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　　A novel chemiluminescence( CL ) senso r , w hich can be used fo r hydr oxylamine determination in combina-

tion w ith flow injection ana ly sis, was developed by electr ostatically immobilizing lumino l and periodate on an-

ion-exchange r esin r espectively . Hydroxylamine w as sensed by its enhancing effect on t he weak CL reaction

betw een lumino l and per ioda te, which w ere eluted fr om the ion exchange co lumn. The response o f the senso r

t o hydr oxylamine w as linear in t he concent rat ion range o f 8. 0×10- 8—2. 0×10- 6 mo l/ L w ith a detection limit

o f 4. 0×10- 8 mol/ L hydroxy lamine( 3�) . T he r elative st andard dev iation( RSD) w as 2. 0% for 9 r epetitive de-

terminations at a hydroxylamine concentrat ion o f 5. 0×10- 7 mo l/ L . The sensor could be r eused for ov er 400

t imes with a good r epr oducibility and was used t o determine hydroxy lamine in wastew ater .
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Introduction
Analyt ical methods based on chemilumi-

nescence( CL) react ions have receiv ed considerable

at tention for their applicat ion in various fields, ow-

ing to their ex tremely high sensit ivity along w ith

other advantages such as w ide linear dynam ic

range, simple inst rumentat ion, easy miniaturiza-

tion and coupling to various separ at ion tech-

niques
[ 1—6] . CL sensors have been developed fo r be-

ing used as the continuous and r eal-t ime monitors

of ino rganic, org anic, bio logical and pharmaceut i-

cal compounds
[ 7—10]

since Freeman and Seitz
[ 8]

re-

por ted the first CL senso r in 1978 fo r hydrogen

pero xide analysis. Hobo et al .
[ 9]

reported a CL sen-

sor to detect f ree chlorine in tap w ater by immobi-

lizing uranin on an anion exchange resin. T his sen-

sor could pro vide a constant signal w ithin 1 min.

Qin et al . [ 10] developed a reagent less f low sensor

fo r sulfite determ inat ion by elect rostat ically immo-

bilizing the ox idant and the sensit iser on an anion

exchange column. A type of so-called bleeding CL

sensor s, prepared by elect rostat ically immobilizing

lumino l and some metal ions on an anion/ cat ion ex-

change co lumn, has been ex tensiv ely studied for

the determ inat ion of various analy tes
[ 11—13] . Re-

cent ly , Song et al .
[ 13]

repo rted a sensor by immobi-

lizing luminol and periodate on an anion exchange

resin for the determ inat ion of ribo flavin
[ 14] . All

tho se sy stems involve bleeding the immobilized

reagents fr om the resins at a r emote site fo llow ed

by being mixed w ith the sample in fr ont o f a f low

cell. This pro cedure leads to an unnecessary dilu-

t ion o f the eluted reagents and the sample, there-

fo re reducing its detect ion ability . Furthermore,

the need to merge two st reams pr io r to detection

makes it dif ficult to m iniaturize the configurat ion.

In our previous w o rk
[ 15]

, a f low inject ion CL sensor

for isoniazide detection w as developed by elect ro-

stat ically immobilizing lumino l and periodate on an

anion exchange r esin, w hich w as packed into a

piece of g lass tube, and served as a f low cell in

f ront o f the detect ion w indow of a photomult iplier

tube.

Hydroxylamine is not only an impo rtant reduc-

ing agent in industr ial product ion but also an inter-

mediate o f many biolog ical pr ocesses. M any analyt-

ical methods have been r eported fo r their detection

including t it ration
[ 16]

, g as chromatog raphy
[ 17]

,

spect rophotometric
[ 18, 19]

and elect ro chem ical

method[ 20, 21] , liquid chromatog raphy [ 22, 23] and capil-

lary electr ophoresis
[ 24] . But some of tho se methods

requir e complex preparat ion and suf fer fr om low

sensit ivity .

In this w ork w e prepared a sensor by m ix ing
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lumino l and periodate immobil ized anion exchange

resins, and pr esented a method to detect hydroxy-

lamine concentration and observ ed a signif icant en-

hancing effect of hydroxylamine on the CL react ion

betw een lum inol and periodate in basic solut ions,

w hich w as used to sense the hydroxylam ine by

mix ing the sample in a suitable eluate through the

sensor w ith immobilized luminol and periodate.

Compared w ith other CL methods for the determi-

nat ion o f hydr oxy lamine, the sensor w as of econo-

my and conser vancy, in addit ion to the simplicity ,

rapidity and high sensit iv ity . T he proposed method

has been applied successfully to the determinat ion

of hydroxylamine in w ater samples.

