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1.1 {¢EEFitH

UV 8500 BI4» 66 ( IR 354N H]) s PHS-3C U3 pH 11 ([ kS SRS BH FRA A o ik
FEK (Furosemide , FUR, 75 75 25\ L A BRZA 7)) AR UEIF 2 2.0 x 10 > g/mL, I %£ 45 ( Methyl Violet,
MV, FARAAE T ) YR 4 8. 0 x 10 ™" mol/L; £, 3548 (Ethyl Violet, EV , H [ 5 2548 w] I TR 41
M) (5 558 (Crystal Violet, CV, 2B HARPGIAR]) ) 45 4% (Brilliant Green,BG, YA 1)) FilH &
23 (Methyl Green,MeG, |54k 271 )2 5] 48], Chroma #F 114358 VM BE 34 5.0 x 107 mol/L,
PACL, (_FIRF—) ) 7 il B AR 2. 0 x 10 ™ mol/L Wit #5380, (B A B 25 2. 0 x 10 ™ mol/L {4 T
YEW o BR ZZ2 b7 : F 0. 040 mol/L H,PO, H,BO, fil CH;COOH 5 0. 20 mol/L NaOH ¥ 4% — =& Lt {7l
TR, BCAN R pH B 2 i i, IR BE 30U He pH B, DA BSR4 R 4 Fir i, 5250 HI7K O — k81
Ko
1.2 LIHAHE

76 10. 0 mL FL@a 45 AR ANA 1.0 mL pH =6. 1 [ BR ZEp7AH 1. 0 mL YR 2. 0 mL PdCl,
VA YROFITES St Y IR ZEOR PRI VR, FHZR TBK A B 2 20 B 4850 o #0 20 min Ji, DUK SR 2 H (4,) A S
e, F 200 ~700 nm KB EFHE, HAER B AR KB AL 1 em RGNS TR CE A, AA =4 -4,

2 FRHE

2.1 FiE4FE
P IR EIRSEIG IV A I GE T WRZEKR S PA( 1T ) S 5 Fh LR RR (5 . 45 R R, JebHES A
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Bl 1 FUR-PA( I )-EV kR BRI
Fig. 1  Absorption spectra of FUR-Pd( I ) -EV system
A:a.Pd(T); b. FUR; ¢. EV; d. PA( T1 )-EV; e. EV-FUR; f. Pd( 11 )-FUR; g. FUR-PA( I )-EV;
c¢(PA( 1)) =4.0x10 7% mol/L; ¢(EV) =5.0 x10 > mol/L; ¢(FUR) =4.0 x10® g¢/mL; pH =6. 1
B:10°¢(FUR)/(g-mL™"):a.0.0; 6.1.0; ¢.2.0; d.3.0; e.4.0;
¢(EV) =5.0x107% mol/L; ¢(Pd( 1)) =4.0 x10 "% mol/L; pH=6. 1
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o R W AT I S0 457 4 BB S ) R e B G SEG R I £ 3 5 IR R N BRI . FUR-PA( 1T )-EV Jz N {& &
F IS (LIKAES H) &l 1A Biras o &L 1A BT, 3855 0 S5 RIS 1 A2 F 595 nm, FUR 7E
AL X U3 W, AU AE 25 AR A 3 AN IRl , MRk 228,276 FiT 330 nm 4k (& 433 3. 96 x 10°
2.27 x 101 5. 65 x 10° L/ (mol-cm) ) , 24mk £k 5 PA( 11 ) TE 02L& 4 5 (i HAE 276 nm Ak i W2 i 16 7
89, UESYHE— L5 QBRI =0 E T4 E , v OSSR LR T IRAE 595 nm Kb WO R
B RRAIG, I HL A W G BE R AR b 5 Wk SR VR FE 7R — e YE N 22 RAF PR G R W&l 1B s (LUK
YEBH) o BEIRWOEREL (e) M 3. 40 x 10° L/ (mol -em) , XK ZEAK A H R (30) 6.0 x 10 * g/mL, 2
T T e eeEET

