View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

2R giE: 10384 N5 R
222, 20520071151004 UDC

B r3

£ ¥ M ow X

FBREREL. FESMHEN. SHFINERMR

Studies on the Syntheses , Structures and Properties of Shiff

Base and Their Palladium(l1), Zinc(Il) Complexes

B4R

FEFHTHL: R W B KK
+ kg AR R M M F
WIRZABH: 2010 £ 5 A
WXAHEE: 2010 6 A
FAE4EF B8 2010 & A

EWMER TR

weoom AN

2010 % 5 H


https://core.ac.uk/display/41409479?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Master Dissertation

Studies on the Syntheses , Structures and
Properties of Shiff Base and Their
Palladium(l1), Zinc(l1) Complexes

Qin-Juan Xu

Supervisor

Associate professor Li-Rong Lin

Department of chemistry, Xiamen University
Xiamen,361005



BXFEFEMAIEREERFR

AN AT AL SCRANAE F I 45 T T, FHT 58 A E 5T
Ko RNAER G/ S HAA N8k 2 AR IR, 3
FE S PG = 5 NIRRT, IFARF S (R TR 9T AL 2
A GAAT)).

IO AL A ( DU
RIBFIE R, AT ( ) W () AP ESE E
wEh, AE ( ) SERESE M. GEELL BT AIHE R

AR 7 o7 N BRI AR, ARG IS B A, AT AR

O



BIXFEFEMIEE(ERERFH

ANFIRETTREAARYE (Ao N RN 2 67 2% )8 47 58 Jt 3
) S RUE DR BRME FH e A A28 S0, I 1A 578 BT ] B R e HLA A AL
AL CRUFRARBRAT R T/, RV AALIRSCREAJZ T K K5
T A PR A B AT o AN N TR T TR SR 22 A 18 SO 42 [
(528 BN U/ e 2 VAT A S 28 S VA -6/ el X T A2 P B S DA W W AN IR
GG RS, SRHIEED S AR Bl sl He ey s U BRI 2 A 3

AR S T

( ) LR ETTRA RS 2 B W B € IR 2 018 3,
¥ F0OH HE, REEEH AR

( ) 2. AR, G H] BB ERAL

CEfERLEAHN RS 3T “ v 7 BUIH BN N2 IR A A7 18 3
Mje B[R 1 TR R e A i e I 22 010 30, RE TR IR
2 A2 W AR SO AT AR S BER WIRANHE 1, BOA
NI, BT ER AL

PN (Z4):
¥ H H



H F

B B s I
ADSTFACT. ... I
T GBI s 1
LI ERBEEGHIEIBIE oo 1
111 RIS oo 1
1.1.2 SJEREYIEBURAIIFEAR I e 1

1.2 REEBESWEIEEBIFARIR ..ccooo vt 3
12,1 BREBEEIIAIZEE s 3
1211 EERA BIEE A oo 3

1212 SABRBL A oo 6

1.2.1.3 8-FRBEIEMRE B oo 7
1214 B ERBIELAM oo 8

122 ZREBEEEYIBINIF oo 9
1.2.2.1 ZERIEM BRI oo 10

1.2.2.2 TEAED AT I oo 10

1.2.2.3 ZEHEF VUM T TR oo 12

1.2.2.4 AELETTTHIIRH oo 16

1.3 IECRIFRIBIEFAEZERZ oo 17
BEFETTRR oo 18
—E EXBIERSYNEHN. RESEHS5REFIRAMRAR
.................................................................................................................. 28
2.0 B e 28
2.2 SRIBEBSY oo 28
221 BT s 28

