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Disposable  pipette  tip. 
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  A  disposable  pipette  tip  (10)  is  formed  for  automatic 
installation  and  removal  with  low  friction  between  the  tip 
and  pipette  body  (16)  and  a  predetermined  distance  from  the 
pipette  body  end  (19)  and  the  tip  intake/discharge  opening 
(12).  The  tip  has  a  conical  section  (11)  whose  small  end 
defines  the  tip  intake/discharge  opening  and  a  cylindrical 
collar  (14)  that  receives  the  pipette  body.  The  tip  is  formed 
with  an  internal  pipette  seat  (17)  at the  junction  of  the  conical 
section  and  cylindrical  collar  so  that  the  distance  between 
the  tip  inlet/discharge  opening  and  the  pipette  body  end  is 
fixed.  The  cylindrical  collar  also  has  a  circumferential  seal- 
ing  rib  (30)  axially  spaced  from  the  pipette  seat  to  form  an 
air  seal  to  account  for  manufacturing  tolerances  in  the  tip's 
cylindrical  portion  as  to  both  diameter  and  roundness  while 
maintaining  low  friction  for  installation  and  removal. 



T e c h n i c a l   F i e l d  

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  d i s p o s a b l e  

t i p s   f o r   a  p i p e t t e   to  t a k e   up  and  d i s c h a r g e   a c c u r a t e l y  

m i n u t e   l i q u i d   q u a n t i t i e s   a t   any   g i v e n   l e v e l .  

More  s p e c i f i c a l l y ,   i t   r e l a t e s   to  a  p i p e t t e   t i p  

t h a t   may  be  a u t o m a t i c a l l y   p i c k e d   up  by  and  e j e c t e d   f r o m  

a  r e c i p r o c a b l e   p i p e t t e .   S u c h   t i p   is   p r e f e r a b l y   f o r m e d  

of  a  n o n w e t t i n g   p l a s t i c   w i t h   a  c o n i c a l   t a k e   up  t i p  

p o r t i o n   t e r m i n a t i n g   a t   i t s   b a s e   end  in  a  g e n e r a l l y  

c y l i n d r i c a l   p o r t i o n   to  ma te   w i t h   t h e   p i p e t t e   b a r r e l .  

The  c y l i n d r i c a l   p o r t i o n   has   (1)   a  s t o p ,   p r e f e r a b l y   a  

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

d e f i n e s   a  s e a t   f o r   t h e   end  of  t h e   p i p e t t e   b a r r e l   a n d  

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

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

of  t h e   t i p   and  (2)  an  i n t e g r a l ,   i n t e r n a l   c i r c u m f e r e n t i a l  

s e a l   b e t w e e n   t h e   s t o p   and  t h e   o p e n   end  of  t h e   c y l i n d e r  

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

p i p e t t e   b a r r e l .  

B a c k g r o u n d   A r t  

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

l i q u i d   a r e   known  in  t h e   c h e m i c a l ,   b i o l o g i c a l   a n d  

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

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

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

l o c a t i o n   to  a n o t h e r .  



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

a  r e c i p r o c a b l e   pump  p l u n g e r   o p e r a t i n g   in  a  b a r r e l   t o  

a s p i r a t e   l i q u i d   f r o m   or  e x p e l   l i q u i d   i n t o   t e s t   t u b e s   o r  

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

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

as  a  " g a n g e d "   g r o u p   f o r   hand   m a n i p u l a t i o n .  

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

e m p l o y s   p i p e t t e s   has   r e c e n t l y   been   d e v e l o p e d   b y  

a p p l i c a n t .   The  s y s t e m   is   p a r t i c u l a r l y   d i r e c t e d   to  p i c k  

up  and  d i s p o s e   of  a  r e p l a c e a b l e   t i p   a f t e r   e a c h   l i q u i d  

t r a n s f e r   to   a v o i d   c r o s s - c o n t a m i n a t i o n   or  l i q u i d  

c a r r y o v e r   f r o m   one  l i q u i d   v o l u m e ,   or  s a m p l e ,   t o  

a n o t h e r .   B e c a u s e   t h e   e n t i r e   s y s t e m   i s   a d a p t e d   t o  

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

of  w h i c h   r e q u i r e s   (1)   an  a i r - t i g h t   c o n n e c t i o n   b e t w e e n  

t h e   t i p   and  t h e   p i p e t t e   n o s e   or  b a r r e l ,   w i t h   a  

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

r e m o v a l   and  (2)  a  g i v e n ,   f i x e d   d i s t a n c e   f r o m   t h e   i n l e t  

end  of  t h e   t i p   to  t h e   end  of  t h e   p i p e t t e   b a r r e l .  

