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(54)  Liquid  transport  device. 

A  device  (10)  that  includes  an  ingress  aperture  (30)  which 
provides  improved  transport  of  a  drop  of  liquid,  from  an 
exterior surface (16)  of the  device to the  device interior.  Means 
are  provided  at  the  intersection  of  the  aperture  sidewall (32) 
and  the  exterior  surface  for  urging  a  drop  deposited  thereon 
to  move  into  contact  with  the  aperture  sidewall  and  thus  into 
the  aperture.  In  the  disclosed  embodiments  such  means  are  in 
the  form  of interior  corners  (34). 



T h i s   i n v e n t i o n   r e l a t e s   to  t he   f l o w   of  l i q u i d  

t h r o u g h   an  a p e r t u r e   l e a d i n g   from  a  s u r f a c e ,   t he   l i q u i d  

h a v i n g   a r r i v e d   on  t h e   s u r f a c e   in  t he   form  of  a  d r o p .  

In  U.S.   P a t e n t   S p e c i f i c a t i o n   No.  3 , 6 9 0 , 8 3 6  

t h e r e   is   d i s c l o s e d   a  d e v i c e   f o r   use  in   t he   s t u d y   o f  

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

same.   One  e m b o d i m e n t   t h e r e i n   d i s c l o s e d   i n c l u d e s   a n  

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

e x t e r i o r   s u r f a c e   to   a  zone  w i t h i n   t he   d e v i c e .   T h i s  

zone   is  a  c a p i l l a r y   t u b e   or  c h a m b e r .   The  t u b e   o r  

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

a p e r t u r e .   In  t h i s   known  d e v i c e   t h e   i n g r e s s   a p e r t u r e  

f o r   i n t r o d u c t i o n   of  l i q u i d   has  a  s m o o t h ,   c y l i n d r i c a l  

s i d e w a l l .   Such  an  a p e r t u r e   has  t he   d i s a d v a n t a g e   t h a t  

a  d r o p   of  l i q u i d   w h i c h   i s   not   a c c u r a t e l y   p l a c e d   on  t h e  

e x t e r i o r   s u r f a c e ,   t h a t   i s ,   i t   is   p l a c e d   w i t h   i t s  

c e n t r e   o u t s i d e   t he   s i d e w a l l   of  t he   a p e r t u r e ,   t e n d s   t o  

s t a y   o u t s i d e   t h e   a p e r t u r e   r a t h e r   t h a n   move  i n t o   i t .  

I t   i s   on ly   when  t he   c e n t r e   of  the   d rop   is   d e p o s i t e d  

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

t h e   l i q u i d   d rop   f o r c e s . t h e   d rop   i n t o   t he   a p e r t u r e   i n  

f u l l   c o n t a c t   w i t h   t he   s i d e w a l l .   In  p a r t i c u l a r   t h i s  

has   been   a  p r o b l e m   when  the   e x t e r i o r   s u r f a c e   i s   f o r m e d  

of  m a t e r i a l   w h i c h   t e n d s   to  be  h y d r o p h o b i c ,   t h a t   i s ,  

t h a t   fo rms   w i t h   t h e   l i q u i d   a  l i q u i d - v a p o u r   c o n t a c t  

a n g l e   t h a t   i s   g r e a t e r   t h a n   90°.   For  e x a m p l e   c e r t a i n  

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

d r o p s   of  l i q u i d   s u c h   as  b l o o d   se rum  a r e   more  l i k e l y   t o  

r e m a i n   on  t he   e x t e r i o r   s u r f a c e   t h a n   to  f l o w   i n t o   t h e  

a p e r t u r e .  

In  a c c o r d a n c e   w i t h   the   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   a  l i q u i d   t r a n s p o r t   d e v i c e   h a v i n g   an  e x t e r i o r  
s u r f a c e ,   an  a p e r t u r e   e x t e n d i n g   f rom  the   e x t e r i o r   s u r f a c e  
to  a  zone  w i t h i n   t h e   d e v i c e ,   s a i d   zone  h a v i n g   means  f o r  



t r a n s p o r t i n g   t he   l i q u i d   t h r o u g h   a  z o n e ,   c h a r a c t e r i z e d  

in   t h a t   a t   l e a s t   t he   i n t e r s e c t i o n   of  s a i d   e x t e r i o r  

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

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

s u b s t a n t i a l l y   u r g i n g   a  p o r t i o n   of  a  d r o p   of  l i q u i d  

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

s u r f a c e   o f  t h e   a p e r t u r e .  
Such  a  d e v i c e   i s   p a r t i c u l a r l y   u s e f u l   i n  

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

o p p o s e d   t r a n s p o r t   s u r f a c e s   s p a c e d   a p a r t   a  d i s t a n c e  

e f f e c t i v e   to   i n d u c e   c a p i l l a r y   f l o w   of  t h e   l i q u i d  

b e t w e e n   t h e   t r a n s p o r t   s u r f a c e s .  

