2005 4£ 5 63 % 7 i ik Vol. 63, 2005
% 8 ], 745~751 ACTA CHIMICA SINICA No. 8, 745751

« WL IC -

AER /N EEE THSYERRNLRER BSOS R R E SN A

A

UHA  XEHE xNEF R ®
(PRI A IR ST TR 400715)

WE £ pH=2.011 HCI-NaOAC Ly, /INEEGIH 25 15 Sl S W AR M1 25 7 h T8 e 5 | RNB /KA P D T RGeS 7 4
G, ¥ 5 R LR A T (RRS) B 2480, J7~ A8 RRS i, Hig Kk RRS KA T 370 nm, 537E 277 nm
WA — MR RRSIE. 7 1.83X 10 8~5.0X 10 ° mol/L i [l A /NEERR K J3E 15 505 500 P2 (AN BT Bl S5 AT 1R i P R A
i, %F/NBERR AR PR (36/K) A 1.83X 108 mol/L (7.5 ng/mL). WF5T T 3Ly B TR Y61 Wl 2 /N BED B0 S i (R 3%, %%
TIAFD R e, SRR AR VAR RAFIEREIE. BTN S R N =) RRS G, R T —Hm R
TR DRI s AN BERR BB 7 v, T o B R TR 2R R I, 45 R R ARSOEN R LT T W5 R
1.

RERE SRR, NEEDE; JHHRIGAIEON GRS S H N

Interaction between Chloroauric Acid and Berberine Hydrochloride
Investigated by Resonance Rayleigh Scattering Spectrum and Its
Analytical Applications

PENG, Jing-Dong LIU, Shao-Pu* LIU, Zhong-Fang SHI, Yan
(School of Chemistry and Chemical Engineering, Southwest China Normal University, Chongging 400715)

Abstract In apH=2.0 HCI-NaOAc buffer solution, when berberine cation reacted with chloroauric acid
anion by electrostatic force and hydrophobic force to form an ion association complex, the Resonance
Rayleigh Scattering (RRS) intensity could be enhanced greatly and a new RRS spectrum appeared. The
maximum RRS peak was at 370 nm and the other RRS peak was located at 277 nm. There is alinear rela
tionship between the RRS intensity and the berberine concentration in the range of 1.83xX 10 ®~5.0x10 °
mol/L. The method is very sensitive and the detection limit (35/K) for berberine hydrochloride is 1.83X 108
mol/L (7.5 ng/mL). The optimum condition and the effect of coexisting substances have been discussed and
the results show that the method also has good selectivity. Based on RRS spectrum of the ion association
complex, a highly sensitive, simple and rapid method for the determination of trace amounts of berberine has
been developed and applied to the determination of berberine in pharmaceuticals and goldthread extracts
with satisfactory results. Furthermore, the reasons for enhancement of RRS were discussed.

Keywords chloroauric acid; berberine hydrochloride; resonance Rayleigh scattering spectrum; analytical
application
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05 3R R AT L AN ORI R
FIEA oo (o R e vk A X ey vk
FA RSB A AN O REE R R, H R BRI
BVEARES B SR R B R . R, R
TORE o, (BAXESAN A B B, HLERfE R, W2 G
Doy Eae o, rARD, BT, HEER R
FAREHIR B

SR B R FEUR VL (RRS) FLAT RAHRE i ) (50 A PRkt
AR AL IEAEREE T ok FREFURIN . H 1993
4F Pasternack 23 5 Y 3R S A 5O BRI LRI &
B, JE A B R AEAE RS ™R35 RRS #1222
JRH LUK, HENX AR 2N TR &H
SR g USSR A3 R R AL, AR
ORI RE S R N el T S = 1 7 N (D
DI s B R AR R BT 1) B 1 4 0B 25 7 AR R B
(1 RRS, XKk T4 B, a8 s 19 ml
Wy R ke 2k B G N . AELAE TR SRS 4 A ) T A
FHTITCAA, B2 — Ol ik YRk BH 25 1 R G ket B g
T, A EHLEC S 788 RRS $REHI 2 254 IRF 5T
b,