I t   has   b e e n   known  h e r e t o f o r e   to  f o r m   p i p e t t e  

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

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

u p t a k e   or  d i s c h a r g e   w i t h   o t h e r   l i q u i d s .   For   e x a m p l e   t o  

f i l l   or  d i l u t e   m i c r o b i o l o g i c a l   s a m p l e s ,   i t   i s   f r e q u e n t l y  

d e s i r a b l e   to   u s e   one  t i p   f o r   a  s i n g l e   u s e   to  p i c k   up  a n d  

d i s p e n s e   l i q u i d .   V a r i o u s   f o r m s   of  f r i c t i o n   and  l o c k i n g  

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

b e e n   p r o p o s e d   by  p r i o r   w o r k e r s .   H o w e v e r ,   s u c h  

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

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

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

e x e r t e d   by  t h e   pump  m e c h a n i s m   of  t h e   p i p e t t e .   F u r t h e r .  



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

d i s t a n c e   b e t w e e n   t h e   end  of  t h e   p i p e t t e   b a r r e l   and  t h e  

i n t a k e - d i s c h a r g e   end  of  t h e   t i p .   B e c a u s e   s u c h   p i p e t t e s  

and  t i p s   a r e   p r i m a r i l y   f o r   hand  c o n t r o l   or  o p e r a t i o n ,  

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

t h e   t i p   and  b a r r e l   i s   n o t   i m p o r t a n t .   F u r t h e r ,   s u c h  

f r i c t i o n   f i t   is   r e a d i l y   o b t a i n e d   by  u s e   of  a  c o n i c a l  

n o s e   on  t he   p i p e t t e   b a r r e l   h a v i n g   s u b s t a n t i a l l y   t h e   s a m e  

t a p e r   as  t he   i n n e r   s u r f a c e   of  t h e   t i p .   H o w e v e r ,   e v e n  

s l i g h t   v a r i a t i o n s   in   d i a m e t e r s   of  t h e   m a l e   and  f e m a l e  

t a p e r s   g r e a t l y   a f f e c t   o v e r a l l   l e n g t h   of  t h e   a s s e m b l y .  

For   e x a m p l e ,   w i t h   a  5°  ( i n c l u d e d   a n g l e )   t a p e r ,   a n  

a n g u l a r   e r r o r   in   f i t   r e s u l t s   in  an  a p p r o x i m a t e   1 1 . 4 - f o l d  

l e n g t h   e r r o r .   A d d i t i o n a l l y ,   as  n o t e d   a b o v e ,   t h e  

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

f o r c e .   A c c o r d i n g l y ,   a u t o m a t i c   i n s e r t i o n   can   r e s u l t   i n  

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

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

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

i n t e r n a l   d i m e n s i o n s   a r e   to  be  e x p e c t e d .  

The  f o r c e   to  r e m o v e   t h e   t i p   f r o m   t h e   p i p e t t e  

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

A l t h o u g h   an  a i r   t i g h t   s e a l   i s   e s s e n t i a l   to   p r o p e r  

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

and  r e m o v a l ,   s u c h   f r i c t i o n   mus t   a l s o   be  low  a n d  

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

S t a t e m e n t   of  t h e   I n v e n t i o n  

The  i n v e n t i o n   i s   a  d i s p o s a b l e   p i p e t t e   t i p  

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

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

of  w h i c h   r e c e i v e s   t h e   end  of  a  p i p e t t e ,   c h a r a c t e r i z e d   i n  



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

r e c e i v i n g   t h e   end  of  t h e   p i p e t t e ,   t h e   c o l l a r   b e i n g  

a x i a l l y   a l i g n e d   w i t h   and  o p e n i n g   i n t o   t h e   l a r g e   end  o f  

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

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

t h e   end  of  t h e   p i p e t t e   to  t h e   s m a l l   end  of  t h e   p i p e t t e  

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

f i t   and  s e a l   w i t h   t h e   s i d e w a l l   of  t h e   p i p e t t e .  

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

s e a t   f o r   t h e   end  of  t he   p i p e t t e   to  p r o v i d e   a  f i x e d   a n d  

known  l e n g t h   f o r   t h e   o v e r a l l   a s s e m b l y .   In  t h i s   w a y .  

