   i s   r e d u c e d .  

A  f u r t h e r   o b j e c t   of  the   i n v e n t i o n   i s   to  p r o v i d e   a  

s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l   s l i d e   c a p a b l e   of  r e d u c -  

ing   the   e r r o r s   in  o b t a i n e d   v a l u e s .  

The  p r e s e n t   i n v e n t i o n   r e s i d e s   in   a  s e a l i n g   d e v i c e  

f o r   a n a l y t i c a l   s l i d e   e n c a s i n g   a  m u l t i l a y e r   a n a l y t i c a l  
e l e m e n t   w i t h i n   a  f r ame   h a v i n g   an  o p e n i n g   on  each   of  u p p e r  
and  l o w e r   s u r f a c e s   t h e r e o f   f o r   use  in  a  p r o c e s s   f o r   a n a -  

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

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

e l e m e n t   and  d e t e c t i n g   a  r e a c t i o n   o c c u r r i n g   in  the   e l e -  

men t ,   s a i d   s e a l i n g   d e v i c e   b e i n g   to  be  so  a r r a n g e d   a d j a -  

c e n t l y   to  t he   a n a l y t i c a l   s l i d e   as  to  s u b s t a n t i a l l y   c o v e r  

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

a p p l i e d ,   f o r   s e r v i n g   to  r e d u c e   e v a p o r a t i o n   of  the   l i q u i d  

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

s t e p ,   c h a r a c t e r i s e d   in  t h a t   a t   l e a s t   a  p a r t   of  the   s u r -  

f a c e   of  the   s e a l i n g   d e v i c e   to  f a c e   t he   s u r f a c e   of  t h e  

e l e m e n t   on  w h i c h   the   l i q u i d   s a m p l e   i s   a p p l i e d   i s   made  o f  

an  i n e r t   m a t e r i a l   such   a s  a   f l u o r i n e - c o n t a i n i n g   p o l y m e r .  

S i n c e   an  i n e r t   m a t e r i a l   s u c h   as  a  f l u o r i n e - c o n t a i n -  

ing   p o l y m e r ,   a  m e t a l   h a v i n g   a  m i r r o r   s u r f a c e   or  a  c e r a m i c  

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

f o r   a n a l y t i c a l   s l i d e   of  the   i n v e n t i o n   has   a  s m a l l   s u r f a c e  

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

a d s o r b s   the   r e a c t i v e   gas  g e n e r a t e d   f rom  the   a n a l y t i c a l  

s l i d e   e i t h e r   p h y s i c a l l y   or  c h e m i c a l l y .   A c c o r d i n g l y ,   t h e  

s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l   s l i d e   of  the   i n v e n t i o n  

is   e x t r e m e l y   e f f e c t i v e   to  r e d u c e   e r r o r s   in   the   o b t a i n e d  

v a l u e s   s i n c e   the   s e a l i n g   d e v i c e   h a r d l y   a d s o r b   a  s u b s t a n -  

t i a l   amount   of  the   r e a c t i v e   gas   g e n e r a t e d   upon  r e a c t i o n  

of  an  a n a l y t e   in  t he   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t  

e n c a s e d   in  t he   a n a l y t i c a l   s l i d e .  

F u r t h e r ,   the   f l u o r i n e - c o n t a i n i n g   p o l y m e r   makes   s l i d -  

ing   b e t w e e n   the   a n a l y t i c a l   s l i d e   and  the   s e a l i n g   d e v i c e  

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



e m p l o y i n g   a n a l y t i c a l   d e v i c e s .   S i n c e   the   p o l y m e r   i s   c h e -  

m i c a l l y   s t a b l e ,   the   p o l y m e r   g i v e s   no  i n f l u e n c e   on  t h e  

r e a g e n t s   c o n t a i n e d   in   the   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t  

and  the   l a y e r   s t r u c t u r e   t h e r e o f .   A c c o r d i n g l y ,   the   s e a l -  

ing   d e v i c e   of  t he   i n v e n t i o n   can  be  a l s o   a d v a n t a g e o u s l y  

e m p l o y e d   in  an  a n a l y t i c a l   s l i d e   w h e r e i n   no  r e a c t i v e   g a s  
is   g e n e r a t e d .  

M o r e o v e r ,   as  the   f l u o r i n e - c o n t a i n i n g   p o l y m e r   i s  

w i d e l y   u s e d ,   the   i n v e n t i o n   can  be  e a s i l y   r e a l i z e d .  

BRIEF  DESCRIPTION  OF  DRAWINGS 

F i g s .   1  and  2  a r e   p e r s p e c t i v e   v i e w s   s h o w i n g   a  s t r u c -  

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

e m b o d i m e n t   of  a  s e a l i n g   d e v i c e   of  t he   i n v e n t i o n .  

F i g .   3  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   a  s t r u c t u r e   o f  

a  c a r r i e r   f o r   an  a n a l y t i c a l   s l i d e   w h i c h   i s   a n o t h e r  

e m b o d i m e n t   of  t he   s e a l i n g   d e v i c e   of  t he   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l   s l i d e   a c c o r d i n g  

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

c t i o n s .  

One  of  t he   e m b o d i m e n t s   i s   one  in   the   form  of   a  h o u s -  

ing   w h i c h   i s   open   a t   a  p o r t i o n   f a c i n g   to  the   l o w e r   s u r -  

f a c e   of  a  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   and  moves  in   u n i t  

w i t h   an  a n a l y t i c a l   s l i d e   in  the   i n c u b a t i o n   p r o c e s s .   C o n -  

c r e t e   e x a m p l e s   i n c l u d e   a  c a r r i e r   u s e d   in   an  i n c u b a t o r  

d e s c r i b e d   in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   N o .  

5 8 ( 1 9 8 3 ) - 2 1 5 6 6 ,   a  c o m b i n a t i o n   of  an  u p p e r   c o v e r   and  a  

s u p p o r t   u s e d   in  an  i n c u b a t o r   d e s c r i b e d   in  J a p a n e s e   P a t e n t  

P r o v i s i o n a l   P u b l i c a t i o n   No.  5 8 ( 1 9 8 3 ) - 2 1 5 6 7   and  a  s l i d e  

s u p p o r t i n g   member   u s e d   in  an  a n a l y t i c a l   d e v i c e   d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 3 ( 1 9 7 8 ) -  

8 1 2 9 2 .   In  t h e s e   e m b o d i m e n t s ,   one  a n a l y t i c a l  s l i d e   i s  



r e c e i v e d   and  s e a l e d   in  one  s e a l i n g   d e v i c e   so  as  to  m o v e  

in  u n i t .  

