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Potentiometric determination of urea and nitric acid 

using urea nitrate as an electro active material-its 

analytical applications
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.\l).s tract

A heteroueneous precipitate have been as ion carriers tor the 
preparation of urea and oxalic acid selective membrane sensor. The 
electrodes gisc near-Nemstian response in the linear concentration range 
of IM  to lx 10"’ M \'.iih detection limits of the orders of 10 ' M. The 
stable potentiometric signals are obtained \sith in a short time period of 
3 seconds. I’he effect ofp H and th'e effect of medium ha\e been studied, 
found to give a better responses selectivits coefficient \alues

K K(log urea )and(log Nitric acid ) esaluated using fixed interference

method. I'he sensors luise also been used as urea determination m 
fertilizers

K l'v u u/ J s Urea, Nunc acid, heterogeneous precipitate, 
selective membrane sensors.

Introduction

Urea is a safe vehicle for the bc>d\ to 
transport and exerete excess nitrogen.The 
liandling of urea by the kidnev s is a \ ital part 
o f human metabolism. Besides its role as 
carrier o f waste nitrogen, urea also plaxs a 
role in the countercurrent exchange system 
of the nephrons, that allows for reabsorption 
o f water atid critical ions from the excreted

uritie. This transport o f urea is important to 
present the loss of uater, to maintain blood 
pressure, and to maintain a suitable concen­
tration of sodium ions in the blood plasma'.

Nitric acid is inainl) used in prcxluction 
of fertilizers. Other important uses include the 
production of explosives, etching and disso­
lution of metals, especial!) as a component of 
aqua regia for the purification and extraction
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oftiold. and in chemical s\ iithcsis*. SL'Iccliw cicclroclc

Direct potentiometric measurcinents 
pro\ ides a rapid and cotncnicnt method for 
detemdning the acti\ it\ o f\arious cations and 
anions. The technique requires onl_\ a com­
parison of tlie potential dc\eIoped in a cell 
containing the indicator electrode in the anal>tc 
solution with its potential when immersed in 
one or more standard solution of know n anal> tc 
concentration

The field o f Ion Selccti\c Idcctrodcs 
( I S f s )  bridges fundam ental host guest 
chemistrs. membrane science and its specific 
applications. Because o f their simplicits. low 
cost.su ffic iently  reliable and respectable 
measurements.ISEs are recogonized as no\eI 
anaK tical tools for selcctise determination of 
anal) te ions."'

In the present studs, a simple hete­
rogeneous precipitate based niembrane base 
been prepared along with the potentiometric 
performance of these sensor, effect of pll. 
efTect of medium, response time and selects its 
coefficient ss ith respect to different interfering 
ions base been studied.,

Experimental process:

lOrnl of saturated Urea solution (L R  
Grade. Rcachem l.aborators' Chem Pvt. Ltd) 
ssas mixed ssith 10ml of Nitric acid solution 
(L R  Grade. L. merck India Ltd.). A svhite 
precipitate ssas obtained. It ssas filtered and 
dried in air for 1 2 hours and possdered. About 
0.2g o f possdered precipittite ssas thoroughls 
mixed ssith Aralditc (Huntsman advanced 
materials. India Pst. Ltd) and tlic paste ■ 
applied on W'hiitmann filter paper No. 42. This 
ssas spread uniformls- oscr the filter paper to 
obtain 0.9mm thickness of the electro active 
materials ss ith matrix. I'his svas left in air to drs 
for 48 hours to get an electro actis'c membrane.
A circular piece of this membrane svas cut 
and fixed ss ith resin at one end of the hollosv 
glass tube (diameter 2cm and length 10cm). 
fhis tube ssas filled ss ith saturtited solution of 
urea and reference copper mettil ssire ssas 
inserted (diameter 0.5mm tk; length 12cm) 
tlirough other end of the tube in such a svas 
that it remains dipped in saturated solution o ®  
urea tilread) filled in this glass tube. I hi; ;̂| 
complete assembis ssill ssork as ai iiv]p 
selectisc electrode ofurca. This ion selectisci 
electrode ssas kept in IM  solution of urea foif| 
one sseek.

The entire electrode ssstem for the
PrcpcivcUioti o f Ufcci \UfotL’ incinht'onc ton measurement can be represented .is

Internal reference Internal reference Ion

Llectrode solution - 1 rea sclectIS e Sample

(Cti ss ire) Ssslutissn membrane solutum

' .xternal

reference

dectrode (SGL)5



Results ami Discussion 

Electrode Response:

The likvli'odc wtis first conditi(.)iicd in 
1 M solution ol’iircti and Nitric ticid till it ;itt;iincd 
stable equilibrium after which it was used for 
the determination ofcharacteristic stud) of the 
electrode. The electrode potential for a series 
of standard solution of Urea and Nitric acid 
concentration range of 1 M to 1 ,\ 1 0"* M (Table 
-1 and 2) These Urea and N itric acid IS E  
reveals near Nernstian slopes.

