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Ion-selective electrodes for determination of phenylalanine 
based on uranyl complexes of phosphoryi-containing podands 
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The possibility of pi~enylalanine determination using membrane ion-selective e!ectrodes 
based on uranyl complexes with phosphoo'!-contaming podands was shown. The variation of 
the procedure of membrane preparation ~eithcr entrapping the preliminarily synthesized 
uranyl - -podand complex in the membrane phase or conditioning of the podand-contaming 
me:nbranc in the uranyl solution) v,3s l\)und to have practically no effect on the electrode 
properties. 
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In the  last few years  a ser ies  of  studies on  the use of  
mac rocyc l e s  and t h e i r  acyc l i c  analogs,  podands ,  for the 
d e t e r m i n a t i o n  of  v a r i o u s  o rgan ic  subs t ra tes  has ap- 
peared .  1.2 Thus,  c r o w n  e t h e r s  and  podands  are known to 
fix c o m p o u n d s  with p r o t o n a t e d  a m i n o  groups by hydro-  
gen b o n d s  as h o s t - - g u e s t  c o m p l e x e s  and so can bc used 
a.s tile active c o m p o n e n t s  o f  the m e m b r a n e s  of 1oil- 
se lec t ive  e lect rodes  ( I S E ) .  3-4 However ,  m the case of  
h ighly  hydrophi l ic  o r g a n i c  guests ,  e.g., a m i n o  acids, it is 
diff icul t  to achieve  e f fec t ive  m e m b r a n e  t ranspor t  and a 
rel iable  analyt ical  s igna l ,  as these c o m p o u n d s  are mo  
hydroph i l i c .  

In our  op in ion ,  m e t a l  complexes with long-chain  
p o d a n d s  offer p romi se  as r eagen t s  for fixing and  deter-  
r u ina t i on  of  a m i n o  a c i d s  a n d  o the r  b i func t iona l  com-  
p o u n d s .  If some O a t o m s  o f  the  podand  polyether  chain 
are no t  c o o r d i n a t e d  w i t h  the  metal ,  they can fix the 
a m m o n i u m  group o f  t he  subs t ra te .  If the metal  ion is 
c o o r d i n a t i o n a l l y  u n s a t u r a t e d ,  it can fix the carboxyl 
g r o u p  o f  the subs t ra te .  In the  ideal case bo th  types of 
i n t e r a c t i o n  and e f fec t ive  b lock ing  of  the hydrophil ic  
g roups  o f  the target  c o m p o u n d s  are feasible and create 
the  prerequis i te  tbr  e f fec t ive  m e m b r a n e  transfer.  

T h e  metal comp lex  i tself  should  be stable, electrically 
neu t ra l ,  and  highly so lub le  in organic  solvents. Tile uranyl 
complexes  of l o n g - c h a i n  p o d a n d s  meet these demands.  5 
The  cho ice  of  uranyl  as the  cent ra l  ion is dictated by its 
oxophi l ic i ty  and high c o o r d i n a t i o n  potentiali t ies.  

We  here in  repor t  a s t u d y  on  uranyl complexes  with 
p o d a n d s  c o n t a i n i n g  a n i o n o g e n i c  or neutral  phosphoryl-  
c o n t a i n i n g  te rmina l  g r o u p s  as electrode-a,ct ive compo-  
nen t s  o f  p h e n y l a l a n i n e - s e n s i t i , , e  ISE membranes .  

