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Abstract

Abstract

Phthalocyanine compounds are stable compounds with facile way of synthesis.
The parent structure of phthalocyanines can be modified by introducing active
groups to obtain a variety of functional derivatives. Intrestingly, when antimagnetic
metal ions coordinated with phthalocyanien, the resulting metal phthalocyanines
compounds turn to be fluorescent with high quantum yield.  Fluorescent
phthalocyaniens which could be excited by longwavelength light, emit at red region.
Therefore, scatterring light and the background fluorescence could be effectively
avoided. This work focus on the applications of water-soluble phthalocyanines
used as opical probes in analytical sciences. It is divided into six chapters.

In chapter 1, the molecular structure, basic properties and applications of
phthalocyanine compounds were reviewed.  The main point of review focus on the
the applications of phthalocyanines in analytical sciences, including the following
aspects: catalytical kinetic analysis, spectroscopic probes in quantitative analysis and
optical probes for imaging.

In chapter 2, the main idea of this work is to develop a novel method for
quantitative determination of bismuth ion with high specificity and sensitivity. We
have observed that in acid media, a low concentration of poly-L-lysine (PLL) has a
strong fluorescence-quenching effect on AlS4Pc, forming the ion-pair complex as
AlS4Pc-PLL with almost no fluorescence. However, in the presence of Bi*", the
fluorescence of AlS4Pc-PLL dramatically recovers and the emission is visual because
of the remarkable recovery. Screening experiments with other metal ions reveal
that only Bi’" can restore the fluorescence of the AIS4Pc-PLL complex. The
presence of other metal ions does not result in the recovery of fluorescence,
indicating the high specificity of the response to Bi*" of AlS4,Pc-PLL. This is the
key finding of this study. It was also observed that the response to Bi’" of
AlIS4Pc-PLL exhibits a linear relationship over a large concentration range (three

orders of magnitude). Based on these findings, we have established a new
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quantitative analytical method for Bi*" with high specificity and high sensitivity,
using the ion-pair AlS4Pc-PLL complex as a red-fluorescent probe, and we discuss
the reaction mechanism. The method established addresses the complex operation
and time-consuming problems in traditional methods and is thus suitable for real
applications. Satisfactory results have been obtained when the method was applied to
the measurement of real samples. This study further expands the scope of new
applications of phthalocyanine-based red-fluorescent probes in analytical sciences.

In chapter 3, a new method for highly specific and sensitive determination of
fluorine ion was proposed employing sulphonated aluminum phthalocyanie as an
optical probe. The mechanism was also investigated. In aqueous phase, F
competes with the original axial ligand of AlS,Pc, chlorine atom, for the central
coordination atom, aluminium. As a result, the original axial ligand atom was
replaced and new product, F-AlS,Pc, was pruduced. The color of the solution
turned from blue to blue-green, and a new absorption peak at 640nm appeared.
Further research indicates that the constructed method can realise visual observation
for F~ due to its excellent specificity and high sensitivity.

In chapter 4, we develop a novel spectrophotometric method for highly
selective determination of RNA on nanogram level. We have found that the
fluorescence of TTMAAIPc could be dramatically quenched by RNA in weak
alkaline media, and the degree of quenching has a linear relationship with RNA in a
wide concentration range. This method has been applied to the analysis of practical
samples with satisfied results. The constructed method is of high sensitivity and has
a wide linear range, it also shows strong ability in the tolerance of foreign substances
from anions, cations, surfactants and vitamines, all of which are common
interferences encountered in the determination of RNA. Besides, it is the first
report of the fluorescence quantum yield of TTMAAIPc which has been measured at
different pH by reference method in this work. The achieved data indicates that the
fluorescence quantum yield of TTMAAIPc is large and it keeps constant in a wide
range of acidity, implying that TTMAAIPc is a high-quality red-emitting
fluorescence probe, it has great potential for practical applications.

v



Abstract

In chapter 5, we had observed that the fluorescence behavior of TTMAAIPc was
significantly influenced in the presence of DNA. The interaction between this cationic
phthalocyanine and DNA was systematically studied employing absorption spectra,
fluorescence spectra, fluorescence anisotropy, electrophoresis, inorganic ion
competition experiments, the calculation of binding ratio and binding constants. The
results showed that the interaction between TTMAAIPc and DNA is an electrostatic
model, but this effect is different from the conventional electrostatic interaction mode,
it is a strong electrostatic binding mode. The calculation showed that the combination
ratio of TTMAAIPc and DNA is nyrmaaiee: npna = 1.2: 1, the binding constant is 1.95
-10* mol™. This research provides a theoretical reference for the further exploration of
interaction between the cationic phthalocyanines and nucleic acids.

