211 JE 0lUJ JE SloUucU AClIWiS pue uvlelly clepelold Mol/\

B[ A HUA U 4{oltl

s
=

I =1al020)

Y REgRTS: 10384 NIRRT E34
= S: 200225012 UDC

B T X %
i £ % A W X

£ R 5 B 25 R 56 7% 7 53 57 e IR B
TARERMH

Study of Interface Adsorption Behavior and its
Application by Total Internal Reflection Synchronous

Fluorescence Spectroscopy

N

RFHEFLEL: F B B BER
+ % & K 5 K O F
#HXEZAH: 2005 # 8 A
WX LR H: 2005 A
FaLFEH: 2005 F A

EIE R LI
¥ A

2005 % 8 H


https://core.ac.uk/display/41410587?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




Study of Interface Adsorption Behavior and its
Application by Total Internal Reflection

Synchronous Fluorscence Spectroscopy

A Dissertation Pressented By

Ying Chen

Supervisor: Prof. Dr. Yaoqun Li

Submitted to the Graduate School of Xiamen University
for the Degree of

MASTER OF SCIENCE

August 2005

Department of Chemistry, Xiamen University






B IR SR 8 1 5 B

2 EATIAALR L, FEANAE B INE T T AL 5K T
TR ANAER G 255 1 HA A N BREEAR I T
R e DL T bR o AR ARV A AR A e I 18
S A AR R DA

AN (B4):






H =
T e i
ADSIIACT. ... et e e eaa e e 111
F T B I s 1
B AR DGR oo 1
11T I ETEICRFEREIR oo 1
12,1 AR TEIETIIEI oo 1
12,11 W BT e 1
1122 B HWRICIIBE oo 5
113 AP IIF R ICTEIE R oo 6
BN AW R IOEIE NI T 8 AT R — SRR 7
12,1 BRI S o 7
1.2.2 S EBSHHHBIFTEIRI TV LA CRE B e, 8
1.2.3 A SO S06VE N T8 5 — S R T 9
WA AN N TR T T T e 12
13,1 VAT TTI S e, 12
1.3.2 W — T T PE A GELEIR oo, 13
133 N RE PR N BB TSR 15
VU IR B BE TR e 17
BN BT e, 19
25 25 T MR et 21

S IR N S R IR E AT ) 29



201 Gl B e 29
2.2 SEIBTAT oo 31
221 SZIGALER oo 31
222 BT o 33
223 SEBRTTVE oo 33
23 BT e, 34
231 AR SN O GGG T e, 34
2.3.1.1 TPPS J¢ BSA AV I IIETRE TIHT oo, 34
23.1.2 TPPS JJ: BSA i G MAAE At ERDGIEES. 35
232 TAESMEIIIERE oo 37
2321 KIS TR RE oo 37
2322 PH FIFEM (oo, 39
2.3.2.3 TPPS IRPEIEEM oooeeeeeeeeeeeeeeeee e 40
2324 BT URPEIIFEM oo 41
2325 ARFUIIAMIE I FEID oo 41
233 FHIZIEHEEL oo 42
234 EEFU TAE-GANATEFE T I oo 43
2.4 BEIR oo 45
B2 2 T MR et 46

................................................................................................................ 48
Bl ] ettt et et er s 48
3 0 oot r et r s 49



3.2.2 FIGTRT oo 52
323 SEBTTVE oo e 52
33 BERESTTIL oo 53
3.3.1  TPPS {EA R MM AE R T ARG .. 53
3.3.2  TPPS {EANFIZ VAR ZR 0 S FP 200000 ... 55
3.3.2.1  JERMENETER T TPPS ZKE WK — B S W B G ... 55
3.3.2.2  TPPS 7EFHE 73R 1S P AN B A 2000 ... 56
3.3.2.3  TPPS 7EF B 1R NG PE AR T IR e 58
3.3.2.4  TPPS 7EAF & 7 & s P AN I RO 00 ... 59
3.3.3 CTAB{74E F, pH{HX} TPPS FLH 58 Y6 e (58 mi........ 59
3.3.4 CTAB KEEX) TPPS A4 S FHHD GG IR oo 60
3.3.4.1 CTAB KX TPPS AARDEI T .cooovceeeieceeene 60
3.3.42 AN[A) CTAB W N HIA GG oo 62
B34 BE T e e 65
B2 2 T MR e 66

FPUE AN R IOGIEITTT BSA 5 TPPS 455 A 1 — 1 7 1] R W B

.............................................................................................................. 67
Ao BB e, 67
B2 ST 68
A2 D, 68
B.2.2 BT oo 68
B.2.3 SEIGTTVE oo, 68
43 FEREGTT o, 69