Table 1. Electrode Response- Urea
Concentration of Urea E.M .E

Solution ( .M) (\ olts)

■ 1 -.003

l.\ 10'' -.00-

l.\10- -.010

1 ,\ 1 ()•' -.014

1 .\ 1 ()-• -.0 1 5

1 .\ 1 o ' -.015

Table 2. Electrode Response - Nitric acid
Concentration of Nitric E..M.E

acidSolution (.VI) ( \ 'O l t S )

1 .007

l.\ 10-' .021

i.\io-- .031
1\10'^ .050
i.\io-' .054

l.\10- .054

Standard electrode potential o f this
electrode (E^*) determined b\ e.xtrapolation

method wa^ found to be 0 ()2U2\’ tor Urea 
;md 0.070\' for Nitric acid. 1 he Nernstian 
slope \alue was found to be l.36\10'’ mV 
decade for Urea and 5.d3\10 ' mV decade, 
fo fnd the response time the electrode w.is 
di[)()ed in IM  solution of Urea ;ind Nitric acid 
and suddenly the concentration of the solution 
was changed to O .IM , The \ariation in 
potential was noted tit e\er> second till a 
constant potential was obtained at 3 seconds 
and remains constants. Graph-1 and 11.

Efjecl o f  p i  I

The intluence of pH on the potential 
response of the electrode \>>as studied at IM  
urea and nitric acid solution concentration o\ er 
a pi 1 range of 7 -10.11 for Urea and 4-10.11 
for Nunc acid, fhe pH as adjusted b> using 
but'fer solution. The potential is independent 
of the pi I in the range 4-10.11.1 lence. this pi 1 
range ma> be chosen as the working pH rtinge 
of the electrode assembls.

Ef/ecl of p artia lly  /ujn-ac/ueous medium on 

the w o rk in g  o f  u re a  a n d  o.xcdic a c id  

electrode:

fhe proposed sensor w as iiuestigated 
in partially non-aqueous media using ethanol 
and iso -propanol mi.xture with water. A 
standard solution containing IM  urea and 
O.xalic acid in a series of 2 5 % .50Toand 75% 
ethanol and iso -propanol was added. It was 
found that the potential remains unaffected in 
the presence of a series of various percentage 
of ethanol and iso -propanol (25% . 50%and 
75%).



S l' IccI iv i I\ :

I he selectis it\. u hieli is ;iii important 
characteristics o f a membrane sensor. It is 
measured in terms ofpotentiometrie selecti\ it\ 
K; it measures the response ol' the sensor 
towards the pirimar) ion in the presence of 
sccondars ion present in the sample solution.

b\ using fl.xed interference method ( I 'lM )  
based on semi empirical Nicolski-losenman 
equation. In this method the concentration of

I ,

primarx ion urea and O.xalic acid is \aried where 
as the concentration of secondary interfering 
ion is kept constant in tlie test solution which 
is Ix IO '' M concentration of interfering ion in 
the present case, fhe potentiometer selecti\ it\ 
coefficient data of sensors for \arious inter­
fering ions (cations and anions) gi\ en in table 
3. 4. 5 and 6.

Table 3. Interference b> Anions - 
(Urea Solution)

Anions
(Interfering ion)

K
Tlectrode Urea . M 
1

f -0.004

Cl -0.007

Br -0.10

I -o.i:

S04- -0.14

SAT.- -0.13

.1, riiamaraisclvi. cl cil.

Itible 4. Interference b_\ Cations - 
(Urea Solution)

Cations
( Interfering ion) KTlectrode Urea , M

K ‘ -0.006

N a ‘ -0.007

M n‘ ‘ -0.10

Mg-' -0.11

N H C -0.13

Ni-‘ -0.14

Table 5. Interference b\ Anions 
(Nitric acid)

■Anions
Kfdectrode Nitric acid. ,\|(Interfering ion)

f- 0.025 *
c r 0.026 f
Br 0.030 . 1
r 0.031 j

S04-- 0.050

fable 6. Interference b\ Cations - 
(Nitric acid)

Cations

1 iitei lermg ion )

-----------------------------------------
K Il.leclrode Nitric acid.

K ‘ 0.026 1

Na' 0.031 ^
Mil-' 0.032 J
Mg-‘ 0.032 1

N IB ' 0.040 1

Cii-'________________ 0.045 -% ------------------ ----- *1
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Analytical Application :

To assess the applicab ility o f the 
sensor to real samples, an attempt uas made 
to determine urea in real samples like soil and 
fertilizers. The recover)' o f urea in sample 
analysis was formed to be quantitati\c with 
the ma.ximurn recovery of 95%.
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