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Tip Potential  and Fixed Charges  on the Glass Wall of Microelectrode 

LING-GERARD 1 t y p e  microelect rodes  filled wi th  3 M 
KC12 have  potent ia ls ,  so-called t ip  potent ia ls ,  across tile 
t ip  b o u n d a r y  which  canno t  be accounted  for by  the  normal  
l iquid junc t ion  potent ia l .  An effect ive m e t h o d  of reducing 
the t ip  po ten t i a l  of glass microelec t rodes  would be of 
prac t ica l  benefi t .  In  th is  repor t ,  several  filling me t h o d s  
are compared  for the  purpose  of p repa r ing  microelec t rodes  
of low t ip  potent ia l .  

M e t h o d  The glass t ub ing  employed  in these  experi-  
men t s  was P y r e x  capillaries of 2 m m  outs ide  d i ame te r  and  
1 m m  inside d iameter ,  which were t r ea t ed  wi th  HISO 4- 
d i ch roma te  m ix tu r e  or 1% HC1 solution, t hen  washed  in 
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Fig. 1. Tip potentials of microelectrodes made by the glass fibre 
method and the direct filling method. O and A, Tip potential in 
0.01 ~ 3.0 M KCI; �9 and A, tip potential in PBS plotted at KC1 of 
0.12 M. A) Alcohol method. G) Glass fibre method. D) Direct filling 
method. The numbers in parentheses: (heater current in Amp, 
electrode resistance ~ S.E. in MQ, number of the measured electro- 
des). The vertical bars represent standard errors on either side of 
average of 5 or 10 electrodes tested. 
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Fig. 2. Effect of duration of immersing in 3 M KCI at 37~ on the 
TP values, (1) A microelectrode filled by the aIeohol method, 
measured at the 3rd day of immersing in 3 M KC1. (2) The same 
electrode, measured at the 4th day. (3) The same electrode, measured 
at the 7th day. (4) The same electrode, measured at the l l th  day. 
(1') Another microelectrode filled by the glass fibre method, measured 
immediately after preparation (the resistance: 15 M,Q). (Y) The 
same electrode, measured at the 7th day of storing in 3 M KCI 
(7.5 M,Q). �9 Tip potential in 0.01 ~ 3.0 M KC1 solutions; O, tip 
potential in PBS plotted at KC1 of 0.12 M. Insert: Changes in the 
electrode resistance (MD for cross marks) and the tip potential in the 
course of immersing in 3 M KC1. 

t ap  wa te r  and  f inal ly wi th  disti l led water .  Micropipe t tes  
were made  by  a puller  (Narishige, Tokyo),  and pull ing 
condi t ions  were kep t  as co n s t an t  as possible ill order  to  
minimize  var ia t ion  in the  e lect rode proper t ies .  They  were 
filled wi th  3 M KCI solution by  3 methods .  

1. Alcohol methodK Elec t rodes  were filled by  boill ing 
under  reduced  pressure  and  then  the  dist i l led wa te r  in the  
capil laries was replaced by  3 M KC1 by  immers ing  t h e m  
in 3 M KC1 solut ion usual ly for 7 days  a t  37~ 

2. Glass fibre method ~. The glass f ibres employed  in th is  
m e t h o d  were washed  wi th  dist i l led water ,  acetic acid, 
e thy l  alcohol and f inal ly w i th  e thy l  e ther .  

3. Direct f i l l ing method. A very  fine po lye thy lene  tub ing  
d rawn  by a mic roburner  was inser ted  in to  a capi l lary up 
to  the  t ip  region and  an e le t rolyte  solut ion was in jec ted  by  
means  of a syringe which  was pressed manua l ly  wi th  a 
screw. W i t h  this  method ,  filling of an electrode hav ing  t ip  
res is tance  grea ter  t h a n  abou t  15 Mr2 was found to be 
difficult.  

Therefore,  to compare  the  3 filling methods ,  the  elec- 
t rodes  hav ing  a res is tance of less t h a n  15 Mr2 were used in 
the  p resen t  exper iments .  The t ip  po ten t i a l  (TP) was 
measured  at  25 • I~  by  the  m e t h o d  descr ibed by  
ADRIAN 5, w i th  sl ight  modif icat ion.  Tes t  solut ions em- 
ployed here were 0.01-3.0 3//KC1 solut ions and Dulbecco 's  
p h o s p h a t e  buffer  saline (PBS)0. 

