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High selectivity flow sensor for gallic acid
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Abstract; A novel chemiluminescence (CL) sensor for gallic acid combined flow-injection analysis

was presented. The anpalytical reagents involved in the CL reaction, including luminel and ferri-

cyanide, were both immabilized on an anion-exchange resin mini-column. While a volume of sodi-

um phosphate was passed through the column,twe reagents were eluted [rom the resins and then

mixed with a gallic acid stream. The fast oxidation reaction between gallic acid and {erricyanide

inhibited the CL reaction of luminol and ferricyanide in alkaline solution. The CL emission was

correlated with the gallic acid concentration in the range from 0. 05~100 ng/ml. and the limit of

detection was 20 pg/ml. (3o). The whole process could be performed in 2 min with a relative

standard deviation of less than 3. 5%. The system was stable for over 300 analyses and has been

applied for the determination of gallic acid in imitative samples successfully.
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Gallic acid (3, 4,5-trthydroxybenzoic acid) is a
white crystalline powder, It is therefore particular-
ly attractive since it occurs in many plant materials
and acts as an antioxidant. Many methods have
been developed for the determination of gallic acid,
including liquid chromatography™™*. spectropho-
tometry"!, polargraphy®l. Recently. some new
methods have been proposed to predict the gallic
acid in wine. fruits and vegetables. and HPLC-
coulometric detection in a lipidic model system un-
der strong oxidizing conditions-".
Chemiluminescence {(CL } has attracted in-
creasing attention owing to its high sensitivity,
wide linear range and simple instrumentation.
Evmiridis-** has reported the CL flow injection de-
termination of pyrogallol with a pyrogallol-perio-
date system. Also reparted was a method™ for the

determination of trace amount of pyrogallal with
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10, /C0O,* /OH CL system and the linear range is 5
~ 100 nmol/L. It is well known that luminol can
be oxidized by ferricyanide in alkaline medium.
producing a strong CL with a maximal intensity
wavelength at 425 nm. A Fl method using lumi-
nol-ferricyanide CL system to determine riboflavin

U1 1n this paper, a novel

was proposed previously
CL flow sensor for gallic acid determination 15 pre-
sented. 1t is based on the inhibition of gallic acid in
the CL reaction between luminol and ferricyanide
and the CL emission decrement is related to the
amount of gallic acid. Considering the simplicity of
F1 system, the two CL reagents,luminol and ferri-
cyanide were both immobilized on anion-exchange
resins. Through the injection of 200 pul. sodum
phosphate. the reagents on the anion-exchange
column are eluted fyom the resin and the CL reac-

tion s inhibited in presence of gallic acid. by which
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gallic acid can be sensed. and the decrease in CL
intensity is linear with logarithm of the concentra-
tion of gallic acid range from 0. 05 to 100ng/mL

with a relative standard deviation of less than
3. 5%.

1 Experimental

1.1 Reagents

All the reagents were of analytical grade;
Doubly distilled water was used for the preparation
of all solutions and dilutions. Luminol (Fluka,
Switzerland) and gallic acid were obtained from X/’
an medical supply station. K;Fe(CN};, Na,P(}, and
KOH were the products of Xi'an chemical reagent
plant. Finally, Amberlyst A-27 anion exchange
resin (0. 3 to 0. 8 mm) used for reagent immobi-
lization was purchased from Rohm and Haas Co.
1.2 Preparation of immobilized reagents

Amberlyst A-27 (1. 0 g} was shaken with 50
ml. of 0. 06 mol/L luminol or 0. 02 mol/L potassi-
um ferricyanide in a flask for 72 h, then the resin
was filtered, washed with doubly-distilled water
and dry-stored. The most convenient method to
determine the amounts of luminol and ferricyanide
immobilized was to 'measure the loss of these
reagents from the immobilization solutions UV-
Vis. The concentration was monitored at 360 nm
for luminol and at 420 nm for ferricyanide. The
amounts of lumniol and' ferricyanide immobilized
were 1. 99 mmol/g and 0. 92 mmol/g resin , re-
spectively,
1.3 Apparatus and procedures

The flow injection system used in this work is
shown in Fig. 1. A peristaltic pump was used to
deliver all flow streams at a flow rate of 2. 0 ml./
min on each flow line. PTFE tubing (0. 8 tmm i.
d. } was used beiween all components in the flow
systern. 200 pl. sedium phosphate solution was in-
jected by a six-way valve through the anion-ex-
change column., The eluted lumincl and ferri-
cyanide merged with the sample stream in a mixing
rubing and the resulting stream then joined with

stream before reaching the CL. cell. The CI. signal

was transduced to an R456 photomultiplier tube
{PMT) and recorded by an XWT-206 recorder
(Shanghai Dahua Instrument and Meter Plant).
The CL signal in the absence of gallic acid and in
the presence of gallic acid were recorded as I, and
I,, respectively. The concentration of gallic acid
was quantified by the decreased CL intensity, Al =
L-I.

