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AIIII)enlllletric Sensor B:lscd on M n02 film Modified Carbon l':\stc Electrode Coupled with 

Glucose Oxidase Immobilized I~c:lctor for t he l)etermilHltion ofC lucose 

By Kahsay G/Medbin 

Resea rch Adviso rs: Dr. I-I ailemichacl AlclllU and Prof. Theodros Solomon. 

AIISTRACT 

An arnperometric system based on a carbon paste electrode modiri ed with Mn02 was 

in vestigated as a sensor for glucose in flow-injec tion analysis ( FI A). Enzymatic ox idation of 

g lucose and catal yt ic ox idation of the intermcdiate (1-1 20 2) by MnQ is exploited for the 

u1l1perollletric monitori ng of glucose. at an operating potential of + 0.59 V vs. AglAge!. 

Expe rimenta l parameters. such as fl ow rate. injection volume and coneenlr<lti on 

dcpem\cnce have also been optimized. The amperomctric signals art: li nearly proportional to the 

cO IH.:cntration of glucose in the range of JO. l to 103 11M . The method was appl ied for the 

determi nation of glucose in human serum. Data showing the effect of interfering substances on 

the response o r tile sensor arc also optimized. 
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I. INTIlODUCT ION 

Hydrogen perox ide is a vcry im portant intermedi ate in environmental and biologica l 

reactions. It also plays an important role in various industrial applications. It has also been lIsed 

as a bleaching agent fo r tex tiles. as a hypocl iminator in photography. as a dcpo lymcri zat ion agent 

in the modification of resins and adhesives und as an acti ve chemical reagenl for the preparat ion 

or Ill any chemicals (e.g. hydrazinc, iodie acid , etc.) I I ,2l 

In environmental control, il is L1sed for detoxicating organic po llutants (e.g. formaldehyde, 

phenol. surfactants. etc.) [1]. Moreover. Ihe determinati on of hydrogen peroxide produced as a 

result o f varioll s oxidase reacti ons has been wide ly used in clinical assays of biological nuids. 

C ll.!arly. a reliabl e. rapid and economica l mcthod for monito ring H20 2 is vcry essenti al and 

des irable. 

Several analytical techniques have been employed lo r its detemlination but most of them 

suITer from interferences, long anal ys is time, und usc o f expensive reagents [I J.4 I· 

Electrochemical methods have o ffe red improved anal ytical characteri stics such as hi gh 

SI.: Jlsili vi ty. large dynamic range and rapid respo nse time 1.5 J. Several different electrode materials 

have been reported. These include carbon electrodes operating at hi gh over-potentials, e.g., + 900 

III V \IS SCE. carbon paste electrodes doped wit h platin ium. palladium, or ruthenium at + 800 III V 

vs Ag/AgCI and platiniulll el ectrodes at + 700 mV liS AglAgCI. The main drawback of these 

techn iques is the high vo ltage applied to the working electrode. which makes such a sensor 

suscepti ble to interfering substances [6]. However. electrodes modi fi ed by immobili zing some 

substances with catalytic acti vity onto the electrode surfaces can dramaticall y decrease the ovcr­

potent ia l fo r the reduction o f hydrogen perox ide and improve its electrochemical response. An 

ilnportant approac h in thi s lield is to immobili ze transition metals. their oxides or complexes onto 

the electrode surfaces by various techniq ues. 

Immobili zation o f [Ru (N1-IJ)6
2• I into a montmoril lonite clay coaling on graphite resulted 

in an electrode that mediated the rcducti on of hydrogc n peroxide at- 0.2 V (vs SCE) [71· 



... ~------------------

Modifying the electrode surface of semiconductors. glassy carbon. graph ite and polymers 

viu film format ion was investi gated 18, 9]. oble metal s. metal oxides. metal complexes and 

enzymes were lIsed as modifiers for the determination o f hydrogen peroxide. 

An indium-tin oxide film deposited on a glassy substrate exhibi ts response towards 

Ilydrogen perox ide 1.10.1. Glassy carbon ;:ls a frequentl y used electrode material was modifi ed with 

.1 film containi ng pall adium and iridiulll . irdiulll oxide. manganese diox ide. prussian blue. 

fe rrocene. pyrro le iron(III )-octaetbylporphyrin or copper-heptacyanonitrosyl ferra te IIIJ. 

.Iohnston el al. investi gated an 1-120 2 sensitive electrode by deposit ion of a gold Ipalladium fi lm 

0 11 a plasti c substrate [12"1. 

Il ydrogen perox ide. involved in numerous enzymatic reactions allows the tai loring of 

enzyme modified sensors for monitoring biologically important molecu les. Investi gations on film 

deposi ted mediators for lowering detection limits and working electrode potenti als were 

pcrio nned frequent ly [13- 171. A glassy carbon electrode modifi ed with an electrodeposi ted 

i\lln0
2 

film as desc ribed by Taha el al. responds to 1 12 ~ in strongly alkaline Illedia. However. 

lh is excludes its modification with enzymes [51· 

The modifi cati on of carbon paste e lectrodes (ePE) with catalytic metals. metal oxide 

lIlicro-part icles or their complexes for the determ ination or H20 2 has rece ived considerable 

atte ntion ]"18]. A screen printed carbon. a carbon paste and fi lm modified electrodes modificd 

wi th Mn0
2 

were invest igated as simple and fast proeedurcs in the <l lll peromctric determination 

of hydrogen peroxide in flow- injection analysis (F IA) [I I. 18. 19]. Manganese dioxide oxid ises 

11
1
0 ! to ~ whereas it is reduced to oxides contain ing manganese in lower oxidation states. 

This react ion was invest igated for its applicabil ity to the e1ectroanalytical determination o f 

hydrogen I>croxide. The low detection limit as well as the applicability to neutral media suggests 

that these electrodes can probably act as useful electrode material s for the development of a 

sensor fo r glucose. 

Wang el al. [20] reported on the e1ectrocata lyti c ox idation of 1-1 20 2 at a poly (111-

phcnylene diamine)-ll1odified carbon pastc electrode and its usc for biosensing of glucose. 

2 
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Incorporation o[cnzymcs and Illcdimors into carbon pasle matrices represents an <lltraclivc 

approach to the preparation of rcagcllllcss bioscnsors 121 1. Carbon paste is a mixture of graphite 

po\\(lcr and an organic liquid . The pasting liquid is immiscible with the con tact ing aqueous 

solutions and includes paraffi n oil, vaseline oi l. Ilujol. and silicon o il. which functions to fill up 

the gaps between the graphite particles and insulate the graphite from the contacting aqueolls 

solution. 

