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The work presented here describes the oxalic acid detector was .
developed by immobilizing a direct indicator dye in an optical
detecting film for food and environmental monitoring. This detector
was fabricated by binding sarfranine O 1o a celluiose acetate film
that had previously been subjected to an exhaustive base hydrolysis.
The membrane has good durability (> 8 months) and a short re-
sponse time (< 10 ). Oxalic acid can be determined for the range-
0.15-6.50 ug mL™" with 30 detection limits of 60 ng mL-!. The

method is easy to perform and uses acetylcellulose as a carrier. The
reagents used for activating the cellulose support are inexpensive,
non-toxic and widely available.
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INTRODUCTION

The development of optical oxalic acid detectors is of great interest because
of their possible application in biological and non-biological materials' and they
are used in a variety of manufaciuring?" and analytical procedures3. Selective and
precise detectors are necessary for the determination of oxalic acid content in
foodstuffs. The most important problem with this type of detector is related to
the stability of the bond between the reagents and the carrier. This can be
improved by using an efficient procedure for immobilization of the indicator on
an appropriate polymer matrix>°,

The purpose of this work was 10 modify the above methods for the covalent
immobilization of new indicators on an optically transparent acetylcellulose
membrane that had previously been hydrolyzed and activated using thiourea and
poly (vinyl alcohol). The characteristics of the membrane produced were inves-
tigat!ed and the possibilities for its use in the design of optical oxalic acid detectors
were evaluated. According to our knowledge, up to now. only dye molecules with
amino and hydroxyl groups on the ring have been used to construct optical oxalic
acid detectors based on chemical modification of polymer films. In this paper.
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we have used thiourea in linking a dye to a cellulose acetate film with satisfactory

“results. The dye used in safranine O detector, which can be used for direct
determination of oxalic acid ion as a catalyst for dye oxidation by dichromate in
acidic media. '

The determination of oxalic acid ion is an important factor in the analysis of
food and natural waters. Vanous methods such as ampemmemc high perfor-
mance liquid chromatography , gas chromatography specm)phomme[ry and
enzymatic procedures'” have been used to quantify oxalic acid ion. These methods
are less sensitive than the proposed method’™ and have ~many interfer-
ences> ! 12, or use complicated procedurcs.“liang and co-workers® determined
oxalic acid ion by its catalytic effect on the oxidation of rhodamine B, but this
method is a conventional spectrophotometric method and thus needs ‘a rigid
control of reaction conditions. L. Narayanan and co-workers'®: determmed
dichloroacetic acid and its metabolites in blood and urine by using a sensitive
high performance liquid chromatography.Shaidarova and. co-workem“ deter-
mined oxahc acid by using chemically modnﬂed elcctrodes . Matsumoto and
co-workers'® determined oxalic acid ion by amperometric ﬂow njection analysis.
In this paper, the catalytic effect on the redox reaction between oxalic acid ion
and safranine O by potassium dichromate was used for determination of ultra
trace amounts of oxalic acid with FIA and optical detection. The change in the
colour of safranine O was monitored at 545 nm. The method is fast or simpler
and more sensitive than the present methods for the determination of oxalic acid.

EXPERIMENTAL

All chemicals used in thm work were analytical- reagem grade (Merck).
Distilled water was used thm%hout

A standard solution of oxalic acid (1000 pg mL™!) was prepared by dissolving
0.1000 g of the reagent (H,C,0,. Mcrck) in distilled water and diluted 10 100 mL
in a standard flask. The working standard solutions were freshly prepared before
use. A 0.030 mol/L potassium dichromate solution was prepared by dissolving
0.1470 g of KyCryO; (Merck) in water and diluting to 100 mL in a volumetric

* flask. Safranine O solution was prepared by dnssolvmg 0.1096 g of safranine O
(Merck) in 20 mL of ethanol and diluting with water in a 100 mL volumetric
flask. Poly (vinyl alcohol) solution was prepared by dissolving 0.80 g of the
reagent in 100 mL of water. Thxoured solution was prepared by dissolving 0.55
g of the reagent in 100 mL of water A sulfuric acid solution (1 M) was prepared
from the reagent of 98% (Merck).