Results  and  dfseussion. As seen in Figure  1, t he  micro-  
e lectrodes filled by  the  alcohol m e t h o d  had  ren la rkab ly  
high T P  values in compar i son  wi th  those  filled by  the  
glass f ibre me thod .  The T P  values  of microelect rodes  
using the  glass f ibre m e t h o d  and the  direct  filling m e t h o d  
under  the  same pul l ing condi t ion  seem to be a lmost  of t he  
same order  of magni tude .  As the  electrodes filled by  these  
2 m e t h o d s  were uti l ized for m e a s u r e m e n t s  wi th in  3 h 
af ter  p repara t ion ,  mos t  of the  T P  of the  electrodes filled 
by  the  alcohol m e t h o d  would appear  to build up while t he  
electrodes were immersed  in 3 M KC1 solut ion for 7 days  
a t  37 ~ Indeed,  as shown in Figure 2, a microelect rode 
filled by  the  alcohol m e t h o d  showed a remarkab le  increase 
in t he  T P  values w i th  the  icrease of the  s torage per iod,  
while the  res is tance  of th is  electrode gradual ly  decreased.  
Moreover,  t he  T P  value of a microelect rode m a d e  by  the  
glass f ibre m e t h o d  also marked ly  increased af ter  s tor ing 
in 3 M KC1, while its res is tance decreased.  Such a result  
seems to be in con t ras t  wi th  the  co mmo n  view s t h a t  the  
T P  values  increased wi th  the i r  resis tances.  F u r t h e r  
deta i led  studies,  such as on the  res is tance  of glass wall 
near  the  t ip,  are needed to elucidate th is  result .  W h e n  the  
microelect rodes  were filled wi th  3 M KC1 solut ion ad jus ted  
to  p H  2 wi th  HC1, the i r  T P  values were r emarkab ly  low 
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(Figure 3), as a l ready  no ted  by  several  inves t iga tors  7-9, 
and  of near ly  the  same order  of magn i tude  as those  of the  
electrode filled by  the  glass f ibre m e t h o d  (Figure 1). 
The effect of acid t r e a t m e n t  of glass t ub ing  on the  T P  
values is also clearly seen in Figure  3. 

Since m a n y  laborator ies  use capillaries and  glass f ibres 
s t ra ight  form a shelf, some observa t ions  were made  on the  
microelec'crodes p repa red  by  the  glass f ibre m e t h o d  
w i thou t  any  acid t r e a t m e n t .  The T P  values of such 
electrodes observed in PB  S showed considerable  var ia t ions  
f rom --3.4  to 18.4 (means, a round  --9) mV. Such a high 
T P  was marked ly  reduced  by  the  use of ac id- t rea ted  glass 
tub ing  and glass f ibre or of acidif ied 3 M KC1. The T P  
values in the  l a t t e r  were a round  - -2  m V  (--0.3 ~ --3.7 
mV) and  of near ly  the  same order  of magn i tude  as those  
in the  former  (Figure 1). 

All these  results  suggest  t h a t  someth ing  happened  to the  
t ips  while t he  electrodes were immersed  in the  neut ra l  
3 M KC1 solution, and t h a t  th is  could be p r even t ed  to  a 
considerable  ex t en t  by  the  acid t r e a t m e n t  of glass, and /or  
the  acidif icat ion of filling solution. I t  has  been  suggested 
t h a t  t h e . t i p  po ten t i a l  is the  result  of con t amina t i o n  5,~~ 
In  our exper iments ,  the  filling solut ion was freshly 
fi l tered, so t h a t  gross con t amina t i on  can be ruled out. If  
the  accumula t ion  of mi ro-d i r t  causes the  T P  format ion ,  
the  f luc tua t ion  of the  T P  values observed wi th  d i f ferent  
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Fig. 3. Effect on the tip potential of acid treatment of glass tubing 
and acidification of filling solution. All electrodes tested were pre- 
pared under the same pulling condition (heater current, 16.0 A) and 
filled with the alcohol method, a) without any acid pre-treatment 
(electrode resistance was 7.2 4- 0.11 M,Q); b) pre-treated with 1% 
HC1 for 32 h (7.2 -4- 0.34 M,Q) ; c) pre-treated with H~SO4-diehromate 
mixture for 72 h (7.5 4- 0.34 MQ); d) pre-treated with I-I2SO 4- 
dichromate mixture for 72 h and filled with 3 M KC1 adjusted to 
pH 2 with HC1 (14.6 -4- 0.83 M,Q). The vertical bars represent stan- 
dard errors on either side of average of 5 electrodes tested. 