Liu el al. have investigated a rcagcl1ll css arnpcromcl ric sensor tim! is highly sensit ive 10 

II ,(), by incorporating fumed sil ica. horseradish peroxidase (I-IRP) and mcldola blue into carbon 

paste 121]. The enzyme horscmdish peroxidase (I IRP) cutalyzes the rcduction of hydrogen 

peroxide in thc presencc o f an electron transfc r mcdia tor according to the fo llowing schcme: 

I IRP 

11 20 2 + Mcd red ..... 1120 + Icdo~ ( I ) 

rhl; e lectrochemical rcduction of the oxid ized mediator generated by the enzymat ic react ion 

provi des the amperomctrie signa l fo r the me<lsurclllent of hydrogen peroxide [22]. 

Enzymes can be used in homogcneolls analysis and bring about many benefits since 

anal ysis based on enzymatic met hods is rapid. se lective. and environmcnta lly fr iendly. The 

il1(;ol"1'oration or lbese biomolecules into the sensing dev ice gave ri se 10 the development of a new 

Iypc of sensors called biosensors 123J. 

l3ioscnsors combining the selectiv ity of enzymes with the sensit ivity of amperome tric 

dctection. are in rapid progress since the development of the first electrochemical glucose sensor 

hy Clark and Lyons in 1962124]. The abundance of glucose in nature and its importance in life 

processes has made necessary the constructi on ofglucosc scnsors in light of the fast-expand ing 

I~chniqlles of enzyme immobilization and chemica l modification of electrodes [25-27]. l3ecallse 

or Ihe complex ity and serious specificity problems associated wi th direct electro-oxidation of 

glucose. Ihe oxidoreductase enzyme glucose oxidase (GOD. E.C. 1.1.3.4) is most often lIsed in 

thc development of gl ucose sensors. 

3 
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Severa l now injection anal ysis (FIA) systems combined with imlllobil ized glucose 

ox idase fo r the anal ysis of glucose based on electrochemical detecti on have been described 128-

301. The e lectrochemical mode of detecti on in these reactors is based on the measuremen t of 

r.: lcctron exchange from the anodic oxidation of" hydrogcll peroxide produced by the enzymatic 

reaction o r gl ucose oxidasc. However, the use of" a mediator permits electrochemical detcct ion 

at a lower-overvoltage than the the oxidation of hydrogen peroxide, thereby decreasing the efTects 

of potenti al interfering species. 

Thus, the objectives of thi s thesis work are: 

i) to dev ise a sensor for gl ucosc using glucose oxidase bascd on the hydrogen peroxide 

detect ing Mn02 film elcctrode using now injection anal ysis; 

ii) optimiza ti on of the sensor wi th respect to fl ow mte. injection volume and work ing 

potential : and 

iii ) to couple the sensor in now injection mlalysis to assay glucose in serum samples. 

4 
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2. LITERATURE REVIEW AN I> TlIEO llETICAL IlACKGllOUN I> 

2.1. Biosensors 

J)ioscnsors arc analytical devices based on the combination of a biological component (in 

an immobili zed form) with a suitable transd ucer. wh ich can convert a biochemical response into 

a quantifiable electrica l signal 1311. The biocorn poncnl typicall y limits biosensor life time. 

stability. reproducibili ty and c[l [i brati oll requirements. whi le the physica l Inlllsduccr docs not tend 

In limit those characteri stics. 

An ideal biosensor should be sens it ive enough to allow detect ion or the ana lylc al 

n:asonab ly low concentrations. selecti ve to di scriminate response frolll undesired inlerfering 

SI)Ccics. fast to respond 10 changes in the concentration orthc analyle. stablc in tcnllS of operat ion 

and storage. and reproducible in terms of the rccorded s ignal. In add ition a broad linear range and 

;1 high signal to-noi se-rat io are required 1321· 

2.1. 1. A mpcromclric sensors 

Amperometry is based on the ox idation or reduct ion of an electroactive spec ies at the 

sur1;lce 01" a working electrode while a constant potential is applied to the elec trode with respect 

to a rcicrence electrode. The resulting current is measured by using ei ther these two electrodes 

(\\ork ing and reference) or a thrce-electrode arrangement (working. counter and reference 

..:1cctrodes) to compensate for the potential drop caused by passage of the current through the 

solution. 

Amperometric techniques give a current response whic h is linearly dependent on the 

:In:llvte concentration . TIle recorded current. L is a direct measure of the electrochcmical reaction 

r;HC as desc ribed by Faraday's law: 

I = nF(dN/dl) (2) 

\\ here d N/dt is the oxidation/reduction ratc. n .. nd F have their lIsual significance. 

5 
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By incrcasing tbe applied volwge the rate of the heterogeneous charge transfer reaction 

can be enhanced so as to cause the rate of the who le process to become controlled by mass 

transfe r. Under these conditions the diffusion current. Id• is directly proportional to the 

concentration C. of the substance to be determined. 

Id = nFAD, C/o (3) 

where A is the electrode surface area ; D, is the di ffusion codlicient and 0 equa ls the thi ckness 

\)rlhe di ffusion layer (which is constanl al a given convection) [31l 

2.2. Fluw Analys is 

Flow injecti on anal ys is (FI A). introduced by Ruz.icka and Hansen PJI and Stewart and 

cO\\orkcrs [341 in the middle of \ 970's. is now a common too l in the modern analytic' ll world . 

rhe principle o f flow injection analysis is b' lsed on the combination o f three clements: sample 

injecti on. con tro lled di spersion and reproducible ti me or its movement. 

In FI A a liquid sample is injected into a constant moving. non segmented continuolls 

carrier stream of a suitable liqu id that may contain reagents. The injected sample forms a zone, 

which is then transported towards a detector. Each sample is dispersed reproducibly and the 

recorded flow injection peak is proportional to concentration. FI A has the advantage o f be ing 

inexpensive. simple. easy to const ruct and to adopt for differcnt anal ytical purposes. 

Electrochemical detection in flowing systems is usually performed by con trolling the 

po tential of the working electrode at a fixed value (corresponding to the limit ing current plateau 

region of the compounds of interest) and monitoring the current as a function of time. This 

technique is called flow ampcromctry. The current rcsponse thus generated rcOects the 

conccntra ti on profiles of these compounds as thcy pass through the detector 135]. 

The applicd pOlcntial affects not only the sensitivity and signal-to-noise characteristics. 

but also the selecti vi ty of am peromctric measurement s. In general. a lower potent ial is morc 

6 



..... 3 .... ____________ _ 

selecti ve. and a hi gher one more universal. Thus. compounds undergoing redox reactions at 

1m, cr potentials can be detected with greater selectivi ty. 

2.,\ . Cell I)es ign 

A wide range of cell designs ha ve been used for electroehemi e<ll moni toring o r flow 

Sln:;1Il1S. The cell design must rulfilthe requirements of high signal-to-noise ratio. low dead 

vo luBle. well-defi ned hydrodynamics, sma ll ohmic drop. and a slJble reference electrode 135 ]. 