2.2, B T R T oot e, 29



2.2.3 FERIAYII ARG R o 30
2.2.3.1 FARGEFI oo 30

2232 BEAWAE BTG EETE oo 30

2.2.3.3 FUFLIIHT oo 33

2.2.4 FRAREERIIIHT covoo s 35
2.2.4.1 PTMBHPAERGER oo 36

2.2.4.2 DMABTSPARIR G .o 37

2.2.4.3 DMABPTSPA PGS .o 38

2.3 FERALAMIMERRIIIT oo 40
2.3.1 RANAT TG oo 40
2311 ZABEAPIITEINB G oo 40

2.3.1.2 BEAME BB T IIVER o 41

2.3.2 PICRIITEME oo 43
2.3.2.1 FCEYIAECARAE S Bl 12RO O 43

2.3.2.2 BEAMEBHE FIITER oo 45

2.3.3 BEBETETE «vvovico sttt 47
234 [ ABME T oot 48

2.4 ZRBEIINGE oo 49
BFETIIR oo 50
E=F BFEXRXEHERSYNEN. BEEHERRAERTSR. ... 53
B L B e 53
B2 FRIEEBSY oo 53
32,1 BT e 53
3.2.2 FEBUIEEGIRIE TT T e 54

3.2.3 AR BBLTRE oo 54
3.2.3.1 FLARFIFEL A AR T s 54



3.2.4 FRFE P HT oo 59
3.2.4 FEIRGEFIIIHT oo 60

3.3 R AMIMERRIITR oo 63
3.3.0 AN TG RE oo 63
3.3.2 BRI IERE oo 66
3.3.3 BB T IIVEF oo 68

B4 ZRFEINGE oo e 68
BFETTHR c.ooocvvoeeveeeeeeeeee et e 69
FMNE KHBERXBAITEYRAEFIRAFAR .., 72
A1 BIE oottt 72
8.2 TRIEEBLY ..o 76
2.1 FEZIRT oo 76
422 EB B G IR A E e 77
423 FRUEYIBIE ST oo 77
4231 EBRLEIIEMIN o 77

4232 EFRUEERBREMLETE oo 77

A.3 BERITIE .o 79
43.1 PAEFESZHRDFEINAT IR SETEBI T s 79
432 BABEFESTERD FRAKIEIITL e, 82
433 BIBETFESHZARD FREIIREIEIITL oo, 86

A BB IAE oo 86
441 1,5-ZQ3-BEXFR)NHE _SEFMRII SR SRR .o 86
4411 BIEBIRGER (oo 86

4.4.1.2 BT FHIDBTBDIDEHE AL oo 88

442 1-G-(CHEEXTREFE)4-Q-BE)FEHIETRE R L EAE

B oot 89

S R BT LN oo oot 90



BEFETTHR oo 91
FRE ENITHENEMARARIERE ..o, 94
BifsR— SEEREMX-FEBBRATH oo, 96
BisR— SEEREYMREEEHBE .. 97
R S 98
BUZA A B A REIICEE oo 100



Contents

Contents

ADSEract IN CRINESE......couiiieiie e I
Abstract IN ENGLISN ........ooovvii e I
Chapter T INtroduCtiON ........ccccooiiiiiiiiieeee e 1
1.1 Photoluminescence principle of metal complex ..o, 1
1.1.1 Electronic transitions in metal COMPEX.......cccevvvierieriiienireiieiiieeiee e 1

1.1.2 Luminescence category of metal compleX........cccoeeveveniiiiniiiiniiieciieeenn, 1

1.2 Luminescence metal complex and its appilications .........c.ccocoiievviiiiiecneiinennn, 3
1.2.1 Luminescence metal COMPIEX.......ccccuvieiiiiieiiiiiesiiieeeiiiieeie e 3
1.2.1.1 Transiton d"* metal COMPIEX .........ooioivereieeiieeeeeeeeeeeeeerereeae 3

1.2.1.2 Platinum d® COMPLEX ..o 6

1.2.1.3 8-hydroxyquinoline metal compleX .........cccoocveevienciiinieniiieieeeieenee, 7

1.2.1.4 Lanthanide COMPIEX........ccoiiiiiiiiiiieeiiie et 8

1.2.2 The applications of luminesence metal compleX .........coceveeveriienienenneennn. 9
1.2.2.1 Applications in luminesence materials...........ccccecvvveerieeerveeenneenns 10