W R B, £F pH=2.0 [f] HCI-NaOAc ZZM i,
PP 1 S TR BN BRE A A B 1) S B R BB 40 T
A TR AR/ NEERR B 25 1 b T 5 ) R KA )
TR B 46 e, 5 SR G U 5 5 20 1
SR, PRI ET /N BEGR I . A S R B T A
PR~/ INBERR 23 5 10 SN PRI B 4 PE . R DR 3R R i Ak
FAEVE. SRR, ZOT kR RO, X NEER )
Kt BRiA 1.83X 1078 mol/L (7.5 ng/mL), 7 K 413k
PePE, HARAEMRIME, DU, F T Sserh gl frh 25 30
RN B e, A . SO R N AL E RN
RRS $5 Jit RIEAT T WP

1 =XHERsy

1.1 {%Es

Hitachi F-2500 ! 5¢ %73 66 B v (H AN AR 5Y), IlsE
ZH Pest 5 10 nm; UV-8500 HU AN AT ULA» 66
TP 3R 26 7)) DHT Y45 bk e i B s (b [ 1
).
1.2 R

SR b UE fif 45 W W (HAUCI24H,0, b3k 5] —
I, 43#ral) 1.0X 102 mol/L.

INBERGARUE S U TERFRER 1.87 mg /NBERR (Kt

S, P 24 AR R E PG, T 50 mL A
L E 2, B 1.0X 207 mol/L (R kRUHER .

22V 1.0 mol/L NaOAc 1 1.0 mol/L HCI 4% —
5E LU B, TCHEANR] pH R 28 P .

FERBAI A o3 b2l SER K b RS K.
1.3 ZEWHE

fE 10 mL @R RN —E /I 1.0x10*
mol/L /NS &2 1.0 mL S & R% I pH=2.0 NaOAc-
HCl ZZMsill 1.0 mL, InAERRPRF fE Y i iR A,
Ba KRR B2, #2240, J8CE 30 min J5, KT
PEIIICET LU do=Aem 7 AT A2 44, 0%
SR A ORI, T3k e IS E R R e A w0 5 S
PRI 55 | rrs AR I ISR 1o, Al =1Rrs— lo.

2 HR5E

2.1 HIRIHHIBEGT T
Kl 1 R AR/ N R 1) RRS G, H & m] L
TEME AT, (DS NEERCRAAE/E I, H RRS
SRR, (2)24 813 1 AuCly S5/ NBERK H 25 1 S N T
JREE ST SR 2] RRS i SR 58, %Ak R
RRS &3 547 370 F1 277 nm, PEU&E4) ] -1/ NEEK 1)
W5, HT 370 nm ik, ANig Al 85 Ired/lo HIFFE K, T
PAASSCE 370 nm A K
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mL
Figurel RRS spectraof berberineeHAUCI, system

1. HAuUCI, solution; 2. berberine solution; 3. berberine-HAuCl, system,
[berbering] = 2.43 X 10" ® mol/L, [HAUCI] =1X 10 * mol/L, pH=2.0
HCI-NaOAc buffer solution 1.0 mL

22 BEEHRREFH
221 BRERE QIR
3 HIR%: T BR (Britton-Robinson £ 5, 0.04



48
I

No. 8 MRS SR/ NEEIRE 14 A AR IR e B R IO G 9F 9 A L3 Hr v 747

S

mol/L HsPO,, H3BOs, HOAC [ =RV AR5 0.2 mol/L
NaOH % — i LLFliR ) NaOAC-HCI. A R
AR NaOAC-HOA C 55 22 NG A Z50 [ WAk R 3L 4
B RSO 54, 25 581 HCI-NaOAc 2B il ik
R hf.

