ANALYTICAL SCIENCES MAY 2004, YOL. 20

137
2004 © The Jupan Soclety for Analytcal Chemistry

Flow-Injection and Sequential-Injection Determinations of
Paracetamol in Pharmaceutical Preparations Using Nitrosation
Reaction

Rodjana BURAKHAM,* Sopunnee DUANGTHONG,* Lop PATIMAPORNLERT,* Narong LENGHOR,*
Suphaphorn Kasiwan,* Lalida Seivicsaal®* Somchai LAPANANTNOFPAKHUN, = #=
Jaroon JAKMUNEE,*** and Kate GRUDPAN***1

*Depariment of Chemisiry, Faculry of Science, Chiang Mai University, Chiang Mai 50200, Thatland
*“* Institute for Science and Technology Research and Development, Chiang Mai University,
Chiang Mai 50200, Thailand

A simple Fl and two different 51 aystems have been investignied for the deierminstion of parscetamal by empboving &
simple resgent for a nitrosation reaction. It is based on the om-line aitrosation of parscetansol with sodium nitrite in an
acalic medivm. The formed mitrodo dervative speches reacs furtser with sodium bydeoxdde o convert 1 8 6 more stable
compound. The yellow product is contimsously mositored al 430 nm. The F1 system ks very simple and cost effective for
fast manusl operntion (60 injections/ly; ¥ = 0.258x + 44.314, F = 0.9910 for 400 - 1000 mgfl and y = 0.1687x + 145.72, #
= (9970 for 1000 - 2500 mpT). The two 51 systems with different components and configurations are sutcmstzd and
optimized for the conditions for which po extra dilution i b be mequired lor ssmple handling: one with » syringe pumgp
and pwo selscton valves (60 samplesh; y = 0. 1468 = 4 T297, /= 09944 for 400 - 1000 mef and ¥ = 00858 + 63,933,
7 = (L9849 for 1000 - 2500 mg); the other is simpler snd mors cost-afTective, with an sutcburctts and only oes s=lection
valve (15 sampleah; y = 0.00T2x + 11467, / = 0.9977 for 200 - 1000 mg and y = 0.0028x + 54689, r = 09579 for

VO = 2500 mgf). They have sll boen spplicd (o smay parscetamol in pharmacentical preparations. The obéamed resulis

mgree with those by the US Phormacopeia method
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Introduction

Paracetamol is an extensive analgesic and antipyrefic drug,
Severl baich metbods have been repanied for the determination
of parscetsmyd in  pharmocewtical preparstions, sich &
specirapbotomsetry,’¥ refllectnnce near-infrared  spectroscopy,’
chemilaminescence® and liguld chromstography.? A mamber of

Mow-imjection (F1} methods have also been repovicd for the
determination - of parncetamol, such & Fl-specirophotomery,
using differemi on-line derivatization resctions.  However, the
conirol of  soch  reactioms  aedior  manifolds W el
complicaied. = Some methods, such as FI-FTIR' and FI with
 boroa-doped dismond thin film elecerode,¥ involve relatively
i ghier ene insmumssnis.

A further ganeration of FIA, SLA is o greay posential technique
fior chembcal analyels dwe i mach lesy rengent conseimption, in
simplicety and coavenbence with which manipulstron can be
mutomated, Sa far, &n 51 procedure for  parscetamal
desermination has been reported. [ s bagsd on o resction with
bexacymoferrue(il}, followed by & macton with phesol st
alavaisd Emperaiune in aqueoas nmmonia. !

Simple ond insxpemsive spectrophotomeine fow-imjection
and sequentinl-imjection systems for the determinstion of
pamcetamcl  using smple reagems bassd on  preliminary

¥ To whom comespomdence should be sddressed
E-munil; kniz@ chisngrmui.uc.ih

conceply imimodiced af the DCFIA 30| Conference'® wre
presented. The procedures empioy the resction of parsostamol
with mitroes scid ol room iempemtee, prodecing s derivative,

Experimental

Chemicals and reagents

All of the respenis used were of onalytics]l reagewt prade,
Despnized water was used throughowt the experiments. A siock
solution (5000 mgl) of 4-scetsminopbenol —siandand
{parmeemmol, Plukn, Switreeiand), which wes msyed nsing the
USF method,™ was prepared by dissclving 05146 g of the
sunderd in water ond dileting o the mark in o 100 m
volumetric flask. Waorking, standards were: freshly preparsd by
diluting the siock scletion with waber 10 obisin spproprisie
concesiration.

Eunpkpmptwhn
Some locally commercial pharmacesticsl prepanstions were

tnken &s somples o be assayed, For tabler samples, 20 mbles
were accurmiely weighed and finely powdersd, An amount of
the powder equivalent to & wablet was dissolved in woter, After
stirring for 15 min &t & wmparature of 60 - T0°C, the volume
wis made 1o 250 mlL  The solidon was then [hersd before
anakygis. Farher appropasie dilstions foar FlA procedures were
made uslng waler, For & symap sample, &  aliguod
comsiponding 1o 200 mg of parscetamol was dilnsed w 100 ml

_




Flg. | Schemmie diagmma of FUEI sysems for determmastion of
parscetamal: {a) FIA, (b) SIA-1 and {c) SIA-IL P, pumg; €, camier;
HC, holding coll; MIC, mixing coil; IV, mjection valve; ¥, scleetion
walve; [, detecior, B, recorder; W, wle.

and thea fltensd.

FI ryetewm

The Fl sysiem, eimilerly o the previoualy repomed one,'™
which ie more almpbe than thnt deseribed by Knochen o all
constsied of & peristabtic pump (lemetes, Switzerland), 8 six-port
injectinn valve (V-45], Uipchusch), & reaction ooil, s colorimats
(Cole Parmer, USA) with a fow thwough oell (Hellmas,
Germany) of | cm light path and & recorder (Philips P 8351,
Hollend), as shown in Fig. lis), Through an injsction valve, &
pobution contaiming parscetwmol was injoctsd o a HCI canrer
abd merged with NaNO; @ form the nitroso desivative, which
whis subsequestly Mabiized with MelXH. The sbsorbance of the
formed product was continoously recorded st a wovslength of
30 nm, snd the peak helght was vsed for an eveluston,

51 svriemis

Two Sl sysemd were investigsied. Both sysems wers simed
for pperation with minimam stepe in ampls bandling. sech as
no requinernent for further dilstion of the ssmpls siock salation.
The first one (SIA-I) was & SI Analyser (Labbrasosy mnde,
Turku Cemer for Biosechnology, University of Turks and Abo
Aknderni University, Finland) consisting of o 2500 jil syringe
pump (Cavrg), two six-pon sslection valves (Cavro), o holding
eoil (200 cm 0.6 mm L), & resection codl {100 em x (LG mm
i) and using » Spectomic 21 (Bausch & Lomb, USA) a8 &
detector with o Oow-through cefl (Hellma, Germany) of 1 cm
light path, s shown in Fig. 1(b}. A persoaal compuier was el
for instrumental control, dats sequisition and evaluation wia o
Lsi PC+ imterface card (Mationsl Instruments) snd en AnalyS1A
program [ The Biosense Team).

The s=coed 51 system (S1A-11) used is schomatically depicted
in Fig. bich. W conssied of an sawburste Dosimal 765
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Fig. 2 Schemstic
parse@mo '

dingram of he nirosation  meaction  of

(Metrohm, Switserlnnd) equipped with 8 10 ml exchange umit,

for & pumping system, and connected to & parsanal compuier v
an REIIIC imerface, & | 0-position sebection valve VI with m
microekecine sty (Walco  (mstrumente, USA) mnd =
Spectronic2] (Bamsch & Lomb, USA) detector with & MNow-
through' cell (Hellms, Oermanyd of 1 cm light path.  Tie
ausphispems was connecied b0 the center of the sebection valve by
means of @ holding coil (250 cm * 1.27 mm Ld. Tygon aibing).
A mixing coil (30 cm x 0.7% mm j.d. FTFE whing) was placed
betwesn the seloction valve and the detecior, Both instrumental
comiral and dats scquislien swere mamipilsed wo sofreare
using LabVWIEW, developed in-house snd using & CYDAS ULV
imerfacing board (CyberPlesearch, WSA)Y  This softwame
prorviced controd of the volume o be dispensed o aspirated by
the sutoburette, flow mie, selection of the differsnt valve
wis compuied by uaing MATLAB,

The 51 operation seps were a8 Follows: firsly, cthe menifold
limes wete washed whth water, and afl of the reagenats wers filled
inte the ports of the sslection valves, Then, siteble volumes of
the reagenis wers sequentially sspirsied snd siacked s zones in
# bolding coil. Fimally, ihess zones were propelied through a
reacticn coil. A fone penstration ocourred,  The wheorbancs of
8 product 2eme s comtinnoosly mondtored &t 8 wavelenpth of
430 nm,

Results and Discussion

The FIA

The flow sysiem and chemical variables wers investigabed.
Optimizsiion wudbes wore cared owi for each imdividuonl
variable and optimam valves wers selecied. The effect of the
mixing coll leagth, which influemced both the sensitivity (1.4
slope of & plot of concentrmation (mg) of pamcctamol vr. peak
height) of the methad and the sampling fregeency, was studied,
The leagihs of mixing coils betwesn 50 - 280 om were
examansd. A lomger mixing ooil resulied i incressing the
sensitivily &s & resull of promoting better mixing of the sample
and reagent. A mixing oodl of 300 em was selecied far further
experiments doe 1o (e Hoeanity and seusitivity,

