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On-line reagent generation method affords great advantages to flow analyses: it
enables the application of highly reactive (thus unstable) or poisonous reagents which
are impracticable under normal analytical condition, because the processes from
reagent generation to its use can be done in short time in (semi-)closed flow system
isolated from the atmosphere. This paper reviews on-line reagent generation
methods and their application to flow analyses' such as FIA and HPLC. The
reactions for reagent generation were described by classifying them into three
categories: 1) chemical reaction including that at solid phase reactor, 2)
photochemical reaction based on UV irradiation and 3) electrochemical reaction using

flow-through electrolysis device.

1. FLSHIC

Ta—A V= a T RFIAZIILD RN RER A T 509 Cl, BHEICEL
RIREE(OEE, B, LEBROEREZEIVL, ThEHRhF~EHAN TV
£352Li), BELBREOILRSM LT, BEOE LR GREMDOLDIZES
Thbo ZDERAVIA L MIABEROERITELL, FR TS ERER A T 55 E
KT, I= W T LER AT 508 -8, BXbH5WIXEMERIEEZRIAT5E K



FOEBBOERRY, BHELOBERZIN TS,

—F, BN HELABVERBELETIZLRVU—HO@ B RO P TR
BETHE, RN THRELZEGHANLATAREB LI I 88T 5201280, 3k
DO ETHRIZEAEHWONP>TEREBEOFANER TEIHLMMEEND, Z0IH2R
EKLLTH, EENEESECORBEHFICHABBVEFELRBECHIHD, 2)F M
BELZ OBV BENICERYETIHO, BRETOND, KRR TIX, EHFOLOI/ NV -T2k
IHERELE D, REOF VI VRBEL, VLFENFTE, 262N FHE, BRI
R F D=2 8L, TORBLESHILSOWTREE T,

2 LREEHEEMNATOIRERRE

IR OF v RV PLRERENSRE L = FNV P CRELEBENILERSE
TOELILIVRELZREN T IFEPLPHRARICHAANGNEI=DF LN CEBERE
FITHOZLCIVRELR/YTIHEETOD,
2-1) BT #RBNS_aF U BEOES

v BEICRTH=aF B(F A7) nicotinic acid &= F BT IF(FATV
T3IF) nicotinamide O—RBREEBED —HLL Tr—=vbEonmBERHD, Zh
EREERICT LAY T BrCNK BB TN, FEERTIVERIGS®RILIZEST
ECLSREHEIN I BETATLFBRIKE L EERTIHOTHSH, BrCN 8
BETHHIEDOBVBRNNCEEL2ETS, Ge b 11X Technicon $:00 AutoAnalyzer 1%
BT, 78732 T (Chloramine TéT 7 ALV AKCNYERNL BN CRIGIEHZE

(to Reference Channel) ¢
116-8000-01

Sample Channel 31

Waste wg ] 23° DHalyzer (0.80) Red/Red Sample
Type C 0.32) B1k/Blk Afr

Heab
22 Turns 20 Turns rane {0.80) Red/Red Buffer

1¢ Turns

(0,42) Orn/Orn Chigramtne T
{0.42) Orn/Orn XCN

~ (2.60) Hht/Eht Sulfanilic
A

Flow Cell 50 ma N KGRt < O ().00) Sry/Gry
(

470 nm Colorimeter 1 Haste } Flow rate in nil/min.

Fig. 1 Flow scheme for nicotinic acid determination, cyanogen chloride method (Ref. 1)
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Fig. 4 Experimental set-up for HPLC - dioxetane chemiluminescence detection (Ref. 9).
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Fig. 5 Flow-through electrolysis cell Fig. 6 Schematic representation of
(Ref. 16). A, diaphragm; B, working the system (Ref. 16). EC, electrolysis
electrode (glassy C.); C, inlet; D, outlet. cell; NH, ninhidrin soln.; BU, buffers.
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Fig. 7 Block diagram of the LC-CL system with on-line electrochemical reagent generation
(Refs. 17,18). E.C., electrochemical flow cell (-600 mV); mobile phase, acetonitrile-10 mM
carbonate bufferof pH 10.5 (27:73, v/v); catalyst, 1 pM microperoxidase in 10 mM carbonate
buffer (pH 10.5).
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Fig. 9 Schematic diagram of FI-CVAFS system for total mercury determination (Ref. 23).
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Fig. 10 Schematic diagram of the FI-electro- intet 1ouue,
Cathode

chemical hydride generation system (Ref. 34). Outlet
lon-exchange
Cathodic membrane
channel ™

Anodic

channel
Table. 2 Operating conditions for the FI-EC Inlet L outer
Platinur anode
-HGAAS system (Ref. 34).