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

of  a  c e n t i m e t e r ,   b e t w e e n   t h e   i n l e t   end  of  t h e   t i p   a n d  

t h e   l i q u i d   s u r f a c e   can   be  m a c h i n e   c o n t r o l l e d   when  t h e  

t i p   i s   w i t h d r a w n .   F u r t h e r   t h e   i n l e t   end  of  t h e   t i p   m a y  

be  a c c u r a t e l y   p o s i t i o n e d   a t   any  o t h e r   d e s i r e d   or  g i v e n  

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

o i l - w a t e r   i n t e r f a c e .   The  c i r c u m f e r e n t i a l   s e a l   b e t w e e n  

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

min imum  f r i c t i o n   w i t h   a s s u r e d   a i r   s e a l i n g   f o r   t i p s  

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

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

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

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

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

t h e i r   r e s p e c t i v e   p i p e t t e s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g u r e   1  i s   a  s i d e   e l e v a t i o n   v i e w   of  a n  

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

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



e x t e r n a l   s p l i n e s   in   a  p o r t i o n   of  a  t i p   s u p p l y   m a g a z i n e  

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

F i g u r e   2  i s   a  c r o s s - s e c t i o n a l   e l e v a t i o n   v i e w   o f  

t h e   t i p   of  F i g u r e   1  s e a t e d   on  t h e   end  of  a  p i p e t t e  

b a r r e l   or  n o s e ,   w i t h   t h e   i n t a k e   and  d i s c h a r g e   end  of  t h e  

t i p   shown  in  a  m i c r o t i t e r   t r a y   w e l l .  

F i g u r e   3  is   an  e n l a r g e d   c r o s s - s e c t i o n a l  

e l e v a t i o n   v i e w   of  t he   u p p e r   end  of  t h e   t i p   of  F i g u r e s   1 

and  2  s h o w i n g   t h e   c o n s t r u c t i o n   of  t h e   p i p e t t e   n o s e  

s e a t i n g   l e d g e   or  s h o u l d e r ,   t h e   V - s h a p e d   a i r - s e a l i n g   r i b  

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

F i g u r e   4  is   a  p l a n   v i e w   of  t h e   t i p   of  F i g u r e s   1 

and  2  t a k e n   t o w a r d   t he   i n t a k e   and  d i s c h a r g e   e n d .  

F i g u r e   5  is   a  c r o s s - s e c t i o n a l   v i e w   of  a  p o r t i o n  

of  a  c o l l a r   w a l l   of  t h e   t i p   of  F i g u r e s   1  and  2  s h o w i n g   a  

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

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

F i g u r e   6  is   a  c r o s s - s e c t i o n a l   v i e w   of  a  p o r t i o n  

of  t h e   p i p e t t e   n o s e   and  t h e   c o l l a r   p o r t i o n   of  t h e   t i p  

s h o w i n g   an  a l t e r n a t e   s e a l i n g   and  n o s e - s e a t i n g   l e d g e  

a r r a n g e m e n t .  

Modes   f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

As  shown  in  F i g u r e   1,  d i s p o s a b l e   p i p e t t e   t i p   1 0  

i n c l u d e s   an  e l o n g a t e d ,   h o l l o w   c o n i c a l   t u b e   s e c t i o n   1 1  

t e r m i n a t i n g   a t   i t s   i n t a k e   and  d i s c h a r g e   end  12  a t   a  

r i g h t   a n g l e   to  t h e   a x i s   of  c o n i c a l   s e c t i o n   11.  B a s e   e n d  

13  of  c o n i c a l   t u b e   11  m e r g e s   i n t o   a  c y l i n d r i c a l   m o u n t i n g  

c o l l a r   14.  As  b e s t   s e e n   in   F i g u r e   2,  c o l l a r   14  p r o v i d e s  

a  m o u n t i n g   and  s e a l i n g   a r r a n g e m e n t   w i t h   n o s e   15  o f  

p i p e t t e   b a r r e l   16  c a r r i e d   by  m o u n t i n g   b l o c k   18.  A s  

i n d i c a t e d   a  pump  p l u n g e r   22  i s   a r r a n g e d   to  r e c i p r o c a t e  



in   b o r e   24  of  p i p e t t e   b a r r e l   16  to   a s p i r a t e   or  d i s c h a r g e  

l i q u i d   t h r o u g h   end  12  of  t i p   1 0 .  