By fxing the fow-system variables {mixing coil length, 200
cm flow rae. 2.0 mbmin mnd ssmple wolame, 70 pf), the
inflsance of the chemical variables was studied by varying the
concemtrations: MaOH (0.03 - (LL0 moly, HO 003 - 0.15
mol) and MaNOy (001 - 014 mol), The conditions were
selected to be OL10, 007 ond 0,07 moll for NeOH, HCl amd
HaMi, respectively.,

The 5IA-1

By wsing the SIA-] system, the sequence onder of sspiration
was firstly optimized to ensure good mixing of the smple mne
with all of the rexgeais involved, Seveml sequence onder wer
examined snd § sultsble one thal provided a good peak shape
and high semsitivily {beller response) was selecied. The selected

o
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Table | Selecwed condifioms of the S1A-I system For (he
determanmtice of paracetanod

B39

Table 2 thﬁﬁmnfdhﬂunillﬂlnhﬂ:
determinmion of peraceinmel

Sequence Valvemo, Positiom  Walmmedl Diescrigiion

B Asplewie 0.05 malil
HCY fnna HC
Aspirue 0.1 mob!
MHaM(k inso HT
Aspirme samgsle
o HC
Aspirsie 0,15 mol
MaiOH it HC
Aspirste 0.05 molf)
HCT imin HC
Puumgp 10 desector
with firer itz of
% mlimim

2 1 & 75

1«5 i

1o
50
L0

sequence of the sample and the reagent Tones was created by
first aspirmting.

HC] imto & bolding coil, then, MaMO; amd the
were imseried b0 the scid zone (o increase mixing of the sampile
and the reagents. I this step, & nitroso dervative compoand
wis formed.  MoOH was finally sspirsted 1o siabilize the
product before desection of the sigmal.

Although some reported that e resction product was & niro
derivative,""™* there has been & report mentioning the product
beimg & nitroso derivative! A stisdy an the formuation of metal
chelates of mach o reaction product indicated that the Tormation
of & nitroso derivative of scetaminophen is more probable than
the mitro desivathve.|

According to the pitrosstion resctions’ of parscetamol, us
shown in Flg. 2, the mitroso derivatizstion of parsceamal and
NaNOy should taks plsce under an acidic condition. Thersfore,
the Nafilh zone should overlap with the sample and the HOY
zone (o ensure an acidic medium for efficlent forming of the
nitroso compound before being sabilized by the NoOH mooe o
conven {8 o apother species, (o be momitored for sbsorbanes.
b was foand that the best sequence was to sandwich the sample
and the NaNO: zoses with twoe HCl moses.

The concentrations of the three reagents (MaMOy, HCl and
MaOH) lnvobied in the mactions were optimized. A series of
concentmtions of & singls reagent was varied, while the others
were kept constant.  The reagest concentrafions glvisg high
eengifivity and pood linsarity were sclecied by consbdering a
regrassion equation (Le. slope and Aovalue) for a plot of the
concentmtion of the paracetamnd vr. peak mrea. The trends of
the reagent concentrutions were quite similar o those obiained
froms the Fl system. Howeves, il s sot couvenient to work with
high concentrations of MeDH, since the Schilieren effect would
hiviz & grast inflsence,

The effects of the reagent and sample volumes were evalunted
by varylng the volumes of MaOH {100 - 300 p1), HCY (100 - 350
i), NalNDy (50 - 200 pl) and the somple (5 - 50 pl). An
incresse in the veagest and sample volumes resulied in
incressed senaitivity, However, o poor seasitlvity was obtsined
by using & very high volume, probably due 1o less 2one overlap.

In addition, the flow mie was optimized to schieve u good
analytical signal und sensitivity, The selected conditions me
summarized in Tablz 1.

StA-i1
Alibough the 51A-1 system could be succesafully applied w
ke determinstion of parscetamol, amother S1A sst-up with mere

Vilwe ¥
Sequence . Mode  Volmmedul Diescripicn
| 5 Pl 300 Aspirate 005 mal
HC b BT
2 & Dis 1o Disgease HOY
i 2 PIF nn Azpirme 0. 10 moll
WMy im0 HO
4 3-4,7-% PP ] Aspimaie smmglc
inko HC
4 & HF o Re-axpirms HCY
(seqmence 1)
& 10 FiF 0 Aspirese (.20 mol
MaOH o HC
7 L oDsC 5000 Dspensa 1o
detecics wigh Now
iz of 3 mlimin
i, Fipelting.
b Cusmilative dispeesing,

Table 3 Analytical charscteristics of the proposed methods

Parsmigter Fia SiA-1 LA
Linear mmge {mpMh, & #00- 1000, 400- 1000, 200 - 1000,
0.99a] (LS46 09977
1000 - 2500, 1000 - 2500, 1000 - 250,
0.4w70 D9R4D 03879
RS0 (nw [ 1) b k. o e
Dietection limit (mgh) 45 T L]
Sampling freqoency (b7} 60 60 13
o At KN mp,

b. Wishoot extrn dilation for samyle handling.

oost effective comiderations was investigaied. lnwiead of &
syringe pump, an autcbaretie was used, =nd only one [0-port

selection valve was employed. Optimizarion was stadisd. The
optimum conditons sne described in Tabibe 2

Analyticel choracierittics

An cvaluaton of the wnslyocal charscweristcs of all ithe
proposed procedures was carried owt by sisdying the linesr
mnge, precision, detection limit and ssmple frequency, as

The precision of cach proposed procedure was sudied, 'When
using & standard (2000 mgA), the RED;s for SIA procedires with
oo didistion for sample handling were less than 4% RSDs of
hﬁmlihnwﬁnﬂummﬁhﬂdﬂhm
eome conditions, which should be useful for the routine quatity
control of o particular formuls of pharmacestical prepasasion.
The precision of such & procedure was tesed daily for § days. It
wei found that the REDs were also within 4%.

By using the F1 method, the effect of foreign compoumds that
can be found in phamacewstical preparmtions costaining
parsceiamal was also stedied. Chlorphenramine madeats with a
conceatration of ug o 80 m/l was tesed for the determinstion
of purncetamol (2000 mpd). The resslts showed thai ihe
peeience of chiorphenrumine &d ot ineerfere with ihe
dettrmination of parscemmol.

Tumrdﬂnpmpmdmlum:dhy
enalyzing resl esmples.  The resulis agread with those obinined




Tabke 4 Determinadion  of  parsceiamol  n some
h ond :
Sasngle Type of
preparation o glag SIA Sllmlu:
I Takilet W ] w7 7]
2 Tukilet ] o ] m
3 Tablet im0 1o 4
4 Tatlet 95 100 g Lk
5 Tahilet oo 104 o 96
& Tablet I b 1] a8
T Tablei 1] b1 o 9]
i Tablet 1o oy ki) a4
¥ Tuhlet ] k] 10 !
1 Suspession |08 102 g5 ]
i Synup 105 oz o1 n

by the standerd method (Table 4.

Appilicaripn i sampiles

The three proposed sysiems (Fl. S1A-l and S1A-T1) wers
applied to the determination of parscsamal i pharmacestical
prepambon samples. Each sample wos prepansd o obisin
#olutions having coocentratbons of coo TO0 and 2000 mgd of
parmcstamol.  For SIA procedores, no temple dilution was
made, The obisimed resulis are summarized in Toble 4. The
evilunting by & i-tesn o1 the 95% canfidence level indicates that
thers lx no signdficant differance in the resulis oblained by the
proposed and standerd methods,
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Abstract This work caploited the well-known indine-
atarch resction for development of & simple flow-injection
(F1) methed for determination of iodide in pharmaceutical
samples. lodide in an injected zone was oxidized to iodine,
A gas diffusion unit enables selective permeation of fodine
through a hydrophobic membrane. Detection was made very
selective for elemental fodine by employing formation of
the l;—starch complex. The detection limit (3S/V) of the
system was | mgIL~. For a liquid patent medicine used
for asthma treatment we suggested modification of the sys-
tem. Direct injection of this sample, which contains a partic-
ularly high concentration level of iodide (ca. 9000 mg TL-1),
can be achieved by coupling s dialysis unit 1o the FI
system. This has increasad the working range 1o 6000-
10,000 mg [L~ withoui employing complicated nanoliter
inmjection.