Experimental 

Reagents and solutions. PhosphoD'l-containing podands dif- 
fering in oxyethylene chain length, l , l l-bis(2-(hydroxy- 

eHloxyphospho@phenoxyl-3,f.9-triox~mndecane) ( I L I, 14-bis(2- 
(hyd roxyethoxyphosphocylphenoxy)-3,6,9.12-te[moxaletradeca he) 
(2), and l . t4-bis(2-{diphenylphosphorylpheno• 
tetr-mxatetradecane) (31, were synthesized in the Institute of 
Physiologically Active Compounds, Russian Academy of Sci- 
ences (Chernogolovka) fheir  purity was conlrolled by I H and 
3Jp NMR spectroscopy and elemental analysis. 6 o-Nitrophel;yl 
octyl ether (NPOE~ (reagent grade, Fluka) and dibutyl sebacate 
(DBS) Ircagent grade, FIuka) were used as plasticizers. Sodium 
[etraphenylborate (STPB) and dodecyk, mmonium bromide 
(DAB) were used as lipophilic components. Polyvinyl chloride 
(PVC) (Selectotor) was used as a polymeric binder for the 
menlbrane. The membrane components were dissol,,ed in freshly 
distilled THF 7 The solutions of phenylalanine hydrochloride 
(Phel (reagent grade) ,*ere prepared by the weighing method 
with subsequent dilution with bidishlled water. The pH value ",',,as 
adjusted by addition of HC1 and LiOH. l'ht: solution of uran}l 
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mtrate was prepared by ditution of an exaLtl~ weighed pomon of 
uranous-uranic oxide in I-INO 3 

Film PVC-plasticized membranes were prepared by the so- 60 
lution of PVC, the piasticizer, and the carrier tpodand) in TIIF 
with stirring according to the reported me,qmd, g The content of 
tl~e neutral carrier  in the membrane was 5% of the total mass; 40 
the PVC--plasticizer ratio was I : I A lipophilic component 
(2 tool.%) was introduced in some membranes. 

EquJpmen! and experimental technique. Electromotive force 21) 
of tt~e galvanic eh.ment composed of an ISE with a plasticized 
membrane fixed in the Tetlon case Iwith 0.1 M solution under 
study :Is the inner  filler and ,aith an Ag/AgCI imemal reference 0 
e!ectrode) and an EVL-IMZ-I  Ag/AgC[ reference electrode 
was measured by an 1-1311 pH meter. This instrument with an 
ESL-63-07 glass e~ectrode was also used tbr pH controf of the 
solutions. 

Results and Discussion 

We h e r e i n  repo r t  the results of  a study of  the e l ec t ro -  
chemica l  c h a r a c t e r i s t i c s  of  m e m b r a n e s  based on  uranyl  
complexes  w i t h  ac id ic  ( con ta in ing  an ionogen ic  t e rmina l  
groups)  a n d  n e u t r a l  ( con ta in ing  phosphinoxide  t e rmina l  
groups)  p o d a n d s .  

There  a re  two  var ia t ions  o f  prepara t ion of  the m e m -  
brane c o m p o s i t i o n s  based on the m e t a l - - p o d a n d  c o m -  
plexes. The  first  m e t h o d  includes the preparat ive syn the -  
sis of  the  c o m p l c x e s  {e.g., under  extract ion c o n d i t i o n s )  
followed by t h e i r  en t rapp ing  into the m e m b r a n e .  An 
organic p h a s e  c o n t a i n i n g  5 - 10 --~ tool �9 L -I  of a p o d a n d  
in c h l o r o f o r m  was sa tura ted  with a uranyl ni t ra te  solu-  
t ion with a c o n c e n t r a t i o n  of  5" 10 -4 m o l ' L  - i .  The  
sa tura t ion  was ach i eved  by repeatedly shaking the  or-  
ganic phase  w i t h  a fresh p o t i o n  of  the aqueous phase  up 
to t e r m i n a t i o n  o f  u r an ium(v t )  ext rac t ion  {the c o n t e n t  of  
u r a n i u m t t v )  in the  aqueous  phase was cont ro l led  spec-  
t r o p h o t o m e t r i c a l l y ) .  These  expe r imen t s  showed  tha t  
10-lbld s a t u r a t i o n  is necessary [-'or quant i ta t ive  b ind ing  
of  a p o d a q d .  T h e  organic  phase was filtered off  in to  a 
d~y we igh ing  b o t t l e  and  kept up to complete  evapora t i on  
of  c h l o r o f o r m .  