KOH
Na PO,

HO
sample

Fig.1 Schematic diagram of the CL flow sensor

for gatlic acid determnation

2 Results and discussion

2.1 Kinetic curves of CL reaction

The kinetic curves of the CL reaction was
tested in a static system, using 0. 05¢ mol/L lumi-
nol and 0, 05 mol/1. K ;Fe(CNJ,. It was found that
the rate of the reaction in solution was fast; from
the reagent mixing to the peak maximum 6s was
needed and it took 60s for the signal to return to
zero again as illustrated in Fig. 2 (1). It also
showed that the CL intensity decreased sharply in

the presence of gallic acid as Fig. 2 (2} shown.
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Fig. 2 CL kinertic eurve of Lu-K;Fe(CN ),
1:in the absence of gallic acid
2:in the presence of 10ng/mL gallic acid
2.2 Selection of eluant

Different cluants were injected through the
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resin column and released different amounts of lu-
mincl and ferricyanide, thus affecting CL intensi-
ty, The results were shown in Tab. 1. It was
found that sodium phosphate was the better eluant
with a maximal CL emission. Therefore, sodium

phosphate was selected for subsequent work.

Tab.1 Character of eluants for galic
acid determinationa
Type of Relative CL intensity”
CL
in'[ens;lty NaCl NaAc NENO;q Na;SO; NE;FO4
1 75 72 89 92 ag
11 14 16 44 42 30
1 3l 26 45 50 69

*The concentration of each eluant was 0. lmmol/L
(I¥: CL intensity in the absence of gallic acid
(II): CL intensicy with 1. 0 ng/mL gallic acid
(IMl) : Decreased CL intensity

2.3 Effect of molar ratie of immobilized luminel

and ferricyanide

To examine the influence of the mixing ratio.
resins (0. 18 g) with different mixing ratios were
packed into a glass column of about 0. 5 mL vol-
ume (i.d. 5 mm) and the two ends were furnished
with glass wool. By injection of sodium phosphate
(1.0 mmol/L} at a fixed volume of 200 pl.. differ-
ent amounts of luminol and ferricyanide were elut-
ed {rom the resins and generated different CL in-
tensity in alkaline medium, which were shown in
Tab. 2. The molar ratio of 1 : 1 tluminol 1o ferri-
cvanide? was chosen in subsequent work.

Tab.2 Effect of melar ratio of immeobilized

luminol and ferricyanidea

}‘"%Ola‘f ratio Relative CL intensity Decreased CL
uminol ; . r
K.FelCN), Blank' Signal® intensity

3ql 141 131 10

231 135 120 =~ 13

1:1 129 100 29

1:2 100 75 a5

1:+3 89 9 25

* CL intensuty in the absence of gallic acid
*CL wnrensity wicth 1. 0 ng/mL gallic acid

2.4 Effect of eluant concentration
The release of luminol and ferricyanide was

controlied by the concentration of sodium phos-

phate. Various concentrations of sodium phosphate
were injected through the anion exchange resin col-
umn with immobilized luminol and ferricyanide.
The results were shown in Fig. 3. It is obvious that
CL intensity increased with the increase of eluant
roncentration. To obtain long sensor lifetime and
high CL. intensity, 1. Om mol/1. sodium phosphate

was used for the present system.
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Fig. 3 Effect of concentration of Na,P(, in the
presence of 1. 0 ng/mL gallic acid

2.5 Effect of acidity in sample solution

It was found that changes in sample acidity
had a significant effect on CL intensity and this ef-
fect was examined by adjusting the pH of sample
solution. The results showed that the decreased CL
intensity reached its maximum with a sample solu-
tion of pH 6. Then this value was chosen as opti-
mum.
2.6 Effect of potassium hydroxide concentration