In  a n o t h e r   e m b o d i m e n t ,   the   s e a l i n g   d e v i c e   in  t h e  

form  of  a  s h e e t   moves  in  u n i t   w i t h   an  a n a l y t i c a l   s l i d e  

d u r i n g   the   i n c u b a t i o n   p r o c e s s   so  t h a t   an  o p e n i n g   f o r   r e -  

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

of  a  f r a m e   i s   s e a l e d .   The  c o n c r e t e   e x a m p l e   of  the   a b o v e  

e m b o d i m e n t   i n c l u d e s   "a  c o v e r   f o r   p r e v e n t i o n   of  e v a p o r a -  
t i o n   of  w a t e r "   e m p l o y e d   in  a  c a r t r i d g e   f o r   a n a l y z i n g   a  

l i q u i d   s a m p l e   as  d e s c r i b e d   in  J a p a n e s e   U t i l i t y   Model  P u b -  

l i c a t i o n   No.  5 9 ( 1 9 8 4 ) - 1 0 6 2 0 ,   the   c o v e r   b e i n g   so  d e s i g n e d  

as  to  be  o p e n e d   and  c l o s e d   on  the   u p p e r   s u r f a c e   of  t h e  

a n a l y t i c a l   s l i d e .   The  above   e m b o d i m e n t s   i n c l u d e   a  s e a l -  

ing  d e v i c e   whose   one  end  or  one  s i d e   i s   o p e n a b l y   f i x e d   t o  

one  end  or  one  s i d e   of  a  f r a m e   r e c e i v i n g   an  a n a l y t i c a l  

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

w i t h   a  g r o o v e   a t   two  f a c i n g   e n d s   a l o n g   w h i c h   an  a n a l y t i -  

c a l   s l i d e   i s   i n s e r t e d .  

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

moves  in  u n i t   w i t h   an  a n a l y t i c a l   s l i d e   d u r i n g   the   i n c u b a -  

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

as  "a  s e a l i n g   g u i d e   b e l t "   e m p l o y e d   in  an  i n c u b a t o r   f o r  

c h e m i c a l   a n a l y s i s   as  d e s c r i b e d   in   J a p a n e s e   U t i l i t y   M o d e l  

P r o v s i o n a l   P u b l i c a t i o n   No.  5 7 ( 1 9 8 2 ) - 6 4 7   i s   i n c l u d e d .  

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

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

a g a i n s t   an  a n a l y t i c a l   s l i d e   d u r i n g   the   i n c u b a t i o n   p r o -  

c e s s .   Such  a  s e a l i n g   d e v i c e   i s   one  in  the   form  of  a  d i s c  

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

l y t i c a l   s l i d e s   so  as  to  a n a l y z e   a  p l u r a l i t y   of  s l i d e s  

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

in  an  a n a l y z i n g   d e v i c e   d e s c r i b e d   in  J a p a n e s e   P a t e n t   P r o -  

v i s i o n a l   P u b l i c a t i o n   No.  5 6 ( 1 9 8 1 ) - 7 7 7 4 6 .  

T h e r e   i s   no  l i m i t a t i o n   on  the   p r e s e n t   i n v e n t i o n   s o  

f a r   as  a  s e a l i n g   d e v i c e   i s   one  f o r   a n a l y t i c a l   s l i d e  

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



h a v i n g   an  o p e n i n g   on  each   of  u p p e r   and  l o w e r   s u r f a c e s  

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

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

o n t o   the   a n a l y t i c a l   e l e m e n t ,   i n c u b a t i n g   the   e l e m e n t   a n d  

d e t e c t i n g   a  r e a c t i o n   o c c u r r i n g   in   t he   e l e m e n t ,   and  s a i d  

s e a l i n g   d e v i c e   i s   to  be  so  a r r a n g e d   a d j a c e n t l y   to  t h e  

a n a l y t i c a l   s l i d e   as  to  s u b s t a n t i a l l y   c o v e r   the   s u r f a c e   o f  

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

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

the   a n a l y t i c a l   e l e m e n t   d u r i n g   the   i n c u b a t i o n   s t e p .   As  i s  

u n d e r s t o o d   f rom  the   above   d e s c r i p t i o n ,   the   t e rm  " s e a l i n g "  

u s e d   in  the   s p e c i f i c a t i o n   d o e s   n o t   mean  to  c o m p l e t e l y  

s e a l   an  a n a l y t i c a l   s l i d e   f rom  a i r ,   b u t   means   to  s e a l   a n  

a n a l y t i c a l   s l i d e   so  as  to  r e d u c e   the   e v a p o r a t i o n   of   a  

l i q u i d   s a m p l e   f rom  a  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   d u r i n g  

the   i n c u b a t i o n   p r o c e s s ,   as  c o m p a r e d   w i t h   e v a p o r a t i o n   o f  

the   s a m p l e   f rom  the   s l i d e   w h i c h   i s   s i m p l y   e x p o s e d   to  t h e  

a i r .  

I t   i s   p r e f e r r e d   t h a t   the   s e a l i n g   d e v i c e   of  the   p r e -  

s e n t   i n v e n t i o n   i s   a  c a r r i e r   in  the   form  of   a  h o u s i n g  

w h i c h   i s   open   a t   a  p a r t ' f a c i n g   to  the   l o w e r   s u r f a c e   of  a  

m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   and  w h i c h   c a r r i e s   an  a n a l y -  

t i c a l   s l i d e   r e c e i v e d   t h e r e i n ,   as  shown  in  t he   a t t a c h e d  

F i g u r e s   1,  2  and  3 .  

Whi l e   t he   o b j e c t   of  t he   i n v e n t i o n   can  be  a c h i e v e d   b y  

f o r m i n g   at   l e a s t   a  p a r t   of  the   s u r f a c e   of  the   s e a l i n g  

d e v i c e   f a c i n g   to  the   s u r f a c e   of  the   a n a l y t i c a l   e l e m e n t   o n  

w h i c h   a  l i q u i d   s a m p l e   i s   a p p l i e d ,   u s i n g   an  i n e r t   m a t e i a l  

such   as  a  f l u o r i n e - c o n t a i n i n g   p o l y m e r ,   i t   i s   p r e f e r r e d  

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

by  an  i n e r t   m a t e r i a l   such   as  a  f l u o r i n e - c o n t a i n i n g  

p o l y m e r .  