Keywords Flow injection - Gas diffusion - Dialysis -
Iodide - [odine—starch

introduction

lodine compounds are often used in pharmaceutical prod-
ucts. Jodine in the form of tri-iodide is an antiseptic and

E;Tum HMU megnri‘-mmn:,
mwm.nﬁinmmmmw
e-mal: scdnofmehidalsc,th

D M

[ntigise ﬂﬁﬂmmaﬂnubn for Research

and Dieve|opsmsn, adiol Undversity,

Saloys, TAIT0 Mokom Pashaom, Thailand

K. Gradpan
Depantment of Chemilmry, Faculty of Science,
Chiang Mai University, S0200 Chiang Mal, Theailand

K. Gradpm
[netinwe of Science snd Technology Research and Development,
Chiang Mal University, S0200 Chiang Mai, Thailand

disinfectant and potassium iodide is thought 1w act as an
mmlupuhunmilhhrpnﬁruﬁhnhﬂhnﬁﬂy
inhibits the synthesis of thyroid hormones. In some coun-
ui:upulnnhmiudﬂ:uﬂmnmldhmmfw
thyroid prodection in the event of nuclear emergency, How-
ever, iodide should be used with extreme caution when
paticnis are markedly sensitive o the element [1]. There-
fore iz is essential to have an sccurate and precise method
availahbe to determine the iodine content of phurmscexti-
cal i

Several methods are available for determination of io-
dide at different levels. For determination of microgram
and nanogrum amounts of lodide, the most frequently
used method is chromatography [2, 3, 4, 5] lodide can be
determined by spectrometric [6], catalytic Epectromelnic
[7, 8], and potentiometric [9, 10] methods, However, most
:nihh{unmh]nﬁmuduhhﬁurmlmmhufhdida[!.
3.4,5,6, 78]

Mixt Stramonium Co. is a liquid patent medicine some-
times used in patients from asthemaf[i1]). The
level of iodide in this drug is quite high, ca. 9000mg 1L,
Apart from potassium jodide 12 g, other ingredients are
present in one liter: hyoscyamus tinctare 134 mL, stramo-
nium tincture 20ml., and liquorice liquid extract 34 mL.
The liquid medicine has 8 very dark brown color. It would
be quite difficult to measure the iodide content using s
common colorimetric method.

Usually & gas diffusion (GD) unit, sz applied 1o flow
knjection snalysis, is a form of an on-line clean-up system.
Volatile analyles can be ssparated from interference in the
sample by permeation across a hydrophobic membrane.
This process is fairly selective, because few species are
tumed into gaseous form at room temperature [12]. Em-
ploymeni of & GD unit ensbles colored Sampled, OF Eam-
ples which differ in refractive index from the reagent, to
be analyzed withoul optical interference. Motomizu and
his group reported a number of GD i in Mow
injection (FI) analysis[12, 13, 14, 15, 16, 17] including
application o iodide and other halogens [15). In 1997,
Hakedal and Egeberg [18] proposed an FI sysiem for de-
vermination of iodide in brine. This system employed =



GD unit fited with a PTFE membrane. lodine (1), from
oxidation of the idide analyte permested through the
membrane inlo & stream of iodide. Absorbance of tri-io-
dide (Iy") was measured in the UV region for calibration.

In this work we incorporated a GD unit into 2 colori-
metric Fl system. Detection is by simple measursment of
the absorbance of the I;—starch complex, recenily pre-
sented by our group [ 19]. The system was primarily em-
ployed to analyze pharmaceuatical products containing bo-
dide, for exmmple Kl isblets. These samples were dis-
solved in water and the jodide content of filtered samples
could be determined directly by use of our sysiem. How-
ever, for Mixt, Stramontum Co. the sampls much be di-
luted before analysis. Staden et al. recently dialy-
#is for simultaneous dilution of & sample [20]. For our work
on Mixt. Stramonivm Co. a dialysit unit was coupled to
the G unit and was used as an on-line dilutor, The use of
# GD unit with detection based on I;"—starch has made the
yuiam very selective and simple. The sensitivity in the
visible mnge is twice that of the spectrometric detection
of k- in the UV region [18].

Experimental
Beagents and sobutions
Fliw infechion

All chemicals were analytical reagent prade. Deicnizsd—dascilled
waler wis msed for chemical preparation. A @ock solibon of son.

B

dmf_iulid:{n. 20,000 mg 1 L1y 'lnmp.nd by dissolving ap-
proximately 26,06 (sccoamiz weight) potassien iodide
(Merck, Oermany) in | L water, Working solutions of iodide wars
obtaicsd by dilution with waser.

The oxident was prepered by dissolving 3 g potsssinm dichmo-
mate (Univar, Australin in 1 L of 10% {wh) sulfursc acid (Lab-
scan. Treland)

The sccepor siream was @ sodmibon of 0.006 mol L= potassium
iodide and 0.1% [wv) starch, This mixture was firs: made by mix-
ing 1 g starch (Merck) with o few millilicers of water 1o form »
sharry. The slumry wae added 1o 1 L boiling water, This resulted in
s starch sodution of 0.1% {w/v). Potassiam odide (2.6 g was then
dissolved in this starch solution. This mixed solution was slways
prepared daily, becanss of deterioration of ssarch molecale

Thiosutlste selution (0.1 mol L'} wes prepared by dissolving
2.3 g sodium thiosulfsie peninbydraie (Merck) in 100mL water, This
solution was diluted with 0.1% (wv) starch to give 2300~ med L
ntmmrue.mwmwuummmmm
ar indine residues depoaited o6 twbe walls,

Poigniiameiric amatysis

Potaselian iodide sandards for calibration sere prepared from the
sanie sinck jodide sclution prepaned for FT anakysis (30,000mg TL-9).
Sodivm nimree {3molL-'), the jonic strengsh sdjusior, was pre-
TI-I'HI by dissalving 42.5 g crywtalline sodiven nizrmie (Flika, Switzer.
and) i [00mL water.

Samples

Commercial polassinm iodide mblers were used for method vali-
dation., NO-RAD (65 mg K1 per wblen) i a prodect of Body Gald,
USA. IOSAT {130mg K1 per ablet) is distribused by Anbex (NY,
UISAN, These sample wblets were dissolved in debonined-dieilsd

Fig.1 The flow-injection sys- () Bywtem &
et st ek e v
EerminmiEgn A 20
tor, 0016 mod L~ KI in 0.1% e W
geamoEed  t=l—() %
of different concentrtlons (2, b e < o G it
4,6, B and 10%, whi oxidam  Cudanta 13 @
b, 0.01 mol L~ KCry0, in " \
1% {wv) Hy50,. C.  conflu- W
ence point: V), sample injec- ¥ 130 em
tion part {under the Waier | 1.5 |
muﬂmuzr.v,-u ' 250 1L
injection of eleaning solution
ﬂxlﬂ"‘nﬂb‘}ha’o,ln il min t
0.1% {15y} searchly W, wasis 304
(b} System B
"“’EE‘EE T
() —~ e
W 1S @ e
C '_ﬂh-—..w
Waer | |5 : 130 cm
v
Witer | 1.0 @ ! I |ﬁl‘ -
mimin =




wanr, Suspendion wis elimmated by filtwion through Whatman
filter pagper Mo, | before injection inm the F1

The medicinal sample Mial. Sramomium Co. is produced
It s & dask-brown lguid.

Pl apparati

Figure | depicts two Pl gyviema, A snd B, which were used for
method development, Each manifold employed an [smasec peri-
stablic pump (model 15 7610, Switzeriand) for propelling reagenis.
Three REepdyme vaalves (model 5030, USA) were usad,
A Memolm gas som it (model T54, Swiizeriand), fined in-
gidhe with » circuler PFTFE membrane (47 mm id. with pore size
045 pimy; Sarorbes, Ceermasny ), was employed. The unit consiss of
iwo Pempos blocks, each with & concentric spirml groove (2 mame
M o2 2 v, il e Sysiem A, shown in R la
was nsed in the anndbes. The gystesn wis later modified
s ghown in Fig, 16 (Sysoem B), by incorporating a diakysis unit for
an-lime dilutlon of ewmpbes comtzining high levels of iodide.,

The dialysis unil wsed in System B b eon-
sisted of fwo hald- hlocks. Bsch block bhsd & groove
1.5 oo | b ] mamy, widib=lengihoodepah). A celiuboss scepie
membrane { E) mm wide with malecular weight cwt-off from 12,000
1o 14,000 Dalion; Thomas Sclence, USA) was placed inside the
dinlyais umit.

A Jemvay specoophotomensr (model 6805, UK), fited with a
Philips flow cell of (.01 ml valume, was msed for monsoring the
whaorbance st 590um FTFE whing of id. (.5 mm was ueed for
constriction of the two FT sysiems. An Alliech chan recorder
(mode] LR 93025, USA) was employed for recording the signal,

Tiibde | i the summary of the operating st=ps of the FI systema
shown in Fig. 1.

Poientinmetnic method

Sample solweon (300 mL, sccursely measured) was transferred
imbo & 50-ml beakes. To this sample sodimn nitrate sodution {5 mol
o e el o s e el S
tion was Boros
Oirion (LIRA) 15E Q453) and en Orion safrated
calomel elecurods, A digital Orion Tonamalyzer (mods] G0EAY was
issed for this medsirement. The operation of this Wil
performed in scoopdance with the nsmaction measal {21].

tiom was camried oot with standard solutlons (1 @ 1000mg L")
prepared from polassium iodide stock solution (20,000 mg T L)
According 10 ification, the linewrity of the iodide electrods
is From 100 ko 10F mg 1L,

Tahile L qfﬂnnp:ﬂn{mpl for ibe F1 manifolds
-lllh:mi.n [ mnd 1b (Imjections: V|, sampbe: Y3 amd Wy, clean-
Stag Valve position Dmirmticn (1)

"i". ..I: "|||'| Fll.I‘l' H-B-“"
i Injexa Load Lo 45 11
2 Load inject Inject 15 75
*Analysis ime per injection rn is 43475 5,=2 min
bAnalyals ilme per injection rum is 110475 5,=3 min

Resifts and discussisn
Manifold design
GD-FT syitem

First, the manifold of the gas-diffusion flow injection (GD-FT)
system, shown in Fig. Ia, was examined. Introduction of a
liquid sample was camried out via injection through V. In
this manifold, iodide m sample plugs is oxidized after
mixing with the stresm of oxidant, acidic potassium
dichromnse. Libersted iodine (1), which diffuses through
uuPTTEmh-uu,ﬁmmd':uim—nmhm
in the acceptor stream., Detection of the blue complex zone
and calibration are similar to previons work with iodized
salt [19].