4.3.1 pHEX} TPPS 5 BSA IS5 G IR oo, 69



4.3.2 -V TG O AR RIS AR R OGS BE IR R ....... 73
433 W— SIS LR B AT oo 74
4.3.3.1 WD IEIERE oo 74
4332 FHHIBF R T oo 75
43.4 WRPRIE BSA 5 TPPS HuAgl st S BRI B ... 78
43.5 B BSA WEBR 2 I FHEHR oo, 81
4351 IEFBEARASERIIIE covooreeee e 81
4.3.5.2  pH {H M S G0 AR AR AR oo 84
4.3.6 GBI H L (Kaa) ITE S oo 84
B4 BE Bt s 86
B2 T MRt oo 87
Bh TR O OJE B s 88

B U, 90



=S

wm =

NI AT B R B B A A T T e B 1 SO LA R B 2
AN, DA RO B A S D AR AT S AT B
Mo A B PICHIATE H AR 1 /KPS 18— P 28057k
Al 9B B AR a1k S 00 s K FIR IR ER A4 &
AT R > ST O T, IR S T e . A SO 4 A
S IR 20 9 S BAMI T/ LN -5 A LT B 1 LA S AS [ 2 T R 57 £ 7
T F R B B S o 1R S0y A n R DY

SR S T AN S IOGIR R BB LR 1 IR AL T 2
i A 1 F T 5 5 s IR DR e 6 T 2 PN S S 25 Y64 3 1 i 1 -
W IR B BN S LRGBS TR BT UL 1 253, RIS 23 17 M
5 H A T AL A T OIR DL

S g T M AR B B v — [ A b R SO0 E S B
RSB FE G N R MEOCR, g i e AR B (1 TV Ok B 1R 9T 73
N A ) G R B 9 0E 5T T LA meso-PY (4 — R IR JE R IE ) niipk
(TPPS) FricdFMLiEHR E (BSA) fEA e /K Al LRI . %% T H
DI TE) . pH A 25758 LA K TPPS ¥R BE S5 56 M 2R 115 S TH WL B R 3%,
RO PR 94 pg/Lo %R T S2Br A M35 2 AR e, 73814 Nl
ST



=S

5 =2 N A Y R RIS PO BB ST T AN A [ 2R T35 14 7% TPPS
FEIE Cpe/ 7K A B R 52 o B4 T TPPS AE St L 57K
W ZE S, WEGE T 4 IR [R) 20 9 't it B BE AR T v Pk AR 2 o 3 T vt 1 77
WS S pH (BRI DL, BRZR T TPPS S BAT R o AEFH RS T
RMTETERI S, TPPS 76 SR A R b s 1 e B 8 1 3R I 771
A B TS PR AR BOCR TE PERIAEAE - 50 T TPPS JUIE F I R
BARGESS s A B ST B 13RIV 77 CTAB X TPPS I 96T
s, S ERTOEEE S AR TPPS (TPPS™) AHIE, {HLI
8-9nm; L5 HLULW], ANIRRMIGIEFIAFAE ST, TPPS™ AR 1k B W bt
FEIE O/ /K ST by AHAEBH B 7 RISV, TPPS™ E -3 i 1 (¥ W
B EE Sk WFSE o I 7E TPPS St i Wi B i A v ke J B4 11

DY FE Y FH A Py RS R] D 56 4 AR 58 B 1 A R R — K
T AR FLAE

LT pH S AFIKREAR R P BSA 5 TPPS £5 4 521, /£ BSA
H1TPPS K EL v (1.0x10 °mol/L) R4k &, BSA 5 TPPS #1454,
pH X} —FH GG AN A AR BARIA R (1.0x10 mol/L) ', pH X}
BSA 1 TPPS )45 G474 Y ME 520 o

Hcdar 7 A - K SRR R IR, “%5%¢ BSA 5 TPPS 7E/K
F ST LA SR (43 B AN AR AE 79 51) Casar Crees 3324 1.0x10mol/L
Az, FER MR 1.1 X 10" mol/em?. I NIBRZE AN [R1BR35 Hh 5%
JOCIEEAT HER, TEM s WK SRR PR S AR P A MU BSA S
TPPS 4545, BSA A TPPS 4t T AR IR 855

BE— 8 T ORFEN) BSA 55 TPPS ¥ EU A5t A AR L 1] 9% e Ak

ii



=S

TR, fE—B &M N, NERETHE W44, BSA 5 TPPS &2
DA 1:1 g6k (BSA-TPPS) B 215 F. pH=3.1, M ARIKAS
R SR 2 R, 198 BSA 767K &R ) s T R ik g
(ecme) 4 1.0X 10™*mol/L; J A Langmuir Wt A=, 14755 BSA-TPPS
7E F 2 — 7K SR BRI B Bk 9.3 X 107 mol/em?®, W BFST- 48 3 402 1.2
X 107 L/mol.