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

end  19  of  n o s e   15  s e a t s   on  l e d g e   or  c o l l a r   17  f o r m e d   b y  

t h e   t r a n s i t i o n   b e t w e e n   c o n i c a l   s e c t i o n   11  a n d  

c y l i n d r i c a l   b o r e   20  of  c o l l a r   14.  Such   s e a t i n g   of  e n d  

19  on  l e d g e   17  f i x e s   a  p r e c i s e   d i s t a n c e   f r o m   b l o c k   18  t o  

t i p   i n t a k e - d i s c h a r g e   p o r t   12.  I t   w i l l   be  a p p r e c i a t e d  

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

be  u s e d   to  p r o v i d e   an  a x i a l   s t o p   f o r   t h e   end  of  t h e  

p i p e t t e   b a r r e l   and  t h a t   t h e   p r o j e c t i o n   need   n o t   b e  

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

c y l i n d r i c a l   s e c t i o n .   In  t h i s   r e g a r d   t h e   s t o p   may  b e  

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

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

r a d i a l   member   on  t h e   e x t e r i o r   of  t h e   p i p e t t e .   A s  

i n d i c a t e d   by  t h e   p o s i t i o n   of  p o r t   12  in   w e l l   26  o f  

m i c r o t i t e r   t r a y   27,   t h e   v o l u m e   of  l i q u i d   in  s u c h   w e l l s  

i s   f r e q u e n t l y   in  m i c r o l i t e r s .   A c c o r d i n g l y ,   c a p i l l a r y  

f o r c e s   b e t w e e n   l i q u i d   in   or  on  t i p   11,  p a r t i c u l a r l y   n e a r  

p o r t   12  and  w e l l   26  a r e   c r i t i c a l   to  p r o p e r   c o n t r o l   o f  

t h e   v o l u m e   to  be  t r a n s f e r r e d .   For   t h i s   r e a s o n   s e a t i n g  

of  n o s e   end  19  on  c o l l a r   17  p e r m i t s   c o n t r o l   of  t h e  

l e n g t h   of  t h e   c a p i l l a r y   s u c h   as  t h a t   i n d i c a t e d   a t   28  s o  

t h a t   i t s   l e n g t h   i s   b o t h   known  and  p r e d e t e r m i n a b l e   f o r  

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

A d d i t i o n a l l y ,   in  c e l l   c u l t u r e s ,   i t   i s   f r e q u e n t l y  

d e s i r a b l e   to   be  a b l e   to   d r a w   or  d i s p e n s e   l i q u i d   to   a  

p r e c i s e   l e v e l   in   a  m i c r o t i t e r   w e l l .   Fo r   e x a m p l e ,   i f   a  

c e l l   c u l t u r e   i s   in   w a t e r   b e l o w   an  o i l   l a y e r   i t   i s  

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

w i t h o u t   d i s t r u b i n g   t h e   o i l   p h a s e ,   or  v i c e - v e r s a .  



F u r t h e r ,   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n   b o r e   20  of  c o l l a r   14  i n c l u d e s   an  i n t e g r a l  

c i r c u m f e r e n t i a l   r i b   or  r i n g   30.  As  s e e n   in  F i g u r e   3  a n d  

shown  in  e n l a r g e d   v i e w   in  F i g u r e   5  r i b   30  p r e f e r a b l y   h a s  

an  a x i a l l y   d e f o r m e d   V - s h a p e   in   c r o s s   s e c t i o n .   S u c h  

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

s i d e w a l l s   of  n o s e   15  and  b o r e   20  of  t i p   10  b o t h   f o r  

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

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

c e n t i m e t e r )   in  d i a m e t e r   and  r o u n d n e s s   of  b o r e   20.  S u c h  

t o l e r a n c e s   a r e   p a r t i c u l a r l y   v i t a l   in  m o l d i n g   of  t i p s   10  

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

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

f l u o r o c a r b o n   p o l y m e r s .   At  t h e   same  t i m e   an  a i r - t i g h t  

s e a l   b e t w e e n   t h e   t i p   and  p i p e t t e   i s   a s s u r e d   to  p e r m i t  

a s p i r a t i o n   of  l i q u i d   t h r o u g h   i n l e t   p o r t   12,  w i t h o u t  

l e a k a g e   a r o u n d   t h e   end  19  of  n o s e   15  or  r e l i a n c e   upon   a n  

a i r   s e a l   b e t w e e n   t h e   f a c e   of  c o l l a r   17  and  end  19.  A s  

an  a l t e r n a t i v e   to  r i b   30,  t h e   i n t e r n a l   s i d e w a l l   of  t h e  

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

w i t h   t h e   a c t i o n   of  t h e   s t o p   b u t   c a u s e s   t h e   p i p e t t e   t o  

f o r m   a  s e a l   w i t h   t h e   c o l l a r   s i d e w a l l .  