Th l' lIl os t widely used amperometric detectors arc bascd on the th in layer and wall-jet 

l:t)l1fi guration [35. 36]. The li miting current equation fo r the wal l-jet deteclOr is given by [35.36 ], 

(4) 

\\ he re a is the inlet diameter. A is electrode a rea. C is concentration. D is diO'usion coenici ent. 

i) is Kinematic viscosi ty. and V is the average vo lume now rate. 

2.-J. C hcm icli lly Mod ified Elec lrodes 

C hemically modified clect rodes (CMEs) represe nt a modern approach 10 electrode 

s~ stems. Such de liberate altera tion of elect rode s url~lces. through the incorporation of an 

ap propriate surface modifier. can meet the needs of many electroanalytical app lica tions and 

diftCrent sensing devices [37]. 

There arc different directions by which CMEs can benefit analytical appl ications. These 

incl ude acceleration of e lect ron-transfer reactions. preferential accumulation. or selcctive 

membra ne permeation . Such steps can imparl hi gher selectivity. sensitivil Y· or slabi lity to 

dcclrochcmica l dcvices [35]. 

One of the most common approaches for incorporating a modifier onto the surface has 

been coverage with an appropriate po lymcr fiim. Pol ymer-modified electrodes arc onen prepared 

by cilsting a solution containing the dissolved polymer onto the surface and allowing the solvent 

7 
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10 eva porate. or via clcclropo lymcrizHtion in the presence of the dissolved monomer. The latter 

oIl ers precise contro l of the film thickness (and oneil the morphology) and is particularil y 

allraclivc in connection with miniatu rized sensor surfaces. Other usefu l mod i fic~lIi on schemes 

include bu lk modi fica tion o f composite carbon materia ls. covalent (c hemical) allac hcmCl11. 

physical adsorption. and spontaneous chemisorption 135. 371. 

2.5. Enzy mes 

Enzy mes arc biological cata lysIs (i.e. Ihey speed up the rales of reactions witho llt 

themse lves undergo ing any pe rmanent change) 1381 . They accelerate reactions through a 

](l\\cri ng of the acti vati on energy. As for other cata lysts. enzymes catalyze both Ihe fo rward and 

n;vl.! rse reactions. and promote the allai nment of eq uil ibrium without a ltering it. l3esides their 

catal ytic function, the 1110St striking features of enzy mes is their speci fi city. Enzymes cata lyze 

a o.:rtain kind of reactions and they react with a single rcaclant. or a number o f stmcturally similar 

reactant s. These reactants arc called substrates. 

Enzy mes arc protei ns. sometimes containing i.I nun-prute in componcnl. which cnn be a 

col~le tor or prosthetic group. The region in the enzyme \Vhere the substrate binds and where the 

reaction takes place is called the acti ve site. II is small compared 10 the enzyme, and a hu ge part 

(If the aminoacid residues in the enzy me is requi red for mai ntaini ng the three-dimensional 

integrit )' o f the ne t wo rk. 

On the basis of the kind of chemica l reac tions they catalyze enzymes arc classified into 

S IX ma in classes. These arc oxidorcduclases. trans ferascs. hydrolases. Iyases. isolllcrases and 

ligases 139]. Those which catalyze redox reactions arc known as ox idoreductases. They arc 

fu rther d ivided into dehydrogenases. ox idases and peroxidases. depending on the substrates to 

\\ hieh they promote electron transfer. Ox idoreductascs. ooth in the free and immob il ized forms. 

~I rc the most important cata lytic reagents in bioanalysis because they involve substrates or 

products that can be convenientl y monitored by a wide choice of detectors 124. 40-42 1· 
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2.5. 1. Oxhhlscs 

Oxidases catalyze the transfcr of hydrogen atoms to oxygen forming ei ther 11 20 2 (2 

I [ . 2e' tra nsfer) or H20 (4 1-1" . 4c' transfe r). The substrate is ox id ized to a product with the 

c{)ncomitant reduction of the enzyme bound cofactor. Thc oxidation of glucose with glucose 

oxidase (GOD. EC 1. 1.3.4) is one o f the 1110st COlll1110 n reactions used fo r enzymatic analysis. 

The act ive site of th is enzyme is a flavi ne adenine nucleotide (FA D), which exists in one o f 

two rorms·ox idised (FAD) or reduced (F ADI1 2). FA D oxidi zes glucose to gluconic acid. and 

Ihe FA DH2 generated by thi s reaction can be ox idized to FAD by oxygen (hydogen perox ide 

is a by·product of't his reacti on) . The mecha nism can be shown as fOll ows f4 31· 

Glucose FAD 

Gluconolactone ~X FADH2 

2.5.2. Pcroxidascs 

Pcroxidases catalyze the transfer of hyd rogen from a reducing eo·substrate 10 hydrogen 

perox ide or other organ ic peroxides. The prosthetic group o f 1110st peroxidases. including 

horseradish peroxidase. HRP (EC I. I 1. 1.7), is ferriproloporphyrin IX. a redox·aclive porphyrin 

\\ ilh cenlral iron(III) bound to Ihi s class of enzymes [44]. HRJ) catalyzes Ihc reduction of 

hydrogen peroxide by substrates. 

Chrolllogenic substrates whose oxidati ve products strongly absorb in the visible region 

are cOllllllon ly uscd in spectrophotometric detections o f hydrogen peroxide [45. 461· Oxidative 

coupling of aromatic amino compounds with other ary l compounds in presence of HRP is anOlher 

dass o f react ion that produce colored products 147·51 1. This includes the chromogenic couple 

4'il1l1inoantipyrene (4·AP) and 2A·d ichlorophenol-6·sulphonate (DCPS) reported by Barham and 

!'rinder. The reagent has been lIsed ror the determi nation o r gl ucose [481 and uric acid In 
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hiological fluids 149]. lIsing the respecti ve ox idase to generate hydrogen l>Cfox idc. The reaction 

(Trindcr reaction). re presented in the equation be low. g ives a red quinonciminc complex which 

absorbs at 5 12-5 14 nm. 

Oil ""vel I + 

'" 

(5) 

(' I 

2.6. 1m mohilized Enzymes 

Immobil ized e nzymes arc enzymes co nstrained one way or another within a limited 

con lines or a so lid support. The solid support c:m be polysacc harides (e.g. agarosc. cel lulose). 

irHJ rganic supports (such as porolls glass. puruw. r.:r.:ralllics. alu mina). synthetic polymers (e.g. 

11)' lon) l52 1. Enzymes call be constrained or held to these supports by adsorption. cross link ing. 

