The Japan Society for Analytical Chemistry

BUNSEKI KAGAKU Vol. 51, No. 7, pp. 545-551 (2002) 545
© 2002 The Japan Society for Analytical Chemistry

#w X

BERZORE/HXMIICELD 2,2 FOF I T7IANLES
EFAVWART7ILIZOLOEE

WD OFREE®*, SUR OREY, BE Bt

Fluorometric determination of aluminum using 2,2'-dihydroxyazobenzene
after removal of an excess reagent
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The removal method of an excess reagent was applied to the fluorometric determination of
aluminum using 2,2'-dihydroxyazobenzene (DHAB). The detection limit of the analyte was
affected by the fluorescence intensity of an excess reagent, that is, reagent blank. Therefore,
the decrease in the fluorescence intensity of an excess reagent has been required for the devel-
opment of highly sensitive fluorometry. At first in this study, the removal of DHAB was exam-
ined using solvent extraction with a small amount of chloroform. Aluminum reacted with
DHAB at pH 8 to form an AI-DHAB complex (ratio of composition, Al to DHAB, 1 : 2). Excess
DHAB was removed from the aqueous phase by chloroform-extraction at pH 3 before measuring
of the fluorescence on the AI-DHAB complex in the aqueous phase. The ratio of the composi-
tion of the AI-DHAB complex varied from 1 : 2 to 1 : 1 by changing the pH in aqueous solution.
The fluorescence from the AI-DHAB complex was measured by a flow method at an excitation
wavelength of 477 nm, and at an emission wavelength of 603 nm. As a result, aluminum was
determined by measuring a 1 : 1 complex of AI-DHAB over a concentration range of from 0.12
to 8 ppb. Moreover, a removal method without extraction solvent was examined by the filtering
aqueous phase using a filter phase separator. The DHAB was deposited in the aqueous solution
at pH 3 because of the insolubility of the free DHAB. On the other hand, the AI-DHAB com-
plex was stable in the aqueous phase, that is, the filtrate after filtration by the filter phase separa-
tor. Excess DHAB was removed at 74% from the aqueous phase. Therefore, the fluorometric
intensity of the reagent blank decreased to 1/4. As a result, aluminum was determined over the
range from 0.12 to 300 ppb. The present method was applied to the determination of alu-
minum in a tap-water sample. '

Keywords : removal of excess reagent; dihydroxyazobenzene; fluorometry; aluminum, filter
phase separator.
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BEEHVD ZENZWD, AR ERMICERER D
AT B IR EL DBEEIPVBIC RS, X2V
eraxdyy~Xr¥r (DHAB) i, AI"& pH6.2~
6.4DHHET1: 1 OEEEZEKL, VBN TF VIS
HEBENTHAEEEZRET B, CHIIERLEEKEZE
BESDICERMICHBT 5012, REHER 50 ml 1S3 L
EREEZ 1om DL EFAT . BETIBREFEOME
25, AREHEOERZTEL72T8I2 FENCHSE. &
CTAME T, EEMEZHBEZIT) 20ICKEOMBE
A2 VEE T A8 AMEBEICHL, BRORELLVEDS
BESEICHBBRET 2 HErRAL. BICABRHRAEOGE
EVIBALS, BEKRKEURAEOWE L FHRHESTEESR A
FBLAERABIIIOEAVEFNREREEEZRIL,
DHAB #F|HT A7V I A0ERICER L.

FEMS R, FRELKEORED Y SAEDOAE
BIRMIZDEET S H0OTY, BEHPEHIEEEICIBWTH
BahT&l, THITERSBECBCTORBRICFIATE
2h0LHEENE. T TREBROUEBDDDOER)
HIZOWTHRETL, FEEL LToLtrHLMICL
7=,

2 % LA

2.1 3

A" BB AEMERORFRASMHT VI =
LFHEBHR (1000 ppm) % 0.1 M HNO; BHCTEHAERMRL
TER L.

