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Fig. 1 Flow system

A: 8.0x10 *M CAPS (pH 10); B: 1.0 M NaOH; C:
3.0X 10 *M 2,3-DHN; D: Sample solution (pH 5.7);
P: Pump; Li2: Injector; E: Elution; EL: Elution
loop (80 pl); F; Filter tube ; RC: Reaction coil

2 % 7Y

2.1 H E

A7 FREHE . ADGAMSE R O PO AR (1000
ppm) ZREMEE L, HHOMEBRBEFKTHARL THY
7z.

2,3-DHN i : 2,3-DHN (FIGHZER) 0.40 ¢ 2 AL
EROR 1,474 Y THMBL 250ml & L7z (1.0 %
1072 M).

CAPS BB W : N-V 7 OANF I NS-T I ) Ty R
WAV (CAPS) (FIYGHEEEL) 221 ¢ 2 HAR K CTHMRF
LT 500 mlICER L7z (2.0 X107 M).

BEELKE: SAMEROBIMILKESID 220F F
fER L.

X UH B AR OB (1000 ppm) %
PR THRL 500 ppb & L7:.

ZOMORE: TRTHBOGERAE T ENICEST S
bOERMHL. FRBERILEIS U THEEKTHRL
THERLZ.

2.2 #& @&
HOLOWEITBEREHEBE s o< b ST T HMEEL
MHEE RF-10Ax, F7NVT 50V —RR Y T HAK
TR SP-D-3201U # M L7z, W IE 3 X THEILR
T¥#o5r7uy (M7 vfbxF 1L, PTFE) Fa2—7
#ME 1.5 mm, FEZ 0.5 mm) 2V, 770714 V%
—F a2—7 (FLF 1.0 um, #HE 2.0 mm, PIE 1.5 mm,
JEARETH) JER DL ) eWET AN —F2—-T (B
Sbhem) HFEEL, HHLZ.
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Fig. 2 Detection curve of boron with 2,3-DHN

Sample solution: 100 ppb (pH 5.7); 2,3-DHN: 3.0 X
107 M (pH 10); Carrier: 8.0 X 10™* M CAPS (pH 10);
NaOH: 1.0 M; Elution volume: 0.1 M HCl (80 ul);
Ei: 300 nm; Ey: 340 nm
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HIB: 2,3-DHN B (1.0 x107°M) % 30ml ELY,
RAEEWE 10 ml, BELKE4ml, <7 VHEZ 1ml
MAAKELF MY Y ATpH 2 10 HEL, BEEKT
100ml IZEA L., ZoBERE s HREETHIIMER
WEETHo 72,

RAEE: AYEBERBRE T 70 Y —h — I EER
D, TFLI7 I VMR (EDTA) % 4gnz, P&
BMAKTHMREE, TVEZTKTpHI0ICAEL, 75
AF vy 7HERTSAITI00mI IZERLT.
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A CTHW /270 —Y A7 A% Fig. 1IIRT. AR
BlEF v VXY —& LTHEH L7 CAPS (pH 10), B #itiid
NaOH ##, CHiIMMAETH 5 2,3-DHN &M, D
WHE R Y FRBBRTH D, O D IERIZRHMER DA
R L7z,
TU—TO—EOFNE Fig. 21ZR L. Fr ¥ —
WL, ZINREPERT S EHOLHRENIRE CHART
%. NaOH BEWAERT 5 L BWO pH A L), AE
DT b yHFEET D 2 ETEEEDSEA T 5 720 2R
EEIRESCETTS. CORBT—ELRo2bDENR—
A4 e LR, BUORLAE LIS, AYRBEEEAT
BT ETHEKDE— I HESNRS.
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Fig. 3 Effect of 2,3-DHN concentration on RFI

