KEBTRFMLEARY

B =

RUAANNHARTNEELE, dTESBUERERGSRAKXBRNE QRFE
FAKEAKE. —BHRHEATKOFE, AEFLEENTRLRTER, PERTS
WA, BASHEEPREANEPIR, SARBEEREAGE. HAFERPA
MME A BAMEREREN 2ppb, Bt HTEBX—IME, BERMNBERD
SHRFOBRAYE, UREIRSFRINERBENTEEE. FHABERLEYHT

HEBTE, HEERENEHERIAERETF R MEEE . AREHAN
TR, Wit —RAET B FIRTEWIRE TR, FNRRRMEHTT
Wiz ,

ARTETFAY B 0 H BFRMFS, EREREWHERE, MEHGE
7T AR, RRE H BT AE —ENERERMREE.

FIAROFHE TR AR ST, B3 —FHFRN He B FHBE
B, FEXEEPEERET THRMRIR, BB AETEAIK 3 R T AR R R T LU F
2ppb, EAE HERAEMRE FIRIERE

AR R F 2 R A FEAXMRM RN EY, RiE THATERGS
—G IR RS AR, BRI — SRR T B R IRIE.

X5 FERE M EMLET TR, BARANRETHIIRH 55 THRES, Gith
RIEA T S F R LARMRE FHIGE, A0 TR ELRE T ERKE.

X4 Hg' & FANAB RARM RERHY
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Hg”" Probes Based on Rhodamine Direvatives

Abstract

Mercury is a highly toxic element and its contamination is widespread and occurs
through 2 .variety of nature and anthropogenic source. Once introduce into the marine
environment, bacteria will convert inorganic mercury into methylmercury, which enters the
food chain and accumulates in higher organisms. The EPA standard for the maximum
allowable level of inorganic Hg(Il) in drinking water is 2ppb, to achieve this standard, the
development of new or improved analytical methods for the sensitive and selective
determination of Hg?* is highly desirable. Because of high quantum yield of rhodamine , more
and more scientists use it as ideal Hg®* sensor. Under the summarization of former works, we
designed a series of ng sensor based on rhodamine derivatives, and tested their effects.

We made a synthesis of Hg?” sensor based on rhodamine derivatives, and confirmed its
structure. We also fested its effects against Hg®*, and made sure that it had considerably
sensitivity and selectivity towards Hg®".

We used the sulfur preference characteristic of mercury to improve the synthesis of Hg?*
sensor, we got a new Hg”* sensor. After the test of its effect, we found that it could make the
criteria of 2ppb in water. So it is an ideal Hg?* sensor,

We induced push or pull electron compounds into optimized Hg”" sensor, and we found
that push electron compounds improved the effect of Hg”* sensing. So we can use push
electron compounds to make advanced Hg®* sensor.

We put the Hg”* sensor into molecular sieve MCM-48 in order to make a new material.
Under the test of the new material against Hg?*, we made sure the new material can be used to
absorb Hg®* in water. It made a new theory to make chemosensor into new materials.

Keywords: Hg”" ion; Rhodamine; Fluorescence sensor; Colorimetric sensor
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KERTRF 2R IRBUERFERS

AFEBXEEREFRTEL TR AEBIAETL. BL24
WXMARERARE"  FEAEET KSR 6B KA LT R R
RECAXNEDERETIR, AU B XREAREE. AABRALE
TRETUARECR XN BRATPNBEBATLBEERATRE, 4
TREAYW. GOREHELFREEMLHERLX.
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1 XHERIE

11 F=BFPAE TR

1.1.1 HIAMNENY

100 “EHJE. Fisher ML “8{ 548" MRS XRER S THIE LS, KL HIA
Fl. BESTIRINFOEATR, HUEEEE S TUEMRRE"Y |, BESRILE.
L, MHEEREEREPREESREEENIEA.

SFRFIMTERARDSSETRERENR S, FURAT Y HRnLRE,
HEFAMEFRNS SEMES: AR5 ULEN Tt B REE RGOS
URBARBRES, BHRITHRARY, BROSTHRAIES. RULBETRIE
AR, REERRERAETE, BTRIERLEERNTL, RETLEREL
FERNFEE. HRRLHE. Bl 2TFRANERFSLERAR AFRESTEEH
EURPEESERR".