DHAB & (9.6 x107*M) : EM_fbZRAHFH I+ *
HICERLTER L.

MR8 MY 72 (0.025M): AOEMER 3R o
WA TEEFT PY T A KA EBEZKRKTHERLUTCERL
A

ZOMDOREIZ OV TIE TR THROFFRAE, NiZ
NICETZ202FHLE:. EREILBICS L CHEHEY
AKTHRUTHEHLL.

2:2 & B ,
HOCHEDHIE I, BEESIGCEIEIES RF-540 &
UCRHtEEERE s o~ b7 57 4 —HaREeknES
RF-10AXL % f#iffl L 7z. RF-10AXL TO#lE Tid HAKH
BERI=F IANKRYT (SP-D-3202U0) #EMHAL, pH
DOPEIIIRFEE R HM-20E B pH A — ¥ —Z AL
7. PR ERIEHR TR LOEHEHL.

2:3 EXERME

A" S HEH 40 ml, DHAB (9.6 X 107*M ¥ % ¥4~
B 1ml, BHBEE Q5 X100 MIEKRTEF M) I L)
5ml 2 ELBEWEHIEE TpHS ISREL, 50 ml EH &
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Fig. 1 Fluorescence spectra of AI-DHAB complex
and reagent blank

DHAB: 1.9 X 107°M; Al: 10 ppb; Reaction pH: 8;
Measurement pH: 3; Reaction temperature: 30TC;
Reaction time: 10 min; Ex: 477 nm; Em: 603 nm;
@, blank(without removal of reagent, Ex); @, blank
(without removal of reagent, Em); ®, filtrated blank
(Ex); @, filtrated blank(Em); ®, extracted blank
(Ex); ®, extracted blank(Em); @, filtrated complex
(Ex); ®, filtrated complex(Em)

L7z, 30C T107HE» < BATS. #0#%, pH
BT 3ICIREL.

2-3-1 BRHAFHHE  LICBAXLBEOKRTE,
HBBRIC70OAVA%E Smlilz, TV T7F5RD
FIZ BV TEEEE 2000 rpm T 1 5@ IZA L, FHEM
SEERRE R CTKEOAEGHEL 2555 E 0.5 ml/min
THEWL, BhEERE (Ex) 477 nm, #EEE (Em) 603
nm THlE L 7.

2:3-2 BRHARFAREEL pHEZ3IIHELTHE
LNI-RABBED S, FRESHESLZHERALTHE 0.5
ml/min THEH L, #EH D DHAB # i FBBREL IR
WOHNEBE % HIE L7z,

3 WRRUZEE

3+1 Al-DHAB f8{$DOHIE XY bV

Fig. 1 ({Z/KMHIZ51) % Al-DHAB OEIEHIEA RS b
WERT. KHBTO Al-DHAB A0 B KEHER %
EEIX, TIFN 477, 603nm &Lk o7, UBDOEERT
£ 477 nm THHIE L, 603 nm OHEFRETHIEIZL
2. edB, TIITRLZZARS MVIRBFEREFAKRTE
DFERBEDLDTHAH. EIZ, Mk, FEEZBEALE
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Fig. 2 Effect of reaction pH on R.F.I. (relative fluo-
rescence intensity)

DHAB: 1.9 X 10"° M; Al: 100 ppb; Reaction: 30C
10 min; Ex: 477 nm; Em: 603 nm; I: complex;
@ : blank

ZEREEARY PIVERT. ShbIZOoWTIRERT S, &
ZATHU AI-DHAB RIZBWT, YVEEMN) TF LI
et L-doopie, #LERER, Fheh 485,
560 nm TaH, YV VBN TFIVTERMAISERE, Mb
ENBTETYI7MLAEbDEEZLNS,