B: 100 ppb (pH 5.7); 2,3-DHN: pH 10; Sample flow
rate: 1.2 ml min”; Elution volume : 80 ul; Concentration
time: 5 min; RCi, RCe: 3 m; Ey: 300 nm; E,: 340
nm; 4: complex; l: blank; &: net
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ARILOBREOER L ¥ 2, <0 LBBRLKE % R
L, e@IicEbsgl, Zhick) 23+ 7 %) vadk
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MEAIE (C, 0.5ml/min) & HI S THTH-DHN §
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Wzl A0V (1) 2V BRI THFy ) ¥ —
AEAL, SOLRE CLAMEE, RIEI4 Vv (RG)
TR AR SRR, TVHIBEB2RASYE, #
FRBOEAEZ B S € TEEELHE L. WEZT
NOWE L FIRKEE 300 nm, R 340 nm Tir-o 72,
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AiE ) T 2ml (BHEE: 0.0206g) HEALZ.
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T, MHAEL LTHW72 2,3DHN OEE% Fig. 1 7D
W CHIcBWT, 05X10 °~4x10°M OFHHETE
L& R% Fig. 3137”7, 3X107°MIZBVWTH Y
MERRBRKERD, 3xX10°MEHVWL I LIZLZ. #
NUETHEPLTWAOIBEENETH L. FHLZKY
FIREIZ 100 ppb (9.25 X107 °M) T 52 HRFEIT KB
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Fig. 4 Effect of pH on RFI

B: 100 ppb (pH 5.7); 2,3-DHN: 3.0 X 10"° M; Sample
flow rate: 1.2 ml min~'; Elution volume: 80 pl;
Concentration time: 5 min; RCy, RGe: 3 m; E: 300
nm; En: 340 nm; @ : complex; M: blank; A: net
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Fig. 5 Effect of pH of sample solution on RFI

B: 100 ppb (pH 5.7); 2,3-DHN: 3.0 X 10" °M (pH
10); Sample flow rate: 1.2 ml min"'; Elution volume:
80 ul; Concentration time: 5 min; RC;, RCy: 3 m; Ey:
300 nm; En: 340 nm; 4 : complex; M: blank; A:
net

ROV, 60 5HIES TILMEDIR 20% B L7,
LA L, ZRABREIEESR NG o7, LiadtoT
pH 10 BL B TIZKEELS 1 A+ » OBBIZ X Y $8K 235517
L, 20725 pH10 L ETIBENRLTE2HDELEZ
bhb.

3:4 IRFED-HDEMBEHRE pH OFE

Fig. 5 |[ZIBMEAEHET O pH OB 2R LR 2R
¥. Fig. 5 X ) —EHEHER (0.1 MHCL, 80u) DFHET,
pH5.7~10 D TiZ & v MAIZIZIZ—ETH o7z, &7
A+ VX IRAT43 DOV VY b — v E (OH ) & RIET
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Fig. 6 Effect of flow rate of sample solution on RFI

B: 20 ppb (pH 5.7); 2,3-DHN: 3.0 X 10 M (pH 10);
Elution volume: 80 ul; Concentration time: 5 min;
RC;, RCs: 3m; Ey: 300 nm; En: 340 nm; € : com-
plex; l: blank

20T, WEREEETS L pHIEEVIZI NI, L
AL, EEER L EAYEKO pH A 57 THHDT, Bl
HAROLLT SHhOBEBERE pHb5.7 0 F $iRET 5 2
L7 %7z, Fg 5077 7DEIRIE R Boncukcuoglu
SOW|ED L —HLTW5.,