E m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   t o  

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

F i g .   1  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   of  a  
d e v i c e   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g .   2  i s   an  e l e v a t i o n a l   v i e w   in  s e c t i o n  

t a k e n   on  t h e   l i n e   I I - I I   in   F i g .   1,  d e m o n s t r a t i n g   t h e  

o p e r a t i o n   of  t h e   d e v i c e ;  

F i g .   3  i s   a  f r a g m e n t a r y ,   d i a g r a m m a t i c   p l a n  

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

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g .  4   i s   a  p l a n   v i e w   of  a  s e c o n d   e m b o d i m e n t  

of  t h e   i n v e n t i o n ;   a n d  

F i g .   5  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   t h e   p l a n e   of  l i n e   V-V  in   F i g .   4 .  

The  d e v i c e   and  m e t h o d   of  t h i s   i n v e n t i o n   i s  

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

c a p i l l a r y   t r a n s p o r t   of  b i o l o g i c a l   l i q u i d s   and  p a r -  

t i c u l a r l y   b l o o d   s e r u m ,   b e t w e e n   two  o p p o s e d   s u r f a c e s .  

In  a d d i t i o n ,   t he   d e v i c e   and  m e t h o d   can   be  a p p l i e d   t o  

any  l i q u i d   a  d rop   of  w h i c h   i s   to   be  c a r r i e d   t h r o u g h   a n  

i n g r e s s   a p e r t u r e   f rom  an  e x t e r i o r   s u r f a c e   t o   a  t r a n s -  

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

p o s e .   For   e x a m p l e ,   i n d u s t r i a l   l i q u i d s   can  be  s o  

t r a n s p o r t e d .  



A  d e v i c e   10  c o n s t r u c t e d   in  a c c o r d a n c e   w i t h  

one  e m b o d i m e n t   of  t he   i n v e n t i o n   c o m p r i s e s   ( see   F i g .   1 )  

two  member s   12  and  14  h a v i n g   r e s p e c t i v e   e x t e r i o r   s u r f a c e s  

16  and  18,   and  r e s p e c t i v e   i n t e r i o r ,   o p p o s e d   s u r f a c e s  

20  and  22.  The  members   12,  14  h a v e  

b o u n d a r y   edge  s u r f a c e s   24.  S u r f a c e s   20  and  22  a r e  

s p a c e d   a p a r t   a  d i s t a n c e   "x"  ( s e e   F i g .   2)  such   t h a t  

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

s u r f a c e s .   In  t h i s   manne r   t he   s p a c e d - a p a r t   s u r f a c e s   20 

and  22  d e f i n e   a  t r a n s p o r t   zone  26  and  ac t   as  means  f o r  

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

As  w i l l   be  r e a d i l y   a p p a r e n t ,   a  r a n g e   of  v a l u e s   f o r   " x "  

i s   p e r m i s s i b l e ,   and  the   e x a c t   v a l u e   d e p e n d s   upon  t h e  

l i q u i d   b e i n g   t r a n s p o r t e d .  

S u r f a c e s   20  and  22  can  each   be  s m o o t h ,   a s  
i l l u s t r a t e d   in   F i g s .   1  and  2,  or  p r o v i d e d   w i t h   a  

v a r i e t y   of  s u r f a c e   c o n f i g u r a t i o n s   such   as  p a r a l l e l  

g r o o v e s ,   t he   g r o o v e s   of  one  s u r f a c e   b e i n g   a l i g n e d ,   o r  
at  a  p o s i t i v e   a n g l e ,   w i t h   r e s p e c t   to  t he   g r o o v e s   o f  

t he   o t h e r .  

A  p r e f e r r e d   means  f o r   i n t r o d u c i n g   a  drop  o f  

l i q u i d   i n t o   zone  26  is  an  a p e r t u r e   30  e x t e n d i n g   f r o m  

s u r f a c e   16  to  s u r f a c e   20,  t h r o u g h   member  12.  The  

a p e r t u r e   30  c o m p r i s e s   a  s i d e w a l l   32  e x t e n d i n g   b e t w e e n  t h e  

s u r f a c e s   16  and  20.  The  p r e f e r r e d   l a r g e s t   d i m e n s i o n   o f  

a p e r t u r e   30  in   p l a n   ( f o r   e x a m p l e   t he   d i a m e t e r   of  t h e  

s m a l l e s t   c i r c l e   wh ich   e n t i r e l y   e n c o m p a s s e s   the   p l a n  

form  of  t h e   a p e r t u r e ) ,   i s   one  w h i c h   i s   a b o u t   e q u a l   t o  

t h e   g r e a t e s t   d i a m e t e r   of  t he   d rop   e x p e c t e d   to  b e  

r e c e i v e d   by  t h e   a p e r t u r e   30.  The  d r o p   d i a m e t e r   i s  

d i c t a t e d   by  t he   vo lume   and  s u r f a c e   t e n s i o n   of  t h e  

d r o p .   The  vo lume  of  t he   d rop   s h o u l d   be  a d e q u a t e   t o  

f i l l   t r a n s p o r t   zone  26  to  t he   e x t e n t   d e s i r e d .   F o r  

u s e s   s u c h   as  c l i n i c a l   a n a l y s i s   as  h e r e i n   d e s c r i b e d ,   a  

c o n v e n i e n t   d rop   vo lume  is   a b o u t   10  µ l .   T h u s ,   s i n c e   a  

