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Tip Potentials in Microelectrodes Filled by 
Boil ing under Reduced Pressure 

In  pract ice,  there  exis ts  a junc t ion  po ten t i a l  be tween  
the  fluid filling a LING-GERARD glass microelec t rode  1 and  
the  aqueous m e d i u m  wi th  which  its t ip  is in con tac t  ~,a. 
In t e r e s t  in th is  po ten t i a l  difference (p.d.) arises f rom the  
error  which i ts  presence m a y  cause in m e a s u r e m e n t  of 
the  direct  cu r ren t  (d.c.) level of t r a n s m e m b r a n e  po ten-  
tials. Thus ADRIAN 4 and  K/.TCHLER 5 h a v e  d e m o n s t r a t e d  
t h a t  the  res t ing  po ten t ia l  of frog sar tor ius  muscle fibers 
is s ignif icant ly  unde re s t ima ted  when  impa lemen t s  are 
made  wi th  microp ipe t tes  hav ing  ' t ip  po ten t ia l s '  more  
negat ive  t h a n  - -5  m V  when  in con tac t  wi th  no rma l  
Ringer ' s  solution.  

Of the  m e t h o d s  descr ibed for filling mic rop ipe t t es  ~,~ 
the  s imples t  is boiling in the  desired solution.  This  has 
the  advan tages  of allowing a large n u m b e r  of p ipe t t e s  to 
be filled s imul taneously ,  and  of requir ing only  a few 
minutes .  Di sadvan tages  are the  poss ib i l i ty  of damage  to 
t ips  f rom the rm a l  or mechanica l  t r auma,  and the  h igher  
incidence of large t ip  po ten t ia l s  t h a n  wi th  gent ler  tech-  
niques 2. Modif icat ion of the  me thod  to  filling by  boiling 
under  reduced pressure  and  gradual  release of suct ion 
reduces t r auma t i c  damage  to  the  tips.  Since the  advan-  
tages  cited are of considerable  prac t ica l  impor tance ,  
quan t i t a t i ve  in format ion  concerning t ip  po ten t ia l s  in 
micropipe t tes  filled by  this  modif ied t echn ique  is de- 
sirable. In  addi t ion ,  da t a  re la t ing to the  g rowth  of t ip  
potent ia ls  wi th  t ime af ter  filling, and  wi th  s torage tem-  
perature ,  is also of obvious prac t ica l  significance. 

Microelectrodes were p repa red  f rom unselected,  com- 
mercial ly avai lable  borosil icate glass tub ing  (2 m m  out- 
side diameter ,  0.5 m m  wall, Corning 234440). Af te r  being 
cut  into conven ien t  lengths,  the  tub ing  was cleaned in 
ho t  dichromate-H2SO4, washed vigorously in t ap  wa te r  
and boiled several  t imes  in disti l led water .  Cleaned glass 
was oven dr ied and  s tored in closed containers .  A ver t ical  
puller, s imilar  to  one descr ibed by  FRANK and BECKER 7 
was employed.  A coil consis t ing of 11/3 tu rns  of n ichrome 
wire (18 gauge) was hea ted  by  16 A a l t e rna t ing  cur ren t  
(a.c.). The weak pull (mass of solenoid p lunger  and move-  
able carriage) was 325 g, and the  h e a v y  pull, appl ied 
af ter  the  sof tened  glass has  been  ex t ended  4 mm,  was 
725-1200 g. E lec t rodes  were m o u n t e d  t ips  down on a 
conical acrylic plast ic  holder  (capacity,  25 pipet tes) .  The 
holder  was inser ted  into a 500 ml lipless beaker  conta in ing  
f i l tered 3 M  KC1. A circular cap, a t t a ched  to the  p ipe t t e  
holder,  made  an a i r t ight  seal against  the  r im of the  beaker.  
This assembly  was placed in a wa te r  b a t h  (75 -1- 5~ 
and  af ter  a few minutes  the  beaker  was evacua ted  by  a 
wa te r  faucet  asp i ra tor  (partial  vacuum ca. 10 m m  Hg). 
Af te r  the  KC1 had  boiled vigorously for 10 min, the  suc- 
t ion was released gradually,  and the  vo lume res tored  wi th  
disti l led water .  Filled electrodes were t r ans fe r red  to 
square  plast ic  Pe t r i  dishes, where t h e y  were m o u n t e d  
hor izonta l ly  on a s t r ip  of plast icene,  covered wi th  3 M  
KC1. The KC1 in the  filling beaker  was f i l tered unde r  suc- 
t ion t h rough  a ve ry  dense pape r  (S and  S 576) each t ime 
a new b a t c h  of electrodes was prepared.  