Illicrocnca psulati on and covalen t attachment 152. 53J. 

Immobilization by covalent att achment is the most freque ntl y used method . T here arc 

sl!vc ral me thods of preparing covalent conjugates, but the most popular tcchn iques involve the 

fC;lC lion of an aqueous so lut ion of enzyme wi th an activated. derivati zed watcr insolublc suppo rt. 

r riet hoxys ilnne deri val iz<1ti on and glutaraldehyde activation on contro lled pore g lass was uscd 

in thi s work. 

The major aim of research in immobi li zed enzymcs fo r biotechnological and analytical 

appli cations is to increasc the life-lime i.c. thenna1. operational as we ll as mechani cal stabi lity 

Il l' the biocatalyst [54}. Applications o f immobili zed enzymes in analysis and biochemical 

s~ nlhcsis o ffers signi fi cant advantages over thei r free counterparts. Most enzymes arc expensive 

a nd the cost of thc anal ys is, as a resul t. becomes hi gh. The samc balch of immobi lized 

10 
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h iocat~lysl can be used repeatedly OC'C311SC of the convenience in separating the reaction mixture 

li"OIll the catalytic phase. making the unit vcry practical for continuous flow anal ysis. Integrati on 

of immobi lized enzyme reactors or biosensors in flow injcctions (FIA) of biochemical substances 

has been a major advance in all fields where bioanalysis is app lied [551. 

Ana lytical development of immobi lized enzymes with electrodes. as the physic.:.! 

transduce r. have followed two directions: the most common version of the biosensor involves the 

int egration of the immobilized enzyme in close prox imity to the electrode. and the enzy me reactor 

ve rs ion invo lves the placement of lhc immobil ized enzyme reactor preceding an e lectrode in a 

now system [54]. 

2.7. ENZYME KINETICS 

For onc substrate enzyme catal yst reHcti o ll . the mechani sm o f the reacti on for the 

(;ol1\'crsiol1 of the substratc. S to product P is 

k, k2 
E + S ;:r ES ;:r P +E (6) 

k., k ., 
where E is the enzyme and ES is the cnzyme-substrate complex 1"39. 56]. The second reaction 

is rate-l imiting at very high substrate co ncentratio ns and al most all the enzyme is present as the 

~n zyme-stLbs lrate complex. making the rate of fo rmation of the product neg ligible. i.e. k2« k. 1• 

1 k nce. at Ihe initiation of the reaction. [ pJ = O. and the rate of formation of ES from the prod uct 

can be ignored. Eq uation 6 is, therefore. reduced to 

kl k2 

E + S ;:r ES - P + E 

k., 

(7) 

At steady state the rate of formation of ES equa ls the rate o f its decomposition (i.e. kl [E][Soi = 
(k.

1 
+ k

2
)[ES]). With this assumption. the well known Michacli s-Mcntcn relationship. shown in 

eq . 8. is valid [4 1]. T he equation predicts the following relati onship between Ihc rate of the 

~ n zYlllatic reaction and the substrate concentrati on. 

11 
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Vo = V~, ISo] / (Km+ ISo J) (8) 

"here V" is the initial rate. Vmu is the maximuTll fate aI a s..1turali ng concent ration ors (i.e. lSI 

> k,n' V nux= k21.E.rD and Km is the M ichaelis constant dc ri ncd by K m= (k _1+ k j I k lor K m= IS J 

2.7. 1. Elect rochcmicOII M ichaclis-Mcntc n Form ul:1 t io ns 

In am perometric bioscnsors the curren! registe red at an clcclI'odc is a measure of the 

1\;; lcti oll rate as a result or lhe enzymat ic reaction. An electrochemica l expression of cq. 8. call 

thus be given as: 

(9) 

\\ here i and C denote the current measured at steady sta te cond it io ns and the bulk concentrat ion 

of the substrate, respecti vel y. '1l1c calcu lated Km for an immobi li zed enzyme usua lly differs from 

the Km val ue of the enzyme in so lution. This is caused by changes in the enzyme 

Inicrocilvironment. enzyme conformation. or difTusion e fTects [57 J. ·111erefore. fo r immobilized 

CIlZY llles a ll "apparent" K", (Kmal'l') is defined. 

The calcul ation of ima< and Kmaf'l) from the Michacli s-Mcnten relationship eq.(9) is not 

straight forward. Rearrangement of eq. 9 gives relationships for the determination of ima .• and 

K,na,,,. The rec iprocal of equation 9 gives the most common linearised fonn of Michaelis-Menten 

l!q uat ion. ca lled Line weavcr-Burk equat ion. Since the Line wcaver-Burk equati on is a double 

reciprocal transformation. it gives a higher weight to points at lower substrate concentrati ons. 

( 10) 

,\ pial of I/ i vs l /e gives a straight linc wi th a slope of K maf'll / ~< and an in tercept of 1 /.i.a~ 

\\ hi ch can fm1her be appl ied to cv"luatc inw; and Km-""· If the enzymat ic reaction is controlled 

12 
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by mass transfer rather than by the enzyme kinetics. the Line wcavcr-13urk plol may deviate from 

linearity. 

Cross multipli cation o f cq. (9) leads to the Eadi e- Ilorstcc equation: 

( II ) 

plo1ling i vs i I C gives a strai ght line with:l slope. Km" PP nnd an intercept of imu . Response 

I imila lion due 10 mass transfer or depicti on of cosubstratc is o rten morc obvious in the Eadie­

I [ofstcc plot. 

Another stat istically superior lineari zed form orc I i vs. C with a slope of I / i ,,~, and an 

in tercept or Km1Pl'/ i ma.~, '-lanes plot. is obtained by mU ltiplying cq . 10 by C. 

e l i = C / i ~, + K:"' /i~ ( 12) 

130lh cq. 11 and 12 decrease the overemphasis on lower substrate concentrations. 
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3. EXI'E RIM ENT AL 

J. l. Flow injection system 

A diagram of the now injection system is shown in Fig. 1. The flow injection system 

consisted of a two channel peri staltic pump (Gil son model M 32 1). a Rhcodync 7125 injection 

valve and a wall-jet electrochemical cell. The cell consisted of film modifi ed carbon paste 

w(lrki ng e lectrode, a AglAgCI rderence electrode and H built-in platiniulll cQunler electrode. 111C 

response or the reaction was monitored with an ampcroJllctric detector (Zata LC 4. 11001'. 

Sweden) and the currents obtai ned were recorded wilh a strip-chart recorder (Kipp and Zonel1 . 

Sweden). 

2 
3 

4 l 6 

;;;;;;~ 

J lAl IV 

7 

Fig. I. A schematic diagram of the Fl l\ biosensor. 