T h e r e   i s   no  l i m i t a t i o n   on  the   f l u o r i n e - c o n t a i n i n g  

p o l y m e r   e m p l o y e d   in  the   i n v e n t i o n .   As  a  f l u o r i n e - c o n -  

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

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



h e x a f l u o r o p r o p y l e n e ,   p o l y c h l o r o t r i f l u o r o e t h y l e n e ,   p o l y -  

v i n y l i d e n e   f l u o r i d e   and  p o l y v i n y l   f l u o r i d e   can  be  e x e m -  

p l i f i e d .   Among  the  a b o v e - m e n t i o n e d   f l u o r i n e - c o n t a i n i n g  

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

f l o w   a r o u n d   the   m e l t i n g   p o i n t   t h r e o f   or  a  h i g h e r  

t e m p e r a t u r e   such   as  the  c o p o l y m e r   of  t e t r a f l u o r o e t h y l e n e  

and  h e x a f l u o r o p r o p y l e n e ,   p o l y c h l o r o t r i f l u o r o e t h y l e n e ,   a n d  

p o l y v i n y l i d e n e   f l u o r i d e   are   p r e f e r r e d .   The  f l u o r i n e -  

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

t e x t s   such   as  " H a n d b o o k   of  P o l y m e r   M a t e r i a l s "   e d d i t e d   b y  

the   P o l y m e r   S o c i e t y   of  J a p a n .   F l u o r i n e - c o n t a i n i n g   p o l y -  

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

c o m m e r c i a l l y   a v a i l a b l e .   These   p o l y m e r s   can  be  e m p l o y e d  

in  t he   i n v e n t i o n .  

The  s u r f a c e   of  the   s e a l i n g   d e v i c e   f o r   an  a n a l y t i c a l  

s l i d e   can  be  f o r m e d   of  the   f l u o r i n e - c o n t a i n i n g   p o l y m e r   i n  

a  n u m b e r   of  m e t h o d s .   For   e x a m p l e ,   a  f l u o r i n e - c o n t a i n i n g  

p o l y m e r   as  such   i s   m o l d e d   to  p r o d u c e   a  s e a l i n g   d e v i c e ,   a  

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

s e a l i n g   d e v i c e   to  form  a  l a y e r   of   f l u o r i n e - c o n t a i n i n g  

p o l y m e r ,   a  d i s p e r s i o n   or  f i n e   p o w d e r   of  a  f l u o r i n e - c o n -  

t a i n i n g   p o l y m e r   i s   a p p l i e d   on  the   s e a l i n g   d e v i c e   to  f o r m  

a  l a y e r   of  a  f l u o r i n e - c o n t a i n i n g   p o l y m e r ,   a  f l u o r i n e - c o n -  

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

ing  d e v i c e   to  form  a  c o a t i n g   l a y e r   of  the   p o l y m e r ,   t h e  

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

f i l m   c o n s i s t i n g   of  a  f l u o r i n e - c o n t a i n i n g   p o l y m e r   so  as  t o  

form  a  l a y e r   of  a  f l u o r i n e - c o n t a i n i n g   p o l y m e r ,   and  t h e  

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

s u r f a c e   of  a  s e a l i n g   d e v i c e .   One  of  p r e f e r a b l e   e m b o d i -  

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

f i r s t   s i n t e r e d   w i t h   p o l y t e t r a f l u o r o e t h y l e n e   w h i c h   may  
c o n t a i n   p i g m e n t s   such   as  c a r b o n   b l a c k ,   t i t a n i u m   d i o x i d e ,  

s i l i c a ,   and  t h e n   the  so  c o a t e d   r e s i n   l a y e r   i s   f u r t h e r  

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

and  f l o w   a r o u n d   the   m e l t i n g   p o i n t   t h r e o f   or  a  h i g h e r  



t e m p e r a t u r e .  

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

p r e f e r r a b l y   has   a  t h i c k n e s s   in   t he   r a n g e   of  5  to  50  µm, 

more  p r e f e r a b l y   10  to  40  µm. 

E x a m p l e s   of  the   l o c a t i o n   of  the   s e a l i n g   d e v i c e   o f  

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

a p p l i e d   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  a n a l y t i c a l  

s l i d e   c a r r i e r s   shown  in  the   F i g s .   1,  2  and  3 .  

In  F i g s .   1  and  2,  an  a n a l y t i c a l   s l i d e   c a r r i e r   1 0  

made  of  a  m e t a l   i s   d e s i g n a t e d   by  a  n u m e r a l   10  and  s o  

f o r m e d   as  to  r e c e i v e   an  a n a l y t i c a l   s l i d e   20  as  shown  i n  

F i g .   1.  In  F i g .   2,  the   a n a l y t i c a l   s l i d e   c a r r i e r   shown  i n  

F i g .   1  i s   shown  w i t h   the   b o t t o m   t u r n e d   up  so  t h a t   t h e  

i n s i d e   t h e r e o f   can  be  s e e n .   The  b o t t o m   ( c o r r e s p o n d i n g   t o  

the   l o w e r   p o r t i o n   in  F i g .   1  and  u p p e r   p o r t i o n   in  F i g .   2 )  

and  one  s i d e   p o r t i o n   of  the   c a r r i e r   a re   o p e n .   The  s t r u c -  

t u r e   of  t h i s   n a t u r e   c o n t r i b u t e s   to  p e r f o r m   the   i n c u b a t i o n  

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

i n t r o d u c e   and  d i s c h a r g e   the   a n a l y t i c a l   s l i d e   e a s i l y .   T h e  

o p e n i n g   12  w h i c h   i s   f o r m e d   on  a  p a r t   of   the   c o v e r   p o r t i o n  

13  of  the   c a r r i e r   ( c o r r e s p o n d i n g  t o   the   u p p e r   p o r t i o n   i n  

F i g .   1 - a n d . t h e   l o w e r   p o r t i o n   in   F i g .   2)  f o r   c o n f i r m i n g  

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

e a s i l y   d e t e c t   t he   a n a l y t i c a l   s l i d e   20  in  the   c a r r i e r  i n  

the   i n c u b a t i o n   p r o c e s s .  

In  t he   a n a l y t i c a l   s l i d e   c a r r i e r   shown  in  F i g s .   1  a n d  

2,  t he   a p p r o x i m a t e l y   c e n t e r   p o r t i o n   of  t he   i n s i d e   s u r f a c e  

of  t he   c a r r i e r   shown  in  F i g .   2  f a c e s   t he   s u r f a c e   of   t h e  

m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   on  w h i c h   an  l i q u i d   s a m p l e  

is   a p p l i e d   ( t h r o u g h   the   o p e n i n g   21  f o r   a p p l y i n g   s a m p l e ) .  

A c c o r d i n g l y ,   i t   i s   e f f e c t i v e   to  c o a t   the   f l u o r i n e - c o n -  

t a i n i n g   p o l y m e r   o v e r   the  s u r f a c e   11  shown  by  o b l i q u e  

l i n e s .  