For optical measurements Shnmadzu U‘V Vis 2100 double-beam specnro—
- photometer and a thermostated cell at 80 £ 0.1°C controlied temperature. Exper-
iments were carried out usmg conventxonai system for FIA wnth ‘a transmission
flow-through cell having one of the wmdows covered thh sensmg film. Simple
single line manifold commmg of 12 channel penstah!c pump (Desaga PLG. 70
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W) was fitted with three silicon rubber tubes (10 mm i.d.), rotary injection valve
“and flow-through optical cell. :

Preparation of detectors
Triacety! cellulose was previously hydrolyzed in order to de-esterify the acetyl
groups and to increase the porosity of the membrane. Separate pieces of
transparent film (34 x 8 x 0.1 mm) were treated in 0. 10 mol L' KOH for 24 h.
The films were washed with water and immediately treated with a mixture of
0.55% (w/v) thiourea and 0.80% (w/v) poly (vinyl alcohol) solution for 48 h at
- 25°C. The cellulose membranes were separately treated with a 3.126 X 10° M
. solution of safranine O at 25°C with magnetic stirring of the solution for | h.
. After washing, the film was dried at 45°C for 20 min. Next the membrane was
- .washed with distilled water until the washings showed no absorbance at the
k;s,waycierngmof the dye during rinsing. Finally the film was dried at 45°C for
20 min. , : ;

‘Spectrophotometric measurements -

The measurements were made on the membrane, which was stretched on a
special frame. The size of the aperture was 8.5 %35 mm (Fig. 1). The control
sample against which the measurements were performed consisted of a filim
treated in the same way but without indicator. The control sample was stretched
in the same way inside the cuvette using a frame of the same size. The spectral
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Fig. 1. Schematic diagram of FIA and the frame on which the membranes are stretched, inside
the cuvette ‘
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Scheme-1.  Possible scheme of tedction between activated membrane and safranine O

to achieve covalent binding to the activated matrix. The fact that the immobiliza-

tion changes the heights and position of the absorption maxima to that of free

indicators shows that the hydmxyl groups are auxochromic elements of the

molecule and the loss of the proton after covalent binding influences the charge

distribution during the dissociation of the immobilized dye. Safranine O is a dye

that can be oxidized with potassium dichromate in an acidic solution in the
- presence of oxalic acid. : |

Detector stability and response txme

It was shown that the changes in the absorbance on making repeated
measurements in aqueous solutnons for a month were < 5%. The stability of the
membrane sensors based on a recycled support is higher than with other methods
in which acetylcellulose is also used for producmg optical detectors”. This is due
to the higher mechanical strené,th of the carrier as well as the covalent binding
with the indicator. 'I‘he;changc in optical properties of membranes with im-
mobilized safranine O measured at 545 nm. Fig. 3 shows a typical curve for the
transition process. It can be seen that‘the output signal reaches 98% of the
szcady—state response of the membrane in 10 s. ‘
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characteristics of safranine O were measured with oxalic acid in (sulfuric acid
0.15 M, potassium dichromate 0.015 M, Flg 2).

h

a
Fig. 2. Recording obtained in the flow-injection and sensitive membrane for determination of

oxalic acid: concentrations:  (A) 200 X k]()"g, (b) 400x 107" (c) 600x% 197,
(d) 800 x 1072, (¢) 100 % 1078, (1) 120 107, (h) 140 x 1078 pg mL™!

RESULTS AND DISCUSSION

Safranine O has two amino groups in the ring. These dye molecules can be
linked to the cellulose acetate film by special treatment. Kostov and coworkers®
showed that only dyes with amino groups could be linked with cellulose acetate.
We find that using thiourea, dyes with or without amino group can be linked to
cellulose acetate film. The optical properties of immobilized safranine O on a
hydrolyzed cellulose membrane as a function of oxalic acid concentration are
shown in Fig. 2. The absorbance change in linear only for 0.15-6.50 pg mL™!
oxalic acid. The absorbance maximum of the immobilized safranine O is located
at 545 nm. At the above rcsult can be interpreted as the influence of the
immobilization pmccdure on the behaviur of the indicator. In addition, the
reactivity of the activated carrier is so high that it was ‘considered that interaction
is possible with low molecular wenght compounds that have '”’”""free para- position
in the molecules. For this reason, indicators having hydroxyﬂ groups or free para |
positions in their structure can be used. For this reason, thiourea was used as a