Experimental
1　Reagents

All the reagents w ere of analyt ical grade and

all the solutions w ere prepared with doubly dis-

tilled w ater. A 1. 0×10
- 2

mol/ L stock solution of

hydr oxy lamine w as prepared by disso lving

0. 1097 g of hydroxylam ine hydrochloride ( Xi� an
Chm ical Reagent Plant , Xi’an, China) in 1000 mL

of bidistilled w ater. The standard test solut ions

w er e prepared by appropriate dilution of the sto ck

so lut ion. Luminol w as purchased from the Depart-

ment of Chem ist ry, Shaanx i Normal Univ er sity

( Xi’an, China ) . A luminol solut ion o f 0. 025

mo l/ L w as prepar ed w ith a 0. 1 mol/ L NaOH solu-

t ion. T he KIO 4 solut ion ( 0. 01 mol / L ) was sto red

in a brow n bot t le to avoid photochemical decompo-

sit ion. D201×7 and other anion exchange resins,

purchased fr om Nankai University ( T ianjin,

China) , w ere used for the immobilizat ion o f lumi-

no l and KIO 4 .

2　Apparatus

Fig . 1 show s the f low injection analysis sy s-

tem . One of the pumps of the Luminescence Ana-

lyzer ( IFFM-D, Remex Elect ronic Inst rument L im-

ited Co. , Xi’an, China) w as used to deliver f low

st reams at a flow r ate of 2. 0 mL/ min. A PT FE

tube ( 0. 8 mm i. d. ) was used to connect all the

components in the f low sy stem . T he sample w as

injected into the carrier st ream ( w ater) via a six-

w ay inject ion valve. The sensor, ser ved as the f low

cell, w as made o f a mini g lass column ( 50 mm×

3 mm i. d. ) packed w ith the resin. It w as placed in

f ront of the detect ion w indow of PM T . T he CL

emission w as converted by PMT to current signal

and the output w as fed to a computer via an A / D

convert car d and special sof tw are. The determ ina-

t ion o f hydroxylam ine w as carried out by cont inu-

ously pumping carrier water and injecting 30 �L of

samples into the senso r samples at a f requency of

60 h- 1.

Fig. 1　Schematic diagram of f low injection system with a sensor for the determination of hydroxylamine.

P: peris tal tic p ump; V: s ix-w ay valve; IFFM -D: IFFM-D Luminescence Analyzer ; S : s ens or ; W : w aste.

　　T he UV -Vis abso rbance determ inat ion w as

carr ied out with a S2000 miniature fiber opt ic spec-

tr ometer ( Ocean Opt ics Inc. , Flo rida, USA) .

3　Preparation of Sensor

D201× 7 ion-exchange r esin o f 1. 0 g w as

dipped in 1. 0 mol/ L HCl fo r 1 h and then rinsed

w ith w ater fo r six t imes. The resin w as div ided in-

to two equal shar es that w er e st ir red in 50 mL of

0. 025 mol/ L lumino l and 0. 01 mol/ L KIO 4 solu-

tion for 24 h, respect ively. Then the r esins w ere

filtered and w ashed w ith w ater for six t imes.

About 0. 1 g o f the mixture of lumino l and IO
-
4 im-

mobilized resins( mass ratio 1∶2) w as packed into

the g lass tube. T he amounts of immobilized lumi-

nol and IO -
4 on the r esins w ere determined by the

changes o f the UV -V is absorbance of the immobi-

lizat ion solut ions at 360 nm for lumino l and at 222

nm fo r IO -
4 , respect ively[ 9, 23] . T he amounts of im-

mobilized reagents w ere 2. 05 mmol per gram resin

for lumino l and 0. 94 mmol per gram resin fo r IO
-
4 .

Results and Discussion
1　Preliminary Study of Luminol-KIO4-hydroxy-

lamine CL System

T he react ion betw een lum inol and periodate
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show s a w eak CL emission and has been used for

the determinat ion of H2O 2 , Co (Ⅱ) , Mn (Ⅱ) and

Fe(Ⅱ) [ 24—26] . The m ixed solution of lum inol and

periodate has a very low background em ission even

w ith an ext remely sensit ive instr ument . A st rong

CL emission w as obser ved upon the inject ion of hy-

droxy lam ine into the mixed solution. The peak

height of the CL emission is proport ional to the

concentrat ion of hydroxylamine.

2　Condition Optimization for Sensor Preparation

2. 1　S ubst rate S elect ion

Since both luminol and IO -
4 are anions, anion

exchange resin has to be selected as the subst rate

fo r their immobilizat ion. Six styrene-PVB anion

exchange resins w ere compar ed and the signals of

the CL sensor s based on these resins are show n in

Table 1. It indicates that the st rongest CL signal

w as obtained when the sensor w as prepar ed w ith

D201×7 anion resin.