3.5 BHBRREOTE
KEFRTRZHIRIC - CREARE €720, B0
REVPEVIZI P L D EERICIETHS. 22T, &
7 R 20 ppb 12 BT, Fig. 6 [CRBHAMRTE A HOL
BEICRITTHELR L. BEFH €T, KR 2~
16 ml/min ¥ TEAL X G- R, ABBROMED 11
ml/min PLETIRBEEH ICZE L2720, A0 ERE
Z—EL%Ro72%% 11 ml/min ® RSD (n =6) & 3.0%,
13ml/min T RSD (n=6) 1.9% Tho/2Z &b,
BHESIZEL CRERES 13ml/min & L. 7,
2.1ml/min @ RSD (n=6) 1Z1.9% Tho/Z &h b,
11 ml/min @ RSD AR E L2 BN E LT, FHIET
LHEROBEENIREOLD LZ 2 5N D, ZHREMEILHE
Zhhbod, MEE—ETHo72. T OZRRBREILER
REOHELZ VR THDITKBILF P U 2% AT
VWA, EEETIC 0.1 M HCL ZMHLTWA720, NaOH
EaHE0TT N VFHESTHRIS N, REQFOHEICH
W20 TH5SH. HE 13 ml/min TOBBE~NOFTED
WA 813 ICP-AES TH~7-RR, &7 R 20 ppb 128
7% 5 5 EIg#ET, pH5.7DL X113 40% THY, pH10
TiX 63% Th- 7.
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Fig. 7 Effect of eluent volume

B: 20 ppb (pH 5.7); 2,3-DHN: 3.0 X 10 *M (pH 10);
Sample flow rate: 13 mlmin '; Concentration time :
5min; RCy, RCy: 3m; E,: 300 nm; En: 340 nm; @ :
complex; I blank; A net

RFI

| 90 | 98
@ b)

Fig. 8 Elution curves

B: 20 ppb (pH 5.7); 2,3DHN: 3.0 X 10"° M (pH 10);
Sample flow rate: 13 ml minf]; Concentration time:
5min; RC;, RCy: 3m; Ei: 300 nm; En: 340 nm; (a):
complex; (b): blank

3-6 REBRFEOTE

Fig. 7 \CIABREARBRORE LB LR RT. B
BIEAEOOSmMm DT 7Ry Fa—TON—T%fFHL,
01MOEMERVTITo2, * v MEX VKRS 80 ul
UEl, $bbBEMEl—70EEN04m LT 2L
ToTnhANDT, ZORTTHAERETETCELELLN
5. LizhoC, WERIZ8ou THEEIT-o4. ZOR
FILR S O BB IR TH S D 1 THE. V—TOR
EFWT I ONTLERBENBEL ZoTWwa., Thid,
35 TR X H 2, HBOBNEL DI EIZLoTHR

0 20 40 60 80

Concentration time / min

Fig. 9 Effect of concentration time on RFI

B: 20 ppb (pH 5.7); 2,3-DHN: 3.0 X 107°M (pH 10);
Elution volume: 80 pul; Flow rate: 13 ml min_'; RCy,
RGCe: 3m; Ex: 300 nm; En: 340 nm; 4 : complex;
M blank

EHFOHEPHTLEoTWAE LD TH L. REDREM
BRI IR R 7B~ O B L AR AR S0 2 F
BT2L, H320BEOBRMHMTELLL. Thi3ZEEOR
HRZ M L 25 EOBmEED L) bERL TV L.

Fig. 8 28k & ZRBEOBEMEMRZ R L. $5F, 2
REAEIL I ERBA S 00 B TR—RAF M VIR 7.
ZOREY, ¥—2 @3 Ty =T ThH5HI Lo EEILER
MTIThbhTWDE I EDRHRETES.

F 7z, AR5 W, PR s o, BRE WEIC3
SEELEELETLEIENS, 1HIOBEIIZ 11 7HEET
5. L72A- T, 1EBY720 oflEmEdi 5.6 Bl & %
5.

3:7 BMERFEOE

TANY —F 12— TSR R T E % WE RS
LM E 1~80 MO TEL SR/ RE Fig. 9
WRY. R FE 20 ppb (pH5.7) OFHEHABOWEE 13
ml/min &§5 & &, HOEHE 38RO LESIIC
BEML, MR 60 oMM LET L) FHIREE &
oz, FITHRBUNEREE W3- DI BMRMN 5 o
B, EIZEBTRAZ T 5720 RN 80 4 THRE
BMAETER L7,

3:8 RER

WARREE 5 P E L7z & & OB R 7 RIRE 0~
40 ppb (Fig. 1 D ) OHPH CHBIHREL 0.998 DR
TP E 7 o7z, RT3 20 ppb I2B1F % RSD (Hl5Em
HelMcBNT26% ThHho7z. MHBEAIZS/N=3T
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Table 1 Effect of foreign ions on the determination of boron in the presence of EDTA