1 H HCI-NaOAc Z s i A h S/ Sy, 7 pH
1.5~3.52 [0 RRS## 5 i =1 H AR 2 (WL 2), e AR 5
1) pH JEHl, {H22 pH BAK, MRYE-1: HAuCl, —
H™ 4+ AuCly , &34 HAUCI, (B, & 1
AUCIly 1A 80K BE AR, AR T AuCly 5 /NEERKIH
B (HADME 1466 RV, 530 RRS 5 K. >4 pH
b, A NG B o kAR AR, A
a3 INBERR BH 25 178 Sk T I Y g D) 1R /N BE B 4y 1 T A
RRS A, Ak, 76 pH AR mil, HAUC, 1 B & A4
IKAE R, 28 AUCH, AR R0 P AR, Xt mT g S
R NATEAR. PIAIEAE DL R S8, ¥R pH=
2.0 10 I VIR
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B2 REEMRm
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Figure2 Effect of acidity
HCI-NaOAc buffer solution 1.0 mL, [berbering] = 2.43 X 10 % mollL,
[HAUCI,]=1%X 10 * mol/L

RER, SN =7E 1.0~15 mL JuFE K
B, BWTEAYH RRS S0 e HARE, b, BLRSE
A pH=2.0 ] HCI-NaOAc 2 1.0 mL.
222 FEBIREI & T4 a4 RRS 2 A%

SRR BT U R e i 1 3 . &4
BRI EAE 1X 107 mol/L Ze47, H Alprs ek HLERGE, A
b, SEE PR R A RIS ) 1X 10 * mol/L.

FB TR LRGN, H 5 /NBER S AN TE 4, S5
PEPIRIAR BE AR, WA RRS BRI, Bl R AR
TR BTN, S BB 56 4, /INEE AT S 1
iAW), BT Alres [HZEHHE K2R, HUE, BifE S
SRR B RE— RN, TR EI R, Algss
SR AT T AL,
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0 T T T
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[AuCL 4107 mol- L)

B3 SBRRIKEN A 14651 RRS 5 152 00
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Figure3 Effect of HAUCI, concentration on RRS intensities

[berbering] =2.43% 10® mol/L, pH=2.0 HCI-NaOAc buffer solution
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BEAC T B 3 RRS 30 (1 B 00, 48 v A5
NaCl N, X5 ARV RAS & (1 O R SR K,
(E0 S A R/ NBE AR P R (0 SRR, B 85 T 3R B 1Y
WK, |rps U R I, P J1 %5 h 2408 1) Bronsted 54
|g(%)_|g_ym ;’R \Ru, Ry 4 M, X iR &40 5

A BEREG KA ko 73 R R AFAERAAFAE B T 22 3%
I ) 5 R 3 5. MR ¥ Debye-Huckel [ IS
—lgy= AZZF(l), Z N B FRIE T4 F() B 150 1
PR X 298 K /K, A=0.5115, ffpph e 12
5 37, # = E N, [z, WA 6 R RO
A e /NEA RIS T 3 5 B T Y, BTel, r=k
OB RLN. TR, W05 A4 R v N RURT i G R B FL AR
JEIIATAE.
224 RIS IR (Irss) 4944 T 1

TR, LI T A s R A, SO R
ZIBEAT, TR/ NEEAR R 1) |rrs 71 30~120 min A L
AR, 120 min G BEAR, R0 0 1 AR TT I
EZ2 RN, & 25 min JE&difae. Fik, o LUERR
FIRA 30 min J5 HEAT I E
225 AAEF 6%

90T B BAS A DL LI TR L 5
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pRAR.



748 % %

i Vol. 63, 2005

2.3 FREMGHELSHREGHR

T o PR S 4% A R I 7 13 (370 nm) &bl 5 S5 1.
FEMIARAG A ) RRS 5B, FH AL SRR R R /N SE Rk
FEAE B Il brE thZe. AR R — e MEIA T RE . A
BB M BRCYEME L IN=3 )R a [ W%
1.

H2 1 0] W (1)/NBERRAE — & MK EEVEH N 5 RRS
SHJE R B, W R R B R 2 L, bR el & kAR
4l Q7RG R-/NEEAA R T, H 370 nm 4L RRS
SR T OCT 277 nm ALY RRS SR, 1y H. 370 Al 277
nm ARG ) RRS S8 FEAHZEA K, BrLL, 370 nm 4
WA AR B i 22 ()3 I A% T 277 nm bl 2=
EI AR AR UG 22 PR tH BR (AR I L SIN=3 ') 2Ny
3o/K (K ALNERATTRERIRER), o B/, K BT,
DAIHEAE 370 nm A PRI tH BR BB A, B L 370 nm Ay il &%
K, ik R e, R Y 1.83X10°°
mol/L (7.5 ng/mL). % H S A6 FEE AN 501555
h R 2).