1.2.2.2 Applications in bioanalysis ..........ccccceeruieriienieiiienieeiierie e 10

1.2.2.3 Applications in anion re€COZNITION ..........eeeveeerveeerreeerreeerveeenereens 12

1.2.2.4 Applications in Other aSpects ..........cceveeeriierieeiiienieeieerie e 16

1.3 Objectives of this diSSErtation ...........ccoceoeieiiiiiiiee s 17
RETEIBINCES ... 18

Chapter Il Studies on syntheses, crystal structures and anion

recognition of Palladium(l1) complex .......c.ccceviiiiiiiiininee 28
P20 R 1 011 oo 18 o4 [ USSR SUPSRRR 28
2.2 EXPerimental SECHION .........c.coiveiieie et 28
2.2.1 REAZENES ..eeieiiiiieeeiiiee ettt ettt e e e e et e e e et e e e e e e e nnneeas 28
2.2.2 Apparatus and experimental method............c.cooceeeiiiniiiiniiiniiceeeeen 29

2.2.3 Syntheses and characterizations............cccueeeeieeeiieeeiieesie e eeree e 30



Contents

2.2.3.1 Molecular structures of the ligands..........ccccceeevvveercieencieeieeee. 30
2.2.3.2 Syntheses and characterizations of the metal complex.................. 30
2.2.3.3 TGA @ANALYSIS 1oouvvieeiiieeiieeeiieeeieeeeiteeeiee e evee et eesaeeesaeeesereeesenee s 33
2.2.4 CryStal STTUCTUIES ....c.veeiuieeiieriieeiieeieeiieeteesiee et tee e e seeebeesaeeenseessaeeneees 35
2.2.4.1 Crystal structure of PTMBHPd............cccooviiiiiiiieeeeeee 36
2.2.4.2 Crystal structure of DMABTSPA.........cccoviiiiiiiniiiicienieeciee, 37
2.2.4.3 Crystal structure of DMABPTSPAd.........ccoovviieiiiiiiieeiee e 38

2.3 Properties of the hoSt COMPIEX.........ccooviiiiiiii e 40
2.3.1 UV abSOrbtion SPECIIa........ccccueieriieeiiieeeiieesieeeeieeeiieesiiieesineeeieveessnaeeenens 40
2.3.1.1 UV absorbtion spectra of the complex..........ccooeiiieninniniencnnennen. 40
2.3.1.2 The response of complex t0 anion ..........ccceeerveeerieeerveeereeeseneeenns 41

2.3.2 Fluorescence emiSSion SPECIIA......cc.eeeiiiiiiienieeneieeiieneeenieeseeeieesnneenseesnneas 43

2.3.2.1 Comparison of fluorescence emission spectra of ligands and

COMPIEXES 1N SOIVENES......iiiiieiiiiiieiieeie et 43

2.3.2.2 The response of complex t0 anioN ..........cccueeerveeerieeerveesrieeeenneenns 45

2.3.3 "HNMR GHFALON. o1ttt 47

B TR 1 B IR o 1CTo1 - B PSSP 48

2.4 Summary of this ChAPTEr .........ccv i 49
RETEIEINCES ... bbbttt b b ene s 50

Chapter III Syntheses, crystal structures and fluoresence properties

OF ZINC COMPIEX ... 53
B L INTFOTUCTION ...t 53
B2 EXPEIIMENTAL ..o 53
321 REAGENES ..eeeiieeiiiie ettt ettt ettt et e st e e st e e ebeeesabeeenans 53
3.2.2 Apparatus and experimental method............cccoeevvieeviiieniieeciecee e, 54

3.2.3 Syntheses and characterizations............cccueeueeruierieenieeiieenie e eseieeeeesieens 54
3.2.3.1 Molecular structures of the ligands and complexes....................... 54