Tons Con.of ion/ppm Recovery, % Tons Con.of ion/ppm Recovery, %
AL(IIT) 10 100 Co(II) 5 93

Cu (1) 10 102 Mo (1I) 5 94
Ni(II) 10 92 Nb(V) 5 97
Mg(II) 10 92 Zr(I1) 5 102
Cd(11) 10 98 Fe(III) 500 92
Mn(II) 10 106 NO; 520 95
V(V) 10 98 SO~ 960 93
Si(Iv) 5 105 PO, 310 94
Ca(Il) 5 105

B(III): 10 ppb; EDTA: 0.1 M; Sample solution: pH 10; Concentration time: 5 min

0.3 ppb, E& FIRIZ 0.9 ppb &% o572,

AR 2 80 7L Lz & EOMERIT A Y FRE 0~
0.5 ppb DHEFH THIBIMREL 0.992 DEHE 2 D, HHRRA
1% 0.04 ppb, EE T 0.12ppb £ 7% h, ICP-AES (KRHIFR
R 05ppb)?” DH 135D 1 IET S5 I LHTE.
80 7 & v ) REEMIRME I 2b 6 Y, ERTHROLGE
PRI E TR 2O, BEKPICEThLBHE Y
FPRMINTLI Vv, EZRBREOHBREIMET 5720
LEZOLNS.

3.9 HETROZE
EBXB~NOBREEEBLLE, BEJILI LN
5, BENEELR77 2% —THhb. NaOH (Figl, B)
DR 0.1 ml/min D& X, K7 KIRE 20 ppb IZBIT 2
RSD i£ 2.6% THAHAD, WEX 0.2ml/min {27 5% & RSD
21.6% KT SR ENTE, 22T, BRERED
HHRLYEEOE 0.2 ml/min AWV CHIEE1T - 7.
BFOICBNT, MYy s ATHHEMD E pH A
27 LR LR, pH 10 fHE CIIAREDSHKOLEKAE L
TLES. 2 TEDTAWR KB~ ATV ViR L7,
BAICERERML T, 577 10 ppb IZ EDTA 0.1 M
DARZHRML AR ERZHE 13 ml/min &£ L, EDTA
OB BIMER, RYEOAOME &L T 40% ik
KA L. RICABBWO pHZ 5755 10 1ZEZL D
£19% FCTHBINSS o 72, pHE 10DT E
WE%L 2.1 ml/min FTFIFCEELR-EE, 04% &
WEEZRE G o7. ZhiE, KE 13 ml/min DFET
5 MBMEICLEL SNEEABIE 65 ml, HE 2.1
ml/min TiZ 5 2 H&#E T 10.5 ml DRV BEE 74V 5
—Fa—TIZHEWEND. IRAT4S |2 EDTA " BET % 7
O, TORBOEDZL D, 13 ml/min Tl EDTA I &
S THEFA MBEEEEINRTLEY, "YEHFOWEY A
FMSHERLENR WD THE. ZEOBIEZ VT
BHEEZITo TV B HETIIEROERNS VWD, v2AF
TRIDPWELTHRIEFHFIRETEL20HBED

EDTAZ WML CHYEEZ RS Lo/ LHHTES., L
L, TNODOHBEILROBMERELMERT 5720, R
WEAME & W) F A 5.
ERETHLHMMEOGFIIBNT, $EAZTV T
T HZOICIZ EDTAVRETH S, 2T, KEDKRY
FOERBIIBVWTEDTAFHE T COXRES + v OEE%L
ML, ABBEO pH 10, ABBEHROKE 2.1
ml/min, 0.1 M EDTA, 7R 10 ppb &\ 9 &4
LT, AL(II), Cu(Il), Ni(Il), Mg(Il), Cd(II),
Mn(Il), V(V), Si(IV), Ca(Il), Co(Il), Mo(II), Nb(V),
Zr(Il), Fe(Ill), NOs , SO, PO Z2FhZFREML,
BWEEZ 5 OMELT, TROOBERMA KR
% Table 112RT. BMEDOx10% *FFEMAE TS L,
EDOTLFED AT FE 10 ppb (20 LT 500 L LRFLTH
WELZRE LD o7z, IRAT4S DBRICE A 08E < A F
YITHITH B EDTA DRRIC L o THWEREIHF O I
ebolEZOLND.

