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ABSTRACT

A solid phase spectrophotometric batch procedure for boron in botanical
samples has been developed. Boron (from borate ion) was complex with
quinalizarin reactive that form coloured specie. The absorbance of the
complex fixed on silicagel resin, was measured directly at 560 and 800 nm
after packing the gel beadsina1-mm cell. Using asample volume of 50 ml,
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the calibration graph was linear over the range 10.0-100.0 pg I'* with a
R.S.D. of 2.75 % (n=8). The method was applied to the determination of
boron in botanical samples and was corroborated by standard addition.
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INTRODUCTION

Boron (casno.7440-42-8) isanaturally occurring
element, does not occur freein theenvironment, itis
alwaysbond to oxygen™.

Inthe nature, boron (B) occurs asan anion or neu-
tra moleculeinmogt soils. Whether Bisactively trans-
ported into plantsisasubject of considerableinterest
incurrent literaturé?. B isan essentid dement for plants.
B deficiency in plant may result inreduced growthyield
loss, and even death, depending on the severity of de-
ficdency. ExcessB istoxictoplantg®4. Itshioavail ability
istherefore of fundamental importance. Likewise, hu-
mans could be exposed to B through fruit and veg-
etables, water, air and consumer products, too. Essen-
tid for healthy bones, brain function, aertness, andthe
metabolism of bulk minerassuch asca cium, phospho-

rus, and magnesium(® €.,

Quantification of B isanimportant task inawide
rangeof disciplines, such asagriculture, biomonitoring,
human and other biological analysis. At present, there
are several spectrophotometric methods based onthe
use of specific reagentsfor the determination of B!.
Themain reagentsused for thispurposeare curcumini®,
caminicacid, dizarinred S™9, quindizarine (QZN)**
12 and azomethine-H*3. Among these, QZN has ex-
tractive propertiesand hasfrequently been used asa
reagent for solid phase extraction and spectrophoto-
metric determination of cations'¥. Although atomic
spectrometries, such aselectrotherma atomic absorp-
tion spectrometry (ETAAS)™, inductively coupled
plasma-atomic emission spectrometry (ICP-AES)¢!
and inductively coupled plasma-mass spectrometry
(ICP-MYS) aresengitive and selectivefor B determina
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tion, moreover the total amounts of B can be deter-
mined despitethefairly expensive equipment.

In this context, solid-phase spectrophotometry
(SPS)*718l | appears as advantageous technique, be-
causeitslow-cost and smplicity, withsamilar andytica
quality results. Thistechniqueisbased on thedirect
spectrophotometric measurement of acoloured specie
on solid phase, that has sorbed a sample component.
Thismethod madeit possibleto determinetrace com-
ponentsin natural sampleswithout preconcentration,
because asensitivity enhancement was easily accom-
plished by increasing the samplevolume,

Theamof thisstudy wasto developand evduatea
simple and sensitive solid-phase spectrophotometric
batch method usngacommercidly available, UV-Vis
spectrophotometer, which would be applicableto the
determination of microamountsof B in naturd samples.
Thedifferent experimenta parameterssuch asacidity,
typeand amount of resin, surfactant concentration, ligand
concentration, and typeof buffer have been thoroughly
investigated. Theresultsshowed that QNZ can selec-
tively react with B in the presenceof common coexigting
interferingions. Thisnew SPSmethod hasbeen used for
determination of B from different botanicd samples. The
most interesting festuresof the proposed method aresm-
plicity inoperation, high sengtivity and selectivity for the
spectrophotometric determination of B.

EXPERIMENTAL

Reagents

High quality water, obtained usingaMilli-Q system
(Millipore, Bedford, MA, USA), wasused exclusively.
A B standard sol ution (1000 pug ml*) wasobtained from
Flukaand diluted as necessary to obtain calibration so-
lutions. Reagent grade 1,2,5,8-tetrahydroxy an-
thraguinone (QZN) (from Merck) wasdissolvedinre-
agent grade ethanol. All acids used wereof the highest
purity availablefrom Merck and used asreceived. Ana
Iytical-grade Octyl phenol poly(ethyleneglycol) ether
(Triton X-100, Merck®) nonionic surfactant solution
wasof thehighest purity available and was used with-
out any further purification. Activesilicagd was pre-
pared by weighting 200 g of silicagel and mixingwith
500 ml of 4.0 mol I hydrochloric acid. Thismixture
was allowed to reflux with stirring for 4 h, filtered,
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washed with doubly distilled water until acid freesilica
gel phase. The active silicagel wasthen dried in an
oven at 150-160 °C for 6 h and left in a vacuum desic-
cator for future use.

Apparatus

A singlebeammicroprocessor controlled Metrol a®
1700 UV Visspectrophotometer controlled by persond
computer with a1.0 mm quartz cell wasused for all
spectral measurements. AnAltronix model TPX pH
meter was used for checking the pH of solutions. To
decrease the risk of contamination, glassware was
avoided, and plastic (polypropylene) vessd swereused
to prepare and store the solutions or suspensions. All
plastic ware was nitric acid-washed and rinsed with
ultrapurewater.