To  p e r m i t   t i p   10  to  be  e a s i l y   i n s t a l l e d   a n d  

s t r i p p e d   f r o m   n o s e   15,  u p p e r   or  o p e n   end  32  p r e f e r a b l y  

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

u p p e r   r im  p o r t i o n   34.  The  b e l l   m o u t h   p e r m i t s   e a s y  

a c c e s s   f o r   t h e   end  19  of  n o s e   15  so  t h a t   i f   t h e   t i p   i s  

n o t   in   t h e   c e n t e r   of  h o l e   31,  as  in   F i g u r e   1.  t h e  

c y l i n d r i c a l   p o r t i o n s   of  n o s e   15  and  b o r e   20  w i l l   r e a d i l y  

a l i g n   w i t h   e a c h   o t h e r .   F u r t h e r   r im   p o r t i o n   34  p r o v i d e s  

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



15  w h i c h   i s   r e a d i l y   e n g a g e a b l e   by  a  s t r i p p e r   member   34  

on  an  a u t o m a t i c   s t r i p p e r   arm  3 6 .  

R e p l a c e a b l e   t i p s   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

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

of  t h r e e   or  m o r e ,   p r e f e r a b l y   f o u r ,   m o u n t i n g   s p l i n e s   3 7 ,  

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

s e c t i o n   11.  S p l i n e s   37  a l s o   p r o v i d e   t h r u s t   a b s o r b i n g  

means   so  t h a t   t he   f o r c e   of  b a r r e l   16  e n t e r i n g   t h e   c o l l a r  

and  s e a t i n g   on  l e d g e   17  d o e s   n o t   p l a c e   d e f o r m i n g  

s t r e s s e s   on  i n t a k e - d i s c h a r g e   end  12  of  t h e   t i p .   A s  

i n d i c a t e d ,   s p l i n e s   37  d e s i r a b l y   e x t e n d   a x i a l l y   a l o n g   t h e  

e x t e r i o r   of  t h e   s e c t i o n   11  f r o m   t r a n s i t i o n   r i n g   39,  j u s t  

b e l o w   c o l l a r   or  l e d g e   17,  and  e a c h   t e r m i n a t e s   in   t h e  

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

s u p p o r t   l e g s   to  h o l d   t h e   t i p ,   as  s h o w n .   P r e f e r a b l y .  

s p l i n e   e n d s   38  a r e   a t   s u b s t a n t i a l l y   r i g h t   a n g l e s   to  t h e  

a x i s   of  t h e   t i p   to  h o l d   t h e   t i p   in  s u c h   a  v e r t i c a l  

p o s i t i o n   when  s e a t e d   o v e r   h o l e   31  f o r m e d   in  a  p l a t e .  

t u b e   or  box  s u p p o r t ,   s u c h   as  40 ,   h a v i n g   a  f l a t   t o p .   A s  

i n d i c a t e d ,   h o l e   31  in  box  40  i s   s l i g h t l y   l a r g e r   t h a n   t h e  

g r e a t e s t   d i a m e t e r o f   c o n i c a l   s e c t i o n   11  a t   t h e   l e v e l   o f  

s p l i n e   e n d s   38,  bu t   s m a l l   e n o u g h   to  p r e v e n t   w e d g i n g   o f  

s p l i n e s   36  in  h o l e   31.   I t   w i l l   a l s o   be  n o t e d   t h a t   i n  

t h i s   way  s p l i n e s   37  a l s o   p r o v i d e   m i n i m u m   f r i c t i o n   a r e a s  

f o r   a b s o r b i n g   t h r u s t   by  r i n g   39  or  c y l i n d r i c a l   p o r t i o n  

14.   D e s i r a b l y   t h e   l e n g t h   of  s p l i n e s   37  i s   s u c h   t h a t  

t h e i r   b o t t o m s   38  a r e   j u s t   a b o v e   t h e   a x i a l   c e n t e r   o f  

g r a v i t y   of  t i p   10  so  t h a t   t h e   t i p   d o e s   n o t   w o b b l e  

e x c e s s i v e l y   in   r e s p o n s e   to   h o r i z o n t a l   a c c e l e r a t i o n s .  