3.2 BFFHERHE

3:2:1 RIEpH  $MEERRE pH L illE pH 2R U
Y&, Al &£ DHAB OKEW A DOFERIE pH i3 5.0~5.5
TH5 (Fig. 2). La»L, MERICpH 2 ET ¢ 55
B, TORERIE pH BWEHIZZILT 5. Fig. 2 XRT X
2, BUG pH & #llE pH 2 F— & L7234, &\ pH R
TIRHERBREEEFLEDDDE L 5TV DY, HIERIC
pH % 32L& ¥ 5% Z & TH pH 8 TIRIZHADH I
BERT LIRS (Fig. 3). Thid, & pHFERTIE
RICERICEE LTIRBAMERTH S 1 2 sEhD R
L, TOWIRAL : 1 S5O EEL D T &5 5FRIL
PRI, FLHEBENELTSE. —F, BEpH %
ZALSEDE 1 285D RBEL, 1: 185~ 0BTIE
CAILITKY, HAMESHMMLALEIOND. Fig

AR MVERT. EREBE*AERIVZL, 2O
ARV L VI L THELZ. FHOEIZ1: 2844
NE—ZBRTY>THY, 1.8 FTHEBEEFEML, pH
FETIETVE., ZLDIE1: 28&0 — 2 5 498
nm IZBN T2, HEFBELZRMTHILETARZ ML
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Fig. 3 Effect of reaction pH on R.F.I measured at pH
3

DHAB: 1.9 X 107°M; Al: 10 ppb; Reaction: 30T 10
min; Measurement pH: 3; Ex: 477 nm; Em: 603
nm; l: complex; ®: blank

0300 1 T

Abs.

370
390
410
Wavelength/nm 430
450 .
470

477nm ~400 12 L1,

498nm~ 15 20 25 30
Time/min

Fig. 4 Effect of pH on three-dimensional spectra of
Al-DHAB complex

Al: 800 ppb; DHAB: 1.9 X 107° M; Reaction temper-
ature: 30T ; Reaction time: 10 min; Reaction pH: 9
(before addition of diluted HCI); Diluted HCI was
added after 1.8 min from start of measurement (pH:
3 as a result)

DE—=I7H 47T nm R CBBLTVEIENGD 5.
Fig. 5 IZE8ERDEMNTH (UV-VIS) ARZ bV ERL:
A, ED1: 2R 1: 1BEDOE—-7KRE Fig. 4 Df
RIE—HL T3, B2 E TICFig. 5 CREORILA ~R
7 PVHREICRY. REORIVERE K pHS IZBW
T390 nm, pH8IIHBWT 480 nm TH 5.

3:22 RIEpH pHS THMZARSYE, F0O%
pH ZET S ETHEL T LB EOUE pH L HAHRED
BBmEREL. BSRIEFig 6 DX horz. BAHE
WKDOWTIX pH3~4 TIRIZR AL Lo 72h%, pH DHE
DLRTE, TLTERADFEBREEICERT SICH
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Fig. 5 Absorption spectra of AI-DHAB complexes
DHAB: 1.9 Xx107°M; Al: 1ppm; D, 1 : 2 complex
(pH 8); @, DHAB (pH 8); @, 1 : 1 complex (pH 3);
@, DHAB (pH 3)
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Fig. 6 Effect of measurement pH on fluorescence
intensity

Al: 10 ppb; DHAB: 1.9 X 107’ M; Reaction: 30T, 10
min, pH 8; Ex: 477 nm; Em: 603 nm; N complex;
@ : blank

D, 0ZORBTHEZRY 72DMWEpH IE 3 EHREL
72, =B, WE pH #RETEBRICHAEREETo TS
728, HI%E pH 3 ZDF FRAEKREK pH ThH 5.

