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Table 1 Combining of the technology of flow injection and other testing methods

BRAIBAR BE _ 3R
A ggggiﬁ)iﬁ?‘ THBTFH, FONEmE, (UBEHEA, KR, ESNRNARTEN [8]
WiBh ST TR WEE R, BAFAEEEN PR TR, L9l
RS BT ik ggﬁgi;iﬂl, RELTBERGHLE, B8 TWEREREMAME, TURMIILET [10]
Wsh SR FIRYBRATOCHER, #THERRNE—Frk. [11]
WEHEHEME KL MREEMAERE, SEZEFENRBRIEEABL BRELRN. [12]

TEZF IO, REERE—INEENRL, KK
A4 (D BHETERIEH; () THBTFARL-K
A-EERER; (3) THITER FRILE NN E k-
EREER; (O SHALNAEEEER. BHAESH
NBS-HHRERRIERE.

L3 MENERLERNE

WANESH L% & Ve BBy b T — e i S 2 F RO E Bl
E, JERMEFOPIR S, NAEEY K, #t—SHT
RS Je ik RO SE B RN AT AL — R B
BEURBET B, ANTIHFRBAFFEN— 258,

2 WShESHLSEROEELE D LA

MENEFEREMTED TEERNRBEN RN
KRVETHE, 8 EMRATIE PN, %
WAEGREFENEE, TEEENFETEEX=Z1H
R RR .

2.1 FENEHUERNEESHIFFENER

HYPENMVER P RIEERRBEENER, Y0
MRAGERRBER, FHhEHCER Ak I—mpE RN
REMTEAR, IAYHFRE T RIFHTFB.

2.1.1 AHEMLFELEERBFTBEEM

REGER—FEEMNRLAEFES, EEKREDR.
HBEE, RPREYAKIHAEEENEM. BRKRYS
KBGO A S A RREMESFEERBAEW, K

SESLER LA T ERRGHHRAHRN. Hixl
BERGATPHEENASITE 2.
2.1.2 RApEMCFLAAZLEEHFIHPHAR
EANTAFRCBERNSK, EASTBHANEE,
WahERERCEEAYIAR. 3%, SLEETEN
WREAEEKRH N . W EERAS PN EBEMANT
#3,
2.2 MEHNERLEER N EERT NN EAEA
FE—Fh RN 7, FshEs ez RNEET &
R PR B IR RN, MIREPHKERNER
HRNRESTAEEENE L.
2.2.1 AHEMLFEAEANETFSWFRGRA
W ESHEE R AR T TV R REER R
FTE, I ERN S RAOTHE FRSFRET FE. ¥
B REAREENE Fotrh BN AP TR 4.
2.2.2 AHERLFEELERLS B FOGRR
WS ERCEES AR PSR RE DL
AYIrEK R A RE CRIRE, XX iE—EHREER
HIR IO, FIRER BN RAARMBRAHE . WX BE
B PMFEELSHRAS TE S,
2.3 JMEhEHUFEREEEGNFEIANEA
AEMPESES, BUTERNRIE, RN ak
ELABAEHNA, AXEFEEERRZA, W
HERNENTAH T XHFEHRR . B EEEMRES
W EBER ST 6.,

Table 2 Application of flow injection chemiluminescence in pesticide analysis

Wt WS Bl R /(ﬁtffi'i,) , (ff*‘mf_,) Xt
HEZM  #H FHK-NBS c(NaOH)=0. 17 mol » L™! 0.1~100.0 3.0X1072 [22]
RAER A s E R ¢(H2804)=0.1 mol + L™! 0.1~10.0 8.0X1072 (23]
HLF R KH B 7 B-Cu?t-H, 0, (EERM)=4.8gL! 0.1~10.0 5.8X1072 [24]
g P 2220 2K 4-H, 0,-OP ¢(NaOH)=0. 04 mol « L1 0.08~25.0 2.2X10~2 [25]
R AHN I H-NBS ¢(NaOH)=0. 02 mol « L! 0. 9~700. 0 3.0X107! [26]
Wan B B XiE-H: 0, pH(NaOH-NaHCO;)=1. 8 0.01~10.0 3.2X1073 [27]
KR BB #XKi5-H2 0 pH(NaOH)=12.0~12.5 0.01~10.0 8.0X10-3 [28]
A B 257 SEiLe-=T ¢(NaOH)=0. 1 mol » L ™! 0.01~0. 6 2.0X10™2 [29]