Such   h o r i z o n t a l   a c c e l e r a t i o n s   a r e   i m p o r t a n t   in  h i g h  

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

t i p s   on  p i p e t t e r   n o s e   15.  T h i s   i s   b e c a u s e   e x c e s s   w o b b l e  



of  t h e   t i p   when  i t   i s   b e i n g   l o a d e d   o n t o   n o s e   15  w o u l d  

r e q u i r e   a  p a u s e   s u f f i c i e n t   to  a s s u r e   a l i g n m e n t .  

As  w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   t h e   a r t  

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

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

p o r t i o n s   s u c h   as  b o r e   20  and  s p l i n e s   37  w i l l   be  f o r m e d  

w i t h   a  d r a f t   a n g l e   of  l e s s   t h a n   2°  r e l a t i v e   to  t h e  

a x i s .   S i m i l a r l y ,   n o s e   p o r t i o n   15  g e n e r a l l y   i n c l u d e s   a  

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

a s s u r e   e a s y   e n t r a n c e   and  r e l e a s e   w i t h   r e s p e c t   to  b o r e   2 0  

as  w e l l   as  f o r   s e a l i n g   a c t i o n   a r o u n d   r i b   30.  B e c a u s e  

r i b   30  is  c a p a b l e   of  r a d i a l l y   d e f o r m i n g   to  c o n f o r m   t o  

i r r e g u l a r i t i e s   in   t h e   d i a m e t e r   or  r o u n d n e s s   of  t h e   s i d e  

w a l l   of  n o s e   15,  an  a i r - t i g h t   s e a l   is   o b t a i n e d   w i t h o u t  

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

c y l i n d r i c a l   p o r t i o n   14  or  p r e s s u r e   b e t w e e n   n o s e   end  19 

and  c o l l a r   1 7 .  

In  an  a u t o m a t e d   p i p e t t i n g   o p e r a t i o n   i t   i s  

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

of  t h e   p i p e t t e   t i p   to  a  known  l e v e l   in  a  m i c r o t i t e r  

w e l l .   I t   i s   e s s e n t i a l   to  e x t r a c t   a l l   l i q u i d   f r o m   a  

p i p e t t e   t i p   e i t h e r   w i t h i n   c o n i c a l   s e c t i o n   11,  or  t h a t  

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

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

To  p e r m i t   s u c h   a c t i o n   to  o c c u r   in   an  a u t o m a t i c   l i q u i d  

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

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

l i q u i d s   and  t h e   d i s p e n s i n g   end  a r e   u s e d .   T h i s   r e q u i r e s  

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

w i t h i n   s e v e r a l   h u n d r e d t h s   cm.  I t   w i l l   be  a p p a r e n t   f r o m  

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

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



b e t w e e n   t h e   t i p   and  p i p e t t e   b a r r e l ,   e i t h e r   f o r   i n s e r t i o n  

on,  or  d i s p l a c e m e n t   f r o m ,   t h e   p i p e t t e .   At  t h e   same  t i m e  

s u c h   f r i c t i o n   b e t w e e n   c i r c u m f e r e n t i a l   r i b   30  and  b a r r e l  

16  i s   f u l l y   a d e q u a t e   to  f o r m   an  a i r   s e a l   u n d e r   a d v e r s e  

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

p l u n g e r   22  to  t a k e   in  or  d i s p e n s e   known  q u a n t i t i e s   o f  

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

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

F i g u r e   6  i l l u s t r a t e s   a l t e r n a t e   e m b o d i m e n t s   i n  

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

17  may  be  f o r m e d   as  a  p l u r a l i t y   of  l e d g e s   47  w h i c h   a r e  

m o l d e d   i n t o   t i p   10  to  f o r m   a  f i x e d   end  s e a t   f o r   end  1 9 .  

D e s i r a b l y   t h r e e   or  m o r e ,   p r e f e r a b l y   f o u r ,   l e d g e s   47  a r e  

u s e d   in  s u c h   an  e m b o d i m e n t .   As  f u r t h e r   i n d i c a t e d  

s e a l i n g   b e t w e e n   b o r e   20  and  t h e   c y l i n d r i c a l   s i d e w a l l   o f  

n o s e   15  may  be  p r o v i d e d   by  an  O - r i n g   48  s e a t e d   in  g r o o v e  

49  f o r m e d   in  n o s e   15.  F i g u r e   6  a l s o   i l l u s t r a t e s   t h a t  

n o s e   15  may  be  f o r m e d   w i t h   a  s l i g h t l y   t a p e r e d   e n d  

p o r t i o n   50  w h i c h   may  be  s p h e r i c a l   in  c o n f i g u r a t i o n .  