1. Buffer, 2. Pump. 3. Injection port, 4. Immobilized enzyme reactor 

5. Cell, 6. Detector, 7. Recorder . 

.1.2. Working electrode 

A Teflon rod with a cavity for carbon paste filling served as the electrode body. Electrical 

contact was made with graphite through onc end of the rod. Unmodified carbon paste was 

prepared by adding 0.35 ml of paraffin oil (Uvasol. Merk) to 1 g of spectral carbon powder 

(R \VB. Ringsdorff- Werke. Bad Godesbcrg. Gennany). nle carbon paste was packed into the hole 

of the electrode and the surface was smoothcd with a spatula. Film formation was made by the 

d cctrol ysis of Mn (II) sol utions (containing 20 mgtl) in phosphate buffer (0. 1 M. pl-i 7) and lor 

in (0.2 M NI-I/NH
4
C1) 011 to the surface of the paste with a plating potential of 0.65 V vs 

i\g/AgCI for 120 seconds [19J. 

14 



-

,I 
I 
• 

.'\.3. Il cagcnts and so lutions 

The reagents 4-Amino-amipyrcnc. AP(BDH). 0-( +)-glucosc(Sigma). 2.4-dichlorophcnol-

6-sulphonate (DCPS) which was already synthesized in OUf laboratory from ocr and 

concentrated sulphuric acid according to the method of Barham and Trindcr 1481. were used as 

sllch . 

Ammonia-ammonium chloride bufTer (0.2 M. pH 9.5) was prcp:ucd by dissolving 5.35 

g Ofa1ll1110ni utll cbloride in 7.5 mi DI' 25 % ammonia and dilu ting 101000 J1lI wi th water. 

Phosphate buffer (0. 1 M. pH 7) was prepared by di ssolving 11.98 g ofsodiulll hydrogen 

phosphate in one litre of solut ion. The pH of the so lution was adj usted with a011 solutions. The 

ca rri cr solutions were deacrated by suction fi ltration be fore usc. Il ydrogcn perox ide (30% (w/v). 

])DII ) was standardized by titration with pe rmanganate solution which in turn had been 

standard ized against oxalate [3]. Fi vc IllI o rhydrogcn peroxide so lution was diluted wi th water 

to 500 1111 of solut ion. Twenty five ml o r thi s solution was rurther diluted to 200 Ill i and 20 1111 

0 1' elil ute sulphu ric acid ( I :5) was added to it. The resulti ng so lution was ti trated wit h ~tanclarcl 

0.1 N potassium penllanganate sol ution. An aqueous stock solution containing 10 gil 1-120 2 was 

prepared freshly each day. Solutions or lower concentrations were prepared with doubl y distill ed 

wa leI' immediately berore usc. Manganese ch loride was obtained rrom BOI-I chemicals Ltd. Ten 

111M of D-(+)-glucose was used as a stock so lution fo r glucose. The reagell t for thc 

spcctrophotometric detcrmination or glucose was prepared in a 0.1 M phosphate buller (PH 7) 

Ihal consisted of2.5 mM De I'S. 0.5 mM 4-AP and I mg/ IOO 1111 of horserad ish peroxi dase (HRP. 

E.C. 1.1 1. 1.7.268 purpurogall in uni ts/mg of sol id. Sigma). The carri er in the flow system was 

phosphate butTer containi ng 0.5 mM EDTA. 

3.-1. Optimiz:ltion or r iA panlmctcrs 

T he parameters such as flow rate. injection volullle. working potcnt ial and linear ran gc 

we re opti mized in both ammonia-ammonium ch loridc. and phosphate bullers. 

15 
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·t=,. I IIl mo bilization of cnzymcs 

Two hundred mill igrams of control led pore glass (er G-I 0 with 0.08-0. 12 mill particle 

size and 530 angestrom pore size, Serva) was Iremed wilh concenlrated nitric ac id for 2 hours. 

[t was then thoroughl y washed wilh doubly di stilled w;lter and dried over night al 190 DC in an 

oven. The glass was then silanized by reOuxing in a boiling waler balh wilh 10% 3-

:lminopropyltriethoxy silane in dry tol uene fo r 40 min . It was thoroughly washed wit h toluene 

and aceto ne over a G-3 filter and then dri ed ove r ni ght in an oven at li S DC. Test 011 the 

silanization of the CPG was made by adding 3-4 drops of 1.5 % 2.4.6-trinitrobcnzene sulphonate 

so lution in ethano l in a test IlIbc contai ning sma ll amount o f the dcri vati zed C PG mi xed wi th 

satura ted sodiulll borate solution. Ilositi ve test fo r the product wo uld give a bright orange 

co loured surface within about S min 158 1. The silanizcd support was acti vated at reduced 

pressure with 2.5 % glutaraldehyde in 0.1 M phosphate buffer al I'l l 7 for 30 min . The acti vated 

SUppOlt was thoroughly washed wit h doubly distilled water over a G-3 filter . Ilrior to acti vation 

the stock 25 % glutaraldehyde solution (Sigma. G-6257) was mi xed wit h acti vated charcoal and 

ccn trifuged to remove any possible polymeric product. 

Fiflcen mil ligrams of glucose ox idase (GOD. E.C. I. I .3 .4. 128.000 units/gm of solid from 

Aspergill us niger, Sigma), was dissolved in 3.5 1111 o rO. l M phosphate buffef (I'I/ 7). The 

l:llzyllle solution was added to ISO mg of silrlllizcd and activated contfol led pore glass according 

to a prev iously described procedure [59]. The im mobi lized enzyme-support was packed in a 50 

pI plex iglass tube and stored at4 DC in 0.1 M phosphate buffer at pH 7 when not in use . 

.1 .6. Ana lysis of sample (hu ma n serum) 

Different serum samples were collected from the Police Hosp ital. Addis Ababa and each 

of these samples was diluted 1:20 (vtv) with distilled waler. E\a lualion of the glucose 

I.:onccntrations for each sample was made frolllthc slope of linear regression o f the daw collected 

wi thin one houT. Reference measurements were pcrfonned by spectrophotometri c dctcnllinations 

or each sam ples (using Trinder reagcnt). 
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~. RESU LTS AN D DISCUSS IO 

Il ydrogcn peroxide reacts chcmicn lly with the rm:diator (M n0 2) by fOnlling 1120. O2, and 

manga nese ox ides (I ); the latter arc electrochemically rcoxidizcd which produce the c'lla lylic 

current (I I). As can be expected . chemic;]1 reoxidation of oxides of manganese in lower ox idation 

slates should also occur (III ), which corresponds overall to a mere decomposition of 1120 2 

cat~llyzed by MnO •. Reaction (III) is obviollsly kinet ically slower than (II ) because the c.Hal yti c 

;lctivi ty or the modifi er can be electrochemi ca lly mon ito red 111]. 