KRB IS E A IR RV V- - S A
BRI 9t

iii



=S

Abstract

Porphyrins play important role on biological chemistry process, since they
interact with protein, adsorb to or penetrate membrane. So it is significant

to study their character of interfacial behavior. Total Internal Reflection
Fluorescence Spectroscopy (TIRF) is an effective method to investigate
interface on molecular scale. And synchronous fluorescence spectroscopy can
improve selectivity and simplify the spectrum. Combining those two
techniques above can successfully decrease the scattering light from interface
and simplify spectrum. This dissertation is concerned on the investigation of
meso-tetrakis (4-sulphonatophenyl) porphyrin (TPPS) interaction with bovine
serum albumin (BSA) and different surfactants, and their adsorption behavior
on interface by Total Internal Reflection Synchronous Fluorescence (TIRSF).

The dissertation is composed of following parts:

In the first chapter, the principle and advantage of total internal reflected
fluorescence was introduced, and other techniques for interfacial study were
reviewed. The TIRF applications on water-solid, liquid-liquid interface
research were described in detail. Research about interaction between protein
and porphyrins was introduced. The plan of dissertation was put forward at the

last part of this chapter.

In the second chapter, a new method to determine protein concentrations was

established, based on the synchronous fluorescence from water-solid interface
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by TIRSF. The interfacial fluorescence, which was emitted from of TPPS
binding to BSA and adsorbing onto quartz surface, increased linearly with
bulk concentration. The adsorption factors, such as detection time, ion strength,
pH and TPPS concentration, were carefully investigated. The detection
limitation of this method was 94 pg/L. Real human serum samples were

measured with good results.

In the third chapter, influence of surfactants on TPPS adsorption to
n-hexane/water interface was studied by TIRSF. A comparison was made of the
differences in fluorescence spectra of TPPS at interface and in aqueous solution
by wusing TIRSF. The adsorption behavior of TPPS under different
concentrations, pH values and kinds of surfactants were studied. The strong
TIRSF intensity emitted from TPPS was observed in the presence of cationic
surfactant, while weak signals were found in the presence of anionic, nonionic
surfactant and without surfactant. The TIRSF spectrum was similar to that of
nonprotonated forms of TPPS (TPPS*) in aqueous solution with or without
surfactant, which indicated TPPS* were adsorbed selectively at interface with
or without surfactants. However, cationic surfactant promoted the adsorption of
TPPS*. The result showed that electrostatic played important role on the

adsorption of TPPS at liquid/liquid interface.

In the forth chapter, the interaction of BSA and TPPS on toluene-water
interface was studied by TIRSF.
Firstly, influence of pH on BSA binding with TPPS was discussed. At higher

concentration, the strong binding of BSA to TPPS showed low dependence of

v
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pH; while at lower concentration, pH had great effect on their binding and
electrostatic played important role.

Secondly, an on-line technique to detect the distribution of BSA-TPPS
complex in the oil-water system was established in this chapter. At pH=3.1,
adsorption capacity of 1.1 X 10"°mol/cm* was obtained at interface when both
Cgsa and Crppg were 1.0x10°mol/L. Compared spectra of TPPS from different
environments, it was concluded that the polarity of oil/water interface was
close to that of organic phase, and BSA provided nonpolar microenvironment
after binding with TPPS.

And then, the synchronous fluorescence spectra from toluene-water interface
and aqueous solution were analyzed. Under the experimental condition, the
complex of BSA and TPPS adsorbed onto the interface by concentration
proportion of 1:1. According to the relationship between the interfacial
fluorescence intensity and total concentration, the critical micelle
concentration (cmc) of BSA in oil/water system was obtained with a value of
1.0X 10™mol/L. At pH=3.1, an adsorption equilibrium constant of 1.2 10’
mol/L, and maximum adsorption capacity of 9.3 X 10" mol/cm® were obtained,

according to Langmuir formula.

Keywords: BSA, TPPS, surfactant, liquid-liquid interface, solid-liquid

interface, total internal reflection synchronous fluorescence
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