A n o t h e r   p r e f e r a b l e   e m b o d i m e n t   of  the   i n v e n t i o n   i s  

the   a n a l y t i c a l   s l i d e   c a r r i e r   shwon  in  F i g .   3  w h e r e i n   a  

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



of  the   c a r r i e r   as  w e l l   as  the   i n s i d e   s u r f a c e .   In  F i g .   3 ,  

the   c a r r i e r   30,  o p e n i n g   32  f o r   c o n f i r m i n g   an  a n a l y t i c a l  

s l i d e   and  c o v e r   p o r t i o n   33  c o r r e s p o n d   to  t he   c a r r i e r   1 0 ,  

o p e n i n g   12  and  c o v e r   p o r t i o n   13  r e s p e c t i v e l y   in  F i g s .   1 

and  2.  In  the   a n a l y t i c a l   s l i d e   c a r r i e r   shown  in  F i g .   3 ,  

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

i n s i d e   s u r f a c e   of  the   c a r r i e r   ( shown   by  o b l i q u e   l i n e s ) .  

F u r t h e r ,   i t   i s   p o s s i b l e   to  p r o v i d e   a  f l u o r i n e - c o n -  

t a i n i n g   p o l y m e r   a l l   o v e r   the   s u r f a c e   of  the   c a r r i e r .   I n  

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

s e c u r e d ,   w h i c h   i s   e f f e c t i v e   in  the   a n a l y t i c a l   o p e r a t i o n .  

As  d e s c r i b e d   in   p r i o r   a r t s ,   the   s e a l i n g   d e v i c e   f o r  

a n a l y t i c a l   s l i d e   may  be  p r o v i d e d   in  an  a n a l y t i c a l   d e v i c e  

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

l y t i c a l   s l i d e .   In  t h i s   c a s e ,   a  f l u o r i n e - c o n t a i n i n g   p o l y -  

mer  can  be  p r o v i d e d   on  the   c o r r e s p o n d i n g   a r e a   as  m e n t i o n -  

ed  a b o v e .   In  more  d e t a i l ,   a  f l u o r i n e - c o n t a i n i n g   p o l y m e r  

is   p r o v i d e d   on  at  l e a s t   a  p a r t   of  the   a r e a ,   p r e f e r a b l y   a  

who le   p o r t i o n   of  the   s u r f a c e   c o r r e s p o n d i n g   to  the   s u r f a c e  

of  t he   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   in  the   a n a l y t i c a l  

s l i d e   whe re   a  s a m p l e   l i q u i d   i s   a p p l i e d ,   t h e r e b y   r e d u c i n g  

a d s o r p t i o n   of  the   r e a c t i v e   gas   g e n e r a t e d   in   the   a n a l y t i -  

ca l   e l e m e n t   by  the   s e a l i n g   d e v i c e .  

T h e r e   h a v e  b e e n   a l r e a d y   known  e x a m p l e s   of  m u l t i l a y e r  

a n a l y t i c a l   e l e m e n t   w h e r e i n   a  r e a c t i v e   gas  i s   g e n e r a t e d  

d u r i n g   a n a l y z i n g   o p e r a t i o n s .   C o n c r e t e   e x a m p l e s   i n c l u d e  

"an  i n t e g r a l   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   f o r   a n a l y z i n g  

ammonia   or  a m m o n i a - g e n e r a t i n g   s u b s t r a t e "   as  d i s c l o s e d   i n  

J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 8 ( 1 9 8 3 ) -  

77661  and  "an  i n t e g r a l   a n a l y t i c a l   e l e m e n t "   as  d i s c l o s e d  

in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  5 8 ( 1 9 8 3 ) - 1 9 0 6 2 .   T h e  

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

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

gas   i s   ammonia ,   t h a t   i s ,   an  a n a l y t e   i s   ammonia   or  a n  

a m m o n i a - g e n e r a t i n g   s u b s t a n c e ,   b e c a u s e   ammonia   w h i c h   i s  

one  of  the   i m p o r t a n t   a n a l y t e s   in  a n a l y z i n g   a  body  l i q u i d  



i s   e a s i l y   a d s o r b e d   by  the   s e a l i n g   d e v i c e .   The  t e r m  

" a m m o n i a   g e n e r a t i n g   s u b s t r a t e "   means   a  compound   or  g r o u p  

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

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

r e a c t i o n s .   E x a m p l e s   of  the   ammonia   g e n e r a t i n g   s u b s t r a t e  

i n c l u d e   u r e a   and  c r e a t i n i n e .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   more  c o n -  

c r e t e l y   w i t h   r e f e r e n c e   to  the   f o l l o w i n g   e x a m p l e s .   H o w -  

e v e r ,   the   i n v e n t i o n   i s   no t   l i m i t e d   to  t h e s e   e x a m p l e s .  

The  a n a l y t i c a l   s l i d e   e m p l o y e d   in  E x a m p l e   1  r e c e i v e s  

an  i n t e g r a l   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   p r e p a r e d   in   t h e  

f o l l o w i n g   m a n n e r .  

P r e p a r a t i o n   of  I n t e g r a l   M u l t i l a y e r   A n a l y t i c a l  

E l e m e n t   f o r   A n a l y z i n g   U r e a - N i t r o g e n  

On  a  t r a n s p a r e n t   p o l y e t h y l e n e t e l e p h t h a l a t e   ( P E T )  

f i l m   ( t h i c k n e s s :   180  µm)  was  c o a t e d   and  d r i e d   a  c o l o r  

f o r m i n g   r e a g e n t   to  form  a  c o l o r - f o r m i n g   r e a g e n t   l a y e r  

( t h i c k n e s s   of  dry   b a s i s :   10  µm).  A  membrane   f i l t e r  

( t r a d e n a m e :   F u j i   M i c r o f i l t e r   FM500  m a n u f a c t u r e d   by  F u j i  

P h o t o   F i l m   C o . ,   L t d . , )   h a v i n g   t h i c k n e s s   of   140  µm,  v o i d  

r a t i o   of  75  %  and  mean  d i a m e t e r   of  5  µm  w h i c h   had  b e e n  

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

in  h e x a n e   and  d r i e d   was  c a u s e d   to  a d h e r e   to  t he   r e a g e n t  

l a y e r ( w h i c h   was  a d h e s i v e   u n d e r   dry   c o n d i t i o n )   to  form  a  

b a r r i e r   l a y e r .  

S u b s e q u e n t l y ,   a  r e a c t i o n   l a y e r   ( t h i c k n e s s   of  d r y  

b a s i s :   20  pm),  a  l i g h t   s h i e l d i n g   l a y e r   ( t h i c k n e s s   of  d r y  

b a s i s :   5  µm)  and  an  a d h e s i v e   l a y e r   were   f o r m e d   by  s u p e r -  

p o s i n g   on  the   b a r r i e r   l a y e r   in  t h i s   o r d e r .  