(II) etE:ctr~emical oxidation 

·U . FIA of hydrogen peroxide 

(I II) 
Chemical/e­
oxida tIOn 01 H202 

ChemlcaloludallOn (I) 
of hydrogen peroxide 

For now injection anal ysis the film mod ified el ectrode was lIsed as an ampcrolll etri e 

detecto r in a wall-jet cell using both aml11oni a/am monium chloride and phosphate buffe rs. 

"'.1. 1. Ammonia buffer ( 0.2 1, pi .. 9.5) 

Hydrogen perox ide has been studied very recently using now injection ana lysis and Mn0 2 

hulk modified carbon paste electrode l I I). ~"l n02 fi lm modi fied carbon paste electrode 1181. and 

1\ 1110
2 

modified screen printed electrode [1 91 in ammonia buffer. The purpose or lhe presc nt 

study Llsing ammonia buffer was intended 10 check the reproducibi lity of Ihe previous studies 

lIs ing Ollr experime ntal SCI-Up . 

17 
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The dependence of the ampero 'I ' . I I ' . me ne signa on t 1C appll(.'(\ workmg potential is shown 

in Fig. 2. A maxi mum current is observed at a polenti;;!1 afaraund 0.58 V and Ihis was lIsed for 

further mcsurcments. All0 ' I I . wcr potenti a va lies the curre n! decreases significant ly. This cou ld 

he due \0 the less effic ient electrochemical ox idation that a llows the chemical decomposi tion of 

11,0 , to become dominant. 

• • • 
5 

<' • 
2> 
c // ~ 4 
() 
-'" 
ill a. 
:;!; 

3 • u.. 

0.40 0.45 0.50 0.55 0.00 

AppIMod potential (V) 

Fig. 2. Dependence or the current response in FIA on the applied work ing potential. Flow TalC. O.S rill/min : 

carrier. NI.J;-NH.CI buffer (0.2 M): injCClion s or 50 ILl 11)0 1 (100 mgt!). 

The dependence orlhc ampcromctric response on the now rate could be observed under 

injection as well as steady state condi tions. Undcr injcction conditions thc peak height incrcases 

up 10 II now rate of about I ml/min, then it decreascs at higher now rates ( Fig 3). This might 

be probab ly due to dispersion of the analytc in the carrier. The decrcase is significant and 

suggests that apart from increased di spersion o f 1-IP l in the earricr. a chcmic' ll reaction IS 

involved which precedcs the electrochemical reaction and which is kinetically s low. 
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ri1;. 3. Flow rate dependence of the peak height of the OlmpcrOIl1Clric signal in FlA . Operating polcllIial 0.58 V 

YS. AglAgCI ; carrier. NHJ·NH.CI butTer (0.2 M): injections of 50 f11 11,Ol ( 100 mg/l) . 

Under steady slate conditions. when 1-120 2 is present in the carri er solution. the response 

illc reases sharply with slow flow rates. and only graduall y with faster flow ra les (Fig 4) . For 

Faradaic processes under steady state conditions. and for a wall-jet arrangement. the relation 

be tween the current response and the flow rate ra ised \0 a power of 3/4 is ex pected (0 be lincnr 

135 1. I lowever. the result obtained is different from this indicating that besides the Far;;ldaic 

process a chemical process is involved. that is most probably the catalytic decomposition of 1120 2 
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Fig. 4. Flow nile dependence of the peak height of the :nnpcromclric signal under steady Siale conditions. 

Operating potential. 0.58 V vs. AgfAgCI; carrier. NII )-NI I.CI bulTer (0.2 M) containing 1110 ! (50 mgtl), 

The relationship between the Fl A peak current and lhe concentration of hydrogen 

p~rox idc was investigated for the range 1·500 mgtl. Linear relationship exists up to 100 mg.ll and 

the I incar regression Y ().IA) = 0.041 X (mgtl 1-11° 2) + 0.232 gives a correlation cocflicicnl of 0.999 

(Fig. 5). Wi th higber concentrations a deviation occurs probably due to an unfavourably high ratio 

or 11
2
0

2 
to Mn~ It may al so be assumed that in Ihe presence of large amounts of IJ 0 

chemica l oxidation of the reduced modifier becomes more and morc dominant. 
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Fig. 5. Linear range. Operating potential, 0.58 V: carrier NI IJ-NII.CI (0.2 M): injections o f 

50 ,L1 1-11° 1: now ratc. 1 IIIl/min. 

~ . 1. 2 Phosphlltc buffer 

Fig. 6. ill ustrates the innucl1cc orlhe working p01enli al on the ampcrolllctri c signa l of 

hydrogen peroxide (100 mg/l). As illustrated in the figure Ihe response increases with increasing 

applied potential showing a levclling off a l + 0.57 V vs. Ag/AgC I. Obviollsly. thi s value is 

surti c ic l1t enough to reoxidi sc electrochemically all the manganese which has been reduced by 

chemica l reaction with the analyte. '1l1crc/orc, an operati ng l>Olcntiai 0[0.57 V was selec ted for 

li lrlhcr investi gations. At lower potential values the current decreases significantl y; probably, due 

to Icss e fficient electrochcmi cal ox idation allowing the chemical decomposition o f 11 20 2 to 

lx;col11c dom inant. 
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Fi~. 6. Dependence or the C;:UTTcnt response in F1 A on the applied working pOlc11Iiai. Flow rate. 0.5 ml/min: carrier 

phosphate buffer (0.1 M): injcctions of 50 III 1-1101( 100 rng/I). 

The influence of the flow rate both under flow injection condi tions and steady slale 

conditions (ana lyte in the carri er) on the amperomclric signal is shown in Figures 7 and 8. 

respectively. Under injection conditions the current response increases up to abou t 0.5 ml/min, 

whereas it decreases at higher flow rates. The overa ll shape of the fi gure is similar 10 the study 

made using ammonia buffer as carrier and suggests that there exists here aga in a slow chemical 

reaction that precedes the electrochemical reaction. 
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Fig. 7. Flow rate dependence of the peak height oflhc ampcrolllclric in FlA. Operating potential. 0.57 V; carrier, 

phosphate buffer (0. 1 M): injcclionsof 50 )111-110 2(100 mgtl) . 

Under steady state conditions. the response increases lor low fl ow rates and graduall y 

wil h higher flow rates. For faradaic processes one would ex pect a dependence of the current on 

lile Ihrcc- fourth rool of the flow ratc in a wa ll-jet cell [35.36]. However. a plol orlhe three­

fourt h rOO I of the flow rate "s. the amperomctric response doesn't give a linear relationship . 

r ncrcasillg flow rates causes a diminishing of Ihe difTusion layer at the electrode surface which 

\\ ill lead to an increase of the diffusion CLlrren l. 
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Fig. H. Flow rate dependence of the peak height of Ihe ampcrornclric sign:11 undcr stcady Slate cond itions. 