10  µl  d r o p   of  se rum  h a v i n g   70  d y n e s / c m   s u r f a c e   t e n s i o n  



has   a  d i a m e t e r   of  a b o u t   0 . 2 6   cm,  t h e   l a r g e s t   f l o w -  

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

p r e f e r a b l y   a b o u t   0 . 2 6   cm.  

The  i n t e r s e c t i o n   of  s u r f a c e   16  and  s i d e w a l l  
32  i s   p r o v i d e d   w i t h   means   t h a t   e n c o u r a g e   t h e   s e l e c t e d  

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

s u r f a c e   16  g e n e r a l l y   at  a p e r t u r e   30,   t o   move  i n t o  

c o n t a c t   w i t h   t he   e n t i r e   p e r i m e t e r   of   s i d e w a l l   3 2 .  

More  s p e c i f i c a l l y ,   s i d e w a l l   32  i s   s h a p e d   so  as  t o  

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

l e a s t   at  and  a d j a c e n t   s u r f a c e   16 ,   at   p r e d e t e r m i n e d  

l o c a t i o n s   t o   fo rm  a  p l u r a l i t y   of  i n t e r i o r   c o r n e r s   3 4 .  

As  u s e d   h e r e i n ,   " p r e d e t e r m i n e d   l o c a t i o n "   or  " l o c a -  

t i o n s "   means   l o c a t i o n s   d e l i b e r a t e l y   c h o s e n ,   a n d  

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

a p e r t u r e s   w h i c h   i n a d v e r t e n t l y   or  a c c i d e n t a l l y   h a v e  

i m p e r f e c t i o n s ,   s u c h   as  m i c r o s c o p i c   c o r n e r s ,   in   t h e  

s i d e w a l l .   Such   a c c i d e n t a l   c o n s t r u c t s   a r e   no t   c a p a b l e  

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

t h e   a p e r t u r e   w h i c h   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 .   As 

shown  in  F i g .   1,  s i d e w a l l   32  c o m p r i s e s   t h r o u g h o u t   i t s  

p e r i m e t e r ,   s i x   s i d e w a l l   s u r f a c e s   and  s i x   such   p r e -  
d e t e r m i n e d   c o r n e r s   34.  In  t h i s   e m b o d i m e n t   e q u a l  

a n g l e s   of  s u c h   c o r n e r s   34  and  e q u a l   l e n g t h s   of  t h e  

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

t h e   p e r i m e t e r   of   t h e   s i d e w a l l   32)  a r e   s e l e c t e d   to  p r o v i d e  

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

t h e   s u r f a c e   l 6 ,   t h a t   i s   a  r e g u l a r   h e x a g o n ,   t h e   p r e -  
f e r r e d   c o n f i g u r a t i o n .  

In  o p e r a t i o n   ( s e e   F i g .   2)  d e v i c e   10  i s  

p l a c e d   in   a  d r o p - d i s p l a c i n g   zone   a d j a c e n t   to   a  s o u r c e  

of   d r o p s .   A  d r o p   A  of  l i q u i d   s u c h   as  b l o o d   s e r u m ,  

or   w h o l e   b l o o d ,   i s   d r o p p e d   o n t o   t h e   d e v i c e   as  a  f r e e -  

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

o n t o   s u r f a c e   16  g e n e r a l l y   a t   a p e r t u r e   30.  The  s u r f a c e  

l6  p r e f e r a b l y   i s   m a i n t a i n e d   in   a  g e n e r a l l y   h o r i z o n t a l  

o r i e n t a t i o n   d u r i n g   t h i s   s t e p .   C o r n e r s   34  a c t   t o  



c e n t r e   t h e   d rop   and  u r g e   i t   i n t o   c o n t a c t   w i t h   t h e  
s u r f a c e s   of  s i d e w a l l   32.  I t   t h e n   moves   down  i n t o   z o n e  
26  and  i n t o   c o n t a c t   w i t h   s u r f a c e   22,  w h e r e   c a p i l l a r y  
a t t r a c t i o n   f u r t h e r   c a u s e s   t he   l i q u i d   to   s p r e a d   t h r o u g h -  
out   zone  26,  ( s e e   t he   a r r o w s   3 6 ) ,   so  t h a t   t h e   b o u n d i n g  
m e n i s c u s   a r r i v e s   at  t he   p o s i t i o n   shown  in  b r o k e n  

l i n e s .   A s s u m i n g   s u f f i c i e n t   vo lume   in  t h e   d r o p ,   t h e  

s p r e a d i n g   c e a s e s   at  edge  s u r f a c e s   24  w h i c h   d e f i n e   a n  

e n e r g y   b a r r i e r   to   f u r t h e r   c a p i l l a r y   f l o w .   Once  t h e  

d r o p   of  l i q u i d   i s   so  d i s t r i b u t e d ,   a  v a r i e t y   of  p r o -  

c e s s i n g   can   be  done  to  or  w i t h   t h e   l i q u i d .  