The  dry  s u r f a c e   of  the   a d h e s i v e   l a y e r   c o a t e d   was  w e t  

w i t h   w a t e r .   Then  a  c l o t h ( c o t t o n   b r o a d   No.  100)  was  l a m i -  

n a t e d   u n d e r   p r e s s u r e   on  the   s u r f a c e   to  fo rm  a  s p r e a d i n g  

l a y e r .   Thus ,   an  i n t e g r a l   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t  

f o r   a n a l y z i n g   u r e a   and  n i t r o g e n   in  b l o o d   was  p r e p a r e d .  

C o m p o s i t i o n   and  p r e p a r a t i o n   of  c o a t i n g   s o l u t i o n s  



e m p l o y e d   f o r   f o r m i n g   the  r e a g e n t   l a y e r ,   r e a c t i o n   l a y e r ,  

l i g h t   s h i e l d i n g   l a y e r   and  a d h e s i v e   l a y e r   w i l l   be  s h o w n  

r e s p e c t i v e l y   as  f o l l o w s .   These   s o l u t i o n s   were  c o a t e d   s o  

as  to  have   the   dry  t h i c k n e s s   as  m e n t i o n e d   a b o v e .  

C o a t i n g   S o l u t i o n   f o r   R e a g e n t   L a y e r  

C o a t i n g   S o l u t i o n   f o r   R e a c t i o n   L a y e r  

The  c o a t i n g   s o l u t i o n   of  t he   above   c o m p o s i t i o n   w a s  

)  a d j u s t e d   to  have   pH  8  by  u s i n g   o r t h o p h o s p h o r i c   a c i d  

d i s o d i u m   and  s o d i u m   h y d r o x i d e .  

C o a t i n g   S o l u t i o n   f o r   L i g h t   S h i e l d i n g   L a y e r  

C o a t i n g   S o l u t i o n   f o r   A d h e s i v e   L a y e r  



E x a m p l e   1 

-  A  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   f o r   a n a l y z i n g   u r e a -  

n i t r o g e n   p r e p a r e d   in  the   m a n n e r   as  m e n t i o n e d   above   w a s  
r e c e i v e d   in   a  p l a s t i c   f r a m e   h a v i n g   a  c i r c u l a r   o p e n i n g   a t  

the   c e n t e r   p o r t i o n   of  e ach   of  u p p e r   and  l o w e r   s u r f a c e s   t o  

form  an  a n a l y t i c a l   s l i d e   f o r   a n a l y s i s   of  u r e a - n i t r o g e n   a s  

shown  by  the   n u m e r a l   20  in  F i g .   1 .  

As  shown  by  o b l i q u e   l i n e s   11  in  F i g .   2,  an  a d h e s i v e  

t a p e   ( t h i c k n e s s :   80  µm)  of  p o l y t e t r a f l u o r o e t h y l e n e   ( P T E F )  

was  a t t a c h e d   to  t he   s u r f a c e   f a c i n g   to  the   s a m p l e - a p p l y i n g  

o p e n i n g   21  of  the   a n a l y t i c a l   s l i d e   in  the   s l i d e   c a r r i e r  

made  of  a l u m i n u m   (whose   s u r f a c e   had  been   t r e a t e d   w i t h  

a n o d i z i n g   s o l u t i o n )   shown  by  the   n u m e r a l   10  in  F i g s .   1 

and  2  (a  p o r t i o n   t h r o u g h   w h i c h   a  l i q u i d   s a m p l e   i s   a p p l i e d  

to  the   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   r e c e i v e d   in  t h e  

s l i d e ) .  

By  e m p l o y i n g   the   above   a n a l y t i c a l   s l i d e   c a r r i e r   p r o -  
v i d e d   w i t h   PTEF  t a p e   and  a n a l y t i c a l   s l i d e   f o r   a n a l y z i n g  

u r e a - n i t r o g e n ,   a u t o m a t i c   a n a l y s i s   of  u r e a - n i t r o g e n   in  a  

c o n t r o l   s e r u m ,   M o n i t r o l   I .X   ( m a n u f a c t u r e d   by  Da ide   C o r p . :  

U . S . A . )   was  c a r r i e d   ou t   r e p e a t e d l y .   The  a u t o m a t i c a l  

a n a l y s i s   o p e r a t i o n   was  c a r r i e d   out   by  e m p l o y i n g   an  a u t o -  

m a t i c   a n a l y z i n g   d e v i c e   of  F u j i   d r y c h e m   s y s t e m   ( m a n u f a c -  

t u r e d   by  F u j i   P h o t o   F i l m   C o . ,   L td )   p r o v i d e d   w i t h   an  i n c u -  

b a t o r   d i s c l o s e d   in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a -  

t i o n   No.  5 8 ( 1 9 8 3 ) - 2 1 5 6 6 .   I n c u b a t i o n   was  c a r r i e d   ou t   a t   a  

t e m p e r a t u r e   of  37°C  f o r   6  m i n u t e s .  

C o m p a r i s o n   E x a m p l e   1 

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   ou t   in  t h e  

same  m a n n e r   as  in  Example   1  e x c e p t   t h a t   a  c a r r i e r   w h i c h  

was  p r o v i d e d   w i t h   no  PTFE  t a p e   so  t h a t   the   a n o d i z e d  

a l u m i n u m   s u r f a c e   was  e x p o s e d   was  e m p l o y e d .  

The  r e s u l t s   of  Example   1  and  C o m p a r i s o n   Example   1 



are   shown  in  the   f o l l o w i n g   T a b l e   1 .  

As  is   c l e a r   f rom  T a b l e   1,  s u b s t a n t i a l l y   same  v a l u e s  

were   o b t a i n e d   in  Example   1  and  r e p r o d u c i b i l i t y   of  t h e  

o b t a i n e d   v a l u e   is   h i g h .   On  the   c o n t r a r y ,   in  C o m p a r i s o n  

Example   1,  the   o b t a i n e d   v a l u e   a t   the   f i r s t   t ime   was  l o w e r  

t h a n   t h o s e   at   the   s e c o n d   and  t h i r d   t i m e s .   I t   i s   t h o u g h t  

t h a t   t h i s   i s   b e c a u s e   the   o b t a i n e d   v a l u e   of  the   f i r s t   t i m e  

is   i n f l u e n c e d   by  the   a d s o r p t i o n   of  ammonia   gas  by  t h e  

s u r f a c e   of  the   c a r r i e r .  

Example   2 

An  a n a l y t i c a l   s l i d e   f o r   a n a l y z i n g   ammonia   was  p r e -  

p a r e d   in  the  same  manne r   as  in  Example   1  e x c e p t   t h a t   t h e  

f o l l o w i n g   c h a n g e s   were  made  on  the   i n t e g r a l   m u l t i l a y e r  

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

Example   1 .  

(1)  B r o m p h e n o l   b l u e   was  e m p l o y e d   i n s t e a d   of  b r o m o -  

c r e s o l   g r e e n   as  the  c o l o r - f o r m i n g   r e a g e n t   to  be  c o n t a i n e d  

in  a  c o l o r - f o r m i n g   r e a g e n t   l a y e r .  