2.4 FIEWNEREYE

HRT L WY, SRS T B
T LA HURAR . BE2S . LIRS BB 1 1 5,
SR NE 3 RIFE NSRS T BT Lk
AHUIRI . BEREHE RN AR, Bk AR
UFREREE. BURPIAE R Fe(111), CA(I) S5 T4 m,
IR AR ORI e AR &, (EE T R AR = 4 fl
rhRC2 /INBERR R — AN A TR, T HLE T
Fe(I) I R VFEIOK, DRIGTE SEBR A S 2 el wl BLn
APURILER, 1 Fe(111)id )5 pk Fe(11) T LLEE 4 Fe(l) ¥ 52

Wi, PRI 2] v 2 R IR IBGR /N BEf )
.

3 oA

31 EAEEZRFIM=HF PR E

Iy U T E R IR =35 4% 20 Fr, r il
BEAC TSR, R 2R IOE 2 (LA > /N BEG. 30 mg) ‘&
250 mL BEp . ik K20 150 mL iRk, R4S
IIAFEER 3 mL, B4 2 250 mL &), K
BHIRE, B4, BL10 mL B0y, R LR 1 mL
H10mL =, KRR ZIRL. NP E I mL A
) 10 mL FEIEY, FaAmA pH=2.0 f¥] HCI-
NaOAcC ZEr4iE 1 mL, 5X 10 mol/L IS &R 1
mL, KRR BRI, {296/ EEAT e,
W 5E 25 R W3 4.

3.2 EFEH/EERARINE

2 SCHR [20] ¥ 1 Bk HCEOZE M K 1.0000 g, R H
0.05 mol/L [WHiER 50 mL =ik #, Wik 5, #H
0.05 mol/L [{HRIR 40 mL il 7, itug, vk &
TUOKBEE, A IFPIIRITAIER, Nk e 5% 100 mL,
HAFIRE AL SPAT RS 3 K.

RS L mL S AFIRE SRR B R 50 mL, HIA
SCIK RRSYEIE, FEHI 24 ik PUREAT T 360, kg
Wik 5 iR,

K HFRAE I AVEREAT [ RIS, T AR s
ANASTR) = /NBERR, AR 5 i Ol 4R 7 AT e
[A|SCH A 87.3%~104.0% [H).

R AERMLIOA R AL, eV AR R

Tablel Correlation coefficient, linear ranges and detection limits for standard curves

Ik e A Inm

LEPEMIA TP (CX 10 S moleL ) ®  AHEREL

LEPEVEIE/(10 *moleL ) A BR/(307K, 10 ° moleL )

RRS 370 Al=—22.32+1291.04c 0.9996 0.0183~5.0 1.83
RRS 277 Al=—14.82+953.71c 0.9995 0.0248~5.0 248
A h/INBERRAR FE

T2 B E LR /INBERRT VA I 2B UL
Table2 Comparison of the sensitivities of RRS with the other methods for the determination of berberine

Jiik R I P Kt BR/(ngemL ™Y 2% 30k
XA =4 HE LR V- -l — L EE - E K Ad/Ar=342/200 400 22
HPLC ZJfE-H3PO, 1=349 600 23
WHIE SR YEI NN ' JodAem=340/512 83 24
WA -25E SRR AedAem="355.2/516.8 326.3 25
Mtk Nay,B,0,-Na,CO3-H,0, —1.40V 9.15 26
2 ok R R A - 2 TR IR — 24.6 27
RRS HAuUCI, JexlAem=377 75 AV