Fig. 11 Schematic diagram of the thin-

Parameter As Sb Se .
Electrodeless discharge famp layer electrolytic flow cell (Ref 34).
power/W 8 8 8
Wavelength/nm 193.8 217.6 196.0
Atomizer temperature/°C 900 900 %00
Slit-width/nm 0.2 0.2 0.2
Carrier-electrolyte solution I mol dm=? H,50,
Carrier flow rate/ml min~! 4.0 4.0 4.0
Sample voiumne/ul 200 250 200
Nitrogen flow rate/ml min—! 40 40 490

Electrolysis current/A 1.0 1.0 1.0

Brockmann & 3 (IAR{BHREOLDDNNEBR N EEAEIEL BVWOIR KBS
ZHRBL, FI-RTRAERDHEBICHEALL, ZhEAVTESBERE T O As BXTU Se
BoA7aEMBSRBERELE, As(V)R Se(VI) TH, HLPLHINLEENTh=M
BIOHEMICETL TOHAELZELE, APRFATHE, (EED Lin bOLDLEREE
R EIXHEVRNERZ T ONED) 1%LD NI Co ¥ EL ThHeLXF B Lo
7=, Hueber & Winefoldner36rx, 324 BMARIBDRAEEEZ7 LV —ARTRIECETE
BHEEES TR ENTIELESL As, Se BT Sb ZE &L /-, Ding & Sturgeon??



01¢ ‘(12)€6 7159V "way) (0861) ¥8V1 ‘93 “woy) Uiy ‘I83wssTy] ], J pue Sursf I'M ‘11
(¥661) 6¥E ‘LBT BV W)

TeUY 1SI0UI3A "H'N pue Isftoon) ') ‘Azo(] "N'H ‘SuslinN ‘f']y ‘TOPUBILPLIN D V'H 0T
(1661) 968 Q98 ZpV Wiy Teuy

“4sI0I[eA "H'N pue JI3{100r) ') ‘ToB[OSUY "M ] CWSSSY UBA ‘M TOPUBLISPSIN'O'V'H ‘6

(8661) TSY ‘80€ ZoV “wry) Teay ‘pniere[e]) ‘WL pue ojuaqg 'H ) ‘oIswoy W'V '8

‘(¥861) 1 891 B0y Wiy [eay J20g "(I'H) pue wog ‘A’ 1810410405 ‘DY L

(P861) LT ‘19T By Wiy Teuy 330dq . (J'5) PUB UBSA "A'J L 1810710428 'D'Y 9

(9861) 908 'QLI ‘epoy wizy) [euyy ‘Jeod ‘(I D pue IsIoyIoydg Ny 'g

(€861) €€T ‘€ST BPV ‘W) TPUY J20q "D PUB ISIOYIOYDS DY ¥

{(€861) L61 ‘S¥ 1 ‘oY wryy [euy Joog "D pue eddod "H ‘wilsy W' ISI0YI0Yos DY g
. - (9861) LLI1

‘8Y 15V By (9861) 1T ‘€1 "7UJ “YosIopyeqy] Iag ‘a3BAeg ‘J'D) pue A3zZpr] ‘DY g

(9861) 099 ‘69 "WYY TeUy O 0S8Y P ‘WaqY ‘[ pue uew( ‘N D 9H 'H 1

X

CELRAT 2B ORENF Y EOY EEM@OUNRFT YR YW A E EH R
Uy uongsfur Moy f YNROMZSWOBBOBREY ABY Y LRHEHEWN)D.
B 2 (Y 9661/31-0861/1) WOY - 10f 570805qY [Bo1ATRUY AN CYPABE Q¥