Absorbancemeasurements

Theabsorbanceof complex retained onthesolid phese
wasmeasuredinal.0 mmaquartz cel at 466 and 800 nm
againgt a1.0 mm cell packed with resin previously equili-
brated with blank sol ution. Thenet absorbancefor boron-

QZN complex A, insolid phase was obtained from:
Ana = Acomplrx - Ares'n Wha.e Acomplrx = A466 _ABOO forthe

sampleand A, = A, — Agy, TOr theblank solution™,
Whentheabsorbancewasmessured at two different wave-
lengths, onecorresponding to aosorption maximumof the
complex (466 nm) and the other in aregion wherethe
complex absorbsvery low (800 nm), theabsorbancedif-
ference, could beassumed to be congtant under thesmi-
lar packing conditions.

General Procedure

For 50 mL final volume, an appropriate volume of
samplecontaining 0.1to0 20.0 pg of B was transferred
intoa50 ml plastic tubewith stopper and then 0.5ml of
5% v/v Triton X-100 solution, 0.5 ml of 2.5 mol I
H,SO, and 1.0 ml QZN 1x10°* mol |"* solution were
placed leveling off to the mark with water. After stand-
ingfor 5mininthedark, 70 mg of silicagel resnwas
added tothe solution. Themixturewas tirred mechani-
caly during 20 min then the colored resnwas collected
andtransferred to 1.0 mm quartz cell withtheaid of a
dropping pipette. A blank solution containing dl reagents,
with the exception of B, was prepared and treated in
the same way asthe sample. The absorbance differ-

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



778

Boron determination in botanical samples

ACAIlJ, 10(12), 2011

Full Peaper ===

ence between sample and blank was measured after
5.0minasdescribed in Section 2.3.

Referencemethod (I CP-OES method)

The measurementswere carried out withan ICP
atomic emission spectrometer Varian ICP-OES model
ICP-OES Vista Pro, with a Czerny-Turner
monocromator, holographic diffraction grid and a
VistaChip charge coupled device (CCD) array detec-
tor. Theused emissionlinesof BwereB | 249.773, B
| 249.678, and B | 208.959 nm. Theline of internal
standard indium (In 1 325.609 nm) was used for matrix
effect correction.

Botanical samplestreatment

Prior to the determination, the vegetabl e samples
were pretreated in thefollowing way. An edible portion
of vegetablewasfirstly washed clean with tap water
and then rewashed with deionized water. After remov-
ing deionized water on the surface of vegetable, the
samplewascut into small piecesand dried at 65 °C in
oven. Thenthesamplewasground and passed through
a60-mesh sieve. The powdered sample (1.0 g) was
accurately weighted into aporcelain crucibleand cal-
cined at 550 °C for 2 hours. The contents of the cru-
ciblewere cooled to room temperature and moistened
with 10 dropsof water. Upon additionto thecrucible
and 3.0 ml of (1+1) HNO,, then the nitric phase is
evaporated at 100 °C on a hot plate. The crucible was
returned to thefurnacefor an additiona hour of caci-
nations at 550 °C. The contents of the crucible were
allowed to cool room temperature, dissolved in con-
centrated H,SO,, quantitatively transferred toa50ml
volumetricflask, and brought to volumewith distilled
water. The usual general precautions were taken to
avoid contamination.

RESULTSAND DISCUSSION

Thefixation of complex

It wasfound that theionic pair isnot fixed onion-
exchangersasDowex 1X8 or DEAE Sephadex anion
exchangers, aswell asin the cation exchangers (SP) or
lipophilic Sephadex. Onthe contrary, theionic pair was
gtrongly fixedin hydrophilicadsorbentslikeactivedlica
gel and Amberlite XAD-7, givingared color with an
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absorption maximum at 466 nm, compared with 460
nm observed in solution. Subsequently, silicage was
selected by itshigh stability on strong acid media, envi-
ronmental friendly and low economica cog.

Optimization of thereaction medium

Previous studies have shown that the QZN-boron
complex occursinsulfuricacid media From sulfuricadid,
phosphoric acid, hydrochloric acid and acetic acid, the
first gave the highest absorbance and stability. Theex-
perimental dataindicated theoptimum pH for theforma:
tion and fixation of thecomplex specieswasintherange
1.65-3.15 using different concentration of sulfuric solu-
tions(Fgurel). Therefore, diluted sulfuricacid solution
wasused to maintain theoptimum onewhich giveshigh-
est absorbance valuein addition to the stability of the
color fixed species, S0, dl subsequent studieswere per-
formed at pH 2.00. Moreover, 1.0 ml of 0.25 mol |*
H,S0, solutionwas selected for 50 ml samplevolume.
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Figurel: Effect of pH. [B] =25 pg1?*; [QZN] = 1x103mal I%;
resin =70 mg.

Then, atens oactive agent was necessary tohdp the
dissolution of thereagent and itscomplexesin water or
ethanal. Triton X-100, wastested at different concen-
trations, and 0.05% v/v was sdected (Figure 2).