3-2:3 {E pH (CH(F 3 AI"-DHAB $EOREM @Il
& pH DRV %Ak & L THRERIS pH 2 5%E L, & pH
THEHE T 2FETIE, BADFARREEICL-THE
pH BB P TOHBORERRZERLMETHS. £2T
pH DETIZ X 2 EBEOREHIZOWTRE L7z, Fig. 7
WZRT & 912, pH DETF AR L7 AI™-DHAB #5412
BIZTRBIIEIEALROAT, 242 Ld 60 57HIHIT
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Fig. 7 Stability of AI-DHAB complex at various pH’s

Al: 1 ppm; DHAB: 1.9 x 107% M ; Reaction: 30T, 20
min, pH 8; Wavelength: 477 nm

IFRETHAZENThorz. THIZMEIZFHET S Al
Bk (11 BShE) OMBRISOREENEL, pH LIS
LBEEVTCICRANLEVI EEZRL TS,

3.2°4 pH EREEE 3211 IBVWTpHS8 THK
DEEBEVR/ONDLZ EWGhol. TITRODPDR
IS pH IZB VT 30C TRIS S 2L &, BRARDHENLHE
IET S FTORRMERI L7225, pH5 T 300524
E, pH6 TiZ 2547, pH8 TiZ 1047 & ko 7. Kt pH
EELT B> TEDRIGEENKRELL ZoTWH T L
M5 h5b. pHb TRIEZIToHE, RAMPDO—EDH
NHEZR LT3 300 TAU LD ORIGHHEEL, &
R CRADMELZHB 57012138 50C b oM wE
L%k, HHRERREOREL )V, BRTEEFLLE
DMEFBIT S0, WEIITGHREILEE 2 5.
—7, pHZEAREL TR EZTRAIERTOERLH,IC
RIGIZHEITL, pH ZIEKT 3¥ 5 2 &L TRVWEHLHEEHNE
bhb., E0, ThUBROERTIEIRE pHIZS, K
JSIREE L 30C, RUGKEMIZ 10 M & L7-.

3-2:5 HRRREOZE AERELIRILLERZ
Fig. 8 127”3, &Y 1.9 x107° M PLE CTEEAD B LI
BERKPO—EEEol. BREOAFEIRELEZEALL
7o, ZREOEAEEIIILALEET—FL Lo
72, 1.9X10°MUTORERETIX, REFRIZLIYK
IOSEEMICET Lo EZONSE., Thit HhHRIE
BEEIX1.9X10°M EBRELR. £72, EARBELYE
RHLRIZ Al : DHAB =1 : 2 (Al EVIREE 200 ppb = 7.4 X
100°M, REEVBE=SBORXE=146%x10°"M) &

ol:, ZOHRIZZ22TORENSLEHIZ, TTHF
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Fig. 8 Effect of reagent concentration on fluores-
cence intensity

Al: 200 ppb; Reaction: 30C, 10 min, pH 8; Measure-
ment pH: 3; Extraction time: 1 min; CHCls: 3 ml;
Ex: 477 nm; Em: 603 nm

HAMD 1: 2P ERMICERL, ZO% pH DET
IS DSEED 1 1 ICHBET A EICX D, HAEERTS
I LBLDEELZHSIFLTVS. T2, Thid
Kirby? HICEYK-T% /) —VRTREF IR RE -

LTw3Y,

3-2:6 MHBEBROPZE Fig 9IlHBBEHTHS
7UURNVLADRICOWTRE LAHRERT. REHEH
50ml XL, 200kl aB3mlTHy MEIZRK%
RL7Z2. SHUTORTIBRHAEITFICBRESATY
Vi, ZRABRENEL ZoTv5. 3mlETIA
HARIZIZIZEERMICHBBRES ATV S0, MHMlliEE
Bid3ml EHRELA. BRICARRAL, Wkt
BHETIE, ARIEER (VBN 7FL) % 10 ml{EH
Leithide o3, RETIRZOFEHEZ 3SD1UT
ST EDMEEE & o7,

3:2:7 BB 055 8ppb DHEATRESZ K
L7, ZRABROEFTEEFZE (RSD) i r=5lBnT
1.4%, EHOHBAERIE 0.999, BHERRIZ 0.037 ppb T
Hol:. KERIFELE TSI ARAESH B (ICP-AES)
DRMBRR 4 ppb” 5L, #1005 D 1, $5E%HHT
BB HMHEDORHER 05 ppb IS L, ® 13501 &
R LERIBONL.