Microelectrode proper t ies  were measured  using a sym- 
metr ica l  sy s t em consis t ing of a pair  of Ag,AgC1 electrodes  
connec ted  to  a different ial  ca thode  follower i npu t  (grid 
cur ren t  less t h a n  10 - n  A). The mic rop ipe t t e  was m o u n t e d  
on a probe  filled wi th  agar -Ringer ' s  solut ion and conta in-  
ing a coil of chlor ided silver wire. The t ip  of t he  micro- 
p ipe t t e  d ipped  into a b a t h  conta in ing  Ringer ' s  solution.  
A second probe  conta in ing  a coil of chlor ided si lver wire 
in aga r -Ringer ' s  solution,  con tac ted  d i rec t ly  the  Ringer ' s  

solut ion in t he  ba th .  Recorded  were (a) the  a s y m m e t r y  
po ten t i a l  w i th  b o t h  probes  immersed  in the  Ringer ' s  
solut ion in the  ba th ,  (b) tile degree of unba lance  intro-  
duced when  a microelect rode was connec ted  to one probe,  
(c) the  res is tance  of the  microelectrode,  and  (d) the  
change in vol tage  af ter  b reak ing  off the  final 1-2 m m  of 
the  microelectrode.  Res is tance  was eva lua ted  by  app ly ing  
a posi t ive-going rec tangula r  wave  of 5 msec du ra t ion  and  
50 mV ampl i tude  t h ro u g h  the  second probe  f rom a low 
impedance  genera tor ,  and  measur ing  the  reduc t ion  in 
ampl i tude  of the  recorded rec tangula r  wave  af ter  shun t ing  
the  microelect rode to g round  wi th  a 10 or 20 MD resistor.  
Tip po ten t ia l s  were measured  to the  neares t  0.5 m V  and  
res is tances  to the  neares t  0.5 MD. Tip po ten t ia l s  measured  
by  the  change  in the  a s y m m e t r y  potent ia l ,  p rocedure  (b), 
never  differed f rom the  readings  ob ta ined  by  breakage,  
procedure  (d), by  more  t h a n  0.5 mV. 

Development of tip potentials in microelectrodes upon storage 

Tinle Tempera- Median tip Median 
(days) ture potential resistance 

(~ (my) (Mg) 

1 2 2  - -  2.5 13.0 15 
2 22 -- 2.0 11.0 25 
3 22 -- 5.0 11.5 16 
6 22 -- 14.0 15.0 17 
9 22 -- 18.0 10.0 11 
3 6 2.0 12.0 10 

14 6 -- 3.0 10.0 11 
240 6 -- 39.5 15.0 10 
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Histogram showing the distribution of tip potentials of 126 inicro- 
electrodes nleasured within 2 h of drawing and filling with 3 M KC1. 
The class interval is 1.0 mV and the median tip potential is -- 2.5 