(2)  U r e a s e   was  r e m o v e d   f rom  the   r e a c t i o n   l a y e r   a n d  



pH  of  the   c o a t i n g   s o l u t i o n   was  a d j u s t e d   to  be  1 0 . 0   i n  

o r d e r   to  i n c r e a s e   s e n s i t i v i t y .  

A n a l y s i s   of  ammonia   was  c a r r i e d   ou t   in  the   same  m a n -  

n e r   as  in  E x a m p l e   1  e m p l o y i n g   the  above   a n a l y t i c a l   s l i d e  

f o r   a n a l y z i n g   ammonia   and  a n a l y t i c a l   s l i d e   c a r r i e r   p r e -  

p a r e d   in  E x a m p l e   1.  S u b s e q u e n t l y ,   the   amoun t   of  a m m o n i a  

gas  a d s o r b e d   and  l e f t   in  the   c a r r i e r   was  m e a s u r e d .  

C o m p a r i s o n   Example   2 

The  amoun t   of  ammonia   gas  a d s o r b e d   and  l e f t   in  a  

c a r r i e r   was  m e a s u r e d   in  the   same  m a n n e r   as  in  Example   2 

e x c e p t   t h a t   a  c a r r i e r   h a v i n g   an  a n o d i z e d   a l u m i n u m  

( a l u m i n i u m   o x i d e )   c o a t e d   s u r f a c e   e x p o s e d   was  e m p l o y e d ,  
the   s u r f a c e   f a c i n g   to  a  l i q u i d   s a m p l e   a p p l y i n g   s u r f a c e   o f  

the   s i m i l a r   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   to  one  u s e d   i n  

C o m p a r i s o n   Example   1 .  

The  r e s u l t s   of  E x a m p l e   2  and  C o m p a r i s o n   Example   2 

a re   shown  in  T a b l e   2 .  

As  shown  in  T a b l e   2,  ammonia   gas   h a r d l y   was  p r e s e n t  

in  t he   c a r r i e r   of  E x a m p l e   2.  On  the   c o n t r a r y ,   a  l a r g e  

amoun t   of  ammonia   gas  e x i s t e d   by  a d s o r p t i o n   of  the   c a r -  

r i e r   of  C o m p a r i s o n   Example   2 .  



Example   3  

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   ou t   u s i n g   a n  

a n a l y t i c a l   s l i d e ,   a n a l y t i c a l   s l i d e   c a r r i e r   and  a u t o m a t i c  

a n a l y z i n g   d e v i c e   s i m i l a r   to  t h o s e   u s e d   in   Example   1  u n d e r  

the   same  c o n d i t i o n s   as  in  E x a m p l e   1  e x c e p t   t h a t   an  a q u e -  

ous  a l b u m i n   c o n t a i n i n g   7  %  of  human  b l o o d   s e rum  a n d  

a p p r o x .   100  mg/du  of  u r e a - n i t r o g e n   as  u s e d   as  a  s a m p l e  

l i q u i d   to  be  d r o p p e d   in  p l a c e   of  the   c o m m e r c i a l l y  

a v a i l a b l e   c o n t r o l   se rum  M o n i t r o l   I - X .  

A n a l y s i s   was  r e p e a t e d   15  t i m e s .  

C o m p a r i s o n   E x a m p l e   3  

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   out   in  t h e  

same  m a n n e r   as  in  Example   3  e x c e p t   t h a t   a  c a r r i e r   h a v i n g  

an  a n o d i z e d   a l u m i n u m   ( a l u m i n i u m   o x i d e )   c o a t e d   s u r f a c e  

e x p o s e d   was  e m p l o y e d ,   t he   s u r f a c e   f a c i n g   to  the   l i q u i d  

s a m p l e   a p p l y i n g   s u r f a c e   of  the   s i m i l a r   m u l t i l a y e r   a n a l y -  

t i c a l   e l e m e n t   to  one  u s e d   in   C o m p a r i s o n   Example   1 .  

The  r e s u l t s   of  Example   3  and  C o m p a r i s o n   Example   3 

are   shown  in  T a b l e   3 .  

As  shown  in  T a b l e   3,  a n m o n i a   gas   was  h a r d l y   a d s o r b e d  

by  the   s u r f a c e   of  the   c a r r i e r   of  Example   3  ( a c c o r d i n g   t o  

the   i n v e n t i o n ) .   T h e r e f o r e ,   the   o b t a i n e d   v a l u e   was  h i g h e r  



t h a n   t h a t   of  C o m p a r i s o n   E x a m p l e   3  and  f l u c t u a t i o n   of  t h e  

o b t a i n e d   v a l u e   (CV  v a l u e )   was  d e c r e a s e d .  

E x a m p l e   4  

A  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   f o r   a n a l y z i n g   u r e a -  

n i t r o g e n   p r e p a r e d   in  the   m a n n e r   as  m e n t i o n e d   above   w a s  

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

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

form  an  a n a l y t i c a l   s l i d e   f o r   a n a l y s i s   of  u r e a - n i t r o g e n   a s  

shown  by  the   n u m e r a l   20  in  F i g .   1 .  

On  t he   i n n e r   s u r f a c e   of  t he   same  s e a l i n g   d e v i c e   a s  

e m p l o y e d   in   Example   1,  p o l y t e t r a f l u o r o e t h y l e n e ( P T E F )  

c o n t a i n i n g   c a r b o n   b l a c k   was  s i n t e r e d   to  fo rm  a  l a y e r   o f  

a p p r o x .   10  µm  t h i c k   and  the   s i n t e r e d   l a y e r   was  c o a t e d  

w i t h   a  t e t r a f l u o r o e t h y l e n e - h e x a f l u o r o p r o p y l e n e   c o p o l y m e r  

(FEP)  t h r o u g h   f u s i o n .  

By  e m p l o y i n g   the   above   a n a l y t i c a l   s l i d e   c a r r i e r   p r o -  
v i d e d   w i t h   the   FEP  l a y e r   on  the   top  and  a n a l y t i c a l   s l i d e  

f o r   a n a l y z i n g   u r e a - n i t r o g e n ,   a u t o m a t i c   a n a l y s i s   of  u r e a -  

n i t r o g e n   in   a  c o n t r o l   s e r u m ,   M o n i t r o l   I . X   ( m a n u f a c t u r e d  

by  D a i d e   C o r p . :   U . S . A . )   was  c a r r i e d   ou t   r e p e a t e d l y .   T h e  

a u t o m a t i c a l   a n a l y s i s   o p e r a t i o n   was  c a r r i e d   ou t   b y  

e m p l o y i n g   an  a u t o m a t i c   a n a l y z i n g   d e v i c e   of  F u j i   d r y c h e m  

s y s t e m   ( m a n u f a c t u r e d   by  F u j i   P h o t o   F i l m   C o . ,   L td )   p r o -  
v i d e d   w i t h   an  i n c u b a t o r   d i s c l o s e d   in   J a p a n e s e   P a t e n t   P r o -  

v i s i o n a l   P u b l i c a t i o n   No.  5 8 ( 1 9 8 3 ) - 2 1 5 6 6 .   I n c u b a t i o n   w a s  

c a r r i e d   ou t   at   a  t e m p e r a t u r e   of  37°C  f o r   6  m i n u t e s .  