Effect of reagent concentration

With theincrease of the concentration of QZN, the
absorbance of thefixed complex onresinincreasesrap-
idly and reachesaplateau. After that, it dropped Slowly.
INn50 ml of solution, the optimum volume of QZN 1x10°
3mol I solution (in ethanol) wasbetween 0.4 and 0.8 m.
Thus, 0.6 ml of the reagent was employed for this work.
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Figure?2: Effect of amount of surfactant (Triton X-100).[B] =
25ng It [QZN] = 1x10°* mol IY; pH =2.00; resin = 70 mg.

Effect of time

Theeffect of stirring time on color intensity was
investigated. Therateof equilibrationwasnot influenced
by therate of formation of QZN-boron complex. The
color development was completewithin 15.0min. A
stirring timeof 20.0 min was chosen to keep theanay-
sistime. Thefixed complex isstablefor at least 8.0 h
after equilibration.

Effect of resin

Theuse of alargeamount of resinlowered the ab-
sorbanceasusud. Thesolid support level inthecdll isa
very important variable. Only theamount required fill-
ingthecell andtofacilitate handling (i.e. 70 mg) was
usedfor dl studies. Thisleve hasto besufficiently high
to let thelight beam passthrough the colored resin.

TABLE 1: Analytical parameter sfor SPSboron deter mination

Parameter

I ntercept 0.14
Slope (ug™ 1) 0.016
Linear range (ug 1) 10— 100
Correlation coefficient 0.97
%R. S D. (n=10) 2.75
Detection limit (ug I')° 1.50
Determination limit (ug 1M)° 5.0

3R. S. D. was established at 10 pg 1 B; ® 3 6 criterion.; © 10 ¢
criterion

Analytical figuresof merit

TABLE 1summarizestheandytical figuresof merit
of the optimized method, including regression equetion,
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linear range, reproducibility, and limit of detection. The
limit of detection, definedasC_=3S,/m(whereC ,
S,;andmarethelimit of detection, standard deviation
of the blank, and slope of the calibration graph, re-
spectively), was 1.5 ug 1. Reproducibility was mea-
sured for aseries of ten independent determinations
containing 25.0 ug 1 of B in 50ml sampleusing 70 mg
of thesilicagd resin.

Foreignion effects

A study of potentia interferencesin the determi-
nation of B was carried out for ions, in amountsrang-
ing upto 10.0 mg I, with 20 ug of B. A relative error
of lessthan 5% wasconsdered to bewithintherange
of experimental error, soionswere considered as not
interfering if they produced arelativeerror lessthan
+5%. The tolerance limits for ions studied are shown
inTABLE 2.

TABLE 2: Tolerated limit of variousforeign ions. Boron
concentration: 20 ug I

Tolerated limit (mg I'Y)

Na(l), K(1), CI(1), NOs(1) 10.0
Ca(l1), PO,(II) 50
Al(ID, BAIl), Mg(ll) 1.0
A1), O(111) 09
Qu(ll), Co(lll), Zn(l1) 0.7
(1), G€1V), MoV 1) 05
Fe(I11) 0.2
TABLE 3: Analytical applications
Sample Concentration of boron (ug g™
Found
Found by
Added proposed Recogvery gy
method? %) 1CP
OES?
51.5+
| 52.6+0.4 0.2
:V'a”da” g9 58.4+15 1013 28
eaves 0.3
200  702+1.0 96.6 7%%*
10.6 +
105+ 0.4 0.1
Lemmon 5.0 15.84 0.8 1018 126
juice 0.3
30.1+
20.0 28.1+0.9 92.1 0.2
8.2+
84+0.3 01
Seed soybean 5.0 152405 1135 l‘ggi
200  298+08 104.9 2%%*
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Application to botanical samplesand validation

In order to test the reliability of the proposed
method, the method was applied to the determination
of B in botanical samples. Therecovery of B in the
sampleswas checked by the addition of standard B to
50 mL samples. Theresultsare shownin TABLE 3.
Therecoverieswereranging from 93.5t0 107.6% (n=
5), whileindicatesthat no interfering substances en-
countered with the determination of B. Theanalytica
datafor varioussamplesgivenin TABLE 3indicatea
high degree of correlation between theresults of 1CP-
OES and proposed procedure.

CONCLUSIONS

Theproposed procedure givesasimple, very sen-
sitiveand low-cost spectrophotometric procedurefor
determination of B that can be applied to botanical
samples. Solid-phase spectrophotometry combinesthe
pre concentration of the species of interest on asolid
matrix and subsequent measurements of the absorbance
of thecomplex inthe previous solid phase. Thispro-
videsanincreasein sdlectivity and sengitivity withre-
gpect to conventiond spectrophotometric method with-
out requiring expens ve and sophi sticatesinstrumenta:
tion such as ICP-OES. The proposed method could
be successfully gppliedto thedetermination of B inplant
materidswithreliableresults.
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