In the final chapter, we develop a novel graphic method for rapid correction of
fluorescence quenching titration curves. We propose the notion of "fluorescence
over-quenching" based on the interactions between small-molecule fluorescent
compounds and nucleic acids, proteins, or biological polysaccharides. We discuss the
mechanisms of this phenomenon and suggest a new method for the rapid correction
of the fluorescence quenching titration curve via graphical methods. After the
correction, the Stern-Volmer equation was used to calculate the binding constant.
The system of interactions between small molecules and proteins, polysaccharides,
or nucleic acids (i.e., tetrasulfonated aluminum phthalocyanine (AlS4Pc)-human
serum albumin (HSA), acridine orange (AO)-heparin sodium (Hep), or Nile blue A
(NB)-calf thymus DNA (ct DNA) system) was investigated. The binding constants
were calculated according to this novel method with good results. This study is an
important tool for determining binding constants. It provides a theoretical and
experimental basis for the determination of binding constants in fluorescence
over-quenching systems and is of great value for the calculation of binding constants
in small molecule-biomacromolecule interactions.

Keywords: phthalocyanine; bismuth ion; fluorine ion; RNA; DNA; Stern-Volmer

equation



IR VEBRTS 6 2 0T REEAE 0 BT B 22 (K8 T30 N AT 7

VI



H %

H =x
BB B snsssasssssassssas s s ssnssssassssssnsssassssssnsssenss I
ADSTIACE . cuuveeeeeiiieccssssssssnnssssnenssssssssssssssssesssssssssssssssssssssssssssssssssssnsssssssssss 111
E R eerereerneneneneeeesessessessessessssssessessessessessessessesnsssssnsesaensenssanes %11
CONLENLS ..ooeiiiriiinrrrrrnnrereecccsssssssssssssssesssssssssssssssssssssssssssssssassessesssssosssssnne XII
BB I B cereerissiissssiessssssssssssssiessasessiensssssassssessssssessss 1
1.1 BABE U ST SE AR .oovoeeeeeererenerencctnsecsssrssessssesssssssssssssssssnes 1
LT FRFE A AAIIIGERE oo 1
112 PR A FEARNE R oo 1
1.2 BREEBURIID covveverreeerssrsssssssssssssssssessissssstissssssssssssssssssssssssssssssssassssssssssessssssens 2
L2010 AT oo 2
1.2.2 HEEEARE oo 3
1.2.3 HEH oo 3
1.2.4 HEEEEIF oo 3
125 I3 T AREN o 4
1.3 BKEEDTRIZFRBIBI cooeeererrersnesssssssssssssssssssssssssssssssssssssssssssssssssans 4
1.3.1 ERELEMEASN TR oo 4
1.3.1.1 EREAE M T IR e 4
1.3.1.2 BRFEAE M FIFE R AT L e 5
1.3.1.3 BREEAMEAFIEA R IG TR IRI ne 5
1.3.1.4 PREEHEALFRIE B T AL R e 5
1.3.1.5 BREEAMEAFIE D AT IR oo 6
1.3.1.6 FRE A EEE DT IR oo 6
1.3.2 BREVE A ZEIRET TR oo 6
1.3.2.1 BRFEAE A EIREF IR e 6
1.3.2.2 BREAE R IEIREF I oo 7

VIl



IKHAEBRFE 620 T IREHE I BT R 2 B 138 N R 9

1.3.2.3 FRE1E B EIRET IR oo 7

1.3.3 BRFEAE A BURIRET TR e 7

1.4 KFBAEBREF TR FZTUHATATTIER ..o 8

1.5 BREEIZIE e snenenensensensessessessessessassassassnssssessensensessassassassaans 10
BEE TR cvvvrreessresssessssessssessssessssssssssssssssssssssassssassssessssessssessssessssesssassssassssasassesess 13

F_E BFNLEYOLRSNBEESRE-ZRBIRBRX 6 ET
SR RCEMIRI B ELRIF .coveerrrecnnnesnsecssnsesnsincsssnsescaconss 19
2.1 G B crrccnennnneneensesnenstsnsnstsassssnssassssssasassassssss st sasssssasas s et n st sssssnsssns 19
2.2 SEBEERAT cerrerreeresssessssssesssssssasss s sssssesssasssssssassssessissatassasssnnss s sesssssssssases 20
D21 B e e 20