2.2 REEHHRK

2.2.1 m#kpHAAMHre R 5E T ERER-Fr G RN . HAc-NaAc . BR % 07 I X 4 G I I ) 5 1o
LELRIA, BR BUREAT . A pH (E SR pP o IO A R OGBS A P 2 Bz o DAL 2 BT, U3 A
ZIEE pH (I E 4 2 5.0 ~7.5(EV KR ) 5.7 ~7.5(CV .MV Fll MeG 1K &) 5.7 ~6.5(BG {k
), LR VEH pH =6. 1 M2 bW/ E A B, &L 1.0 mL R E

2.2.2 PA(I)RE®Hoh %57 PACI) WEXHAR A EHAYE M. 250K, T AR B gk
FGEER PAC ) HBESEEIAN 1.6 x 10 7° ~6.4 x 10 7 mol/L, K Fsi/NFULIEE, - AA BIFFAK . Ak
FAPAC I ) e 4.0 x 10 ° mol/L,
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Fig.2 Effects of pH values on absorbance
a. FUR-PA( I ) -MeG; b. FUR-PA( I ) -BG;

10°¢(BTPMD)/(mol - L")

513 BTPMD ¥ & X W 6 B 1 52 M)

Fig.3 Effects of BTPMD concentrations on absorbance

a. FUR-PA( 1 )-MeG; b. FUR-Pd( 11 )-BG;

¢. FUR-Pd( 11 )-MV; d. FUR-PA( 11 )-CV; e. FUR-Pd( I )-EV;
c¢(Pd(T)) =4.0 x10 7 mol/L; ¢(MV) =8.0 x 10 = mol/L;
¢(EV,CV,BG and MeG) =5.0 x 10 7> mol/L;
¢(FUR) =4.0 x10 ¢ g¢/mL

¢. FUR-PA( 11 )-MV; d. FUR-PA( I )-CV;
e. FUR-PA( I1)-EV;
c(PA(T)) =4.0 x10 % mol/L;
¢(FUR) =4.0 x107° g¢/mL; pH =6.1

2.2.3 FAAENYa BETHORIE R, WA 3 P, W3 AT LR Gl R YRR
4.0x107 ~9.0 x 10 mol/L, 7ELZAF T B T4 IO EE ( - AA) (HIR B IRk BASE , Wik B A%
o ey S BOL SR B AR . QORIR BE A, 455 SO AN e 4, (- AA) fEFEAR; Jokbfk B2 oK, ) ey 3
B B i) JREENE I M0 R ) 7 5 4 W) BT O I 3 20 (- AA) (B REAIR . S50k A LB 5 O 8.0 x
107" mol/L(MV {£%),5.0 x 10 > mol/L(EV .CV .BG HI MeG £ %) ,

2.2.4 RpErE A S e R T, BE T S MRRBY R ], FZ W RN IIAE S min 58
J, AR TRIAE 2 h DL E AR SCHEFRAE 15 min 4TI E

2.2.5 REEWA Gk SLE T ZRhREE PERIXT RO R AR o S5 RRN, AR RS TR L
(4 Triton X-100 ,Tween-20 \Triton X-100 . F[{k7] OP . PVA-124 45 ) FA JoHa/E F , i BH B 7 2 Vs 1
70 CAnGRAE - DU R 2 ke, R DU e B 25 ) K B8 1R T R 590 (- B il +
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FERRIRANES) O, FE0AR R FWOE BE 22 (AT , T8 A7 F for (4 B B 8 1 2 1 3% PR 790K % PA( T) 5
IR EK A S -4 A R A B A P DR AR S 6 e B8 A 2 1 335 51
2.3 =nEFESYHNER

DA IEEARZ M), 798 Tok2EK S PA( 1T ) 5 2L/ SN, FHEE IR L2 T4 B8 R i 52738 1k i
E T SO0 TAS IR, S5 R E W n(FUR) tn(PA( I1) ) :n(EV) =1:1:1,