OllCraling potential. 0.57 V: carrier. phosphate buffer (0. t 1'\'1) containing IllOl (.50 mgll). 

The injection volume also influences the ampcro1l1ctric signal. The current increases with 

increasing the injection volullle. Better sensitivity and reproducibility was obtained with 50 ~t1 

or inject ion sample loop (F ig. 9). Considering Ihe low injection vo lume and sensitivity of the 

system a 50 ~lL sample injection volume was chosen for further analysis. 
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Fig . 9. FlA responses ofHp !. Operating pOIcmiaJ 0.57 V: carrier. phosphate buffer (O.! M), now mle 0.5 ml'min : 

H;O: concentration. (a) 30. (b) 20. and (e) 10 mgll: injection volume ( I) 20. (2) SO. and (3) 100 Il l. 

Li nea r' Ra nge, Detection Limit lind RCIJroducib ili ty 

The relalionship between the ampcromctri c peak current and the concentration of 1-120 2 

\\ .. IS investi gated for the range 0.2-500 mg/I (Fig. IDa and lOb). Two linear ranges (0.2-50 mgll 

and 50-500 rng/I ) with linear regression y (~A ) = 0.0024X (1llg/1 H,O,) + 0.077 and y ( ~IA) = 

O.O l 13X (mgll H20 ,) - 0.327. respective ly. have been obta ined. In both cases the correlati on 

cot!fficient was found to be 0.999. With concentrations greater than 500 mgtl a dcv;,lIion occurs. 

probably owing to an unfavourably high ratio of HP 2 to Mn0 1· The detection limit ( J 0 values. 

sl<l nda rd deviation fo r 10 injections of 50 pi H~O ~ in a concentration of 0.2 mglJ ) \\as 

dde rlll inl!d 10 be 31 ~lglJ. For a concentration of 0.2 mgtl (10 injcctions of 50 ~Ii 1120 : solutions) 

I h~ rc l<l tiw standard deviation was detcmlined as 0.4 %. A reproducibility stud) made on a series 

of:!U repetitivc injcctions or 100 mg/! or H20 : showed a rclali vc standard dc\ iat ion (RSD) of 

n.97 "r.) and a sam pling frequency of arou nd 72 sam plcslh could thus be real ized. 
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n, Optimization of FIA p ararnetcrs for glucose determination in the sensor 

containing immobilized glucose oxidase 

The effect of the applied wo k' '" r IIlg potentlJlm till s system was studied by injecting 0.5 

rn M glucose solutions (Fig I I) A I ' , . , s s lown 10 the figure, the response IIlcrcases stcadly with 

inc reasing the applied pote t' I A I II' . n la . eve mg ofTl s observed at around 0.62 V. A potentia l of 

0.59 V was chosen as the working pot .. I ' d ·' . .. .. . en Ia In or er to mllllltll7.£ poSSible mtcrferences that could 

be ox idi zed above 0.60 V vs. AglAgCI. 

1.2 .-.. 
r • 

~ .' .' -~ .' - 0,9 
, 

• 

i 
. / 

/ => 
'-' 0.6 / 
~ / / ". 

0.3 u. 

----------. • 
0.0 

0.40 0.45 09:) 0.55 0.60 0.65 

Applied poter/ial M 

Fig. II . Dependence of the current response in FIA on the applied working potential. Flow rate, I mt/min ; carrier, 

phosphate buffer (0.1 M); injections of 50 pi glucose (0.5 mM). 

The influence of the flow rate under injection conditions and steady state condi tions on 

the amperomctric signal is shown in Fig. 12. Since flow rate is inversely related to the residence 

time of the substrates and products within the enzyme renctor [60J, decreasing the flow rate will 

increase the conversion eflicicncy of the reactor and higher flow rates produce a decrease of the 
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signal. I-Ienee, there is a minim um flow rate required for eq ui librium to scl·in. depending on the 

ac tivi ty orlhe enzyme in a reactor. 

Both under steady state and injecti on condi tions. the current responses increase 

significantly and similarly wi th low flow rates up to about (0.9 mllmin). The response keeps on 

increasing steadly with higher flow rales for the steady state cond ition (curve b). Whereas the 

CLJ ITcnt signal levels off with increasing flow rates under injl."Ct ion condition. A plot or the three-

tourth root of the flow rate vs the current response shows a linear relationship (R=- 0.998) for the 

ra nge 0.7 - 2.25 ml/min (Fig. not shown), wilh steady stale condi tion as expected thcorcli c<l ll y 

135']. I-Ienee fo r the subsequent dctcnninat ion or glucose with the sensor. a flow rate or I ml/min 

\\ as used. 

• b 
• 

• 
3 • • • • •• • • • • • ~ • ••• • • • 

]2 •• • • a •• 
• 

Fig. 12. 

• 
• • 

• • 

~O 05 1.0 1.5 '-0 2.5 10 

FJo,y rate (nil mn) 

Flow rate dependence of the peak height of the 3111pcrometric signal. 

3. Carrier phosphate buffer (0.1 M): injections of 50 III glucose (0.5 mM): 

b. Carrier phosphate buffer containing glucose (0.5 mM). 
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Th~ clT~ct of " . IIlJcct1l)1l \olume on the rcsponse ofthl..' FI I\ """ ..... r l!i sho\\ 11 in h g. I ~ 

l"hl'rl' is an increase in the res - ' J . . . .. . ponse Wil l tIlcreastllg injection volulllc. With respect to anah SIS 

IlIlll'. :-:l'IlSlltVIIY and reprodueib il il ' , '0 I ' .. . . . ~. ,\) II s,lmple 11lJI..'CItOn \ ol um..: \\as chos..:n lor further 

111": as 11 t"l' Illen ts. - . - ,Fu;r. _ ... _L 

--:I' I---
.. -- f:-- 1==-1 . - - ~-F=I- = I-E::::o o · .. --I ,-,--- - =--:: 

- - .-.-:: =1 -- . 

- =~ 
. =: - --:' -

~ • _. ---

== 
\0. V, 

- , 
·tl~ -i--

I- - /J' . 
1 r- - -- - --
- 0 - I -- - PL - - , - -- - - --, . . , , 

:c . - - . -- .= - -,-: I - -

~ 
. -

-
i:::: -1= - - - -

- - - e= f-
-

-§LJ1~ 
- - 1-

- - .. 

'~#J; :- 0 : , 
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Fig. 13. Effect of the injection volume on thc peak height in FlA . Operating potential. 0.59 v: carrier, phosphate 

bu ffer (0.1 M), flow rate, Iml/min; glucose concentration (a) 1 and (b) 0.5 m~'I : injection volumcs used 

were 20, 50, and 100 ~I. 