2.2.2 FRT e 20

2.2.3 TG TTVE e 20

2.3 BEERGITID st sss s ssssessssssssssessssssssssessssssens 21
2.3.1 AISaPe [ FEER-G D TENET oo, 21

2.3.2 NAERRIDETEAT A EVLEEERT, oo 22

2.3.3 I I oo 25

2.33.1 pH BB MAR RIIIEFE oo, 25

2.3.3.2 ST AT FTEEM ..o 25

2.3.3.3 TEIFEMA oot 26

2334 AlISqPc FHETIZEEZ oo 27

2.3.4 FRHEHIZRIIZR T cooovoeeeee e 28

2.3.5 FEFFDIITIIREM oo 29

2.3.6 SEFRBER IR (oo 31

2.4 Bt st p Rt bee s 31

B TUHR ovvrersressrsssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssnes 33
F=F EERRENBRE TSR SRY BEEWHEEEMNA36
3.1 GI B cerererereenensensensensensensessassassnssnssasensessensenssssasssesasssssassssssssssssssnsassssssssees 36
3.2 EEBEERAT cerrerreeruesssessssssnsssssssssssssssssssssssssssssssssssesssssssasssassssssssesssessssssassses 37

VIII



H %

321 AR e 37
3.2.2 TR e 37
3.2, R TV e 38
3.2.3.1 BEFEARTR TS I B oo 38
3.2.3.2 FEFEARTR TS S T I oo 38
3.2.3.3 BB THIE R ITE oo 39

3.3 ZERGTTIL corrcrrererrereisstessessssressssssssssssssessessssssessssessssssessessessssssessistesssossios 39
3.3.1 AIS4Pc 5 FATEEFEVEVR A oo 39
3.3.2 SUNHLFEHIT TE oot 42
3.3.3 WEIEERFR T X S TR B e 45
334 SEIGRZEAEARAL oo 45
3.3.5 FRAEHHZE oo, 47
33,0 TR et 48
3.3.7 SEBREE T I HT oo 48
34 BTt e e e sttt s s s s s b et 48
BEETTHR covovverrerrnsessssnsisinssesisssssssssssssssassssssssessesssssssssessessassssssessasssssassessasssens 49

............................................................................................................... 53
A1 BB ettt e e st b s s s st n st entes 53
4.2 SZITERTY coreerrreesresssssssssssssssssssssssssass s sssessassssssessessasssssessessasssssessessasssens 54
B2.0 B oo 54
A.2.2 BT 54
B.2.3 SEIGTTVE oo 54
4.3 FERFNITIL oot ssssssssssssssssssssssssssssssssssssasssssasses 55
4.3.1 TTMAAIPc HJ 7> T 45K GO OEIETETEIT oo 55
4.3.2 TTMAAIPC IR IEE T FEZR oo 56
4.3.3 TTMAAIPC-RNA TR ZRHI 73 T IGHEAT A o, 57
434 SEIG AT oo 59
4341 PR ZRIIIETE oo, 59



IKHAEBRFE 620 T IREHE I BT R 2 B 138 N R 9

4.3.4.2 S TATFRIEEM oo, 60

4343 TRFEBIFEM oo 60

4.3.4.4 TTMAAIPC FIRE IR ooovoeeeeeeeeeeeeee e, 61

4.3.5 BRERHZR ..o 61
4.3.6 FEAEW T I T oo 62
4.3.7 SEFRFEFIIIIE oo 64
B4 ZEIPceeeeeeeeereereerestes s ss st st e s et st s s s et a e n i 64
BEZETTRR vevvverreerreessesssessesssessssssssssssssssssssssssssssassssssssssessssssssssessssssissassssnsisssasssensens 65
FhE RSB FREKES DNA WHEEERANSSEEHR e 67
5.0 Bl crreerereerrrneneneeresessssse s ssssses s e seseses s s et sesen it s s b snes s e se s s s s e senenenene 67
5.2 SEBEEBIY courrrrresreeesesssessasssesssessasssessssssssssasssasiasssssssassssesnsssassasssasssessssssasssesees 68
521 ABE e 68
5.2.2 TRT oo, 68
5.2, I TV e s 68
5.3 ZEERETTIL oot insssssssesssssssssssssssssssssssssssssssssssssesssssssssessessasssns 69
5.3.1 TTMAAIPc (K73 T 45 5 P EHETEAT U oo 69
5.3.2 FUIEIEAT oo 72
5.3.3 SEIBZEAF I oo 72
5.3.3.1 TTMAAIPC IR EHIMAL ovoeeeeeeeeeee e 72

5332 TEFEMIIAL oo 73

5.3.3.3 M TAT pH B oo 74

534 IR TITEEIIE TC oo, 74
53,5 LK T e, 76
5.3.6 TEHUBHEE T HIEEM oo, 77
5.3.7 POGTTRIREM oo 78
5.3.8 TTMAAIPc-DNA 454t 5 45 G 5 BT <o, 79