310 SMEMDER

3:10-1 MBEAVEKRER  RELSHRACHE
M 570 2.5 1206V #ligk (99.9%) %A LREHAR
BAEFEL 7, WESRMIE 39 LB 0.1 M EDTA 718
T T 500 ppm DERAETF T B EWA HF LN REHIE
RN 5 M & LT, A7 FRIBE 0~40 ppb O#PHT
FHBPRE0.995 DREFZERE 2D, E&TRIE 4ppb 72
o7z, THIIERMT DR T FKICHE T S L 0.0008% 124
V9%, Fi, HFRETLIHEBREL LEVBRTOERD
HERIZIZFERLTHo72. ZOZEHDH, bV I R
ThHHORELZI TRV EOERIV MR THL L
W5,

3:-10-2 FHMHABOST  EBEOKSEE L LTJSS
1737 (EITEEZEHM), ]SS 1747 MELECES
FIg), ]SS 363-1 (K7 HEpATEMM), JSS 364-1 (KU #
SHEME) O4FBIIOWTHERZITo72. TORKE%E
Table 2 (Z7R3. BMRRE 5400, WEBIE6 BT, Wi

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

W X B, M, A : 23 Ve FRF ;7 LY RAVABEBRYEO T4 YUy Y a VRS 479

Table 2 Results of determination of boron in steel
samples (n = 6)

Samples This method, % Certified value, %
JSS 363-1 0.00257 = 0.00010 0.00271 = 0.00009
JSS 364-1 0.00436 = 0.00008 0.00450 = 0.00014
JSS 173-7 0.00407 = 0.00010 0.00412 = 0.00009
JSS 174-7 0.00736 + 0.00017 0.00759 = 0.00012

Standard steel samples taken: 1.000 g

NOMBRIME LTI —B L, RIFRHRPR LN
AR OBITICL 2D, HHOMETKED—, KETEHEOW
RicTHh & E LA, RUTEHM#LET.

X 3

1) JIS G 1227, $k B UM—F 7 FE R T (1999).

2) M. Oshima, K. Fuyjimoto, S. Motomizu, K. Toei:
Anal. Chim. Acta, 134, 73 (1982).

3) K. Toei, S. Motomizu, M. Oshima, H. Watari:
Analyst, 106, 776 (1981).

4) M. Oshima, K. Shibata, T. Gyoten, S. Motomizu, K.
Toei: Talanta, 35, 351 (1988).

5) Z. Jun, M. Oshima, S. Motomizu: Analyst, 113, 1631
(1988).

6) M. Oshima, S. Motomizu, Z. Jun: Anal. Sci., 6, 627
(1990).

7) J. Aznarez, A. Bonilla: Anal Quim, 74, 756 (1978).

8) R.R. Elton-Bott: Anal Chim Acta, 86, 281 (1976).

9) G.F.Wallace: At Spectrosc., 2, 61 (1981).

10) V. Zitnansky, A. E. Jenis: Radiochem. Radioanal. Lett.,

14, 175 (1973).

11) T. E. Neuer, E. E. Pickett, C. W. Gehrke: J. Assoc.
Off. Anal. Chem., 58, 920 (1975).

12) J. Aznarez, A. Bonilla, M. A. Belarra: Rev Acad Cienc
Zaragoza, 33, 141 (1978).

13) T. Korenaga, S. Motomizu, K. Toei: Analyst, 105,
955 (1980).

14) R. Kobayashi, S. Okamura, K. Yamada, M. Kudo:
Anal. Sci., 13, 31 (1997).