In  o r d e r   to  e n s u r e   e f f e c t i v e   f i l l i n g   of  t h e  

a p e r t u r e   t h e   d rop   s h o u l d   be  a p p l i e d   to   a p e r t u r e   30  s o  

as  to   c o n t a c t   one  of  t he   c o r n e r s .   The  e f f e c t   is   m o s t  

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

p o s i t i o n e d   o v e r   the   a p e r t u r e   30,  r a t h e r   t h a n   ove r   t h e  

s o l i d   s u r f a c e   1 6 .  

To  v e n t   a i r   as  t he   l i q u i d   a d v a n c e s   w i t h i n  

zone  26,  means   a re   p r o v i d e d   w i t h i n   t h e   d e v i c e ,   such  a s  

t h e   open   s p a c e   b e t w e e n   members   12  and  14  a l o n g   a l l   o r  

a  p o r t i o n   of  a n y  o n e   of  edge  s u r f a c e s   24.  A l t e r -  

n a t i v e l y ,   a  s e c o n d   a p e r t u r e   (not  shown)   can  be  f o r m e d  

in  e i t h e r   member  12  or  1 4 .  

The  c o r n e r s   of  t h e   a p e r t u r e   30,   a t   the   s u r f a c e  

16  whe re   t h e   d rop   i s   f i r s t   a p p l i e d ,   seem  to  ac t   a s  

c e n t r e s   of  f o r c e   w h i c h   i n d u c e   t he   d r o p   to  move  i n t o  

c o n t a c t   w i t h   s i d e w a l l   32  a l o n g   i t s   e n t i r e   p e r i m e t e r   o r  

c i r c u m f e r e n c e .   That   i s ,   r e f e r r i n g   to   F i g .   3,  i t   i s  

b e l i e v e d   t h a t   t h e   c e n t r i n g   f o r c e   F3  of  a  d rop   A 

a p p l i e d   at   one  of  t he   c o r n e r s   34  i s   s i g n i f i c a n t l y  

g r e a t e r   t h a n   t he   c o r r e s p o n d i n g   c e n t r i n g   f o r c e   F1  o r  

F2  t h a t   e x i s t s   f o r   a  d rop   A'  p l a c e d   at   any  a d j a c e n t  

l o c a t i o n   38  or  39  s p a c e d   away  f rom  a  c o r n e r   34.  At  l e a s t  

one  c o r n e r   34  i s   n e e d e d   f o r   t h e . e f f e c t .   H o w e v e r ,   a t  

l e a s t   t h r e e   c o r n e r s   34  a re   p r e f e r r e d ,   as  in   F i g .   3,  t o  

e n s u r e   a  g r e a t e r   l i k e l i h o o d   t h a t   t h e   d r o p   A  w i l l   be  i s  

c o n t a c t   w i t h   a  c o r n e r   34  when  i t   c o n t a c t s   s u r f a c e   1 6 ,  



For  a  p r e d e t e r m i n e d   l a r g e s t   d i m e n s i o n   of  t h e  

a p e r t u r e   30  c a l c u l a t e d   as  d e s c r i b e d   a b o v e ,   t h e   g r e a t e r  
t h e   number   of  c o r n e r s   t h a t   a r e   c r e a t e d   by  t h e   use   of  a  

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

t h e   g r e a t e r   i s   t h e   l i k e l i h o o d   t h a t   t h e   d rop   w i l l  

c o n t a c t   a  c o r n e r .   H o w e v e r ,   as  t h e   n u m b e r   of  c o r n e r s  

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

e a c h   c o r n e r ,   u n t i l   e v e n t u a l l y   t h e   s i d e w a l l   32  a p -  

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

t h e   c e n t r i n g   f o r c e s   a r e   e q u a l ,   and  t h e   e f f e c t   i s  

l o s t .   I t   has   b e e n   f o u n d ,   t h e r e f o r e ,   t h a t   a  p r e f e r r e d  

n u m b e r   of  c o r n e r s   i s   b e t w e e n   t h r e e   and  a b o u t   t e n .  

H i g h l y   p r e f e r r e d   i s   s i x   c o r n e r s   in   a  r e g u l a r   h e x a g o n .  

As  a  m a t t e r   of   p r a c t i c a l i t y ,   t h e   c o r n e r s   34 

w i l l   have   a  s l i g h t   r a d i u s   of   c u r v a t u r e .   For   t h e  

c o r n e r s   to  be  e f f e c t i v e ,   t h e y   e a c h   s h o u l d   have   a  

r a d i u s   of  c u r v a t u r e   t h a t   i s   no  l a r g e r   t h a n   a b o u t   0 .4   mm. 