Table 1　Comparison of dif ferent ion-exchange resins

for the CL sensora

Resin type S ignal intens ityb

D201×7 Styrene-DVB( st rong basic) 265

D290 Styrene-DVB( st rong basic) 182

D296 Styrene-DVB( st rong basic) 207

D301R S tyrene-DVB( w eakly b as ic) 104

D396 Styrene-DVB( w eakly basic) 96

D370 Styrene-DVB( w eakly basic) 87

　　 a. Condit ions : sample hydr ox ylam ine in 1. 0× 10- 3 mol/ L

NaOH; carrier w ater; fl ow rate 2. 0 mL /m in. b. Mean of three

t imes w ith RSD less than 5% .

2. 2　Immobili z ation Method

Tw o immobilizat ion methods were used for

the senso r pr eparation. F irst , lum inol and IO
-
4

wer e separ ately immobilized on the resins and then

their mixture w as packed into a glass tube. Anoth-

er method w as to t reat the resin w ith the solut ion

containing 2. 5×10
- 2

mol/ L luminol and 1. 0×

10- 2 mol/ L KIO 4 . T he sensors prepared with both

the methods gave a str ong CL emission w hen the

sample was injected. The sensor prepar ed w ith the

first method w as accompanied w ith a high back-

ground emission. The sensor prepared w ith the

second method had a low er backg round emission

and show ed a shorter lifet ime than that obtained

w ith the f ir st method and could only be used to de-

tect sample fo r about 100 determinat ions. Since

the backg round em ission f rom the sensor prepared

w ith the first method w as very steady and could be

seen as the basel ine of the detector, the f irst im-

mobilizat ion method w as used for preparing the

sensor.

2. 3　Eff ect of K IO4 Concentrat ion in Immobil iz a-

t ion Solution

T he results indicate that the CL intensity up-

on the sample inject ion and the lifet ime o f the sen-

sor w er e related to the concentrat ion o f KIO 4 in the

immobilization solut ion. The higher concentr ation

o f KIO 4 gave a longer l ifetime o f the sensor and a

st ronger CL intensity . In considerat ion of the solu-

bility of KIO 4 in w ater , a 0. 01 mol/ L KIO 4 solu-

t ion w as used for immobilizing IO
-
4 .

2. 4　Ef f ect of Mix ing Ratio B etw een R esins Im-

mobil iz ed w ith L uminol and IO
-
4

T he effect of the rat io of the resins immobi-

lized w ith luminol and periodate in the sensor w as

also invest igated. CL signal intensity w as not sen-

sitive to the ratio o f the r esins immobilized w ith lu-

m inol to IO -
4 w ithin a limited range. In the v iew of

the stability and durability of the sensor, a m ix ing

r at io of 1∶1 of the r esins immobilzed w ith luminol

to IO
-
4 was selected fo r all the experiments.

3　Selection of Determination Conditions

3. 1　Eluant S election

T he immobilized luminol and per iodate can be

eluted f rom the resin by various anions injected

through the anion exchange column. T he charac-

terist ics of some eluants such as NaCl, NaNO3 ,

Na2SO4 , NaAc, NaOH, Na2CO 3 and Na3PO 4 solu-

t ions w ere evaluated. Al though NaCl , Na2SO 4 and

NaNO 3 solut ions could be used as the eluants o f a

f reshly pr epared sensor, they show ed a gr adual ly

decreasing signal and baseline. It w as caused by

the reducing concentrat ion of OH - in the micro cir-

cumstance of the sensor. Thus the basic eluants

w ere investig ated and the r esults ar e listed in

T able 2. It could be seen that NaOH was the best

eluant w ith the highest CL intensity . Mo reover,

the baseline w as steady when NaOH was used as

the eluant .
Table 2　The ef fect of eluants on the emission intensitya

Base c/ ( mol·L - 1) Relat ive Emiss ion In tensityb

NaOH 5. 0×10- 3 264

NaAc 5. 0×10- 3 227

Na2CO 3 5. 0×10- 3 115

Na3PO 4 5. 0×10- 3 232

　　 a. C on dit ion s: fl ow rate 2. 0 mL/ min . Sam ple: 5. 0× 10- 7

m ol/ L hydroxylamine. b. M ean of determinat ion for th ree t im es .

3. 2　Eff ect of E luant Concentr ation

T he release of luminol and that of periodate

w ere determined by the concentrat ion o f NaOH in-
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jected through the sensor. A 1. 0× 10- 2
mol/ L

NaOH was tested first since it w as the most suit-

able medium fo r this CL system. Al though this so-

lut ion gave a high signal, it caused a decrease in

baseline during a long interval. A low er concentra-

tion of NaOH gave a steady baseline but a low er

CL intensity . Considering the CL signal and the

stabil ity of the baseline, a solution of 5. 0×10- 3

mol/ L NaOH was selected as the eluant . In this

case, the concentrat ion o f released lum inol , moni-

to red w ith the U V-Vis abso rbance method, w as

about 1. 0×10- 7
mol/ L .