Pk SEKAY pK, o 3. 221 FEST PR BR ZEah /v B, pH > pK, B, R ZEK 4 7 R I AR T
By AR AT, B s PACID) BCALTE A S TT S 1 E A B 1 [ FUR-PACL, |~
UUET, HE55 25 gk (W 35 S SR A A — DR W G Gkt LA IE — 4 PR S 7 BURAFAE , B SRR 5
JIFEAKAER i — P =0 B T4k 54, PAd (1) -FUR-EV 1A R 825 5 W i 454 0 Scheme 1 7
No

0 - EV*
O\ / O~ -EV
HN~ S o
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Cl T

Scheme 1 Structure of ion-association complex

2.4 FREMZ
TEFAETIR AN IE T AR RIER SHOR S P (I ) SIS I, X6 A [ e J3E gk
FERAFLRNE T o ARIFEIIZR | [5TJA07 7 A OC AR B LM S BER O RS RN TR 1 b 5 Rl
FPLL ORI R R R, H e 353,40 x 10" L/ (mol -em) Kz B (307) 7 6.0 x 10 ° g/mL, 38 1 T
IR R IER I E
R1 FRERZKRZIETE R 8 X RN H R

Table 1 Linear ranges, correlation coefficients and detection limits for standard curves

10° Linear regression equation/ Correlation 10° Linear range/ Molar absorptivity
System A/nm B - _ 1 1
(g-mL™1) coefficient ( ) (g-mL™") &/(Lemol ™' vem™1)

FUR-Pd( I )-EV 595 - AA =0.004 +0.1029¢ 0.9992 0.2~4.0 3.40 x 10*
FUR-Pd( I )-CV 595 -AA = -0.001 +0.0610¢ 0.9999 0.3~8.0 2.02 x10*
FUR-PA( I )-MV 580 - AA =0.002 +0.0565¢ 0.9950 0.4~4.0 1.87 x 10*
FUR-Pd( I ) -BG 615 - AA = -0.003 +0.0465¢ 0.9993 0.4~7.0 1.54 x10*
FUR-Pd( I ) -MeG 630 - AA =0.002 +0.0173¢ 0.9997 1.2~8.0 0.57 x10*

2.5 FEMISEEES SR A

2.5.1 HAMFHw  LIFUR-PA( D) -EV (KR BRI B TR, #9087 %48 720 4
FIILTE T R, 25 9 T 2 P, NFE 2 WTLUAR Y, 3 LA TERLER 2K S UL RA Sk L L
T S5 S 2 240 50 8 O AL At o fHL Fe®* XohiR R B9 T8R4 K, TIA 0. 01 mol/L EDTA 3.0 mL g
e, Fe' ™ i R VP i 4 9 22 100. 0 x 10 ™% g/mlL, SRy 1 FAT By (R e PR

x2 HEHRINENIM
Table 2 Effects of coexisting substances(c(FUR) =4.0 x10™® g/mL) on determination

Coexisting 10 ¢( substance) / Relative Coexisting 108 ¢( substance)/ Relative
substance (g'mL~ ) error/ % substance (g'mL~ 1 ) error/ %
Glucose 300 -2.5 Methanol 120 -3.6
Lactose 200 -4.5 AB* Cl- 100 -1.1
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2R 2
Coexisting 10°¢( substance )/ Relative Coexisting 10°¢( substance )/ Relative
substance (g-mL™") error/ % substance (g-mL™") error/ %
Sucrose 80 -5.0 NH, ,NO; 400 1.6
Starch 130 0.7 K*,H,PO; 200 1.4
L-Arginine 60 -3.4 Mn?* ,S03~ 50 -0.1
L-Phenylalanine 100 -4.5 Ccd** ,cl- 50 -3.4
DL-Arginine 40 -3.4 Na*,805~ 710 -5.0
Threonine 100 3.4 Pb2*  Ac” 200 5.0
Uric acid 100 1.0 Mg?* ,803~ 150 5.1
Carbamide 336 1.6 K* AIR* S0%- 100 0.2
HSA 25 -5.0 Zn** Ac” 100 4.0
Potassium sodium tartrate 400 -1.4 Cu®* ,50; 160 3.8
Ph2* ,NO; 120 2.0 Na*,Cl™ 585 2.6
Ethanol 157 1.2 Fe’* 803~ 100 2.2
2.5.2 At EA BOER NGB BRAEFIR A 2 Rk 2K (20 mg/tablet) 5 A JRFEAS 4. 0 mL F F (045