inV. The arithmetic mean is -- 6.4 mV. 
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The  resu l t s  are s u m m a r i z e d  in t h e  a c c o m p a n y i n g  
F igure  a n d  Table .  T he  F igure  is a h i s t o g r a m  of t i le t ip  
p o t e n t i a l s  of 126 microe lec t rodes  m e a s u r e d  w i t h i n  2 h of 
filling. I n c l u d e d  are t he  va lues  f rom 13 d i f fe rent  ba t ches  
of p ipe t tes .  I n  none  of t he  b a t c h e s  was t he  m e d i a n  t ip  
p o t e n t i a l  g r ea t e r  t h a n  - - 5  m V ,  a l t h o u g h  in severa l  
b a t c h e s  t h e  m e a n  t i p  p o t e n t i a l  was  g rea t e r  t h a n  -- 5 m V  
due  to the  occur rence  of r e l a t ive ly  few p ipe t t e s  which  h a d  
large t i p  po ten t i a l s .  Fo r  t he  en t i r e  series t he  m e a n  t i p  
p o t e n t i a l  was -- 6.4 m V  and  t h e  m e d i a n  -- 2.5 m V ;  per-  
h a p s  a more  p r ac t i c a l  s t a t i s t i c  is t h a t  75% of t he  f resh ly  
p r e p a r e d  microe lec t rodes  h a d  t i p  po t en t i a l s  less nega t ive  
t h a n  -- 5 mV.  

The  effect  of m ic rop i pe t t e  s torage  a t  room t e m p e r a t u r e  
a n d  a t  6 ~ on  t he  d e v e l o p m e n t  of t ip  p o t e n t i a l s  is g iven  
in t he  Table .  I t  a p p e a r s  t h a t  microe lec t rodes  p r e p a r e d  
and  s to red  in t he  m a n n e r  descr ibed  change  l i t t le  a t  r oom 
t e m p e r a t u r e  for  48 h. T h e r e a f t e r  t h e  microe lec t rodes  
deve lop  increas ing ly  la rger  t ip  po ten t ia l s ,  and  on  t he  3rd 
or 4 th  d a y  t he  m e d i a n  t ip  p o t e n t i a l  exceeds  -- 5 mV. I n  
c o n t r a s t  microe lec t rodes  s to red  a t  6 ~ do no t  aI ter  ap-  
p rec i ab ly  in t ip  po t en t i a l s  for  a t  leas t  2 weeks. Cold 
s torage,  however ,  does no t  p r e v e n t  t he  e v e n t u a l  deve lop-  
m e n t  of t i p  po ten t i a l s ,  for  microe lec t rodes  s tored  for 8 
m o n t h s  in  t he  cold h a d  a m e d i a n  t ip  p o t e n t i a l  of -- 39.5 
m V  (range -- 30.5 to -- 46.0 mV).  

On t h e  basis  of these  resul t s  i t  appea r s  t h a t  the  m e t h o d  
of f i l l ing mic rop ipe t t e s  w i t h  3 M  KC1 b y  boi l ing u n d e r  
r educed  pressure  no t  on ly  offers the  a d v a n t a g e s  of speed 
and  of process ing  large n u m b e r s  s imul taneous ly ,  b u t  i t  
also yields mic rop ipe t t e s  w i t h  smal l  t ip  po ten t ia l s ,  a/4 of 
t he  p ipe t t e s  h a d  t ip  p o t e n t i a l s  less nega t i ve  t h a n  - - 5  
mV, a n d  the  m e d i a n  t ip  p o t e n t i a l  did n o t  a l t e r  for  48 h 
a t  r o o m  t e m p e r a t u r e ,  or for 2 weeks a t  6 ~ 

Zusammen/assung. Glasmik roe l ek t roden ,  m i t  3 M  KC1- 
L6sung  gefii l l t  durc t l  K o c h e n  in  W a s s e r s t r a h l v a k u u m ,  
zeigen e inen  Z e n t r a l w e r t  ftir das  P o t e n t i a l  an  der  E lek-  
t r odensp i t z e  ( t ip -poten t ia l )  yon  - - 2 , 5  m V ;  75~o geben  
e n t s p r e c h e n d e  W e r t e  n iedr iger  als - - 5  mV. L a g e r u n g  
de r  E l e k t r o d e n  bet 6~ t~sst  das  , t ip -poten t iab> min-  
des tens  2 W o c h e n  u n v e r g n d e r t ,  w ~ h r e n d  bet  22~ sein 
Z e n t r a l w e r t  n a c h  3-4 T a g e n  gr6sser  als -- 5 m V  wird. 
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