Sysem cleaning

When measuring the tri-iodide—starch complex, a problem
ofien arises from deposition of the complex on tube walls
and the fMlow-cell, Injection of pure thiosulfate solution 10
remove the adsorbed starch complex [19] was found ef-
fective oaly for the acceptor stream (Fig. 1a). The species
in the donor streamn expected 1o be adsorbed on the mani-
fold walls are I, andfor 1,7, However, the solution found
suitable for removing the in thiz stream is & mix-
ture of thipsulfate and starch (210 mol L~ Na,8,0, in
QL 1%(wv) starch). Addition of starch into the previously
employed cleaning solution[19] is necessary. It was ob-
served that reduction of iodine by $,0,* was easler (or
more rapid) for the iodine complex than for the non-com-
plex form. However, this was wrue for deposits on tube
wialls and is different from what is normally used and ob-
served in titration [22].

The cleaning solution wis injected at two positions (V,
and Vy) as shown in Fig. la. The cleaning steps and sam-
ple injections suitable for this manifold are summarized in
Tabke 1,

Appropriate concentration of silfaric acid in the oxidanr

For oxidation of iodide in & homogeneous system, H*
must be present &t sufficient concentration [18). The sys-
tem employed is based on non-homogeneous mixing and
spectrometric detection was nod 8l reaction equilibrium.
For such a sysiem concentrations of chemicals must be
optimizad. For the system in Fig. 1a different concentra-
tions of salfuric acid in the oxidant (2 to0 10%, viv) were
investigated for the concentration of potassium dichro-
maie selocied, 0.01 mol L,

To optimize the acid concentration a standard odide
sofution of 300 mg [ L-' was chosen. By repeated injection
of this iodide solution it was shown that shsorbance in-
creased dramatically with increasing concentration of sul-
Furic acid from 2 io 6% (v/v) before approaching a plakesu at
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Fig.2 Effect on smalytlcal sagani (dismonds) and soalysis tme
nl::-iﬂmh{t}-nﬁl {herween C, snd GD

umit) in Sysem A (Fig. 1a) and (b) sccepior fow mie

8% {w/v). The highest concentration of sulfuric acid (10%,
v/¥) was chosen as the optimum.

System A

Optimization

injection {n=5) of 200 mg I L~ standard iodide solution, 1o
study two aspecis of the manifold in Fig. la. The chjective
was o gel & compromise between analytical signal and
analysis time, “ Analysis time" is defined s the time taken

Teble 2 Analytical performance of GD-FI sysiem

from injection of sample until the cycle of system opera-
tion is complete (for a run of | injection).

Mixing coil of different lengtha, from 0 o 240cm,
milumdhﬂmmllmmﬂluunu:mim{l:}mdﬂt
Gﬂiﬂlﬁ'm.lﬂ,&mdhghﬂum]I:MH;.h;ﬂigm
difference in the signals was observed with variation of
cuoil length. The shortest analysis time was achieved when
no mixing coil was used. Thus, this condition was chosen.

Thnfhwmuufﬂnﬂmm-mmiﬁg.la] WRE VET-
ted from 1 1o 5 mL min-'. As expected, the shsorbance de-
creased as the flow rate increased (Fig. 2b). This was be-
cmnfﬂndmuuinm:ﬁulduf:h:m:ﬂmhmlm
tri-iodide and starch. At an aceeptor flow rate of | mL min-!
I:muhuruuddmwammwnmmiﬁﬂrwamﬂu
containing high iodine concentrations (>300 mg IL~). How-
evier, oo mpid & flow mte would lead to high consumpticn
of reagent. We chose o set the flow rate at 2mL min-.
The analysis time of 2 min per injection was obtained m
this Mow rete.

Analytical features and applications
af the GO-FI manifold (The System A)

To conclude, the conditions for System A em-
ploy 10%{wv}) H,50, us the oxidant and an scceptor
stream flow rate of 2 mL min~!. System characteristics ane
summanzed in Table 2.

Three samples were analyzed for iodide content. The
results were compared with values obtained by using an jon-
selective electrode (Table ), The indide content as deter-
mined by the two methods agreed significantly with each
other and with the nominal values. A paired r-test wis em-
ployed to compare the results in terms of the concentra-
tion {mg L) of the injected liquid sampies. Mo signifi-
cant difference was found between the two analyticsl
methods (P=0.01). This good agreement demonstrates
that the (GD-FI manifold in Fig. In) iz suitsble for these
samples. No evidence was found that these pharmaceuti-
cal products cause interference.

Symem B
The GD-FI system with on-line dilution by dialysis
The level of iodide present in the liquid Mixt. Sramonium

Co. medicine is particularly high (ca. 9,000 mgIL~') com-
pared with K1 tablets. Dissolation of a tablet in 500 mL of

Analytical fessre

OD-F1 {Syseen A, Fig. 1a)

GD-FT with an-line dilution (System B, Fig 1b)

1. Working range (mg I L-') 50 w0 300
2. Sumdard equation

1, Precision (RED)

4. Sample throughput {injections h-')
5, Limit of deection (mg IL"'; 15M) 1

PH=3.4 10719, 1x10H; A=01.909
L27% (for 100mg I L, s=10)
0

G000 ta 10,000

PH=2 3=10-[1 =L 310 A= f09
L44%: {for 9000 mg 1L, et

20

200

PH: peak height (sbsorbamocs)
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Table 3 Determination of jodide in

mwmhwmumsmmmmmwm.

phanmaceutical
mmﬂmmliﬂﬂm—mhﬂﬁmwﬁt

Traite nome Sample type Concemration unit Indide contem

Lsibatbeal GD-FT (Fig. la)  15E
i NORAD K1 wbslet mig | per tabieq 8.7 S1.627.3 579471
L [OEAT K1 tabslet mg | per takble "5 1012434 1028456
3. Mixt. Seramoninm Co, Liguid pasent medicine mg | £ 2,081 262170 93124325

Table 4 Resuls obinined use of different injection wolumes
when working on the ystem coupled with w dialysis wmin
ﬁmﬂ,ﬁ.lh}.%mﬁﬁnﬂmw 10,000mg 1.1

Injection  Signal mege Seandard equation® e
vohime  (mu)

(aL}

250 0.106-0.279 PH=4 31017 =1 510 0959
330 01590350 PH=3 3= 107 [["}=1 s 0959
SO0 0.249-0.603 PH=8 51 0F[1 =2 =10 0,993
150 03610723 PH=2. Ix10r[1-]-1. 9= 10 (547

PH: peak beight {sbsorbance)
odide sandards were 6,000, 8,000 and 10,000 mg 1L,

wter will brh;dumm-immammimudy 100
or 200mg I L', much lower than in Mixt. Stramondum Co.
For this medicine prior dilotion with water (1:100) was
necessary before the analysis using System A,

On-line dilution in fow-injection analysis is wsudly
by merging and mixing the sample zone with 1
suitable carrier. This ique is pot always applicable
i is required, unless a special mecha-

When dialysis [23, 24] is applied to flow mjection for
pretreaiment, analyte concentration is often quite dilute af-
ter diffusion through the membrane. Although in our work
Elmﬂmm&.]ﬂmlmm

|

1Qooo -

go0ag ™

1000 = T

LA 52

HWFimeihod (Fig, 1b})

mﬂﬂimmwmﬂnﬂmm“
employed dialysis for the purpose of dilution by using
System B (Fig. 1b),

To obeain the optimized conditions, summarized in
Fig. b, the effect of injection volume was first studied.
A suitgble volume shoald give 8 signal meading between
0.2 and 0.8 a.u, for the desired calibration range of G000
W 10.000mgIL-!. Replicate injections of iodide stan-
dards were performed using the manifold shown in Sys-
tem B. Results in Table 4 show thar absorbance was not
w-::mmapuimmlmzwhdmrﬂmm.
Thmﬁ%lﬂdﬁmﬂw;imﬁ:iqhﬂimwlv
umﬂﬂfﬁmmmulmbnm“ﬁmﬂumﬂ.
because small volumes arc simpler to handle, 8 volume of
300 UL was selected for further study.

Performance and application of the Fi rystem
with oa-line dilution

Figmnlhdmi:nﬂlammﬁfnlddwﬁqmdﬁ:rrmll eppli-
mmmmmmmmmmmmmimm
the liquid medicine directly into the system without a need
furuﬂ'vlinedih.ﬂim,.ﬂ.mnflh:mnlyﬂ:ﬂhm
is shown in Table 2. On-line ditution via dialysis has made
ﬂummmﬂ:af“hgulm:hhi;lmum
than previously (up to 6000 to 10,000 mg I L),

Oise

51 54 55 58 5T 5w £ E190

Sample code of M 1. Sirnmosium Cao.




The on-line dilution manifold was wsed 10 determine
bodide in Mixt. Stramoniom Co. using direct imjection with-
oul prior dilution, The resulis were with those
determined by use of the iodide-ISE (Fig. 3). A paired r-test
showed there was no significant disagreement at 99%
confidence (1,,....=2.82; Feriiens= 3. 25

Becovery

Recovery was studied for all ypes of sample, for both Fl
manifolds. The results showed recovery was safisfactory -
from 93.8 1o 104%, This implies the samples coniain no
analytical interferences under the conditions employed for
both sysiems.