, _ gt ARG
QUATACT IR H— LITWREY “URY R BO> RN LX)
AVEAKORE CAYISYRLLITCRENBBORERHY D NN REH M
WMWY R YL ORI QUD “BRWF IWALLLBELCT
M S CQUAE RGO O EOUIROT AR M OE WA RGBS
SUGOHYNERCERNESHYL BRI Y AW VO LT RGYER S LTS
APEURLCTOD "YRIBECH IO ERNBOFHHUB YL WA NE KNV
ORI YEEBOH BT RV FRNE OFHHWEDY L CYRAUT TG AR

‘AP AL FGHD hOFURZIWD C Y "R EF R UURYBAAROY
2 TARNBEZ L RHANMMBROLELFET BUNQUTRRIZOER ‘N
B L HWWEAS LAXUY CHAh O URZBEGEEW LY TR

By o

- AR AL
LR BWELED (DS 2(A)S ‘MUK ZHELNTHBE Y% 95 T
ch Y 11t VB UVRHO S M S 8 O R RT R SN WR S L T



12
13

14
15
16
17

18

(1980).

. W. T, Kok, UA.T. Brinkman and R.W. Frei, Anal. Chim. Acta., 162, 19 (1984).

. W.T. Kok, J.J. Halvax, W.H. Voogt, U A.T. Brinkman and R.W. Frei, Anal Chem. 57,
2580 (19856).

. W.T. Kok, W.H. Voogt, U.A.T. Brinkman and R.W. Frei, J. Chromatogr. 354, 249
(1986).

. K. Isaksson, J. Lindquist and K. Lundstrom, J. Chromatogr. 324, 333 (1985).

. T. Hori and S. Kihara, Fresenius Z. Anal Chem., 330, 627 (1988).

. O.M. Steijger, G.J.D. Jong, J.J.M.Holthuis and U.A.T. Brinkman, J. Chromatogr., 557,
13 (1991).

. O.M. Steijger, H. Lingeman, U.A.T. Brinkman, J.J. M. Holthuis, A K. Smide and D.A.
Doornbos, J. Chromatogr., 615, 97 (1993).

18. C.E. Bricker and L.d. Loeffler, Anal. Chem., 27, 1419 (1955).

20
21

22

. M. Hanif, J. Dolezal and J. Zyka, J. Chem. Soc. Pak., 1, 45 (1979).

. ML.1. Albero, M.S. Garcia, C. Sanchez-Pedreno and J. Rodrigues, Analyst [London],
117,1635 (1992).

 RARWZ, BEEF, THE, 991{b¥ (Bunseki Kagaku), 39, 251 (1990).

23. H. Tanaka, Y. Yamamoto, H. Morita and S. Shimomura, Anal Sci, 8, 93, (1992).

24
25
26
27

. H. Tanaka, T. Fukuoka and K. Okamoto, Anal Sci., 10, 769 (1994).
. H. Tanaka, T. Fukuoka and K. Okamoto, Anal Sci, 11, 787 (1995).
. B. Kratochvil and .M. Al-Daher, Analyst [London], 106,796 (1981).
. J.D. Norris, Analyst [London], 109, 1475 (1984).

28. D.E. Canfield, R. Raiswell, J.T. Westrich, C.M. Reaves and R.A. Berner, Chem. Geol,

29
30

31

32
33
34

35
36
37

54, 149 (1986).

. IM. Al-Daher and B. Kratochvil, Ta/anta, 33, 751 (1986).

. M.J. Hepher, R.H. Alexander and J. Dixon, ¢. Sci. Food Agric., 49, 379 (1989); Anal.
Abst., 52, 147 (1990).

. H. Tanaka, M. Kouno, H. Morita, K. Okamoto and S. Shimomura, 4nal Sci, 8, 857,
(1992).

. H. Tanaka, H. Morita, S. Shimomura and K. Okamoto, Anal Scz, 9, 859 (1995).

. BFER, BPHE, BEPHE;, aWL¥ (Bunseki Kagaku), 44, 691 (1995).

. Y. Lin, X. Wang, D. Yuan, P. Yang, B. Huang and Z. Zhuang, /. Anal. At. Spectrom., 7,
287 (1992).

. A. Brockmann, C. Nonn and A. Golloch, /. Anal. At. Spectrom., 8, 397 (1993).

. D.M. Hueber and J.D. Winefordner, Anal. Chim. Acta, 316, 129 (1995).

. W.W. Ding and R.E. Sturgeon, J. Anal. At. Spectrom., 11, 225 (1996).