3@‘@maﬁﬁﬁﬁ£ﬁ
3-3-1 HEDFH DHAB I3KIZX 3 5 B3R EHIE
WD, pHE T3 LBEEIAH S hs o LIzt 7
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Fig. 9 Effect of volume of extraction solvent(CHCls)
on RF.I. :

DHAB: 9.6 X 10”*M; Al: 10 ppb; Reaction: 30T, 10
min; Reaction pH: 8; Measurement pH: 3; Ex: 477
nm; Em: 603 nm; Stirring time: 1 min; l: com-
plex; @ : blank; A: net

DELHPFHMLTL 5. RERERY R oML &Ik
D, BHEBICEEDHH D L — IR GETH BB
TOEMELZBIEZIT) CERELY., 22 CiR&HESBS
EATAHILIED, FRETVWERNOHET L HE%
Ko/, TOIHICLT, BUAEMBETRIRED
95.8% MErEIh, FABREHETIE 73.9% HBREEShT
WBZENGhol:. iz, BAHEE~NOEBErHEL
PFE T Fig. 1ITRLA. HAEOMEXpHS DT 1T
. DD, BEEEZFEAL TV RV OICIZEEOR
EPHRTEDILHMBLTETEY, 20XOBEICE
D, HABMERIRRE, »OKELZoTw5. $/,
KT A" 10 ppb TOEBDHAHE LT L2 (BREE
HHE), T0O250 1 D EDOERBREEIBB IR T,
5. —7, BERRAEREZEZHALAIEZ OZRBREL
3, FALZVIZ) LHELTHEREIELS LoTBY, B
EEOFRAMITRB IR, T2, MBI ARERER
95.8% *#ERT AL, HEIIEFNIIZERI LT,
CHIIKRRIEREOHEDIINICHB E T2 - 725
DIZEBEEOEEVFHTVBEIDEELZONS. 7Y
ELTiE, BEBBELHERALNUERYEF M) v 4k
DRBPNEZON, TITIADOPBELX522b0E LTIk

MgHEZbh5,
3:4-2 BEBRK Dbk 28Tz, 0205 300
ppb DEEHTHREREZER Lz, ZREORSDIE n=7
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ICBWT 1.3%, EROMHEBREA0.998 DRI RERH
Boh, RIBERIZ004ppb THotz. %, TR
A3 0.12 ppb ~300 ppb & %2 o 7.

3.5 WHEBFINE

EEWE* 1.0 X107 °M O F =—% 0.05M-H.SO, Ki&
B OBOEERTFIEE 0559) L L, INhb &) KBHFPTD
Al-DHAB $$k O #H B FNE L KD-L T 5, 0.014 &
ol K- ¥ —VRTOHENLETFIEIZ0.016 & #H
HEEXRTBY?, ZRIVENMELZ-TWBED, =¥/
— NV R EDOBHEEICIIEAEEOHBEBNRSMONTED,
ZRICEBETHEHEEZLNS. AL, TALOHEIZ
REAFTITOILTBY, BHFREOCBEIZREIh TV
vy,

K-T5 ) —NRETHIEE, REOBENDBBEN
B, REMNHLTI LW OICFASEIC X ) RER
FEFEHTE R, T, ZRABEIES(EREDS
FiZEdHEOEF LW,

3.6 WERE

AEERERKICERT 22 L 2R Az KRBICE
BIZEINTVBERBAF VICOWTHEBLAS. BN
L7-E&R L ZDWES Table 11277, &4 DEEIXM
NMABRERAE (JAC 0031) HIZE TN BTEICONVT,
ZOAIZHTHEEILLERLZ-DDTHS., FRITIZ
EAEDAF U BENEFROBEIZBVWTHL2RER
A& Lol LaL, pHOBLLREREZZTHLIIC
WETBHE, Mg ZEDHFERNEZ S HHY +120% &\