3.2.3.2 Syntheses and characterizations of the metal complex.................. 55

3.2.4 TGA QNALYSIS..eeieiiiieiiieeiiie ettt e et e et e stee e et e e s e e sbeeesnbaeeesreeensseeennes 59



Contents

3.2.4 Crystal STIUCLUTES ....cvveeeiiieeiiee et e ettt e e e e e sbee e e e esbeeeeens 59
3.3 Properties of the ZIiNC COMPIEXES........cccvviviiiiiiieie e 63
3.3.1 UV absorbtion SPECLIa........ccureeiuiieeiiieeeiieeeieeeeieeesieeeereeesreeesereesereeennees 63
3.3.2 Fluorescence emiSSion SPECITA.......eeruveeveerureerueenreenieesieenieesreessresseensneans 66
3.3.3 The response of coOMPIeX t0 ANION ......eecuveieriieeriieeriieeeiee e eree e 68
3.4 Summary of this ChapLer ..o 68
RETEIEINCES ... bbbttt bbb e e 69

Chapter IV Studies on anion recognition of salicylaldehyde thiourea

ST DASE.....eee e e 72
A1 INTFOTUCTION ..t bttt 72
4.2 EXPEIIMENTAL ..ot 76
421 REAZENLS c..eeeuieieeiiee ettt ettt et e et e ettt e et e e st e e snbteesnbeeesabeeenanes 76
4.2.2 Apparatus and experimental method............cccoeevvieriiieniiiece e, 77

4.2.3 Syntheses and characterizations. .........c.eevveerieerieeriienieenie e eiee e see e 77
4.2.3.1 Molecular structures of the host compounds ............cccuveevveeennenn. 77

4.2.3.2 Syntheses and characterizations of the host compounds ............... 77

4.3 RESUITS AN AISCUSSIONS ......veuviiiiiiteiiisieeieei ettt 79
4.3.1 UV-Vis spectra response to anions of reCeptors.........ccvevveecveerreereeneeennen. 79
4.3.2 Fluoresence spectra response to anions of reCeptors ........cceeveeevrveerveeennne. 82

4.3.3 '"HNMR spectra response to anions of TeCEPLOrs ......c.eevvervieriieeieenireeneans 86

O O L1 1 =T S J PSSP U T TP TR PR PPRP 86

4.4.1 Snthesis and properties of 1,5-bis(2,3-dihydroxybenzylidene)

thiocarbonohydrazide ...........ccueeeiiiieiiieceee e 86
4.4.1.1 Syntheses and crystal StruCtures...........cceeveeeriienieeiiienieeieeeee e 86
4.4.1.2 UV and fluoresence spectra response to anions of DBTBD.......... 88

442 Synthesis and crystal structure 2-(4-(dimethylamino)benzylidene)
-N-o-tolylhydrazinecarbothioamide .............cccceieriiieiiiieiiie e 89
4.5 Summary of this Chapter ... 90

R BT O  BINICES ..ttt ettt et et e e nnnnnnnnnnne 91



Contents

Chapter V. Summary of the thesis and outlook of research............. 94
Appendix I XRD spectra of Palladium(ll) complexes.................... 96
Appendix II Parameters of crystal structures of Zinc complexes...97
APPENdiX TIT .o 98
Publications list during master study ..........ccccoovvieiveeiie s 100

ACKNOWIEAGEMENT......ooiiiiieciie et 101



W%

H =

R A E 4 B I AP A E BRI E . OGS B &I
LEDs # K}, AW eimkst, A SeBUEE, St e F i
FARSVZ IR o W KRBT A — IS e sl A . E S R S AT A4
IR, Je—REH 2 AT SRCA . 8 AR B AL . E RTINS
I 119 6 35 gt v AR BUAN [R) RO Pk T 4 Js i &40

VURCAE 1A IC 5 P AE AT HUAE AN A 35 PR D7 T A7 J0eRr 1K S HY . AR SO & i
TR SR RS LS, JFIRAS T R RS R . F9T T RIS
BEAM T IO 5 ' B 61 LA R TS 1 I AR HOG R PR BT IR, IR B
BS 155 LG WM 56 RS it A E AT THRIT, AR I A I 5 P TR v A
I ER AL T SRR R Hd o