Advantage of the proposed methods

me:[ﬂﬂ,whmunp:uhdmh:.ilummhlmgur
than | min to obiain a stable reading. Electrode washing
1o ensure o cross-contamination between samples re-
quires 5 to 6min at least. One should also allow for the
time: required for ransfer of sample. Thus the dominant
advaniage of oor method is probably the throughput of
Hmplh.ﬂtlﬂﬁnmdmﬂmlhlnnmlyﬁl.ufm-
mately eight samples per hour wheress our methods en-
able throughpot of 30 and 20 samples per hour for mani-
folds A and B, respectively,

For liquid samples containing 6500 to 9500 mgIL-!
System B has a good potential for integration into the
process for manufacture of the prepars-
tion. Maintenance should be simpler than using an jodide-
selactive clectrode.

Coupling of the dialyzer for analysis of the Mixt. Stra-
monium Co. sample is useful for two reasons. Dialysis en-
ables on-line dilution of the analyte, which is convendent
and enables direct injection of the medicine, Sample ma-
trix is also diluted through the dinlyzer membrane. Mix,
Stramonium Co. contalns 109% (wh) ethanol. Dilution of
this alcohol will help maintain proper function of the hy-
drophobic membrane (PTFE) in the GD unit.

Conclusions

We have developed two flow-injection systems, both em-
ploying a gas-diffusion unit, for selective detection of io-
dide. The principle of detection is very simple, based on
formation of the Iy —gtarch complex. However, this com-
plex is sparingly soluble in water and one must be careful
mm:mdhimupﬁmwmﬂmmmrm
of iodide, otherwise clogging of the inside of the tube or
deviation from Beer's law will occur. The first system

a2

{System A) is recommended for determination of KI tahlets.
The samiple, after dissolution and normal filtration, can be
analyzed directly. Use of this FI system for more concen-
trated samples requires dilution. For our lquid medicine
that contains ca. 2000mg I L', System B is more suitabls.
Aﬂurdhminjmim.ﬂmmmhhmqnmnhlhrdﬂmd
and analyzed for iodide content. In fact, the Jamer &

ean be adapted for monkering iodhide content in the man-
ufacturing process of the medicine.

search Progrim in Chemisry. The opherdns
im A austhors woald like b0 thank As-
socine Professor Prapin Wilsirar for editing dis paper.
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Editorial

The 1lth International Conference on Flow
Injection  Analysis (ICFIA 2001) was held in
Chiang Mai, Thailand, December 1620, 2001.
This conference started informally in the USA in
1987, organized by Gary Christian, Gil Pacey and
Jarda Ruzicka The Conference grew and attracted
numerous international participants and was
changed to the ICFIA in 1995. At the same time,
the Japancse Association for Flow Injection Ana-
lysis (JAFIA) was invited to join the Conference
and they have held their semi-anmual meeting
jointly with ICFIA since. ICFIA 2001 was hekd
jointly with the 38th Semi-annual meeting of
JAFIA. An international steering committes is
chaired by Gary Christian and includes Jose Luis
Burguera (Venezuela), Kate Grudpan (Thailand),
Bernard Lend| (Austria), lan McKelvie (Austra-
lia), Shoji Motomizu (Japan, JAFIA), Jarda
Ruzicka (USA), Tadao Sakai (Japan, J. Flow
Injection Anal.), Rolf Sara (Finland), and Koos
van Staden (South Africa), with Sue Christian as
Advisor.

ICFIA 2001 was hosted by Chiang Mai Uni-
versity and organized by a team in the Department
of Chemistry. The Conference was sponsored and
supported by Chiang Mai University, Thailand,
the JAFIA, the British Councl, the Chemical
Society of Thailand, the Post-graduste Education
and Rescarch Program in Chemistry (PERCH),
the Science Society of Thailand (Chemistry and
Morthern Divisions), the Thai Ministry of Uni-
versity Affmirs, the Thailand Research Fund
(TRF), Constellation Technology, Corp., FIAlab
Instruments, Inc., Foss Tecator, Metrohm Siam

Co., Lud, Perkin Elmer, Inc., and Thai Unique

» Lad, (Lachat),

There were 120 participants from 21 countries,
ﬂptﬂhuthtwnfm-ummmmhym
Mﬂmﬂﬂrﬁnlﬂlﬁnnl_hythemlgf
Chisng Mai University, and was followed by
tenditional dancing and & drum show. Social
programs included a wonderful Thai culture
cvening with a Khan Toke dinner, Traditional
HarthanThniMminandhiﬂn-jhedl.mng;' and
an afternoon touring and sightseeing with all the
plﬂidmuknﬁmdmmﬂephlﬂﬂmuﬂm
Queen Sirikit Botanic Qarden, followed by an
evening with refreshments at the Chiang Mai
University, Science Faculty .

The Conference was devoted exclusively to flow
hjmﬁmlnﬂjﬁmdrdﬂediﬁuiqmﬂm}'
six papers and 72 posters were presented over three
mdnhnlrdm.ﬂﬂﬂlbnmﬁumMmm
searchers and users of such techniques exit in—
and across—various geographical parts of the
globe. Some of the collaborations were initiated
fmﬂupmﬂmulmﬁmﬂmﬁhmﬁhm-
ing of the collaborative activities has besa ob-
served,

This special issue of Talanta includes manu-
scripts from the conference, representing state-of-
the-art research and application from academic,
government and industrial laboratories.

The Steering Committee has selected the next
venue for the 12th TCF1A (ICFIA 2003) to be Los
Andes University in Merida, Veneruela. Pioneer-
mg FIA colleagues Joes Luis Burguera and
Marcells Burguera have graciously agreed to
organize and host the conference. Professors J.F.

0039-51 NS - see fromt manser ) 2002 Elsevier Science B.Y, All righta reserved.

FIES0039-9040002100447-2
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(Koos) van Staden and Raluca-loana Stefan from
the Liniversity of Pretoria will be co-arganizers, in
charge of the technical program. The scheduled
date is 7-11 December, 2003, u very pleasant time
of the year in thiz beautiful sub-tropical country.
Information is posted at Www. up.ac.eafacademicy
nhm!mﬂﬁiula‘ﬁmLpdl‘. ind may be accessed at
www.llowinjection.com. Direct conlacts are bur-
Bueraf@ciens ula.ve and koos. vanstaden@che.
m.up.ra

Those who shared in the contributions to the
success of ICFIA 20001 are here thanked,

Edirarigl

e e i
in honor o Tudpan, in recognition
'gmnmdtheﬂumandhgﬂﬁuﬁudhfm
mTh-imfmmm.m:ﬂmu-hn-mpm
hlltorgufth:aﬂrdﬂutitmlhm_hl.ﬁmﬂl
from outside Bangkok. —GDC and JMEK.
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Development of Cost-Performance Flow-Based
Chemical Analysis Systems

Various shermatives for instrumentation with
pary/components are summarized  Some  recent
developments are briefed. They include uses of cost-
effective reapents, FI, BT 51, LOV. LAV a2 well 2z 8
new concept for ow-based analysis using a stopped
FI analyzer

L.Instrumentation/parts'components of '
beginner andior & person with budget constrain,
Verious altematives for cost porformance have been
proposed for FLA snd relative iechniques soch s
pumping system [I-4], imjection devices [1-4],
mixing devices [2,4,17), detection systems [1-17],
md some oo-line sample  separation/restment
devices [4-7,10,16,18,19)

LHyphenated techmiques/detection systems. FIA
and relsted techniques have been hyphenated andioe
cannected to other techniques and devices such ss &
simple colorimeter [3,9-11,18,30-35], radiometry
[1.2). chemiluminescence [11], NIR [36], Raman
spectmscopy  [37),  conduciometry  [9,10],

amperometry [38]. voltammetry [15], IC [13] wod
DSTD[i8, 19].

3.Cost-effective reagents.  Unstsble  reagents
[711.22] can be employedeg —permangansts,
mmrexide,

4Seme recent developments, Size-based specintion
using FFF has been reported [17]. Bead mjection
(BT} was hﬂ::liﬂ:ﬂmtunqiudmﬂ[“,lﬂj,ﬂ
systemns  have been proposed: with  modified
sutoburet for reversal flow [12], titration [11]: 1
with sandsnd addition-voltummetry, Lab-on-Valve
(LOY) sysems molading micro-titration has been
proposed.  Novel 51 with “Lab-at-Vilve (LAV)"
systems are besng mvestgaied New comcept for
flow-based analysis using s slopped-F1 snalyzer for
various amalytes withowt changing any hardware
parameters 15 introduced,

S.Applications have been simed for various fields
including environmental snalysia [5,14,18,21],
clinicalimedical snalysis [19-21,25], pharmaceutical
[7,11,26),and agro-industry/agriculturs (8, 11],
6.Networking. Some of the developments hrve been
under sctive collsborstion in verious geographicsl
wreas [27],
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Report an the 2* Annual Symposinm on TRF Senior Research Scholar on Flow-based Anslysis,
Chiang Mal, Thailasd, & Seplember 2003

A-onc-day symposium was orgamzed
with objectives: (1) to report research progress in
the past years, especially the las year of the grant
on the Thailand Research Fund (TRF) Semior
Research Scholar (Kate Grudpan) on
“Deveiopment of Flow-based Analysis™ and (2)
to open opporunities for discussion/exchange
ideas and information in the research ficld among
those who are in-and outside the group of the
TRF Senior Research Scholar Grani

The symposium invited 2 plonary
lectures:s  “Flow  injection amalysis  for
determination of trace air pollutants™ by Prof. Dr.
Tedao Sakei, Editor-in-chief, JAFIA, Aich
Institute of Technology and ““Ultratrace and trace
determination with fow-based techniques™ by
ﬂl:t:,ml.lmvuﬂty There were 70 participants
including faculty members, researchers and
students from 10 universities with 30
contrnibution papers which were presented in
poster format. Some of the authors were invited
to present omlly for brief concepts. This was
mimed for mone discussion and interaction among
those who are in the same interestz o meei
maximum benefit at posters.