Table 1 Effect of foreign ions

Aladded Foreignion Concentration, ppm Al found, ppb

100 ppb Ca®" 100 99.8
Na* 20 100.1
K’ 2 100.0
cu®* 0.010 97.6
Zn®" 0.005 98.1
As®* 0.002 100
cr®t 0.001 100

10 ppb Fe*” 0.005 9.80
Mn®* 0.002 9.99
Mg®* 1 10.2
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IERGWHELRT I LA H o7, DHAB it Mg D&
HERREE LTOHENH Y, pH10.2~11.4 DHH
WCBWTEEEERKT S (Em: 580 nm). TDELIH
BrRIZLTWDHEEZONS. L2L, pHOETER
EBEORBAITL D Mg-DHAB SR Z DI L A AR
BLTLIV, HEERLEL ZoEZEZONE., 2O
BEPS, REFKEKRRPKRKDL ) LHELBHETD
W, ATLER A X v Rl ERETICERTED I L
V3o 7z,

3.7 KEEHADEH
SETOR/KEERTZC, BEAGH LRSI LRBITEN
TV A IIKREEYHE JAC 0031 (ERM) & JAC 0032
GBI DADEERT-oLIA, ThFhn=5Il8
VWCAREEME 18.5 = 0.7 ppb, 61 £ 2 ppb 2% L 12.6 0.3
ppb, 63 0.5 ppb ® Al Z#H L7z, fRIEMEH S iZHTH
AN TLE S ERBELFIRBLLEELE Lk,
B ORMZGHEL LTHECHERATHL EBbNS.

7, EHBAKEKIIAKELZBHL7-FR%Z Table 2
{Z7R"$. Table 264405 & H 12K R ICP-AES & 1TiZ—
Bl HIMPCEEVRAONbDbH 525, FiLELY
ThENIELEZERTHLHBWRTFLAERTHLLER
5. RELENBNI No.3 DY 7 VIl 300 ppb D
EPEINTHY, COPBEFRNLbDEEZLNS.
B, ZREOHVEINIHERIETHAZRMT S &I
LY, TNOOPBERISELILNTEL. KBEOY
BLBITHIORMCL > TCZOEBY RIS DEDT
&7,

X 79
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SZHRR).

6) EBRICALBIITEEZRSE: “ER TALES

Table 2 Determination of Al in tap water

Sample No. No.1 No.2 No.3 No.4 NO.5
Present method, ppb 11.6 £0.2 49.1 £0.1 20.3+£0.4 10.7+04 6.0 0.2
ICP-AES, ppb 10.0 0.3 48909 24.2 0.5 11.1 £0.3 5.3+0.2

n =4, Sampling area: No.l, Tokyo (Setagaya); No.2, Kanagawa (Kawasaki); No.3, Ibaraki (Tone); No.4, Saitama (Hatogaya); No.5,

Chiba (Noda)
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7) BERMER, BIIRG: “BEDSHILE”, 26, p. 44 Chem., 35, 1144 (1963).
(1975), ({LZFIA).
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HARRKEICEVWTEORUBRICAELEE R RIZTERBRE LY, SHRBEOBREIC L > TER S,
RERAZMESEEHEICOVTRE L. BARELLT22-Ve FOF L 7YUNYE Y (DHAB) %
FRL, TVI=vsDERELYRAAR. BRORKISCAIEILZ S mI DBEIZL D 95.8% BRENTEETH 7.
CHNREREHBT 2 HEONSFD 1 OFRBHOBARTH L. ThIILZ2ZRBELRIOEE,
RIRF 12 0.03ppb L o7z F7:, REOKNOBBEELFAL, pHS THAEERSE, pHE 31284
HILIZE DAL 7: DHAB % FRMASERICEI VBRELE. Ch3EBEE2SCHERALLZVICZL 2
H 53 73.9% DRAERENTRETH Y, ZORMBRRIZ0.04ppb & % o7z KiEx AKEASREHBE L7
ECAHRBGRILEEZ LAWIIL 25053, ICPAES DEREBV—ER L.
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