A l t h o u g h   f l a t   or  p l a n a r   s u r f a c e s   a r e   p r e -  
f e r r e d   b e t w e e n   t h e   c o r n e r s ,   t h e y   can   a l s o   be  c o n -  

t i n u o u s l y   c u r v e d   as  i s   s h o w n ,   b e t w e e n   t he   two  l o w e r  

c o r n e r s   34  in   F i g .   3 .  

A l t h o u g h   t h e   c e n t r i n g   m e c h a n i s m   of  t h e  

c o r n e r s   i s   no t   f u l l y   u n d e r s t o o d ,   i t   i s   b e l i e v e d   t h a t  

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

m e n i s c u s   when  t h e   d r o p   i s   l o c a t e d   a t   a  c o r n e r   34.  As 

i s   w e l l   known,   a  c o m p o u n d   m e n i s c u s   i s   one  in   w h i c h   t h e  

p r i n c i p a l   r a d i i   of   c u r v a t u r e   of   t h e   d rop   s u r f a c e   v a r y ,  

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

d r o p .   I f   t h e   d r o p   i s   p r o p e r l y   l o c a t e d   at  a  c o r n e r ,  

t h e   compound   m e n i s c u s   f o r m s   a  d r o p   t h a t   e x t e n d s  

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

when  no t   l o c a t e d   a t   a  c o r n e r ,   and  t h e   w e i g h t   of   t h i s  

e x t e n s i o n   c a u s e s  t h e   d r o p   t o   f a l l   or  o t h e r w i s e   m o v e  

i n t o   c o n t a c t   w i t h   t h e   p e r i m e t e r   of   s i d e w a l l   32  a n d  

t h e n   t h r o u g h   t h e   a p e r t u r e  3 0 .   I t   may  a l s o   b e - t h a t   t h e r e  

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



wet  t h e   s i d e w a l l   t h a n   wou ld   o c c u r   in  t he   a b s e n c e   of   a  

c o r n e r .  

I t   w i l l   be  r e a d i l y   a p p r e c i a t e d   t h a t   t h e  

c e n t r i n g   f o r c e   of  c o r n e r s   34  i s   n e e d e d   p r i m a r i l y   a t  
t h e   i n t e r s e c t i o n   of  s i d e w a l l   32  and  e x t e r i o r   s u r f a c e  
16.  T h u s ,   a p e r t u r e   30  w i l l   f u n c t i o n   e q u a l l y   as  w e l l  

i f   s i d e w a l l   32  i s   s m o o t h e d   o u t ,   as  i t   a p p r o a c h e s  

s u r f a c e   2 0 , t o   f o r m   a  c y l i n d e r   ( n o t   s h o w n ) .  

In  a d d i t i o n ,   i t   w i l l   a l s o   be  a p p r e c i a t e d  

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

d o w n s t r e a m   end  of  a p e r t u r e   30  a s s i s t s   in   d r a w i n g   t h e  

d r o p   t h r o u g h   a p e r t u r e   30  and  i n t o   t h e   z o n e .  

Members   12  and  14  can  be  f o r m e d   f rom  a n y  
s u i t a b l e   m a t e r i a l ,   s u c h   as  p l a s t i c s   or  m e t a l .  

In  F i g s .   4  and  5,  t h e r e   i s   i l l u s t r a t e d   a  

s e c o n d   e m b o d i m e n t   of  t h e   d e v i c e .   T h i s   s e c o n d   e m b o d i -  

ment  i s   one  in   w h i c h   a  t r a n s p o r t   c h a m b e r   i s   f o r m e d   f o r  

r a d i o m e t r i c   a n a l y s i s   of  an  a n a l y t e   of  a  b i o l o g i c a l  

l i q u i d   s u c h   as  b l o o d .   P a r t s   s i m i l a r   to   t h o s e   p r e -  

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

w i t h   t h e   d i s t i n g u i s h i n g   s u f f i x   "a"  a p p e n d e d .   D e v i c e  

10a  f e a t u r e s   a  s u p p o r t   member  14a  ( s e e   F i g .   5 ) ,   a  c o v e r  

member  1 2 a ,   a  s p a c e r   member  50  u s e d   to  a d h e r e   m e m b e r s  

12a  and  14a  t o g e t h e r ,   and  a  r a d i o m e t r i c a l l y   d e t e c t a b l e  

t e s t   e l e m e n t   60  d i s p o s e d   on  s u p p o r t   14a .   The  t e s t  

e l e m e n t   60  i s   s p a c e d   away  f rom  member   12a  so  t h a t  

t h e r e   i s   a  t r a n s p o r t   zone  26a  b e t w e e n   e l e m e n t   60  a n d  

member  12a .   The  s p a c i n g   b e t w e e n   s u r f a c e   20a  and  t h e  

t e s t   e l e m e n t   60  i s   s u c h   as  to   p r o d u c e   a  c a p i l l a r y  

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

30a  to   s p r e a d   t h r o u g h o u t   t h e   zone  26a .   P r e f e r a b l y ,  

the   t e s t   e l e m e n t   60  a b u t s   a g a i n s t   t h e   s p a c e r   m e m b e r  

50,  and  i s   h e l d   a g a i n s t   member  14a  by,   f o r   e x a m p l e ,  

a d h e s i v e . .  