15) S. Motomizu, M. Oshima, Z. Jun: Anal. Chim. Acta,
251, 269 (1991).

16) 3=  Hifp, KEEF, AKE
Kagaku), 53, 346 (2004).

17) T. Yamane, Y. Kouzaka, M. Hirakawa: Talanta, 55,
387 (2001).

18) AR, SUFEKE, WHEZFE: 5 L% (Bunseki
Kagaku), 51, 545 (2002).

19) LW, REMR, FEEE, ERER: ol
% (Bunseki Kagaku), 50, 867 (2001).

20) M. Oshima, S. Motomizu, Z. Jun: Anal. Sci., 6, 627
(1990).

21) K. Watanabe, H. Goto, M. Itagaki: ISI] International,
43, 1767 (2003).

99) WEAIEE, NIFE, WEEFE: 5 LY (Bunseki
Kagaku), 44, 933 (1995).

23) T. Fujiwara, J. Takano, M. Kobayashi, K. Miwa:
Regulation of Plant Growth & Development, 37, 99
(2002).

24) M.-O. Simonnet, C. Castel, M. Nicolai, C. Rosin, M.
Sordin, H. Jaiffret: Water Res., 34, 109 (2000).

25) R. Boncukcuoglu, A. E. Yilmaz, M. M. Kocakerim, M.
Copur: Desalination, 160, 159 (2004).

26) WAFE, KPP H, WHEF: S, 89, 973
(2003).

27) AARGHLFE S W {L¥ETFT—5 7 v 77, p. 88
(2004), (FLE).

DI (Bunseki

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

480 BUNSEKI KAGAKU Vol. 55  (2006)

Flow Injection Fluorometric Determination of Boron in Steels with
2,3-Dihydroxynaphthalene

Junichi IwaTA', Kunihiro WATANABE' and Masayuki ITAGAKI'

! Department of Pure and Applied Chemistry, Faculty of Science and Technology, Tokyo University of Science,
2641, Yamazaki, Noda-shi, Chiba 278 - 8510

(Received 29 March 2006, Accepted 21 April 2006)

A fluorometric determination of boron in steels was investigated by a flow-injection analysis.
In the determination of boron, it was found that 2,3-dihydroxynaphthalene (2,3-DHN) was excel-
lent as a fluorometric reagent. Boron reacted with 2,3-DHN at pH 10 to form a complex; 2,3-
DHN was an excess reagent. Although the height background intensity was a large problem in
the determination of boron, the background fluorescence based on free 2,3-DHN could be
decreased by mixing with an alkaline solution after complex formation. On the other hand,
the boron-2,3-DHN complex emits strong fluorescence in an alkaline solution. For the determi-
nation of a trace amount of boron in steels, the on-line separation/preconcentration of boron
from iron matrix was performed by using resin (IRA743). The boron was preconcentrated
using a flow rate of 13 ml/min at pH 5.7 in the sample solution. Iron as a matrix ion interfered
with the determination of boron. Therefore, the iron ion was masked with 0.1 M EDTA in
advance before the preconcentration of boron with IRA743. However, the EDTA interfered
with the adsorption of boron on the resin. The problem was solved by decreasing the flow rate
from 13 ml/min to 2.1 ml/min. As a result, the sample solution volume was decreased from 65
ml to 10.5 ml at 5 min concentration. The boron-2,3-DHN complex in aqueous solution was
detected by measuring the fluorescence intensities (Ax = 300 nm, Aem = 340 nm). The calibra-
tion curve for boron constructed by 5 min concentration was linear over the range of 0 to 40
ppb. The limits of detection and determination for boron were 0.3 and 0.9 ppb, respectively.
The relative standard deviation at 20 ppb B was 2.6% (n = 6). The limit of detection was 0.04
ppb in case of 80 min concentration. The determination results for boron in standard steel
materials showed good agreements with the certified values.

Keywords : boron; steel; flow injection analysis; preconcentration; fluorometry; 2,3-dihydroxy-
naphthalene.
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