The  s e c o n d  m e t h o d  inc ludes  in t roduc ing  a free 
podand  i n to  t he  m e m b r a n e  phase and subsequent  c o n d i -  
t ioning o f  t h e  res t , l tmg m e m b r a n e  in the so lu t ion  of  a 
metal salt. 

P r e t i m i n a w  expe r i m en t s  showed a negligible differ-  
ence in the  c h a r a c t e r i s t i c s  of  ISE obta ined by these  two 
me thods  (see  be lowJ .  For  the most part, we used the 
s impler  s e c o n d  m e t h o d .  

The  p o d a n d - b a s e d  electrodes  were kept for 48 h in a 
uranyl n i t r a t e  s o l u t i o n  at pH 2.5. A lipophilic admix tu re  
(STPB),  w h i c h  is known to increase the m e m b r a n e  
conduc t iv i ty ,  p r e v e n t  the pene t ra t ion  of an ions  f rom the 
solut ion u n d e r  s tudy,  and e n h a n c e  ion -exchange  pro-  
cesses at th.e b o u n d a r y  of  the two phases. I was in t ro -  
duced in to  t he  m e m b r a n e  to improve the ISE cha rac -  
teristics. 

Flectrodes based on uranyl-modified membranes con- 
taining acidic podands. The electrode based on  acidic 
podand  1 w i t h  N P O E  plast icizer  demons t ra t e s  a ca t ion ic  
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Fig, I. pH-Dependence of Ihc electrode funct ion steepnes.~ 

response for Phe in the acidic p H  area. T h e  steepness of  
the electrode funct ion reaches the  theore t i ca l  value 
(S  = 57) at pH 6.25. the  range of  Phe  c o n c e n t r a t i o n s  
being (10-2--10 -I)  m o t ' L  '-J. Of  course ,  the Phe c o n -  
centrat~ons, which can  be de t e rmined ,  are too high for 
most  practical appl icat ions.  However ,  t he  fact of  re- 
sponse is of impor tance  by itself. It is even  more inter-  
est ing that in the pH range of  3 - -7  Phe exists mainly as 
an electrically neutral zwi t ter ion,  and  the  electric signal 
is likely connected  with the presence  in the  solut ion of  a 
markedly small part o f  the  charged form.  In this case, 
the response should be changed  to a n i o n i c  (in the 
solut ion the anionic form of  the a m i n o  acid begins to 
prevaill  when going to the basic range.  As can  be seen 
in Fig. l, this actually is the case. At h igh  pH values the 
s teepness of the anionic elect rode func t ion  approx imates  
the Nernst  value, and the range of  d e t e r m i n a b l e  a m i n o  
acid concent ra t ions  shifts to lower values.  Fur the r  s tud-  
ies were performed at pH -8.5.  

The  electrode based on  podand  2 wi th  six O a toms in 
the polyefl~er chain is also Phe-sens i t ive ,  but the e lec-  
trode characterist ics are somewha t  c h a n g e d .  Thus,  the  
de tec t ion  limit decreases,  and l ineari ty is observed in the 

Table I. The main characteristics of Phe-reversible ISE, pH = 8.5 

EAC Plasti- Steepness Linearity Cram 
cizer /mV dec -I interval /mol L -I 

! NPOE 55 10-3--10 -~ 5, 10 -4 
2 NPOE .32 10 --~-- 10 -3 3 " 10 -~ 
2 ~ NPOE 3S 10-4--10 .2 4- 10 -5 
2 "  DBS 48 10-4--10 -2 5" 10 -5 
3 DBS 55 10-4--- If) -2 5 '  10 -5 
3 ~ DBS 59 10-4-- 10 -~2 5" 10 -5 
3 ~ DBS 45 10-4-- l0 -3 4" 10 -5 

o With DAB as a lipoplldic component. 
h Membrane unmodified with uraniA. 
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Fig. 2. pH-Dependence of the pot~:ntia] of ISE membr:mcs 
based oil (1) podand 2. (2) pod:.md 3, and (..?) pc,&md 3 
unmodified with ur;myl irl Phe solulions. 

range o f  lower concentra t ions .  However, tile steepness 
of the e lec t rode  function falls (see Table 1). 