AR 1.0 mL ZZ Wi 1. 0 mL 255 A 2. 0 mL PACL A, & 45 % 10. 0 mL, $25], “FAT
WISE 5 W, AR ATERAS T 7 i DR 25 R W36 3. 3R 3 AT LA Y, O i FH T IR FE ik 3k
(AN, ELA A B 1 o 0 R v 1 M 2 AR B HEAR 22 0. 5% ~ 2. 1%, IR 96. 0% ~ 106. 8%
AR R ARG PR A v ke SE K 1) B

®3 ARERKRERPMESR

Table 3 Determination results of FUR in urine samples

10°¢( Found ( FUR in samples) )/ 10%¢( Added FUR)/ 10°Found value/ Recorvery/ %

Samples o o . B RSD/ %
(gmL~) (n=5) (gmL 1) (n=5) (gemL") (n=5)

1 ND 2.0 1.94,1.90,1.97,1.94,2.01 97.8 2.1

2 ND 4.0 4.02,4.00,3.95,4.05,4.08 100.5 1.2

1¢ 2.80 0.5 3.34,3.31,3.35,3.32,3.35 106.8 0.5

20 2.10 0.5 2.59,2.55,2.56,2.58,2.62 96.0 1.1

ND :not detected; a and b. fresh urine samples were taken 2 and 3 h after the patient having the FUR respectively.
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Absorption Spectra and Applications of
FUR-Pd( II ) -Triphenylmethane Dye Systems

LI Cui-Xia, LIU Shao-Pu, LIU Zhong-Fang, HU Xiao-Li"
(School of Chemistry and Chemical Engineering ,Key Laboratory on Luminescence and Real-Time Analysis,
Ministry of Education ,Southwest University ,Chongging 400715)

Abstract In a pH 5.0 ~ 7.6 Britton-Robinson ( BR) buffer medium, furosemide ( FUR) reacted with Pd
(II') to form a 1:1 anionic chelate, which further reacted with some basic triphenylmethane dyes( BTPMD)
such as ethyl violet(EV) , crystal violet( CV) , methyl violet( MV ) , methyl green( MeG) , and brilliant green
(BG) to form 1:1 ionic complexes. The absorption spectra of the dyes were changed and fading peak are
595 nm for EV and CV systems, 580 nm for MV system, 615 nm for BG system and 630 nm for MeG system.
There was an linearity between the concentrations of FUR and AA of the solutions at the maximum fading
peaks. The quantitative determination ranges of five the triphenylmethane dyes were 2.0 x 10~ ~ 4.0 x
10 ° g/mL for EV system, 3.0 x 107" ~8.0 x 10 "® g/mL for CV system, 4.0 x 10" ~4.0 x 10 ~® g/mL for
MV system, 4.0 x 1077 ~7.0 x 10 g/mL for BG system and 1.2 x 10™° ~ 8.0 x 10 ° g/mL for MeG
system. Depending on the different dyes systems, the molar absorption coefficiencies( &) of different systems
were between 0. 57 x 10* ~3.40 x 10" L/(mol-cm) and the detection limit (3£) was 6.0 x 10 ™* g/mL. A
new spectrophotometry for the determination of FUR was set up based on above results. In the five systems,
the optimal conditions of the reactions and the effects of external substances were investigated, the method has
been applied to the determination of FUR in urine samples with satisfactory results. The mean recoveries
ranged from 96. 0% to 106. 8% .

Keywords palladium( II ) ,furosemide, triphenylmethane dyes, spectrophotometry