I NBS: B{USEHAR TR OP: RZ _BFEEER
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Table 3 Application of flow injection chemiluminescence in pharmaceutical analysis
MRS WERe B BRI Py /(ffﬁm'f_l) ik
S ARMER  WKEHO, ¢(NaOH) =0. 05 mol « L~! 0.01~10.0 5.6X10~3 [30]
HER Z) NCS-#ki¥% ¢(NaOH)=0. 1 mol « L™! 0. 002 5~0. 08 6.3%X10~4 [31]
B_%® % KIO, -4 3% ¢(NaOH) =0. 05 mol « L~} 0.003~0.1 1.5X10~4 [32]
£FF Fl SiC(IV)-ERBM c(C2H402)=1.0 mol + L ™! 0.1~10.0 3.0X10°2 {33]
R4 253 %% X-NBS ¢(NaOH) =0. 01 mol « L1 0.01~15.0 6.0X103 [34]
EZBELT BN KIO, - X34 ¢(NaOH)=0. 1 mol « L~! 0.01~10.0 3.1X1073 [35]
BAMEK REE B} 6G-Ce(IV) ¢(HNO;3)=0. 8 mol « L! 0.01~1.0 2.0X10°3 [36]
ERDE Ji& - 4 KIO - X c(NaOH)=0. 1 mol + L.} 0. 008 4~0.12 2.0X1073 [37]
BRAET &137) KIO-MnSO;4 ¢(HCD)=1.0 mol « L.7! 0.2~80.0 7.0X1072 [38]
&Y ] . 27 KIO; - X i ¢(NaOH)=0. 03 mol « L7! 0.013 4~1. 340 4.0X1073 [39]
R E i3] Ce(1V)-Naz SOs c(Hp804)=0.02 mol « L™!  7.9X1077~1.9X10-5* 8.2X1078* [40]
®HT ¥ NCS* —®#%HK  c(NaOH)=2.0 mol « L7! 0.006~1.0 9.0X1074 [413
B3R IR ¥ KMnO,-Na; SO3 pH=2.0 0.008~10. 0 1.0X10™! [42]
4% B 3 &Xi%-H:0, pH=10.7 0. 000 05~1.0 5.0X1076 [43]
ZEk il 4 KIO -8 K ¢(NaOH)=0. 1 mol « L! 0. 000 2~0. 06 1.17X1074 [44]
BREERK £ 50| KIO, -3 c(NaOH)>=0.1 mol « L™! 0.000 1~0. 1 2.0X1075 [45]
FAaBEER#H A FRHB ¢(H2S04)=0.1 mol « L™} 0. 008~4. 0 2.7X1073 [46]
Ik BE w7 8 X-KIO, ¢(NaOH)=0. 02 mol + L™! 0. 35~50. 0 6.0X1072 [47]
RHER R aXKis ¢(NaOH)=0. 05 mol + L7} 0. 000 1~0. 07 1.0X10* [48]
Wk RAE KMnO;-Naz SOs c(NaOH)=2. 5 mmol » L1 0.1~20.0 3.0X1072 [49]
BEYVE &9 [Ag(HIOs), J5~ c(H;S0)=1.0mol » L! 0.03~3.7 9.1X1073 503
E: NCS: N-fRRT MW hk; « iRERFHAAMY: mol- L1,
Table 4 Application of flow injection chemiluminescence in inorganic analysis
Wty MRS A REA R /(ﬁ’f“'ﬁ,) /(f,”jm’ﬁ_., ik
8D LS 8XE-H0 pH(NaOH)=12. 3 0. 000 05~0. 05 1.0x10°5  [51]
BCID  FiKkEE PR ARERH-KMnO,  c(HCD=6.0 mmol» L! 0.002~0. 3 1.0X10-3  [52]
W(V) KRk NalOy-H;0; &K 1.0X1077~1.0X1075* 4.2X107%* [53]
&) w8 Co( 1 - X 5-H: O pH(NayCO3-NaHCO3) =12. 0 0. 003~10. 0 1.0X107!'  [54]
WD R BEK-HO0 c(NaOH)=0. 1 mol « L™! 0. 000 1~0. 005 5.7X1075  [55]
(V) FRipkEE  KIO-&K# c(NaOH)=0. 1 mol » L™! 0. 000 2~0. 1 6.0X10%  [56]
.« REERFRM A mol s LT,
Table 5 Application of flow-injection chemiluminescence in compounds analysis
WEsil  WERS S ERA T R iR, xR
i gL TS NBS ¢(NaOH)=0. 05 mol « L™! 0. 1~1 000. 0 3.0X10~%  [57]
=™ TikBEK  KMnO4-H. O, AR =1.0mol - L! 0. 1~100.0 4.0X102  [58]
HEHBRTR TAEK KO- -#Xi% ¢(NaOH)=0. 05 mol + L™! 0.1~2.0 7.8X10%  [59]
ht 717 3 H¥K ¥ 37 pH(NaOH-KCD)=12. 5 0.000 5~0. 2 3.0X10~¢  [60]
WRRRER Fo £ 2 BRI ¢(NaOH)=0. 5 mol + L™! 0. 001~10. 0 5.0x10-5  [61]
THER Loy 4 K E-KMnO, ¢(NaOH)=1. 0 mmol » L1 0.1~20.0 1.4x100  [62]
WA H3¥kK AR AR ¢(NaOH)=0. 1 mol « L™ 9.0X1079~1.0X1075* 9,9X10-1* [63]
COD KAE KMnO,-%, — &% - 0.16~19. 24 1.ox107! [64]