Linear range 
The dependence of peak currenl on the glucose concentration is shown in Fig.14 . There 

is an excellent linear response to glucose in the range 0.1 - 1 000 ~IM and the linear regression y 

(pAl = O.000876X ([JM glucose) + 0.03451 shows a correlation coefficient of 0.9996. At higher 

cO llct:ntrat ions the current signal of the sensor becomes constanl indicating that the entyme 

anains saturat ion. The detection limit (3 a val ues. standard deviation for 10 injections of 50 pi 

glucose in a concentration of 0. 1 [JM) was determined to be 5.5 nM. 
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Fig. 14. Linear range in FlA. Operaring potential. 0.59 V: now rale. I mVrn in; injections of 50,11 glucose. 

~ .2. 1 . Spectrophotometric Determination of glucose 

Glucose is enzymaticall y oxidi zed to gluconic acid und hydrogen peroxide. The resulti ng 

hydogcn peroxide is, then catalytical ly reduced by Trindcr reage nt \0 give a red quinol1ciminc 

complex which absorbs at 512 nm as indicated by cquJlion 5. Spectrophotometric measurements 

uf g lucose were carried out in order to usc the rcsulS obtained as reference data. 

The relationship between the absorbance and the conccllIration of glucose was 

investigated in the range 1 - 1300 ~IM (Fig. J 5). A linear relationship exists up to 1000 IlM and 

the linear regression y (AU) "" D.00346X ~ 0.0429 gives a correlation coefficient o r O.998. 
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o 200 1000 1200 

rig. 15 Spectrophotometric linear range: flow rate, 0.4 ml/min. 

-1 .2.2. Assay of glucose in human serum sllmplc. 

The FIA sensor has been applied for the analysis of glucose in human serum sa.mp les. 

Each sample was analyzed at a !low rate of I ml/min. For comparison. the results obtained by 

thi s method M and those by the spectrophotometric method (X) arc plolled in Fig.16. As can 

be seen from the plOl, there is a very good linearity between these IWO sets of data showing the 

ag reement of the two methods. Least squares analysis of the relationship between the 1\\0 

methods is Y == O.98x + 17.455 ~M (correlation coeffi cient == 0.982. n = 19). 
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r ig. 16. Results of glucose analysis in human senull. The datIl I\ere obtained \Iilh the FtA 

spectrophotometric method (x) using Trindcr reagent. 

4.2.3. Interferences 

sensor (y) and 

The effect of possible organic inlcrfercnlS on the response o f the FIA sensor wns 

investigated and the results arc shown in Table I. The carbohydrates: (fruclose. sucrose and DL~ 

,xy lose). oxalic acid , pyruvic acid. gl utamic acid. aspartic acid . and L· glutamine have vcry little 

or no effect in a 50-fold concentrat ion excess with respect \0 glucose. DL-Tartaric acid. 

hy poxanth ine and xanthine interfere at higher concentrations ( I O-fold concentration excess) 

probably due to their reaction with the generated 1-IP 2' Ascorbic acid. uric ac id. dopaminc. and 

I.-cysteine interfere very strongly even if they arc prescnt al conccntration that is comparable to 

glucose. The observed increase in Ihe current response when any ofthcsc interfcrents is present 

is presumably due to the chemical reduction of Mn02 by thc interfcrcnts. The approximate 

concentration of these species in human scrulll is: 0. 1 ruM ascorb..1Ic. 0.08 mM cysteine. 0.5 mM 

urate 161]. The sensor described here was vcry sensitive only abovc their ma,=imulll intcrfcring 

Icvd s. The concentration of glucose in human serUIll is in the range 3.6 - 6.1 mM in nomlal 



• 

humans [55J , this implies that, the sensor developed in th is investi gation can be employed to 

quantify glucose in the presence of these interfercnts. 

Tab le_ 1. Relative changes of the CUTTent response of glucose in FIA in the presence of intcrferents. Flow n Ile, 

) mllmin.; Operating potential, 0.59 V vs. Ag/AgCl: Carrier, phosphate buffer (pi I 7); injection of 50 

~ll of an aqueous solution of glucose (1 mM) containing the intcrfcrCIlI : 

[ nterlerent Added as Concentrat ion (mM) 

0.02 0.1 0.2 I 5 10 50 

Changes of current in % 

Fructose C6HI20 6 -1.3 -OJ -0.7 -2 -2 .4 -2.6 -7.3 

Sucrose Cl2HnOIl 0.00 0 0 OJ 6.8 8 8.3 

(DL-) CsHIOOs -I -0.3 -1.6 -4.3 -1.3 - 1.6 -1.4 

Xylose 

Ascorbic C6Hs06 3.3 51 133 72 1 - - -

acid 

27.5 65 143 - - -Uric acid CSH4N4O) 5.6 

C,HlNH,),.H,O " 
, -2 -1.6 - 1.6 -2.6 0.6 

Oxalic ac id - -' .J - J 

41.6 94.6 732 - - -
Dopamine C,H"O,N.HCI 5.66 

-2.9 -2.9 -2.90 -1.2 -2.9 -7.2 
Pyru vic acid CJHJO,Na -2.6 

-6 -0.6 -2.6 -2.3 -OJ 0 -2 
Glutamic C SH9NO~ 

ncicl 

DL-Tartaric C4H60 6 
1 -0.7 -0.7 -4 -15 -23.7 -

acid 
0 0 - 5.33 -18 -

C~H4N40 0 0 Hypoxantine 
-20 -28 -0 0 0 -2 

Xanthine CSH4N40 2 

-OJ - I -3.6 -9.6 
C4H 7NO~ 1.4 2.4 1.4 

Aspartic acid 
-67.7 160 910 - -

CH,NO,S -I L-Cyste ine 
-2.3 -3 .6 ·2.3 -3 .6 

-2.3 -1.6 -0.6 
L-Glutamine CSHlON2O] 



5. CONCLUSION 

A carbon paste electrode modified with MnOz film can be lIsed as a useful electrode 

material in the construction of a hydrogen peroxide based ampcromclric glucose scnsor in flow 

inject ion analysis (FIA). The developed method was optimized with rcSpt."'C1 to flow rate. working 

potential. concentration and injection volume. As compared to platiniurn eleclrodes. (+ 700 111 V 

\IS Ag/ Agel [6]) these electrodes are operated at a lower oxidat ion potentials. 

I nvestigation of the interfercnts on the sensors performance showed a notable CUlTen! 

change by ascorbic and uric acid above their max imum biologically relevant conccnlralions. The 

method is applied for the detennination of glucose in serum and the results obwincd arc in good 

ag reement wi th that orthe spectrophotometric method. 
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