5.4 ZEIvereeesesrsesssssssssss sttt sssssssssss s st ss st st sssesses s sses s s s asssssasees 79
BB TLHR «ovveerreerresssesssssssssesssssssssssssesssesssssssssssssssssssssssssssssssssssssssesssassssssassses 81

BAE FEVRPRERIEREHERNMZEHZET Stern-Volmer 75

X



H %

BUNEN F-EMRSFHREERANEEER e 85
0.1 Gl cuererrrerserssrssesessssssssssssssssssssssssssssssssssssesssssssssssssssasssssssssessasssssssssessassasssens 85
6.2 SEIEEBAY courerrereerrsssrssssesssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssssssssses 86

6.2.1 DB oo 86

6.2.2 FRTM oot 86

6.2.3 I TTVE e 87

6.3 Stern-Volmer FIERIEHITIERIUER cvvoeveerermnrersrenserssserssarinsssssssssensinss 87

6.4 KABERRMENRESHESREEITE s 89
6.5 ZERGITIL covvereeerrrersreserssesssesssssessssssssssssssssssssssssssssasnssnsasissssssssssusssssasssses 90
6.5.1 A BV i DU B S AR RS 5 N 37 (1 88 AR BV IR 45 6 4. 90

6.5.2 A B0 Y e B R 2 A AR FH IO Z S A e 93

6.5.3 A B0 & i /R S5 AN iR DNA A BAE R 45654, 94

0.6 ZEIL ooeereererrenrenrenensensensnssessesssnsssssssstasesssiissssensessssssessessassssassssesssnssssssasessssins 96
BB TR cvvrrreessreeessessssessssessssesssasssssossasstsnsissassssases st st sesassessssesssassssassssasassesess 97

B Beeereeenrenneensessnsesnsenscnncnsiseissscnsessasensessssssssssssassasassasssssssnsssssssnsssens 100
B : FITHAB R ZFRIL I correeeeeeeerseessssssssessesssessessssssessssssessssssesses 101

XI



IKHAEBRFE 620 T IREHE I BT R 2 B 138 N R 9

Contents
AbStract in Chinese........cccocveiciinnnicsisnicsssnnicssnsicsssssesssssesssssssssssssessonsssses I
Abstract in English ........ciciiiiiviiininiiinisnicnssnicnsnnnicsssnnccsssssesssnssesssnsses I
Chapter 1 INtroduction.......cceeicecveicsssnnecssnrccsssnesssssscssssssssssssesssasssossancs 1

1.1 Molecular structures and basic characteristics of phthalocyanines

COMPOUIAS «ccovvrrersnrressrnrcsssnssssanssssssssssassssssssssssssssasssssasssssassssasssssssssssessossssssssnsssssnss 1
1.1.1 Molecular structures of phthalocyanines compounds............cccceeeeeenee. 1
1.1.2 Basic characteristics of phthalocyanines compounds............ccccceneeeneee. 1

1.2 The application of phthalocyanines compounds .........ccccceeeevurrcscnercssneccsnees 2
12,1 CatalyStS ..uveeeuieeeiiieeiie ettt ettt et et e e et e e s tae e srae e saaeesbaeenaaeenns 2
1.2.2 Photoelectric MAterias ......coieiiireerieeieeiierieeie ettt 3
1.2.3 PhOtOSENSIIZETS. ...ceiiiiiiieiieeiieaiiie ettt ettt e 3
1.2.4 Light BIEACheT ......ooiiiiiiiiiiiieiiee et 3
1.2.5 Molecular PrODES .......eeeeeieeiiieeciiee ettt eaee e e 4

1. 3 The application of phthalocyanines compounds in analytical sciences.....4
1.3.1 The application of phthalocyanines compounds in catalytic kinetics.....4

1.3.1.1 The application of phthalocyanines compounds as catalyst in
SPECTOPNOTOMCITY ....eeeiiieeiiieeeiiieeeiee et e et e et e e et e et eeeeaeeeareeenaeesnnnee e 4
1.3.1.2 The application of phthalocyanines compounds as catalyst in
FTUOTIIMEIY .oviiiiieeciiee e e re e et e e eea e e e areeennaee s 5
1.3.1.3 The application of phthalocyanines compounds as catalyst in
chemiluminiScent analysis ......c.ceecuvreriiieriiieeriie ettt 5
1.3.1.4 The application of phthalocyanines compounds as catalyst in
electroanalytical ChemiIStIy .........cccvieeiiieiiiicceeee e 5
1.3.1.5 The application of phthalocyanines compounds as catalyst in
analytical bIOChEMISIIY .......eeieiiieiiiieciie e 6

1.3.1.6 Phthalocyanines compounds as novel substrate in enzymatic

XII



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