W * FREHFEHAIN: mol - L1, COD: f¥EmER

3 MBHESHMLE R IR R R
FESIREAHEE ROEAA I » B AR —E

BB W5, ZNERNREEEEA B REHEW
ELWAHIBIE, BRI R R — SR EOR At
6 —E M2, BT IR HEEGI R B IR 8E
D MEE R R W, X T TIHBE r9Y Fin LA gk



%9 ik 5K 2515
Table 6 Application of flow injection chemiluminescence in life sciences analysis

Wty WERS o RRA R /(ﬁ"{"’fi'i,) /(f_”*ﬁ_,) R
FiSar 10 | B & Ki%-H:0: c(NaOH)=0. 025 mol » L.~! 0. 000 01~0. 007 7.5X10°%  [65]
HR g %71 6G-Ce(IV) c¢(HNO;)=1. 8 mol « L! 0. 000 5~0. 2 2.0X10~5  [66]
FRER FHR B K iH-KMnO, ¢(NaOH)=0.1 mol » L™! 0.002~0.5 1.2x107¢  [67]
S#HERC ¢ 4k #5-KMnO, ¢(NaOH)=0. 1 mol + L™} 1.0X1075~1,0X10~4* 4.0X107¢*  [68]
=FNAE H55 BXKE-PURR c(NaOH)=0. 05 mol + L~! 0. 000 01~0. 005 3.0X107%  [69]
REN y N s ¢(NaOH)=0.5 mol « L™! 1.0X1073~1.0 4.6x107!  [70]
B®EH 4] B X#-H. 0, pH=2.0 0. 000 5~0. 01 3.6x107¢  [71]
L “ax NCS ¢(NaOH)=0. 1 mol » L™! 0.1~10.0 3.oxX1oz [72]
LHfbE ¥ £ Kif-H.0; c¢(NaOH)=0.1 mol + L™! 4.0X1074~0.1 lLox10—¢ [73]
XEM *n Ru(phen)3+-Ce(lV) ¢(HzS04)=8. 0 mmol » L! 2.0X10~7~1.3X1075* 1.5X1078* [74]
DNA %435 SRAER BXKE-H0-Cu(I) pH=5.0 2.0X10712~1,0X10~1* 5 5X10~ 1+ [75]

e * REHFAMN: mol - L1,

%> BRBBIE TR 85, FRTRITASMER  HEEREENRE, ZRMERKRL, FORMBE

RS B2 R TN, SCBRA 2k R A MR , YR MAME AR OTFR , WShEHLE R EARTE
A B R AL, E T B TR R ML s
4 B & B B9, SRR . GIKEZ . AR 2L SUR A X

BRAER. B bR LA I WS G ROb ik i BRI
WEE T ShIESHLE LM AR ARY K, WizhiE  +4TWR.
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Studies and Application of Flow Injection Chemiluminescence in
Analytical Chemistry

ZHAO Yan-fang, ZHANG Nuo, WEI Qin* , HAN Yan-yan, MAO Ke-xia, CAI Yan-yan, LI Ru
Shandong Provincial Key Laboratory of Fluorine Chemistry and Chemical Materials, School of Chemistry and Chemical Engineer-
ing, University of Jinan, Ji’nan 250022, China ’

Abstract At present, flow-injection chemiluminescence is of high sensitivity, fast analysis, low cost, wide linear response
range, and simplified operation for trace analysis, and makes a feature of fast development and wide application. As a trace anal-
ysis method, it is infiltrated in diverse areas. The principle and characteristics of flow-injection chemiluminescence were expoun-
ded, and the chemiluminescence systems were introduced in detail in the present article. The research developments, which were
mainly about drug analysis, environment monitoring and life sciences examination, were summarized, at home and abroad. The
application situations of the method were briefed from aspects of determination of sample, the reaction medium, chemilumines-
cence systems, the linearity range, and the detection limit. Finally, the author proposed suggestions in view of this method to
address the ongoing problems, and prospected broad application of flowing injection chemiluminescence in drug analysis, immu-

noassay, mineralogical analysis, environment monitoring, clinical medicine and life sciences.
Keywords Flow-injection; Chemiluminescence; Drug analysis; Environment monitoring; Life sciences
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