Tile potent ia l  o f  the membrane  based on compound  
2 depends on pH in a sophisticated v, ay (Fig. 2). 
p H - D e p e n d e n c e  has two regions where the acidity does 
not affect the value of  the membrane potential (in the 
pH range o f  4 .75--5.5 and at pH .> 8.5). Introducing lhe 
ca t ionogenic  c o m p o n e n t  (DAB)  into the membrane  
phase based on compound  2 results in an increase of  the 
steepness of  the electrode function but at the same time 
causes increase of  the detec t ion  limit. 

Substantially,  electrodes unmodified with uranyl dis- 
play no response under these conditions. 

Opt imizat ion  o f  the membrane  composition.  We stud- 
led tile plast icizer  infh,ence on the electrode properties 
of the m e m b r a n e  based on podand 2 with the lipophilic 
admixture. The  exper imental  data attest th:,t the use of  
DBS somewha t  enhances  the electrochemical character-  
istics of  ISE (see Table I). 

Electrodes  based on uranyi-modif ied membranes  con-  
taining neutral  podands.  We also used more traditional 
guests, p h o s p h o r y l - c o n t a i n i n g  podands with neutral 
d iphenylphosphinoxide terminal  groups, as electrode-  
active c o m p o n e n t s  of  ISE. 

The steepness of  the electrode function of  the uranyl- 
modified ISE with the membrane  bascd on compound 3 
plasticized with DBS was tbund to approach the Nemst 
,,alue (S = 55) at pH -85 .  When a lipophilic admixture 
(DAB) was introduced into the membrane phase, the 
theoretical value of  the steepness was reached. It should be 
mentioned that the electrode with the membrane unmodi- 
fied with uranyl also displays; response in Phe solutions but 
has worse electrode characteristics (see Table I). 

The pH-dependence for the electrode based on com- 
pound 3 is similar to that of the electrode based on 
acidic podand. One can obse~'e two plateau in the pH 

range o f  3.3--4.2 and at pH > 9.0 ~see Fig. 2), It is 
interest ing to note that in the case o f  the electrode based 
on unmodif ied  podand,  a plateau is not observed in the 
region o f  high pH values, but there is an increase in the 
eJectrode potential.  This  is indirect evidence o f  the 
genera t ion  of  metal comp lex  in the first case and of  its 
role in the lormat ion o f  the anal..vlical signal. 

Electrodes  based on prel iminari ly  synthes ized metal  
c o m p l e x e s .  Podand metal  complexes  were prepared un- 
der  the extraction cond i t ions  and were introduced in the 
m e m b r a n e  compos i t ion .  D o d e c y l a m m o n i u m  bromide  
and sodium dodecyl  sulfate (SOS)  ~10 -3 tool L-I  solu- 
t ion) were used as the internal  reference solutions. When 
D A B  was used as the internal  reference solution,  the 
reproducibi l i ty  of  results was somewhat  better than in 
tile case o f  tile m e m b r a n e s  prepared by condi t ioning in 
uranyl solutions. The  s teepness  o f  the electrode funct ion 
was somcwhat  higher (it reproducibty reached the theo-  
retical value S = 56), but the l inearity range was markedly 
nar rower  I~2.5" 10-3--10 -2) tool L-I ] .  

Thus ,  we showed tile possibility of  using membranes  
based on metal comp lex  carriers (uranyt-modif ied acidic 
or  nonacid ic  podands)  for Phe determinat ion.  Vv'e have 
also found that the d i f ference  in the methods o f  m e m -  
brane preparat ion (en t rapping  the preliminarily prepared 
c o m p l e x  or  cond i t i on ing  the membrane  in the uranyl 
nitrate solution) has pract ical ly  no effect on the e lec t ro-  
chemica l  characterist ics.  However ,  in tile tirst case the 
reproducibi l i ty  o f  results is somewhat  higher. 
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