Some of the presentations were given by
gradimie students {master and doctorsl)  Some
recent waorks on clinical analysis were reponed,
for examples, flow based ion exchange micro-
column system for screening of thalassemia and
hemoglobinopaihies, a Mow-based sysiem 1o
aseay specific protenglycans. Some
developments on instnomantation were discussed
They included swtometed  systems  for
paracetamod; bead imjection combining with Mlow
injection sysiem , an economical aliermnahive for
determination of some trace metals, boron doped
«diamond thin film electrode in Fl system;
pervaporation for high speed GC for volatile
organic compounds, and dynamic surfsce tension
detector for flow analysis. Vanous applications
were involved such as release of metal ions from
contaminated soil in mining area to environment
by humic acid colloids; phosphate contents in
fertilizer amd soil by stopped Fl-Analyzer,
iodidefiodine comfents in wvarious types of
samples.

The enjoying and easy environment with
good academic atmosphere encouraged the
interaction among students, newer and older
penerations leading o build up relationship for
the young end more senior researchers.
Kiite Grudpan

Flow-based Analysis Research Group
Chiang Mai, Thailand
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Flow-injection in-line complexation for ion-pair reversed
phase high performance liquid chromatography of some
metal-4-(2-pyridylazo) resorcinol chelates

Supalax Srjaranai “* , Saiphon Chanpaka °*,
Chutima Kukusamude * and Kate Grudpan"

*Department of Chemistry, Faculty of Science, Khon Kaen University, 40002, Thailand
*Department of Chemiziry, Faculty of Science, Chaing Mai University, 50002, Thatland,
Abstract

Flow injection (F1) was coupled to ion-pair reversed phase high performance liquid
chromatography (IP-RPHPLC) for the simultancous analysis of some metal-4-(2-
pyridylazo) resorcinol {(PAR) chelates, The reverse flow injection (rFI) was used as
an in-line complexation of metal-PAR chelates prior 1o their separation by ion pair
reversed phase HPLC. The lab made rFl was coupled to HPLC via switching valve
and the performance of the system was fully manually operated. The rFl conditions
were injection volume of PAR 85 pL., flow rate of metal stream 4.5 mLmin”,
concentration of PAR 1.8x10™ molL" and the mixing coil length of 150 cm,
[P-RPHPLC was carried out using a Cys pBondapak column with the mobile phase
containing 37% acetonitrile, 3.0 mmolL" acetate buffer pH 6.0 and 6.2 mmolL"
tetrabutylammonium bromide (TBABr) at a flow rate of 1.0 mLmin™ and visible
detection at 530 and 440 nm. The analysizs cycle including in-line complexation and
separation by IP-RPHPLC was 16 minutes which able to separate Cr(V1) and the PAR
chelates of Co(I1), Ni{IT) and Cu(I1).

Keywords: Flow injection; In-line complexation; lon pair reversed phase high
performance liquid chromatography; Metal-PAR chelates

* Corresponding author, Tel: +66-43-202222/41x2243; fax: +66-43-202373.
E-mail address: supalax@kku.ac.th (8. Srijaranai).



L. Iniroduction

Liquid chromatography has been widely recognized as one of the methods for
multi-element and sensitive analysis of trace metals. Various modes of liquid
chromatography have been used, including normal phase [1-3], reversed phase and
ion exchange chromatography [4-10]. Since the introduction of ion-pair reversed
phase high performance liquid chromatography (IP-RPHPLC) [11-12] for the
separation of charged solutes. IP-RPHPLC has gained wide acceptance as an
altemative method to ion exchange chromatography (IEC) for charged analytes,
including metal ions. IP-RPHPLC offers multi-element detection capacity, selectivity
and sensitivity of analysis. Moreover, the reversed-phase stationary phase has the
benefit of lower cost compared to the [EC stationary phase.

Most of the reports on IP-RPHPLC for metal analysis [13-16] are based on the
separation as their chelate ions. Pre-complexation of metal ions with appropriate
ligands has many advantages such as increasing selectivity between metal ions, the
ability to determine speciation, and, for chelates with high absorptivity, increasing
sensitivity. Among the many ligands successfully used for IP-RPHPLC separation of
metal ions, the azo dye, 4-{2-pyridylazo) resorcinol (PAR) is one of the most widely
used ligands for the spectrometric determination of over 40 different metals [17].
PAR forms ionic complexes with large absorptivity (~ 10° L.em™ mol™) [18] at about
500 nm. It has been shown to be an effective reagent for the determination of metals
using HPLC with either pre-column [19] or post column complexation techniques
[20-21].

Typically, complexation of metals is performed by batch or extemnal to the
chromatopraphic system before injection. External complexation is time consuming
and the large amounts of chemicals used mean more waste to discharge. It is prone to
contamination, especially for trace level determinations. Nowadays, the main
consideration include automation of the method, low operating costs, less waste as
well as high sample throughput.

Flow injection (F1) has been known with features of a simple operational basis,
using inexpensive hardware, straightforward thus leading to convenient operation,
high sample throughput, cost effective performance and versatility. Fl has been
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widely used as an analytical ool and also as a complement to the other analytical
techniques.

Flow injection (FI) coupled with HPLC systems, reviewed by Luque de Casiro
M.D. and Valcacel M.[22], is usually imtended 1o improve general features of the
analytical process such as sensitivity, precision, rapidity, cost, etc. FI coupled with
HPLC is used in two different modes i.e., pre- or post-column arrangements. For the
pre-column arrangement, as in the present study, the FI system is placed before the
HPLC. The specific objectives of pre-column coupling are automation of sample
clean-up and/or preconcentration steps, automatic implementation of derivatization
reactions and saving reagents. Two methods have been used to couple FI as
precolumn of HPLC. The first method, the sample plug is injected through the FI
valve and then passed through HPLC loop. In the second method, the sample from
the FI system is retained in & precolumn placed in HPLC loop.

Previous work in this laboratory has involved metal analysis by IP-RPHPLC via
batch complexation with PAR [23], In the work described here, a simple FI system
was developed as the in-line precolumn for complexation of some metal-PAR
chelates before being analysed by IP-RPHPLC. The FI part is operated in the
“reverse mode™ that is a metal solution is the flowing stream and the PAR reagent
solution is injected into it. A portion of the PAR-metal mixture zone is then sampled
with the HPLC injection valve for subsequent separation and further detection.

2. Experimental

2.1, Chemicals and Reagents

All the reagents used were of analytical reagent (AR) grade, 4-(2-pyridylazo)
resorcinol and tetrabutylammonium bromide (TBABr) were purchased from Fluka
(Switzerland),  2-diethylaminocthanol was obtsined from Merck (Germany).
Methanol and acetonitrile were of HPLC grade and were obtained from Lab-Scan
(Thailand), The atomic absorption standard solutions (1000 mgL™) of Cu(If), Cd(II),
Co(ll), Hg(Il), Zn(ll), Fe(lll) and Pb(l) were obisined from Ajax Finechem
(Australia) whereas Ni(Il) was purchased from BDH (England). Cr (VI) oxide was
obtained from Merck (Germany). Aqueous solutions were prepared with deionized



water obtained from RiOs™ type | simplicity 185 (Millipore Waters, USA)
throughout the experiment.

2.2, Instruments

A schematic represeniation of the reverse flow coupled with the high
performance liquid chromatographic system is shown in Figure 1.

The configuration of the injection for the reverse flow injection system, using a
505s S05LA peristaltic pump (Watson Marlow, England). PFA Teflon tubes (1.5 mm
id.) were employed for the reaction coils and were connected to a six-port low
pressure injection valve, four way switching valve (Upchurch, USA) was used to
allow the metal-chelates flow to HPLC system. A stop watch (Casio, Japan) was used
for time control.

The chromatographic set-up consisted of a Waters 6000A Dual Pump, a
Rheodyne injector with 20 pL sample loop and a Waters 484 Tunable Absorbance
Detector (Waters, USA) equipped with Waters 740 Data Module Integrator (Waters,
USA), A 996 photodiode array (Waters, USA) and the Millinium 32 Software data
aquisition system was also used for the study of interferences. A Cjy-pBondapak
(3.9 x 300 mm id.) coupled to a guard column (Waters, USA) was used ss the
stationary phase.

The spectra of the metal chelates in batchwise experiments were obtained with a
Agilent 8453 (USA) UV-visible spectrophotometer equipped with & 1 em quartz cell,
The pH measurements were performed on a SP-701 pH meter (Suntex, Taiwan).
Micropipette Nichiyo 500 DG (Nichiye, Japan) and Disposable syrige (1 mL) (Nipro,
Thailand) were used.
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Figure 1 Flow diagram of FI-HPLC in-line derivatization system : P = peristaltic
pump ; RC = reaction coil ; V1 = three way valve ; V2 = low pressure
injection valve ; V3 = switching valve ; V4 = high pressure injection
valve; C = analytical column ; M.P = mobile phase ; D = UV-visible
detector/photodiode array detector ; D.P. = data processor ; W = waste

2.3 Procedure
2.3.1. Preparation of standard metal solurion
Standard solutions of metal ions were prepared daily by stepwise dilution of 1000
mgL" stock solutions by deionized water.
Standard solution of Cr{VI) 1000 mgL"' was prepared from chromium oxide.