No. 8 CMURSE: W/ NEERL R T4 A ) A R 0 L9 B R U 6 3 RIF 0 B 2B . 749
K3 AT (5 /NSER 2.43X 107° mol/L)
Table3 Effectsof coexistent substances (Coerberine=2.43 10 ® mol/L)
ALY it RBG /(10 moleL Y RZI% ALY it REG /(10 ® mol-L 7Y R ZEI%
Pb(1) 562 —04 By 24.6 97
Co(ll) 1680 —18 L-7HER 30.2 —11
Ni(ll) 985 —33 NI 2 3.7
Al(lI 160 —6.1 DL-RAT# 11.6 14
Zn(ll) 543 9.1 JHE AR 1 0.02 45
HCO3 1200 —0.35 LIS EAS! 0.02 7.3
NO3; 796 —9.3 FLpE 133 5.2
Hg(ll) 212 9.1 REBE 15.6 —45
cu(l) 74.6 9.3 2R 26.8 —37
Slezm 90.4 —89 L- RN 321 5.2
Mn(l1) 33 —26 DL- ¥t 6.52 33
cl- 796 —32 DL-F &R 9.54 35
Fe(l11) 3.04 —56 L-B& &R 3.33 7.3
Fe(l) 300 —21 D- &R 7.68 46
Sorm 65 —17 o-TERD T 0.02 —20
Mg(ll) 164 —91 (AL 0.16 7.2
Cd(I1) 6.49 6.6 L-t &R 8.47 —83
Na(l) 717 5.8 FrAE AR 613 71
ca(ll) 1175 6.1 WA TR 311 —12
K(l) 1332 —85 R 120 42
R4 FEMIE LR
Table4 Resultsfor determination of samples
Ff- b 44 FK MEF Bl(mgeg ™) SN (mgeg ) FHXARUEDR 2% RSDI% (n=6) 2 ik
RITTHER A 110.6, 97.7, 122.9, 125.7, 119.2, 116.8 1155 8.79 128.3
=H 12.58, 13.47, 10.73, 13.66, 12.79, 14.23 12.91 9.45 14.27
5 EIERRBUE T ERIRNEEGR I E (n=6)
Table5 Resultsfor determination of Chinese goldthread extracts (n=6)
PES SR/%(n=6)  RSD/% ?‘ﬁ"z@”‘”j% - RRS %2@4&%%5@
% (N=6)  NBERIIAE/(uge10mL Y /NEERR [T B /g [ %
1 5.50 31 5.47 10.0 10.4 104.0
2 5.46 4.8 5.53 10.0 9.50 95.0
3 5.63 2.4 5.57 15.0 13.1 87.3

4 RNHIEF RRS 1584 EE

41 FEMBNEBEEEE

fE pH 1.5~3.5 MIRIEEEH, AINEE > T DL —
MBS T IE R AFAE(HAT):

HAClI =—=HA"+CI~
A TRAE W A i3 R 1

HAUCl, == AuCl; +H"

FHPEE R LUy RO A5 B /R I SR (LI 4 A B)IilsE
TETEGY T AU S /NERR A AL, 2558
HA™ D Au(lll)=1: 1, RIS F46 5 N A

HA+ AuCl; =—=[HA"][AuCI;]

4.2 FHIRIEFI RS ISR AR E

(1) E AR AL T 237 Wy oo™ A T S e G i B
A

Kl 6 2 SRR A /NBEBAR 2R IO 1 14 55 RRS
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[BBHJA[BBH]+[AuCI;])

Bl 4 LA E RIS SRR 4kt
pH=2.0 #) HCI-NaOAc ZE%## 1.0 mL, [BBH]+ [AuCl;] =9.6X 10 °
mol/L
Figure 4 Determination of the composition ratio of berberine
and HAuCl, by Job’s method

pH=2.0 HCI-NaOAc buffer solution 1.0 mL, [BBH]+ [AuCl;] =9.6X107°
mol/L

7000
6000;
5000;
4000;
3000;
2000;

Alrgs

1000 +
0_

T T T T T T T T T L L s
00 02 04 06 08 1.0 12 14 1.6
[AuCI;]/[BBH]

B 5 FERLGIENE SR 5 SRR/ N DR (1 21 e L
pH=2.0 [f] HCI-NaOAc ZEmAW 1.0 mL, [AuCl;] =4.8X10"° mol/L,
(5575 /NEERK] = 4.8 10~ mol/L
Figure 5 Determination of the composition ratio of berberine
and HAuCl, by molar ratio method
pH=2.0 HCI-NaOAc buffer solution 1.0 mL, [AuCl;] =4.8X10 ° mol/L,
[berbering] =4.8X 10~° mol/L

