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Potentiometric Response 
of Lipid Modified ISFET 

T E T S U O  O S A  

Pharmaceutical Institute, Tohoku University 
Aobayama, Sendal 980, Japan 

A B S T R A C T  

The gate surface of an ion-sensitive field effect transistor (ISFET) 
was modified with Langmuir-Blodgett (LB) film composed of fatty acid 
or crown ether amphiphiles to examine their potentiometric response 
to H § and K § ions. The results demonstrate the possible use of the 
lipid films for preparing ISFET ion sensors. 

Index Entries: ISFET; LB film; ion sensors. 

INTRODUCTION 

The convent ional  type of pH-sensi t ive ISFET has been used  to detect 
ionic species other  than H § ion by coating the gate surface with ion sensi- 
tive membranes .  For example, a poly(vinyl chloride) (PVC) membrane  
containing val inomycin has been used  to prepare K § sensors  (1). The 
PVC membrane-based  ISFET ion sensor  shows some advantages  over 
convent ional  m e m b r a n e  electrode sensors;  notably its small size and low 
ou tpu t  impedance .  The disadvantages,  however ,  such as slow response,  
short  life, and  so on, still mus t  be improved.  The polymer  materials,  such 
as polyacrylates and polysiloxanes have been employed  to improve  the 
potent iometr ic  response  of ISFET ion sensors (2). We have recently em- 
p loyed  LB films composed  of fatty acid or crown ether amphiphi les  as 
sensitive layers of the ISFET ion sensors.  

This report was presented at the US/Japan Workshop on Microfabrication and 
Biosensors, July 21-24, 1992, sponsored by the National Science Foundation. 
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Table 1 
Effects of LB Membrane a Deposition of the pH Response of ISFETs 

pH response (mV pH -~) 

Without 10 nm 100 nm 
LB layer layer b layer c 

Si3N 4 gate ISFET 45-50 45-50 12-25 
Parylene gate ISFET 5-10 40-50 30-50 

aStearic acid was used as material 
b4-1ayer LB membrane 
c40-1ayer LB membrane 

FATTY ACID-MODIFIED ISFET 

It has been demonstrated that as a silicon nitride (SisN4) gate, ISFET 
exhibits pH response potentiometrically owing to oxide formation at the 
uppermost layer of the Si3N 4 surface (3). It is interesting to elucidate the 
effect of surface modification of the ISFET on the pH response. For this 
purpose, two types of ISFETs were used: Si3N4 gate and poly-p-xylylene 
(parylene) gate. Stearic acid LB films were deposited on the gate surface 
of both ISFETs by using a conventional type of Langmuir trough. The 
stearic acid LB film was deposited as Y type multilayers. The pH response 
of the LB film-modified ISFETs is summarized in Table 1. Before modifica- 
tion with the LB film, the Si3N 4 gate ISFET exhibited a near Nernstain 
response to pH, whereas the pH response was suppressed to 5-10 
mV/pH for the parylene gate ISFET. This is attributable to the reduced 
binding site to H § ion in the parylene surface (4). On the other hand, 
after modification with the 4-1ayer LB film (thickness: 10 nm), the pH 
response was enhanced for the parylene gate ISFET although the effect 
was negligible for the Si3N 4 gate ISFET. The modification with 40-layer LB 
film (thickness: 100 nm) resulted in the reduced pH response to both 
ISFETs. These results clearly show two independent effects of the LB 
films, namely a barrier to the migration of H § or OH- ions from bulk 
solution to the Si3N4 surface, and an ion-exchange site resulting from the 
carboxyl residues of stearate. The suppressed pH response of the SisN4 
gate ISFET with the thicker LB film originates from the former effect. The 
latter relates to the fact that the pH response of the parylene gate ISFET is 
enhanced from 5-10 mV/pH to 40-50 mV/pH or 30-40 mV/pH by the de- 
position of the LB film. These results provide a useful guiding principle 
for developing LB film-based ISFET sensors. The elimination of pH re- 
sponse may, if necessary, be attained by modifying the parylene gate ISFET 
with LB film composed of nonionic amphiphiles. This principle can be 
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Fig. 2. Typical response of an ISFET ion sensor based on LB film com- 
posed of 18-crown-6 amphiphiles. 

very impor tant  w h e n  prepar ing LB film-based ISFETs sensitive to, for ex- 
ample,  Na § K § and Ca 2§ ions, since ISFET ion sensors deve loped  so far 
by the use of po lymer  membranes  or chemical modificat ion techniques 
often suffer from the potent iometr ic  response to the H § ion, as well as to 
the ions being measured  (5). 