2.3.2. Preparation of PAR solution

Stock standard solution (0.001 molL™) of PAR was prepared by dissolving an
accurately weighed amount of 4-(2-pyridylazojresorcinol in deionized water and
stored in dark bottle. Working solution was prepared daily with deionized water and
appropriate volume of 2-diethylaminoethanol was added to make the concentration of
2.5 % 10 molL"" in PAR solution.



2.3.3. Optimization of the reverse flow infecrion (rEl)

Factorial design was used to investigate the influence of the reverse flow injection
(rFI) system on the peak height (absorbance), The four variables studied were flow
rate of metal ions stream, injection volume of PAR, length of the mixing coils and
concentration of PAR. A factorial design for four variables at two levels (2*
resolution, 16 experiments) was performed. According to the results obtained from
the factorial design, the chosen parameters to be optimized were the concentration of
PAR, injection volume of PAR solution and flow rate of metal stream. The variable
size simplex was then employed for optimization. The mixing coil length of 150 cm
was used throughout the experiment.

3. Results and Discussion

3.1. Coupling of rFi to IP-RPHPLC

In-line complexation of metal-PAR chelates was performed using the rF1 which the
optimum conditions were mixing coil length of 150 cm, injection volume of PAR 85
uL, flow rate of metal stream 4.5 mLmin"' and concentration of PAR 1.8 x10™! molL",
The PAR chelates were then separated via [P-RPHPLC. The rF1 was chosen instead
of normal FI because of its low background noise for HPLC baseline as well as lower
reagent consumption for the expensive ligand, PAR. The rFI was coupled to the
HPLC by switching valve (V3) shown in the diagram in Figure 1.

Synchronization of the Fl manifold and the HPLC is very important to achieve
good performance of the coupling system. The time intervals and valve positions of
the tFI-HPLC were investigated using the results obtained from the study of the
optimization of the reverse flow injection . Manual operation of the tFI-HPLC system
was sufficient for good precision. Each step was performed using a stopwatch as the
timer control.

Once the baseline of the HPLC was steady, a complete cycle (4 steps) of the rFl-
HPLC manifold was started. The 4 steps include prefill, complexation, separation and
washing. In the first (prefill) step, the aqueous solution containing metal ions was
pumped through the tFl manifold for 30 s, this period was long enough to fill the



transmission line with metal solution. The HPLC was in the load mode throughout
this step to maintain a steady baseline of solvent

During the prefill step, an aliquot of PAR was filled into the loop connected to V2
(at LOAD position),

Step 2, the complexation step, was started by switching V2 to INJECT position.
The metal jons merged with PAR and complexation occurred during their passage
through the reaction coil (RC). To avoid a dilution edges of the zone and to allow
only the middle zone of the PAR chelates to pass into the HPLC-loop, the valve V3
was switched after 8 seconds of injection of PAR. The subsequent time period of 2 s,
was enough to rinse and fill the HPLC-loop (20 pL).

Then, step 3 (separation step), was initiated via HPLC-valve. The PAR-chelates
were introduced and then separated in the HPLC systemn.

Finally, step 4 (washing step), was to wash the rFl and HPLC-loop for the next
analysis. While separation was taking place on the HPLC column.

The complete cycle of rFI coupling to [P-RPHPLC was 120 seconds, where as the
analysis time of the HPLC was 14 minutes. Operating periods and valve position for
rF1 -IPRPHPLC ere summarized in Table | and Figure 2.

Table 1 Valves positions and operating times for tFIA -I[PRPHPLC

Valve position e mqflmlinn
Step Timne ) wmun:
® v ow v g e g
pump uperation
Sample 1
I 30 ToV: Load Towaste Load Metals Prefill
2 38 ToVi  Inject To Vi Load Metals Complexation
3 40 ToV2 Inject ToV4 Inject Metals Separation
a 120 ToV2 Load To V4 Load Water Washing
Sample 2




I. Fl valve
Injection position

Landing position

| Sumple | ——————————ti g Sample ] ————

(= 4 ol b e o}

2. HPLC valve e
Loading position

a = prefill step (30 5)

b = complexation siep (8 5)

¢ = transporation o HFLC valve (2 5)
d = washing step (80 s)

£ = separation time { 14 min)

Figure 2 Schematic diagram of timing control for operation of valves in the
FI-HPLC system.

3.2 IP-RPHFPLC of metal-PAR chelates

In IP-RPHPLC, the metal chelates which are successfully separated have to be
stable and kinetically inert [24]. Typically, PAR forms anionic chelates with metals
at the metal to ligand ratio of 1:2 [25]. It is known that the retention behavior of
chelates in IP-RPHPLC depends strongly on complex composition (metal:ligand)
which is govemed by the nature of the central metal ion. The mobile phase
composition is also govern the separation. The principal parameters of interest in the
mobile phase are pH, buffer (type and concentration), organic modifier and ion
pairing agent (long-chain alkyl ions with a charge opposite that of analytes). There
are several mechanisms [26-28] explaining the retention behavior of IP-RPHPLC,
such as the jon-exchange mechanism, the solvophobic theory and dynamic

mupﬁmummnhilcphu:uhﬂmdh?nﬁghﬂy&djmingﬁmmuhﬁmdhm
previous work [23]. The mobile phase composition was 37% acetonitrile, 6.2 mmolL™
TBABr and 3.0 mmolL" acetate buffer pH 6.0.



Baseline separation of four metal-PAR chelates was achieved within |4 minutes,
with the elution order of Co(Il}-PAR. Ni{lI)-PAR and Cu{ll}-PAR. The excess PAR
was detected ai the retention time of 9.6 minutes. The chromatogram is shown in
Figure 3,

Surprisingly that under the condition used and the detection at 440 nm, Cr{(V1) was
retained shortly (4.9 min) after unretained peak (at 3.3 min), as shown in Figure 4.
The spectrochromatogram corresponding to Figure 4 is shown in Figure 5. Although,
CrV1) does not form complex with PAR but it oxyanion (HCr0y) could interacted
with ion pairing agent in the same manner to the anionic chelates. The peak at 4.9
minutes which was identified as Cr{VI) gives the absorption spectrum (as shown in
Figure 6.) identical to the spectrum of Cr{VI) detected by UV-vis spectrometer. The
resolutions between pairs were as follow: 1.4 for Cr(VI) and Co{ll}-PAR, 1.0 for
Co{ll}-PAR and Ni(II)-PAR, 2.4 for Ni(Il}-PAR and excess PAR, and 1.3 for excess
PAR and Cu(Il)}-PAR.

Cad T}

Ml
Culll)

‘ 4 PAR
[ FJ "
[ 1] ie i 1] v (LN] 1L 14.00 [EN]

Time / min
Fig. 3. Chromatogram of metal-PAR chelates : condition ; Cix column, mobile
phase 37 % acetonitrile, 6.2 mmolL" TBABr and 3.0 mmolL" acetate buffer
pH 6.0, flow rate of mobile phase 1.0 mLmin"' visible detection at 530 nm:

peak ; 0.10 pgmL™ CofIl), 0.20 pgmL "Ni(1l), excess PAR and 0.80 pgmL"™ CufIl)
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Figure 4. Chromatogram for Cr{VI) and metal-PAR chelates : peak ; 5.0 pgmL™
Cr{VI), 0.10 pgmL"' Co(II), 0.10 pgmL"' Ni(II), excess PAR and 0.40 pgmL™" Cu(ll)
(condition as described in Figure 3, except visible detection at 440 nm)
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Figure 5. 3D plot of Cr(VI) and metal-PAR chelates of chromatogram in Figure 4.
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Figure 6. The absorption spectra of chromatogram in Figure 4.

3.3. Performance of rFI-IP-RPHPLC

Quantitative features including linearity and reproducibility for retention time and
mkmwm:ﬂﬂinduﬂngh%muﬂiﬁmﬂaﬂhaﬁmgnﬁnm
prepared by plotting the concentration of each metal ion (jgmL™") against the peak
area Thﬁmﬂufdﬂmﬁm{!ﬂﬂ}wud:duwdhauﬂmi&nmufhﬂimﬁm
The calibration equation, coefficient of correlation (), recovery, reproducibility and
LOD are summarized in Table 2.