T R R (LAGR 2 FES L), HIEATIL: (1) RRS
e AL T H A FIRCRE 2 5 (2) RRS U5 Wi
HAXNIKR, W & 145 E A B RRS
W5y SIAL T 277 F1 370 nm, AH S F R i e i 591 67 T
262 1 344 nm, RRS WEHR I I7-A7 T~ H W g i, axm]
e T PO A T 262 A1 344 nm [RDGRE, KB
S =TR AL — P O PR R OGO i F b, AR RE
UK, W RRSUEBSH LR, 73l A 262 F1 344 nm £ &
277 A1 370 nm. TN RRS Y RERFAE B 5 WO 1 A o
A, 20 B A (32 B R OGRS OGS R 1 AR
AT M Y. [ ) 1 52, 4 ] Hitachi F-2500 A1 5¢

J6II IR VHIN IR, 38 A 280 nm AT BRI, A
B TFaA Y RRS Y6 A 277 F1 370 nm f U 04 55 41
R LI 262 A1 344 nm 43420, T LLIACA 370 nm
U 52 W AT T8 RS 8 DR 25 PR U ER S, DT U 5 )
SR, T 277 nm RV I = B AR R EE AR IR U

e

3500
0.254 i
| L3000
0.20 2500
0.154 2000 g
= 4 [ ~
< F1500 <
0.10 4 H
I - 1000
0051 500
000 S T T T T T S T 0
200 300 400 500 600

A/mm

Bl 6 WBOLIEH RRS Gl m LA (LGRS A 1E S L)
~RRS JGilf, [/MEEA] =2.43X 10 ° mol/L; —R O, /INGERLARIE )5
i 2.43X107°, 4.86X107°, 7.29X10°°, 9.72X107° mol/L; [ &i&]=1X
10 *mol/L, pH=2.0 ) HCI-NaOAc ZEm##k 1.0 mL
Figure 6 The comparison of RRS spectra and absorption spec-
tra
~—RRS spectra, [berbering] =2.43X10"® mol/L; —absorption spectra. The
concentration of berberine are 243X 10 %, 4.86X 10 % 7.29%x 10 ® and
9.72X 10" ® mol/L respectively; [AuCl;] =1X 10" * mol/L, pH=20
HCI-NaOAc buffer solution 1.0 mL

P T e R B R S 2 B AR PSR A7 T Bl T U
1 WY BT P A ) — AR R (R ORS, SL R B L
P i AU B T LN, ARG £ o<
4 FE R A, e — RO R RO, X
S AR ) — N E R A

ME 6 ATLUE H, fERIOtiE T, —EiEEn, )
I S (AA) 5 /INBERR A FE B b, 28 0E 5T, JLBEUR
W R ECh e=2.41X10* Lemol tecm ™Y, #fEIk 1T LLgE T
5 ER IR /INBERR 1) 23 6o B 3 M, B RS R KA T
RRS 2.

(2) BT ZE T AL B o1 H AR AR K

AR a7 A4 1) i RO 2 3

lrrs=kcMlg
X 1rrs A IER Rayleigh BUHT SR, 10 A NSRRI, ©
NN YRR BE, K A EL ) R 5L, MO R 116 43
T Y 1o MM —E W, RRS 515 5 HURH Gk B &
FH 24 100 ¢ —E 0, RRS S0 5856k 114 1
HUEL. LA S TS, i 338 fEE e
749, AR E 5L, X B RRS SREAHE
KRR 3 .
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(3) JEEIRWE G R B

INBERG AN G R A B (1) BE R R B )k 7.31X
10° fi1 6.08X10° Lemol Yecm %, T /NEERR 5 S A TR AR I
B AT B R R A 241X 10* Lemol T
om Y, HHE SRR A O G A
(2.303)* x1000cn?

X
Na

£2(A 1 £ z
e 3o o
EH e — R, JRE AU R 55 T 1 BE R R
e RBUK VIS, BERIEOG R B o3 A EUs &
o, K, BT HAT[AUC, | B T4 & IE K, 51
T IR B O R RO AR,

i T U 43 F A TR E AR B SE R B G U
BN, AR T 85 B W T - 8007 AR ) 35 R RD 28
IR R BRI v, XS AuCl, 5 /NBER 4SS &
FEM R A R AN ) SR B RO

Irrs= 10
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