- bridge to connect the dye molecules to the ‘membrane cellulose acetate film.
Possible scheme for the reaction is shown in Scheme-1. This makes it possible
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Fig.3. Transition process of the ox alic acid detector constructed by covalent binding of safraninc
O [0 cellulose in acidic media (Condition: the mma.i oxahc acad was 36 107 pg

mL " att = 0, the oxalic acid was chang,cd 10 12 % T pg mL” b

Sample treatment and digestion

Calibration curve: Some analytical performance characteristics are given
in Table-1.
TABU: |

CALIBRATION RANGE. DETECTION LIMIT AND REPRODUCIBILITY FOR
THE DETERM!NATION OF OXALIC ACID

Characteristics : ; ‘ Oxalic acid
Linear range (U8 mL™) S Ceese *
Detection imit (ug mL™) | | 0060
Precision (RSDY’ | |
(1) 010 pg mL™' C20% o L O 180%
(2) 050 ng mL C05 31 1.55%

(3) 1.50 pg mL~ C704 ~ S 1.20%

For 10 replicate measurements +S.D.
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Determination of oxalic acid in real samples: To check the applicability
of the method, the determination of oxalic acid was carried out on various spinach
samples. The results are shown in Table-2. The results showed good reproduc-
ibility and accuracy in comparison to the standard method'’.

: ~ TABLE-2
DETERMINATION OF OXALIC ACID IN SPINACH SAMPLES

Concentration of oxahc acid found*

Oxalic acid Oxalic acid
Sample added  found | (“‘g’ 3]
(e “,’L_l) (ne mL ); - Proposed method Slandard method
Spinach leaf (1) L 11830002 - 4.07£0.003 3.90 + 0.002
0 21340001
20 ' 3.16 £0.002
Spinach leaf (2) — 1100003 34710005 3.58 £0.008
| oo 236 + 0,002
20 : 3.4 £0.003

*Mean for five determinations & SD..
PFor spinach samples. :

Preparation of food Samples: The proposed method was applied to the
analysis of some water samples under optimum conditions. The water sample was
initially filtered over Whatmann No. 1 paper. The results are shown in Table-3.
Significant differences between: “the proposed method and the standard
method'’ were found. (e

" TABLE- 3

DETERMINATION OF OXALIC ACID IN ENVIRONMENTAL
- WATER SAMPLES (KARAJ WATER)

Oxalic acid | Oxkalic acid  Concentration of oxalic acid* (g mL™h
Sample added ~ o found - = -
(gmL™y - (pg m‘LCF), - Proposed method ~  Standard method
Sample (1) 12440002 12840002 1.35 + 0.004
0 21540003 L
20 “,32510003' S
Sample (2) = 14240002 15240005 1.48 0.005
o 2!6'+00()3k G
200 328+0004~

*Mean for five dclcrmmauom + SD
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_ Interference study: In order to assess the application of the proposed
memod to real samples, the mﬂuenoes of some other substances were studied in
the presence of 0.50 ug mL"! of oxalic acid ion. The tolerance limit of a foreign
species was taken as a reiauve error not greater than 5% (three times standard
deviation for 0.50 pg mL™"). The results are shown in Table-4

TABLE-4
EFFECT OF INTERFERENCE FOR THE DETERMINATION
OF 0.50 ug mL™' OF OXALIC ACID

Tolerance concentration Ratio

Species | (W ubstance’ Woxalic acid)
Na*, K*, NH}, Ca®*, AP, Ba®*, sn™", ' 10000
Cd® N2, Mg?*, CI", NO3 ‘
Urea, acetate, Zn>" : : E | 600
Uric acid, formic acid S 80

Glucose, ascorbic acid
Formic acid, Br, lactic acid
Benzoic acid. citric acid, Fe(1D), Cu(ll)

Mn?* s 01

MNaximum concentration of the forcignions tested £ 8.
Conclusion

The detector exhibits a dynamic range of 0.15-6.50 pg mL "' oxalic acid. The
described method for producing oxalic acid-sensitive optical membranes has the
following advantages in comparison with other methods: (a) a waste cellulose
material with good optical and mechanical properties is used as a maxtrix for
immobilization, (b) immobilization of the indicators on the membrane’s surface
reduces the diffusion limitations and allows detectors to be produced with a short
response time, (c) its activation is performed by using inexpensive and easily
available reagents with suitable time stability for large number of measurements.
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