TKAZ 2 I FAHILAT 22 R A7 7 5, AT 2R IC A4 w] A7 3 22 Fr D REIE IC 5
Yo RICET ZAZRIEME R, 53T — 215 R AP IR T ik
G5 o WS IS TUR e G IR A E s RBEUE A A G EUR AR T
FLA N R R B BT A B gt T S IR A0 A

IKVGIE SRR RSN R BAT 2 AN E B EE B A7 R, 2R MBI e 1 U %
Mo FEBLHEAL EAR OB G T = AN K AT A ) i — B BERRUIR I SR, IR
U MRS JTR T LLAMGIE AR AT R AE . BT T AN
LRI TR T I W, A 1-(2-F2 A5 28 T i )-5-(2- F AU R HH )
WA G LGk (HBMTBD) Al 1,5- 7 (2,3- - F 3k 2K FF ) WL 40 — 4 L i Mg
(HBTBD) XH&IK LK) SO AT IEFEMEMIR, JRil ik — R A SLIe W T T B s 10
SEARTY T BIVE TR, 2R B 7 AN 52 A4 701~ 22 1R) LA r B 5 | A6 P [ 1 P P 2 B A
2, QUFTEEI ST e 32 440y TAE TR R X IR B 9 1K) SOL™ ik Ptk
PUIMER .

KW EBICEY) 906 I B 1)



Abstract

Abstract

Luminescence metal complexes are a fascinating class of molecules that have
found applications in many areas of photochemistry, LED materials, bio-analysis,
gas-sensitive or photo-sensitive sensor, photocatalytic and ion recognition. Therefore,
the design and synthesis of light-emitting color adjustable and stable metal complexes
has important theoretical and practical significance. Schiff base derivatives, prepared
by condensation of aldehydes or ketones with amines, hydrazine, urea and its
derivatives, is a class of ligands with multiple coordination points. Metal complexes
with different luminescent properties can be obtained by introducing different
chromophores into the ligands.

Many Palladium(II) square-planar complexes have been synthesized owing to the
large variety of applications involved as catalysts and the discovery of the anticancer
activity of some of them. Herein, a class of thiosemicarbazide and Pd(II) complexes
are obtained. Pd(II)-thiosemicarbazide complexes are detailly studied by UV and
fluorescence spectra. The complexes, DMABTSPd
(Bis(2-(4-(dimethylamino)benzylidene)hydrazinecarbothioamide)palladium(Il)) and
DMABPTSPd(Bis(2-(4-(dimethylamino)benzylidene)-N-phenylhydrazinecarbothioa
mide)palladium(Il)) were found fluoresence enhancement response to F’, SO4%, Ac”
and H,POy4". The mechanism of anion binding mode proposed provides experimental
evidence for its further applications.

Ligands derived from 3-hydroxysalicylaldehyde and several simple diamines
which can bind metal ions with their inner N,O, and outer O4 sites were used to
prepare octanuclear zinc(Il) complexes and obtained such octanuclear zinc(II)
complexes crystal structures. The UV and fluorescence spectra of such ligands and
their complexes were studied, and the strong fluorescence properties and thermal
stability of the complexes at room temperature provide a basic experimental evidence
to the design of photoluminescence materials.

Salicylaldehyde thiourea shiff base with multiple hydrogen binding sites, is a

group of classic anion receptors. In this paper, three bis-thiosemicarbazone shiff base
11



Abstract

are synthesized and characterized by 'HNMR, EA, Mass, IR. The UV and
fluorescence spectra of such receptor molecules were found sensitive to low
concentrations of SO42'. A series of experiments show that the mechanism of the
interactions between anions and receptors is in essence of the hydrogen bonding
interactions assited by electrostatic interactions. Selectively recognition of the weaker
alkaline SO, was realised by the neutral receptors in protonic solvents.

Key words: Metal complex Fluoresence Shiff base Anion recognition
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