3. 3　Flow Rate

The CL signal intensity w as affected by the

flow rate of car rier . The flow rate impacted the

rate of the eluant molecules contact ing with the

resins and the mixing of eluted reactants. The low

flow rate caused a low er CL signal as show n in

Fig . 2, slow ing down the sampl ing rate. But the

flow rate higher than 2. 0 mL/ min could be recom-

mended since a high f low rate leads to an eccentric

signal and shortens the sensor lifet ime. T hus the

flow rate of carrier w as set at 2. 0 mL/ min.

Fig. 2　Ef fect of f low rate on CL intensity.

C ondit ion s: sample 1. 0×10- 7 m ol / L hydroxylamin e in

1. 0×10- 3m ol / L NaOH; carrier w ater.

4　Interference Study

In order to assess the analyt ical applicabil ity

of the sensor, the effects of coex ist ing compounds

w er e studied by analyzing synthet ic samples con-

taining 5. 0×10- 7
mol/ L hydro xy lamine and vari-

ous addit ives. The recovery results ar e given in

Table 3. The results show that N a
+ , K

+ , Ca
2+ ,

M g
2+ , SO

2-
4 , NO

-
3 , Cl

- , gluco se, lactose and

sugar did not af fect the determination of hydro xy-

lamine. But Cr3+ , M n2+ and Co2+ show ed a st rong

effect on the determinat ion of hydroxylamine even

at 5. 0×10
- 8

mol/ L level. For tunately , the con-

tent of those ions in the samples w as very low and

the interferences of them could be eliminated by

the addit ion of EDTA.

Table 3　Tolerable concentration ratios with

respect to hydroxylamine*

Substance
Tolerable

con cen tr at ion rat io

Na+ , K+ , Ca2+ , Mg2+ , SO 2-
4 , NO-

3 , Cl- 1000

L actos e, Sugar, EDT A, Nicot inic acid, Al3+ 1000

Nicot inam ide, Sodium citrate, Starch , Zn2+ 100

Fe3+ , C u2+ , Ascorb ic acid, T hiamine 10

Fe2+ , H yd razin e sulphate 1

C r3+ , M n2+ , Co2+ 0. 1

　　* 5. 0×10- 7 m ol / L hydroxylam ine for inter fering species ( <

5% er ror) .

5　Performance f or the Determination of Hydrox-

ylamine

U nder the selected condit ions the response of

the senso r to hydro xy lamine w as linear in the con-

centrat ion range of 8. 0×10
- 8
—2. 0×10

- 6
mol/ L

w ith a detection limit of 4. 0×10- 8 mol/ L hydroxy-

lam ine( 3�) . The reg ression equation w as I= - 8+

45. 5c ( w here c is the concentr at ion of hydroxy-

lam ine in 10- 7 mo l/ L ) . T he relat ive standard devi-

at ion fo r nine determinat ions of 5. 0×10- 7 mol/ L

hydroxylam ine w as less than 2. 0% . A complete

analysis, including sampling and w ashing , could

be per formed w ithin 1 m in.

T he accuracy of the proposed sensor w as eval-

uated by analysing hydroxylamine in w astew ater.

Sample so lut ions equivalent to appr oximate 2. 0×

10- 7
and 4. 0×10- 7

mol/ L o f hydroxylamine were

prepared in the presence of 1. 0×10- 3
mo l/ L ED-

T A and the r ecovery results ar e given in T able 4.
Table 4　Results of the determination of

hydroxylamine in wastewater

S am ple
Added/

( 10- 7 mol /L )

Found * /

( 10- 7 mol/ L )
Recovery( % )

1 2. 00 1. 97(±2. 8) 98. 0

2 4. 00 3. 92(±2. 5) 98. 8

　　* Mean of determinat ions (±RSD% ) for three tim es .

6　Stabil ity of Sensor

U nder the selected condit ions, the typical CL

signals from the sensor are show n in Fig . 3. T he

peak height of 23 t imes repet it ive injections of

30 �L o f 6. 0×10
- 7

mo l/ L hydroxylamine in 5. 0×

10- 3 mol/ L N aOH had a relative standard deviation

o f 2. 1% . As mo re as 400 t imes r epet it ive injec-

t ions w ere performed and the results show ed a

good durability of the sensor ( signal dev iat ion w as

less than 5% ) . T he CL intensity w as decreased

g radually af ter 400 times determ inat ion and a new

sensor was needed when the signal deviation w as

lar ger than 5% . The sensor w as sto red in the f low

inject ion system after being f lushed w ith w ater
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during the experiment .

Fig. 3　Typical signals of the CL sensor.

Flow rate of carrier : 2. 0 mL/ min ; sample 30 �L 6. 0×

10- 7 mol/ L hyd roxylamine h ydrochloride in 1. 0×10- 3

m ol/ L NaOH solut ion.
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