T h u s ,   t h e   members   12a ,   14a  and  50  d e f i n e   a  

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

e l e m e n t   60  and  h a v i n g   any  c o n v e n i e n t   s h a p e ,   s u c h   as  a  



r e c t a n g u l a r   c h a m b e r   when  v i e w e d   in   p l a n ,   as  in   F i g .   4 .  

Any  s u i t a b l e   j o i n i n g   means   can   be  e m p l o y e d  

b e t w e e n   m e m b e r s   12a   and  50,   and  m e m b e r s   50  and  l 4 a .  

For   e x a m p l e ,   a  v a r i e t y   of   a d h e s i v e s   can   be  u s e d ,   or  i f  

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

or  h e a t - s e a l i n g   can   be  u s e d .  

Member  12a   i s   p r o v i d e d   w i t h   an  a c c e s s  

a p e r t u r e   30a  e x t e n d i n g   t h r o u g h   t h e   member   f rom  i t s  

e x t e r i o r   s u r f a c e   16a  t o   zone  26a ,   d i s p o s e d   d i r e c t l y  

above   a  p o r t i o n   of   t e s t   e l e m e n t   60.  At  l e a s t   t h a t  

p o r t i o n   of  t h e   a p e r t u r e ' s   s i d e w a l l   32a  t h a t   i n t e r s e c t s  

w i t h   s u r f a c e   16a   i s   p r o v i d e d   w i t h   c o r n e r s   34a ,   a s  

d e s c r i b e d   a b o v e .   P r e f e r a b l y   s i d e w a l l   32a  i s   in   t h e  

c r o s s - s e c t i o n a l   s h a p e   of   a  r e g u l a r   h e x a g o n .   An 

a d d i t i o n a l ,   c y l i n d r i c a l l y   s h a p e d ,   a p e r t u r e   70  i n  

member   12a  a c t s   as  a  v e n t   f o r   e x p e l l e d   a i r .  

A  v i e w i n g   p o r t   80  i s   o p t i o n a l l y   p r o v i d e d   i n  

s u p p o r t   member   l 4 a ,   p a r t i c u l a r l y   when  t h e   l a t t e r  

member   i s   no t   i t s e l f   t r a n s p a r e n t .  

T e s t   e l e m e n t   60  c o m p r i s e s   an  o p t i o n a l  

t r a n s p a r e n t   s u p p o r t   62 ,   f o r m e d ,   f o r   e x a m p l e   of  p o l y  

( e t h y l e n e   t e r e p h t h a l a t e ) ,   a n d  a t   l e a s t   an  a b s o r b e n t  

l a y e r   64  d i s p o s e d   on  s u p p o r t   62.  Such  l a y e r   can   h a v e -  

a  v a r i e t y   of  b i n d e r   c o m p o s i t i o n s ,   f o r   e x a m p l e ,  

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

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

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

p a r t i c u l a r l y   p r e f e r r e d   as  i t   a c t s   as  a  w e t t i n g   a g e n t  

to   p r o v i d e   f o r   u n i f o r m   l i q u i d   f l o w   t h r o u g h   zone  2 6 a .  

S u p p o r t   62  can   be  o m i t t e d   w h e r e   a d e q u a t e   s u p p o r t   f o r  

l a y e r   64  can   be  o b t a i n e d   f rom  s u p p o r t   member  1 4 a .  

A d d i t i o n a l   l a y e r s   s u c h   as  a  l a y e r   66  can   b e  

d i s p o s e d   a b o v e   l a y e r   64  to   p r o v i d e   a  v a r i e t y   o f  

c h e m i s t r i e s   or   f u n c t i o n s ,   s u c h   as  t o   p r o v i d e ,   e i t h e r  

in   l a y e r   66  a l o n e   or  t o g e t h e r   w i t h   l a y e r   64,   a  r e a g e n t  

c o m p o s i t i o n .   F i l t e r i n g ,   r e g i s t r a t i o n   and  m o r d a n t i n g  



f u n c t i o n s   can  be  p r o v i d e d   a l s o   by  such  a d d i t i o n a l  

l a y e r s ,   s u c h   as  a r e   d e s c r i b e d   in   U.S.  P a t e n t   S p e c i -  

f i c a t i o n   No.  4 , 0 4 2 , 3 3 5 .   T h u s ,   l a y e r   66  . can   c o m p r i s e  a  

r e a g e n t ,   s u c h   as  an  e n z y m e ,   and  a  b i n d e r   of  t h e   s a m e  

t y p e   as  i s   u s e d   f o r   l a y e r   6 4 .  