Table 2
The quantitative features of rfFIA-HPLC
Linear R.5.D*
Concenirtion Eunﬂ.muq 08 LMD {3 L
helates i IIIL'II- Bquations Coefficsem (=11} L Sy
Y=AX+C i) i Area e

Cr(¥T) 100 - 600 ATISIX=01T 099614 01 o4 10 13
NI} FAR 000-020 34166X-473 099835 207 09 0015 B4
Colll) -PAR DO0-040 S47.21X -6l 099516 056 097 L0 Db
Cu{ll} PAR 0.05 ~060 201B0Xs 549 099864 243 am 0150 a2

* concentration of each metal was described in Figure 4
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3.4 Interferences

Thﬂeﬁmmnfinmrfmmmmcchrmnmwhynfmml-PﬁRdﬂnm“m
investigated. The chosen ions are the ions able 1o form chelate with PAR including
Cd(In), Cr(lll), Hg(T), Mn{l1), Fe(ll), Pb(Il) and Zn(Il). These metal ions were
individually injected into the rFI-HPLC. All of the studied ions could not formed
chelates with PAR under the condition used. Only peak which was identified as PAR
(9.6 min) was observed,

The study on tolerance level of the metal ions which could not form chelates with
PAR was studied by individually spiking the metal ions et difference amounts
(ranging from 0.5-10.0 pgmL") into the mixture of 0,10 jpgmL" Co(II), 0.20 pgmL"
Ni(T) and 0.40 pgmL™'Cu(ll), It was found that the presence of the foreign ions did
not affect the retention time of the PAR chelates of Co(ll), Ni(i) and CufIl).
However, the quantitative signals (both peak height and peak area) were affected by
the addition of the foreign jons. Cu(ll}-PAR was strongly influenced when the
concentrations of the foreign ion increase to 2.5 times resulted in either decreased or
increased of peak height and peak area. The effect on Ni([l)-PAR was observed when
the foreign ion increase 1o 5 times greater than Ni(ll), resulted in the decreasing of
peak height and peak area. This effect was also observed for Co(ll) when the
concentration of the foreign ion was 10 times to Co(lI). The peak area of Cr(VI) was
not affected by the addition of the foreign ion. However, the obtained spectra and the
3-D plots (results not shown) revealed that neither PAR chelates of the foreign ions
nor the temary complexes was formed. According to the obtained results indicating
that PAR was enough for all of metal ions. Furthermore, to ensure the excess amount
of PAR, ten times higher concentration of PAR ie. 1.0 x 10° molL" was used.
Similar results were obtained and large peak of excess PAR overlapped the analyte
peaks. The effect of interference on the present method was obviously seen when
compared to the previous work on precomplexation of metal-PAR chelates by batch
method prior to the analysis by [P-RPHPLC. This may attribute to the nature of the
flow system which a short time that siream of reagents are reacted. Neither physical
equilibrium nor chemical equilibrium (i.e. the completeness of reaction) has been
atmined by the time it was detected.
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3.3. Analysis of real sample
According to the study it is possible to analyse Cr{ V1) simultaneously with Ni(II).
The present mﬁmwmlpgﬂindmthcanﬂyﬁsufchrumcplmingmm. The

mplmmmUmud&umchmn:phﬁngphminKhmhmmdmmﬂm
after dilution, pH adjustment and filtration through 0.45 pm membrane. Data

obtained are list in Table 3 which were in gnodagmem:mwithumﬁ:mm.

Table 3
Result of analysis of chrome plating waste water
N Concenration {jug mL™)
Sample | Sample 2
Cr(VI) 9845 + 6.48" 69.3 % 10.74*
Co(TI) ND* N.D*
NifTT) 15746 + 10250 1214 + 742*
Cu(lr) ND* ND*

* Not detected, ' S.D. (n=3)

3. Conclusion

In the present study, a simple combination of reverse flow injection and HPLC
mmﬂtndlnnp&wcrﬁﬂtndmiqu:fnrahnmanﬂyﬁ:ufm] ion as their PAR
chelates, ﬂmmﬂnwﬁmim[rmmmuplﬂmﬁmmtﬂ
pﬂﬁmmmnfﬁ:arﬂmmﬁﬂlymumﬂyupﬂmad. Using the developed rF1 for
in-limmmpltxaﬁﬂngimhmﬁluﬂtmhhkmnsumpdmhumﬂyﬁ:&mnmd
less waste disposed comparison to the batch derivatization. The analysis cycle was 16
minutmm:hﬂingm-ﬁmmpimﬁm[mznﬁmﬂcs}mdmmﬁmbymm
(14 minutes). The method was successfully applied for the separation of Co(ll),
Ni(Il) and Cu(IT) as their PAR chelates.
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Abstract

A high performance liquid chromatography (HPLC) method was developed for the
separation and determination of individual (Cyq — Cy3) linear alkylbenzene sulfonates (LAS).
A new set of conditions has been established for routine analysis of individual chemical
forms of four LAS surfactants, i.e. Cyg - Cj3 LAS. The mobile phase containing 1.5 mM
ammaonium acetate in methanol/water mixture of 78 to 22 (v/v) was used. Under the optimum
condition, detection limits obtained were in the range 1.43 pg ! (for Cjq LAS) to 11.35 pg
ul™ (for Ci3 LAS). This method offers the advantages of significant improvement in
resolution, short separation time and using less amount of common salt under isocratic
condition. In addition, the use of simple mobile phase containing a simple low amount of salt
cannot deposit at the entrance of mass spectrometric detector. The method is applicable to the
simultaneous determination of LAS surfactants in various water samples. LAS surfactants
presented in these samples were also successfully confirmed by using electrospray mass
Spectrometry.,

Keywords: anionic surfactant, linecar alkylbenzene sulfonates, HPLC, mass spectrometry,
water
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L. Introduction

Linear alkylbenzene sulfonates (LLAS), synthetic anionic surfactants, have been used
in household laundry and dishwashing detergents [1]. The commercial product is a mixture
of homologues containing carbon atoms between 10 and 13 atoms. Each of these homologues
consists of positional isomers resulting from the attachment of the phenyl ring to the carbon
atoms of the linear alkyl chain (Fig. 1) [2, 3]. They are rapidly biodegraded under aerchic
conditions. LAS-containing detergents are used in large quantities and are therefore released
in the environment. LAS homologues with alkyl chain lengths from C,y to Ci; have been
found in municipal wastewaters and sediments at the ppm levels [4-6]. It has been reported
that LAS and their degradation products can affect membrane permeability, enzyme and
lysosomal activity [7, 8]. The toxicity of the LAS containing 13 carbon atoms to the
microalgae namely Chaetoceros gracitis was found to be greater than that of the C;) LAS [9].
For these reasons, the identification and quantification of individual LAS species are
invaluable for estimating the environmental impact and potential health effects of LAS
Species.

The standard methylene blue method has long been used for determining total
amounts of sulfonate and sulfate based anionic surfactants in wastewater [10]. The method
cannot differentiate individual amionic surfactant. The method is sensitive, It is time
consuming and is often interfered by sample matrix, i. ¢. organic sulfonates, sulfates,
carboxylates and phenol. This method also requires a large quantity of the toxic solvent for
extraction such as chloroform.

A number of methods have been developed for identifying and quantifying individual
chemical forms of anionic surfactants. Chromatographic techniques like gas chromatography
(GC) [4, 11-15], electrophoresis [1] and high performance liquid chromatography (HPLC)
[16-18] are efficient separation methods for the analysis of LAS mixture. Due to their low
volatility and anionic form, derivatization of these compounds is necessary when GC-based
method is used [19].

HPLC is currently a suitable method for the determination of LAS. Reversed-phase
HPLC provides a good separation of LAS mixture when using various chromatographic
detectors, . g. ultraviolet (UV) [16-18], fluorescence [2, 20, 21] and mass spectrometry (M3)
[22-24]. However, most existing methods and procedures are still far from being considered
suitable for the routine determination of individual chemical forms of LAS. Most HPLC

methods with UV detector require the mobile phase containing either sodium perchlorate [22]




or additive mixture such as triethylamine and acetic acid [23, 24), trifluoroacetic acid (TFA)
and tetrabutylammonium dihydrogenphosphate (TBA-H,PO,) [25] or
cetylrimethylammonium (CTMA") ions [26] in order to resolve LAS homologues under
gradient conditions. In practical application of the mobile phase containing high amount of
those compounds, particularly sodium perchlorate (10 g I'') can shorten the column life and
can also clog the capillary when mass spectrometric detector is used. In addition, the
complicated mass spectra of LAS homologues would be obtained, This makes the
identification of individual LAS in environmental samples so difficult.

As reported earlier by other workers, LAS compounds containing 10 to 13 carbon
atoms are used in large amounts and are therefore released in the environment [1, 4-6]. The
toxicity of surfactant to aquatic organisms increases with increasing of carbon atom [9].

The main purpose of this study was to develop HPLC method that would allow for
routine analysis of LAS mixture, particularly in respeet to reducing analysis time, improving
separation efficiency for all the four LAS surfactants, precision and accuracy under isocratic
condition. As mentioned earlier, several publications have been reported to use complicated
mixtures as mobile phase under gradient conditions for separating some LAS surfactants.
These approaclies can also cause either capillary blockage or additional spectral interferences
when a mass spectrometric detector is used for confirmation results, Therefore, common
salts, i. e. sodium chloride, sodium acetate and ammonium acetate added into mobile phase
were chosen because of their suitability of identifying LAS in water samples using mass
spectrometric detection.

2. Experimental

2.1 Chemicals

Linear alkylbenzene sulfonates in the forms of sodium salts were obtained from
Henkel (Germany). HPLC grade methanol was purchased from BDH (Poole, England).
Sodium chloride, sodium acetate and ammonium acetate were AnalaR grade and purchased
from Carlo Erba (Barcelona, Spain). Milli-Q water was used in this study,

2.2 Instrumeniation

A HP 1100 high performance liquid chromatograph (Agilent Corp., Wilmington,
USA) consisting of an Agilent 1100 quaternary pump and an Agilent 1100 UV detector (224
nm) was employed. An inlet frit with 2 pm pore size was placed between the injector and