C o m p a r i s o n   E x a m p l e   4  

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   ou t   in  t h e  

same  m a n n e r   as  in  E x a m p l e   4  e x c e p t   t h a t   a  c a r r i e r   w h i c h  

was  p r o v i d e d   w i t h   no  FEP  &  PTFE  l a y e r s   so  t h a t   t h e  

a n o d i z e d   a l u m i n u m   s u r f a c e   was  e x p o s e d   was  e m p l o y e d .  

The  r e s u l t s   of  E x a m p l e   4  and  C o m p a r i s o n   Example   4  



are   shown  in  the   f o l l o w i n g   T a b l e   4 .  

As  i s   c l e a r   f rom  T a b l e   4,  s u b s t a n t i a l l y   same  v a l u e s  

were   o b t a i n e d   in  Example   4  and  r e p r o d u c i b i l i t y   of  t h e  

o b t a i n e d   v a l u e   is   h i g h .   On  the   c o n t r a r y ,   in   C o m p a r i s o n  

Example   4,  t he   o b t a i n e d   v a l u e   a t   t he   f i r s t   t i m e   was  l o w e r  

t h a n   t h o s e   at   the   s e c o n d   and  t h i r d   t i m e s .   I t   i s   t h o u g h t  

t h a t   t h i s   i s   b e c a u s e   the   o b t a i n e d   v a l u e   of   the   f i r s t   t i m e  

is   i n f l u e n c e d   by  the   a d s o r p t i o n   of  ammonia   gas  by  t h e  

s u r f a c e   of  t he   c a r r i e r .  

Example   5 

An  a n a l y t i c a l   s l i d e   f o r   a n a l y z i n g   ammonia   was  p r e -  

p a r e d   in  the  same  m a n n e r   as  in  Example   1  e x c e p t   t h a t   t h e  

f o l l o w i n g   c h a n g e s   were   made  on  the   i n t e g r a l   m u l t i l a y e r  

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

Example   1 .  

(1)  B r o m p h e n o l   b l u e   was  e m p l o y e d   i n s t e a d   of  b r o m o -  

c r e s o l   g r e e n   as  the  c o l o r - f o r m i n g   r e a g e n t   to  be  c o n t a i n e d  

in  a  c o l o r - f o r m i n g   r e a g e n t   l a y e r .  

(2)  U r e a s e   was  r e m o v e d   f rom  the  r e a c t i o n   l a y e r   a n d  



pH  of  the   c o a t i n g   s o l u t i o n   was  a d j u s t e d   to  be  1 0 . 0   i n  

o r d e r   to  i n c r e a s e   s e n s i t i v i t y .  

A n a l y s i s   of  ammonia   was  c a r r i e d   ou t   in  the  same  m a n -  

n e r   as  in  E x a m p l e   1  e m p l o y i n g   the   above   a n a l y t i c a l   s l i d e  

f o r   a n a l y z i n g   ammonia   and  a n a l y t i c a l   s l i d e   c a r r i e r   p r e -  

p a r e d   in  E x a m p l e   1.  S u b s e q u e n t l y ,   the   amoun t   of  a m m o n i a  

gas  a d s o r b e d   and  l e f t   in  the   c a r r i e r   was  m e a s u r e d .  

C o m p a r i s o n   E x a m p l e   5 

The  a m o u n t   of  ammonia   gas  a d s o r b e d   and  l e f t   in  a  

c a r r i e r   was  m e a s u r e d   in  the   same  m a n n e r   as  in  Example   5 

e x c e p t   t h a t   a  c a r r i e r   h a v i n g   an  a n o d i z e d   a l u m i n u m  

( a l u m i n i u m   o x i d e )   c o a t e d   s u r f a c e   e x p o s e d   was  e m p l o y e d ,  

the   s u r f a c e   f a c i n g   to  a  l i q u i d   s a m p l e   a p p l y i n g   s u r f a c e   o f  

the   s i m i l a r   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   to  one  u s e d   i n  

C o m p a r i s o n   Example   1 .  

The  r e s u l t s   of  E x a m p l e   5  and  C o m p a r i s o n   Example   5 

a r e   shown  in  T a b l e   5 .  

As  shown  in  T a b l e   5,  ammonia   gas   h a r d l y   was  p r e s e n t  

in  t he   c a r r i e r   of  Example   5.  On  the   c o n t r a r y ,   a  l a r g e  

a m o u n t   of  ammonia   gas  e x i s t e d   by  a d s o r p t i o n   of  the   c a r -  

r i e r   of  C o m p a r i s o n   Example   5 .  



Example   6 

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   ou t   u s i n g   a n  

a n a l y t i c a l   s l i d e ,   a n a l y t i c a l   s l i d e   c a r r i e r   and  a u t o m a t i c  

a n a l y z i n g   d e v i c e   s i m i l a r   to  t h o s e   u s e d   in   Example   1  u n d e r  

the   same  c o n d i t i o n s   as  in  Example   1  e x c e p t   t h a t   an  a q u e -  

ous  7  %  human  b l o o d   s e r u m   c o n t a i n i n g   a p p r o x .   66  mg/du   o f  

u r e a - n i t r o g e n   was  u s e d   as  a  s a m p l e   l i q u i d   to  be  d r o p p e d  

in  p l a c e   of  the   c o m m e r c i a l l y   a v a i l a b l e   c o n t r o l   s e r u m  

M o n i t r o l   I - X .  

A n a l y s i s   was  r e p e a t e d   15  t i m e s .  

C o m p a r i s o n   Example   6 

A n a l y s i s   of  u r e a - n i t r o g e n   was  c a r r i e d   ou t   in  t h e  

same  m a n n e r   as  in  Example   6  e x c e p t   t h a t   a  c a r r i e r   h a v i n g  

an  a n o d i z e d   a l u m i n u m   ( a l u m i n i u m   o x i d e )   c o a t e d   s u r f a c e  

e x p o s e d   was  e m p l o y e d ,   the   s u r f a c e   f a c i n g   to  the   l i q u i d  

s a m p l e   a p p l y i n g   s u r f a c e   of  the   s i m i l a r   m u l t i l a y e r   a n a l y -  

t i c a l   e l e m e n t   to  one  u s e d   in  C o m p a r i s o n   E x a m p l e   1 .  