As  u s e d   h e r e i n ,   " r e a g e n t "   in  " r e a g e n t  

c o m p o s i t i o n "   means   a  m a t e r i a l   t h a t   i s   c a p a b l e   o f  

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

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

m e d i a t e .   T h u s ,   one  of  t h e   r e a g e n t s   can  be  a  p r e -  

f o r m e d ,   r a d i o m e t r i c a l l y   d e t e c t a b l e   s p e c i e s   t h a t   i s  

c a u s e d   by  t h e   a n a l y t e   of  c h o i c e   to  move  out   of  a  

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

s u c h   as  l a y e r   66,  i n t o   a  r a d i o m e t r i c a l l y   t r a n s p a r e n t  

p o r t i o n   or  l a y e r ,   s u c h   as  a  r e g i s t r a t i o n   l a y e r .  

The  n o t e d   i n t e r a c t i o n   b e t w e e n   t he   r e a g e n t s  
of  t he   r e a g e n t   c o m p o s i t i o n   and  t h e   a n a l y t e   i s   t h e r e -  

f o r e   m e a n t   to  r e f e r   to   c h e m i c a l   r e a c t i o n ,   c a t a l y t i c  

a c t i v i t y   as  in   t he   f o r m a t i o n   of  an  e n z y m e - s u b s t r a t e  

c o m p l e x ,   or  any  o t h e r   fo rm  of  c h e m i c a l   or  p h y s i c a l  

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

p r o d u c e   u l t i m a t e l y   a  r a d i o m e t r i c a l l y   d e t e c t a b l e   s i g n a l  
in   t he   e l e m e n t   60.  As  i s   w e l l   known,   r a d i o m e t r i c  

d e t e c t i o n   i n c l u d e s   b o t h   c o l o r i m e t r i c   and  f l u o r i m e t r i c  

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

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

t h e   amoun t   of  a n a l y t e   t h a t   i s   p r e s e n t .  

A  wide  v a r i e t y   of  r a d i o m e t r i c   a s s a y s   can  b e  

p r o v i d e d   by  e l e m e n t   60.  P r e f e r a b l y ,   t he   a s s a y s   a r e  

a l l   o x y g e n - i n d e p e n d e n t ,   as  t h e   f l o w   of  b l o o d   or  b l o o d  

s e r u m   i n t o   zone  26a  t e n d s   to   s e a l   o f f   e l e m e n t   60  f r o m  

any  a d d i t i o n a l   o x y g e n .   T y p i c a l   a n a l y t e s   w h i c h   can   b e  

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

l i k e .   The  n e c e s s a r y   r e a g e n t s   and  b i n d e r   or  v e h i c l e  

c o m p o s i t i o n s   f o r   t he   l a y e r s   of  e l e m e n t   60,  s u c h   a s  



l a y e r s   64  and  66,   f o r   t h e s e   a n a l y t e s   can   be  t h o s e  
d e s c r i b e d   i n ,   r e s p e c t i v e l y ,   U.S .   P a t e n t   S p e c i f i c a t i o n  
Nos.   4 , 0 6 6 , 4 0 3 ,   4 , 1 3 2 , 5 2 8   and  4 , 0 6 9 , 0 1 6   or  4 , 0 6 9 , 0 1 7 .  

Q u a n t i t a t i v e   d e t e c t i o n   of  t h e   c h a n g e   p r o -  
d u c e d   in   e l e m e n t   60  by  r e a s o n   of  t h e   a n a l y t e   of  t h e  
t e s t   e l e m e n t   i s   p r e f e r a b l y   made  by  s c a n n i n g   t h e  

e l e m e n t   t h r o u g h   p o r t   80  w i t h   a  p h o t o m e t e r   or  f l u o r i -  

m e t e r .   A  v a r i e t y   of  s u c h   i n s t r u m e n t s   can  be  u s e d ,   f o r  

e x a m p l e   t h e   r a d i o m e t e r   d i s c l o s e d   in   German  OLS 

2 , 7 5 5 , 3 3 4 ,   or  t h e   p h o t o m e t e r   d e s c r i b e d   in   U.S.   P a t e n t  

S p e c i f i c a t i o n   No.  4 , 1 1 9 , 3 8 1 .  '  

The  f o l l o w i n g   i s   an  i l l u s t r a t i v e   e x a m p l e   o f  

t h e   d e v i c e   shown  in   F i g s .   4  and  5 .  

E x a m p l e  

Members   12a  and  14a  a r e   f o r m e d   f rom  p o l y -  

s t y r e n e   of  a  t h i c k n e s s   0 . 1 2 7   and  0 . 2 5 4   mm,  r e s p e c t -  

i v e l y .   Member  50  i s   s t e e l   of  a  t h i c k n e s s   0 .38   mm. 