A l t e r n a t i v e l y   t h e   t a p e r   of  p o r t i o n   50  may  be  c o n i c a l   a n d  

t h e   end  s l i g h t l y   c h a m f e r r e d   to  p e r m i t   e a s y   a l i g n m e n t   a n d  

p a s s a g e   of  n o s e   end  19  i n t o   t i p   10,  i n c l u d i n g   a n  

i n t e g r a l l y   f o r m e d   s e a l i n g   r i b .  

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

0 - r i n g s   c o u l d   be  s e a t e d   in  t h e   s i d e w a l l   of  b o r e   20  o f  

t i p   10  to  fo rm  t h e   r e q u i r e d   low  f r i c t i o n   a n n u l a r   s e a l  

w i t h   b a r r e l   n o s e   1 5 .  

W h i l e   in   t h e   p r e f e r r e d   e m b o d i m e n t s   o n l y   t w o  

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

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

c o n f i g u r a t i o n s   may  be  a d d e d   to  b o r e   w a l l   20  or  to  n o s e  

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

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



1.  A  d i s p o s a b l e   p i p e t t e   t i p   c o m p r i s i n g   a n  

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

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

r e c e i v e s   t he   end  of  a  p i p e t t e ,   c h a r a c t e r i z e d   in  t h a t   t h e  

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

r e c e i v i n g   t h e   end  of  t h e   p i p e t t e ,   t h e   c o l l a r   b e i n g  

a x i a l l y   a l i g n e d   w i t h   and  o p e n i n g   i n t o   t he   l a r g e   end  o f  

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

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

t h e   end  of  t he   p i p e t t e   to  t h e   s m a l l   end  of  t h e   p i p e t t e  

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

f i t   and  s e a l   w i t h   t h e   s i d e w a l l   of  t h e   p i p e t t e .  

2.  The  d i s p o s a b l e   p i p e t t e   t i p   of  c l a i m   1 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   s t o p   is  a  s h o u l d e r  

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

t h e   l a r g e   end  of  t h e   c o n i c a l   t u b e   and /o r   one  or  m o r e  

r a d i a l   p r o j e c t i o n s   w i t h i n   t h e   c o l l a r   a n d / o r   is   d e f i n e d  

by  a  r im  at   t h e   mou th   of  t h e   c o l l a r .  

3.  The  d i s p o s a b l e   p i p e t t e   t i p   of  c l a i m   1  or  2 

w h e r e i n   t he   c i r c u m f e r e n t i a l   s e a l   is   a  r i b   a n d / o r   i s  

d e f i n e d   by  a  s l o w   t a p e r   in   t h e   i n t e r n a l   s i d e w a l l   of  t h e  

c o l l a r .  

4.  The  d i s p o s a b l e   p i p e t t e   t i p   of  c l a i m   1.  2 .  

or  3  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   t he   c o l l a r   has   a  

l a r g e r   d i a m e t e r   t h a n   t h e   l a r g e   end  of  t he   c o n i c a l   t u b e .  



5.  The  d i s p o s a b l e   p i p e t t e   t i p   of  c l a i m   1.  2 .  

3,  or  4  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   c o l l a r   h a s   a  

d r a f t   a n g l e   of  l e s s   t h a n   2°  t o w a r d   i t s   m o u t h   and  t h e  

mou th   i s   b e l l   s h a p e d   f o r   r e c e i v i n g   t h e   p i p e t t e .  

6.  The  d i s p o s a b l e   p i p e t t e   t i p   of  c l a i m   1.  2 .  

3.  4.  or  5  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   o u t e r  

s u r f a c e   of  t h e   t i p   has   t h r e e   or  more   s u p p o r t   s p l i n e s  

t h a t   a r e   s u b s t a n t i a l l y   p a r a l l e l   to  t h e   t i p   a x i s   a n d  

t e r m i n a t e   j u s t   a b o v e   t h e   a x i a l   c e n t e r   o f  g r a v i t y   of  t h e  

t i p .  
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