The  r e s u l t s   of  Example   6  and  C o m p a r i s o n   Example   6 

a re   shown  in  T a b l e   6 .  

As  shown  in  T a b l e   6,  a n m o n i a   gas  was  h a r d l y   a d s o r b e d  

by  the   s u r f a c e   of  the   c a r r i e r   of  Example   6  ( a c c o r d i n g   t o  

the   i n v e n t i o n ) .   T h e r e f o r e ,   the   o b t a i n e d   v a l u e   was  h i g h e r  



t h a n   t h a t   of  C o m p a r i s o n   Example   6  and  f l u c t u a t i o n   of  t h e  

o b t a i n e d   v a l u e   (CV  v a l u e )   was  d e c r e a s e d .  

Example   7 

The  a n a l y s i s   of  Example   4  was  r e p e a t e d   e x c e p t   t h a t  

the   s l i d e   c a r r i e r   h a v i n g   the   i n n e r   s u r f a c e   d i r e c t l y  

c o a t e d   w i t h   a  t e t r a f l u o r o e t h y l e n e - h e p t a f l u o r o p r o p y l  

t e t r a f l u o r o   v i n y l   e t h e r   c o p o l y m e   (HFP)  t h r o u g h   f u s i o n .  

C o m p a r i s o n   E x a m p l e   7 

The  amoun t   of  ammonia   gas   a d s o r b e d   and  l e f t   in   a  

c a r r i e r   was  m e a s u r e d   in  the   same  m a n n e r   as  in  Example   7 

e x c e p t   t h a t   a  c a r r i e r   h a v i n g   an  a n o d i z e d   a l u m i n u m  

( a l u m i n i u m   o x i d e )   c o a t e d   s u r f a c e   e x p o s e d   was  e m p l o y e d ,  

the   s u r f a c e   f a c i n g   to  a  l i q u i d   s a m p l e   a p p l y i n g   s u r f a c e   o f  

the   s i m i l a r   m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   to  one  u s e d   i n  

C o m p a r i s o n   E x a m p l e   1 .  

The  r e s u l t s   of  E x a m p l e   7  and  C o m p a r i s o n   Example   7 

a re   shown  in  T a b l e   7 .  



As  shown  in  T a b l e   7,  ammonia   gas  h a r d l y   was  p r e s e n t  

in  the   c a r r i e r   of  Example   7.  On  the   c o n t r a r y ,   a  l a r g e  

amount   of  ammonia   gas   e x i s t e d   by  a d s o r p t i o n   of   the   c a r -  

r i e r   of  C o m p a r i s o n   Example   7 .  



1.  A  s e a l i n g   d e v i c e   f o r   a n a l y t i c a l   s l i d e   e n c a s i n g   a  

m u l t i l a y e r   a n a l y t i c a l   e l e m e n t   w i t h i n   a  f r a m e   h a v i n g   a n  

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

use  in  a  p r o c e s s   f o r   a n a l y s i s   of  a  l i q u i d   s a m p l e   c o m p r i s -  

ing   s t e p s   of  a p p l y i n g   the   l i q u i d   s a m p l e   o n t o   the  a n a l y t i -  

c a l   e l e m e n t ,   i n c u b a t i n g   the   e l e m e n t   and  d e t e c t i n g   a  r e a c -  

t i o n   o c c u r r i n g   in  the   e l e m e n t ,   s a i d   s e a l i n g   d e v i c e   b e i n g  

to  be  so  a r r a n g e d   a d j a c e n t l y   to  the   a n a l y t i c a l   s l i d e   a s  

to  s u b s t a n t i a l l y   c o v e r   the   s u r f a c e   of  the   e l e m e n t   o n  

w h i c h   the   l i q u i d   s a m p l e   i s   a p p l i e d ,   f o r   s e r v i n g   to  r e d u c e  

e v a p o r a t i o n   of  the   l i q u i d   s a m p l e   f rom  the   a n a l y t i c a l   e l e -  

ment   d u r i n g   the   i n c u b a t i o n   s t e p ,   c h a r a c t e r i s e d   in  t h a t   a t  

l e a s t   a  p a r t   of  the   s u r f a c e   of  the   s e a l i n g   d e v i c e   to  f a c e  

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

a p p l i e d   i s   made  of  an  i n e r t   m a t e r i a l .  

2.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  c l a i m   1 ,  

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

p o l y m e r .  

3.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  c l a i m   1 ,  

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

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

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

h e x a f l u o r o p r o p y l e n e ,   p o l y c h l o r o t r i f l u o r o e t h y l e n e ,   p o l y -  

v i n y l i d e n e   f l u o r i d e   and  p o l y v i n y l   f l u o r i d e .  

4.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  c l a i m   1 ,  

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

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

t h r e o f   or  a  h i g h e r   t e m p e r a t u r e .  



5.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to  4,  w h e r e i n   the  s e a l i n g   d e v i c e   moves  in   u n i t  

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

6.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   1  to  4,  w h e r e i n   the   d e v i c e   i s   in  the   form  of   a  

h o u s i n g   w h i c h   is   open  at   a  p o r t i o n   f a c i n g   the   l o w e r  

s u r f a c e   of  a  m u l t i l a y e r   a n a l y t i c a l   e l e m e n t .  

7.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   1  to  4,  w h i c h   i s   in  the   fo rm  of  a  s h e e t   and  s o  

d e s i g n e d   as  to  s e a l   the   o p e n i n g   of  t he   u p p e r   s u r f a c e   o f  

the   f r a m e .  

8 .   The  s e a l i n g   d e v i c e   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   1  to  4,  w h e r e i n   the   d e v i c e   i s   made  of  a  m e t a l  

m a t e r i a l   and  the   f l u o r i n e - c o n t a i n i n g   p o l y m e r   i s   s u p e r -  

p o s e d   in  l a y e r   on  the   s u r f a c e   of  the   m e t a l   m a t e r i a l .  

9.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to  4  w h e r e i n   the   d e v i c e   moves  r e l a t i v e l y   to  t h e  

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

10.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in  c l a i m   1  or  2 ,  

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

a n a l y s i s   of  ammonia   or  a m m o n i a - g e n e r a t i n g   s u b s t r a t e .  

11.  The  s e a l i n g   d e v i c e   as  c l a i m e d   in   c l a i m   1  or  2 ,  

w h e r e i n   s u b s t a n t i a l l y   who le   s u r f a c e   of  the   s e a l i n g   d e v i c e  

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

e l e m e n t   on  w h i c h   the  l i q u i d   s a m p l e   i s   a p p l i e d   i s   made  o f  

a  f l u o r i n e - c o n t a i n i n g   p o l y m e r .  
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