CROWN ETHER MODIFIED ISFET 

In order to develop K § ion sensors based on l ipid-modified ISFET, we 
prepared  amphiphi l ic  crown ethers, 4 ' -(p-hexadecyloxyphenylazo)benzo- 
15-crown-5 and its 18-crown-6 derivative (Fig. 1). These c o m p o u n d s  form 
stable monomolecu la r  layers on  pure  water  that can be depos i ted  in mul- 
tilayers on  the gate surface of ISFET by the LB technique.  

The Si3N 4 gate and parylene gate ISFETs were employed  to develop 
the K + ion sensors  by the use of the crown ether LB films. Fig. 2 shows 
typical response  curves of the K § ion sensor  prepared  with parylene gate 
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Fig. 3. The calibration graph of an ISFET K § ion sensor modified with 
an 18-crown-6 derivative LB membrane (40 layers). 

ISFET modif ied with the 18-crown-6 derivative. The gate potential  clearly 
d e p e n d e d  on the KC1 concentrat ion in the sample solution, conf i rming 
the selective b inding  of the K § ion by the LB film. The response  t ime of 
the sensor  was satisfactorily fast. A typical calibration curve is depic ted  in 
Fig. 3. The sensor exhibited a potentiometric response to the K § ion above 
10-4M, with the sensitivity of ca. 35 mV/decade.  The relatively low sensi- 
tivity characteristics seem to be c o m m o n  to potent iometr ic  sensors  with 
surface sensitive layers of molecular d imension,  in view of the fact that 
the sensitivity of ISFET ion sensors p repared  by the chemical modifica- 
tion of the gate surface with crown ether is also 30-40 mV/decade  (5). Fig. 
4 shows  the ion selectivity of the ISFET ion sensor based on 18-crown-6 

amphiphi les .  The sensor  exhibited selectivity to the K § ion over Na § and  
Li § ions, which can be explained reasonably based on the K+-ion selective 
nature  of the c rown ether. The ion sensor  based on the 15-crown-5 deriv- 
ative gave a similar but  slightly inferior response  to those with 18-crown-6 
amphiphi les .  

The Si3N4 gate ISFET was also modif ied  with the crown ether  amphi -  
philes, however ,  the response was inferior to those of parylene gate ISFET. 
This is probably owing  to the effect of pH responses;  i.e., the gate po ten-  
tial is t hough t  to be de te rmined  by both H § and K § ions because of h igh  
sensitivity of the Si3N 4 surface to the H § ion. Therefore, it is r e c o m m e n d e d  
that you use parylene gate ISFET to develop high performance ion sensors.  

Table 2 summar izes  the performance characteristics of ISFET K § ion 
sensors  based on crown e ther -doped  PVC membranes ,  chemical modifi-  
cation of the gate surface, and  LB membranes .  At the present  t ime, PVC 
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Fig. 4. The ion selectivity of an ISFET K § ion sensor modified with an 
18-crown-6 derivative LB membrane (20 layers). 

Table 2 
Characteristics of Three Types of Sensitive Layers 
of ISFET K + Ion Sensors Based on Crown Ethers 

Ion-sensitive Chemical 
layer PVC membrane modification LB membrane 

Thickness 10-100 #m 5 n m <  5 n m <  

Response time slow fast depends on thickness 

Sensitivity 55 mV 
pK- 1 35 mV pK- 1 35 mV pK- 1 

Durability poor good poor 

m e m b r a n e - b a s e d  sensors  are super ior  to others  f rom the v iewpoin t  of 
practical applications.  The poor  durabil i ty and  tow sensit ivity of the  LB 
fi lm-based sensors  are p rob lems  that  mus t  be improved .  

Thus,  LB fi lm-based sensors  have  not  yet  been  fully es tabl ished as 
reliable sensors  for practical use.  Never theless ,  the  LB film is current ly  
at tracting m u c h  at tent ion in relat ion to the deve lopmen t  of chemical  sen- 
sors because  of its p romis ing  characteristics, such as easy prepara t ion  
u n d e r  mild condi t ions  ( room tempera tu re ,  a tomospher ic  pressure ,  aque- 
ous env i ronmen t ,  and  so on), ultra thin film and un i fo rm thickness ,  and  
h ighly  or ien ted  b iomembrane - re l a t ed  s t ructure  (6, 7). 
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