electrodes would be expec ted  to  be much  greater  t h a n  t h a t  
seen in Figures  1 and 3, and the  effect  of acid t r e a t m e n t  
shown above would be difficult  to  explain.  Our resul ts  
are in general  cons i s ten t  wi th  the  view t h a t  f ixed nega t ive  
charges on the  glass wall will br ing about  t ip  potent ia l ,  
as a l ready  sugges ted l l ,  12, for the  acid t r e a t m e n t  of glass 
as well as t he  acidif icat ion of the  filling solut ion could to  a 
cer ta in  ex t en t  coun te rac t  the  fo rmat ion  of f ixed nega t ive  
charges.  

W h a t e v e r  the  mechan i sm of genera t ing  the  po ten t i a l  
a t  the  t ip,  the  smaller  the  t ip  po ten t i a l  of an electrode,  
the  more  accura te  is the  m e m b r a n e  po ten t i a l  obta ined.  In  
view o! the  result  shown in Figure  2, s tor ing in 3 M KC1 
of t he  microelect rodes  over 3 days  should be avoided.  
Acidif icat ion of the  filling solut ion up to  p H  2 provides  a 
s imple means  of p repar ing  microelect rodes  of low t ip  
po ten t i a l  7-9, if the  h igh  concen t ra t ion  of H+ in the  
capillaries does no t  affect  the  m e m b r a n e  po ten t i a l  mea-  
surements .  The glass f ibre me t h o d  is far superior  to the  
alcohol m e t h o d  in order  to ob ta in  low t ip  potent ia l .  The 
direct  filling me thod  m a y  be also appl icable  for micro- 
e lectrodes of a l i t t le  larger t ip  d iameter ,  hav ing  the  
res is tance of a round  10 MD. 

Zusammen/assung. Glasmikroelekt roden,  mi t  3 M KC1 
gefiillt, wurden  versch iedenar t ig  pr / ipar ier t  und  ihr  
Sp i tzenpoten t ia l  mi t  0.01 ~ 3.0 M KC1 gemessen.  Die 
Resu l ta te  sprechen dafiir, dass  die nega t iven  e lektr ischen 
Ladungen,  an der  Glaswand fixiert ,  eine en t sche idende  
Rolle bet der  E n t s t e h u n g  des Sp i tzenpoten t ia l s  spielen. 
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I n f l u e n c e  of  T e m p e r a t u r e  o n  t h e  E l e c t r i c  A c t i v i t y  of t h e  I s o l a t e d  D o g  R e t i n a  

In  t he  last  few years,  the  influence of t e m p e r a t u r e  on 
the  funct ion  of isolated organs has  been  inves t iga ted  to  an 
increasing degree in order  to  get  some in fo rmat ion  abou t  
kinet ic  and  t h e r m o d y n a m i c  quant i t i es  of biological 
reactions.  The t e m p e r a t u r e  as a p a r a m e t e r  of the  re t ina l  
cell sy s t em has been  examined  m a n y  t imes,  t he  measure-  
m e n t s  being carr ied out  also on the  isolated re t ina  1-5. As 
cor responding  expe r imen t s  w i th  t he  isolated dog re t ina  
have  no t  ye t  been  repor ted ,  the  influence of t e m p e r a t u r e  
on the  dog 's  re t ina l  ac t iv i ty  af ter  l ight  s t imula t ion  
(ERG) was invest igated.  The dependence  on t e m p e r a t u r e  

of the  l a tency  of res to ra t ion  af ter  a l ight  s t imulus  was 
measured  by  means  of double-s t imul i .  
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