The  t h r e e   member s   a r e   s e a l e d   t o g e t h e r   by  a d h e s i v e s  

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

F r a n k l i n   C h e m i c a l   u n d e r   t h e   t r a d e m a r k   " C o v i n a x " .  

A p e r t u r e s   30a  and  70  in   member   12a  a r e   a b o u t   8  mm 

a p a r t   on  c e n t r e .   The  o u t s i d e   d i a m e t e r   of  t h e   h e x a g o n  

f o r m   of  a p e r t u r e   30a  i s   a b o u t   2 .6   mm.  View  p o r t   80  i s  

a b o u t   5  mm  in   d i a m e t e r .   The  c a p i l l a r y   s p a c i n g   b e t w e e n  

t e s t   e l e m e n t   60  and  member  12a  i s   a b o u t   0 . 0 5   mm  a n d  

t h e   w i d t h   of  e l e m e n t   60  i s   a b o u t   1 1 . 5   mm. 

For   a  t e s t   e l e m e n t   60  d e s i g n e d   to   d e t e c t  

t o t a l   p r o t e i n   in  a  10  µ l   d r o p   of   b l o o d   s e r u m ,   t h e  

f o l l o w i n g   s e q u e n t i a l   l a y e r s   a r e   u s e d :  





1.  A  l i q u i d   t r a n s p o r t   d e v i c e   h a v i n g   a n  
e x t e r i o r   s u r f a c e ,   an  a p e r t u r e   e x t e n d i n g   f rom  t h e  

e x t e r i o r   s u r f a c e   t o   a  zone   w i t h i n   t h e   d e v i c e ,   s a i d  

zone   h a v i n g   means   f o r   t r a n s p o r t i n g   t h e   l i q u i d   t h r o u g h  

a  z o n e ,   c h a r a c t e r i z e d   in   t h a t   at   l e a s t   t h e   i n t e r -  

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

l o c a t i o n ,   means   f o r   s u b s t a n t i a l l y   u r g i n g   a  p o r t i o n   o f  

a  d r o p   of  l i q u i d   d e p o s i t e d   t h e r e o n   to  move  i n t o  

c o n t a c t   w i t h   t h e   b o u n d i n g   s u r f a c e   of   t h e   a p e r t u r e .  
2.  A  d e v i c e   a c c o r d i n g   t o   c l a i m   1,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   u r g i n g   means   c o m p r i s e s   a  
s u r f a c e   c o n f i g u r a t i o n   c a p a b l e   of  f o r m i n g   a  c o m p o u n d  
m e n i s c u s   on  a  c o n t a c t i n g   l i q u i d   d r o p .  

3.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1  or  2 ,  

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

one  i n t e r i o r   c o r n e r   i n   t he   b o u n d i n g   s u r f a c e   of  t h e  

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

s u r f a c e .  

4.  A  d e v i c e   a c c o r d i n g   t o   c l a i m   3,  c h a r -  

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

i n t e r i o r   c o r n e r s   a t   p r e d e t e r m i n e d   s p a c e d - a p a r t   l o c a -  

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

5.  A  d e v i c e   a c c o r d i n g   t o   c l a i m   4,  c h a r -  

a c t e r i z e d   in   t h a t   t h e r e   a r e   s i x   of  s a i d   c o r n e r s .  

6.  A  d e v i c e   a c c o r d i n g   t o   c l a i m   5 ,  c h a r -  

a c t e r i z e d   in   t h a t   t h e   b o u n d i n g   s u r f a c e   of  t h e   a p e r t u r e  

c o n f o r m s   to   a  r e g u l a r   h e x a g o n   a t   l e a s t   a d j a c e n t   t h e  

e x t e r i o r   s u r f a c e .  

7.  A  d e v i c e   a c c o r d i n g   t o   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   i n   t h a t   t h e   t r a n s -  

p o r t i n g   means   in   s a i d   zone  i n c l u d e s   two  o p p o s e d  

s u r f a c e s   of  t h e   zone   s p a c e d   a p a r t   a  d i s t a n c e   s u c h   a s  

t o   c a u s e   c a p i l l a r i t y .  



8.  A  d e v i c e   a c c o r d i n g   to   c l a i m   7,  c h a r -  

a c t e r i z e d   i n   t h a t   at  l e a s t   one  of  s a i d   two  s p a c e d -  

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

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

r a d i o m e t r i c a l l y   d e t e c t a b l e   s i g n a l   when  c o n t a c t e d   b y  

t h e   l i q u i d   of  t h e   d r o p .  

9.  A  d e v i c e   a c c o r d i n g   to  c l a i m   3  or  a n y  

one  of   c l a i m s   4  to   8  when  a p p e n d a n t   d i r e c t l y   o r  

i n d i r e c t l y   t o   c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   t h e  

c o r n e r   or  e a c h   of  t he   c o r n e r s   e x t e n d s   t h r o u g h o u t   t h e  

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

t h e   e x t e r i o r   s u r f a c e   to  t he   z o n e .  
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