Luminol reacts with ferricyanide in alkaline
medium. Therefore, potassium hydroxide was
added in the flow line to improve the sensitivity of
the system. Since the conceniration of potassium
hydroxide versus CL intensity plot reached a maxi-
mum with potassium hydroxide around . 2 mol/L
tFig. 47, this concentration was used in subse-
gquent experiments.
2.7 Effect of mixing tubing length and flow rate

To ensure the efficient reaction between ferri-
cyanide and gallic acid. mixing tubing was used in
this system and its length was tested from 3. 0 cm
to 8. 0 cm. It was found that a suitable length with
a high CL intensity emission was 3. 0 cm. Pump
rate was a critical factor 1n the determination of
gallic acid, the experiment demonstrated that the

CL intensity increased with the increasing of pump
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rate. to diminish the consumption of reagent and
increase the stability of instrument, 2. ¢ mL/min

of each {low line was selected in the following pro-

cedures.
160
§ 120
g
d 80
g
82 40
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[KOH] /mol » L™

- Fig.4 Effect of KOH concentration with
1. 0 ng/mL gallic acid
1. luminol-K;Fe{CM Jessystem ([,
2. luminol-K;Fe{CM):-gallic acid system(],)
3. decrease in CL intensitv{Al=J¢-I,)
2. 8 Performance of the system for gallic acid
measurements
Under the optimal conditions, decreased CL

intensity was linear over gallic acid concentration

range {from 0. 05 to 100 ng/mL, A7 =33. 71 log
Cotiic e T 42. 81, R*=0. 9961, The limit of detec-
tion was 0. 02 ng/ml. {30) with a relative standard
deviation of less than 3. 5% for 10 ng/ml. gallic
acid {n=29). At a {low rate of 2. 0 mL/min. the
determination of analyte could be performed in 2
min, incltding sampling and washing, giving a
throughput of about 30 times per bour.
2.9 Interference study

The the

method for gallic acid was focused on some com-

interference study for proposed
mon metal ions and organic species. The tolerable
limit of a foreign species was taken if it caused a
relative error of less than 5% in the determination
of gallic acid (5. 0 ng/mL). The tolerable ratio of
some interfering inorganic ions and organic com-
pounds was listed in Tab. 3. The tmain interference
was caused by the metal ions. and they could be

masked by adding excess amount of EDTA.

Tab.3 Tolerable concentration ratios with respect

to gallic acid for some interfering species (<Z5% error) pg « mL™!
Tolerahle Tolerable
Substance Substance Substance Tolerable Cone.
Conc. Conc.

Ph*~, Cr*f 52 Br-.CI- 80 citric acid 9. 6

Zn®** 6.3 i 3.2 malic acid 100

I-,NO,” ,Ac .
2+ " e

Mg 12 COL- , HCO, 60 urea 300
Co®t, MNi*+ 30 S0, 95 potassinm oxalate 1 700
Ca’, 50, 1.0 methanol 800 sulfosalicylic acid 380
Fe’*, Fel*, _ i

Mnt 0. 56 ethanol 920 sodium henzosullonate 270

Cu*t 6.4 glucose 18 ethylphydroxybenzoate 1 Q00

2. 10 Sample analysis

Following the procedure described in EXPER-
IMENTAL section. the proposed method was ap-
plied for the determination of gallic acid in two imi-
tative samples. The results were shown in Tab. 4

Tab. 4 Results in imitative samples

Results by proposed metheod

Sample

Found/ Added/ Total/  Recover/
ng *mlL"' ng-mL~? ng*mlL"! Y
MNo. 1 3. 24 1. 00 4, 32 108
MNo. 2 59. 66 10. 0 69. 35 96.9

3 Conclusion

Compared with other CI. methods. the pro-
posed method offers advantages of simplicity, ra-
pidity, low reagent consumption, high sensitivity
as well as wide linear range for the determination

of gallic acid.
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REAAADEHFHERIANER . R EHT &2 luminol-K,Fe(CN ) b4 £ %4 & o050 2] 45
MAZ#H. FHERSE Rt THAD ABBRTHRABE IR THEALE, S HEH.0 05~
100 ng/ml.; # th FR:0.02 ng/mbL; A0xt4r R4 £ (RSD): 3.5%, AA SR THES D 300 24
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