H &b (complementarity} R T4 £ (preorganization) BRE S FHATEAH/ D
KB, fiERENDSEAEEYE, BEREHIIRNBERD. ROSZFH
FAMEBIET bl G54 R T b R B ELAME . BRIGH E3MES B hFisher £ “8i87
XF" Fiflig. 1958 #Koshland$®! T % FE 4 (induced fit) ' “HIBER I3 T Fisher #E
EHAR, BEERYSZEHEELH, ZEERN— M RAEYIIRELE MY
%. BMSEBEKVRIEENMZEAA".

BEFLIHCEREEARNER, SREEER (MBHFHER, PHERHEAE
B BKAEERSEY., RERTERENNRAMARBFIHERFOLRE.

BFNUEE -FEREREZWMANEN., TFERTHMNTEPEHRAE.
MANEVRIEZFHSEY D FEHMNZAE SRS EARYNMBARNB R, R
BAALEE L AE, MElHEBRRDE EROBESYERE.

1.1.2 ZEF8giTHRE

ZREHEANERER AR T T RIREXEEN. ZHHRTRERFRZHL
¥. RUEHAUHEREZESTIRSRETRARHET, BAT, FHOE
. EAREYA TEEHENEY, FEE-LEARY, XHTOORRCER—
TR S I AR,
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ATEBERERANAR, RESEYETANEMER, ZANATSERDN
FHEUFLRZPOEIMAEER, FEERYERFES. REXMEWRITNZHE
HEERHRIERKREFUEY” , MERKLEY, FORMEE (cryptands) , FFERLHE
(podands) RIRARACA (spherands) % . XEZABHRFAERYLENTE, HEAR
HEMERR. ERFERREREN LN, AAEENRUERIREH.

ZHERHTLRAEBERIESRENTE, TXRRERZEBREYRATEME)
NEFE. REGHNRBERTENEND T8, ERRNIESMER. 12, th
FIREHLEFE-EHRE. HUENTEVER, ZANRERFEREEN, Bl
SRR AR 2 1k fEh & R A SR

AROERES FRULETRFFERENEN, LRI TEHHEELTZRE
M. —REBEBEIEAEEOEFIN N & 0) M, MEZEREYE
L E EHBR MERAR. BENARERRRY, ERFESREES, RITHES.
R BRSNS, RERASREEEEMEx. ERTARBENEN, N
BINELHZEAMNEEFERERER. TRERKRAY, USEEBENERLRY
BENHEE NN, EREIRNSEEIFEERD.

P PR EERRM T HAFRAREY (WEER) NEFHER . BIEP HHUE
EfERM B R G EGMEMART —ENBENXSMME. WXEL>TRMFTARSY,
RS R X FEEAHANRFELEBEASHREIMEFTRERN. SRERRYHERF
HHEHBAAEERN, WXRARNFEHEE T FTRE, MESERE. 47
R BN, UERTAN AR .

1.1.3 BEESTFrYAA

(0 HESFIRA

HEEYH S FIRMRRFLNS TRIGE. HER. REeR. ALELRM
BYREESHETFHERFANREEY. M TRREY, REREZRAZALFE
KABTEARAEE S . 8, TURACHE, RRA SR RHEN R DI RIRE
fEE&Y, BRREMIRAES.

E—REAT, INEFEAREFEELE SN, BNEFLEEARARTEHR
X FRALBH RS EREETEERS, CNEREIRBUIN. L&BET
FRFRER KRR AEEEN, BTERBNS FEZR, RANBTERSERT R
HefEA, HEEBETRERRENRNENL. Kojidraki BRI ER T[] 5 LE
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(r=46) HRFIEE, EIHANHEEETHESIENERL. X REHTHE
SRS R, RETHREREEATES RN T RO 252

XARBIRRES, BIELE. M. FRAREGHETEEERN, SHTRE
STREOTS. HSBALTE. SHHELE. H2ARNEENTE. £RETH
ARBAH S ETEINER,

(2)  WEFRREE

ME SR HESREERS AN TFEENEFNIRIELL. XSFICRE SN
AMBEFRFNEEGOTALE, SANT BRN4LRTELEEBIRGINEY
HRBENESY. XHE %HK%%&%%UMEE%%%&E TEEmEED, &
LRSI, hREEFRTET R,

(3) ZEMHIRELRFTE

— A FAEE RN HABEARE A RYR AN AR LGRS RB A DS
ArERL ERAER. CRHDRENE. T4, BRURESERSTIREET EEXE.

BN A FORSNSIAYRENT ST, S5 5 RARYHANN
RS . A RS2 B 16 (0 2 R R ) S AR A TE 2 T 6] B BE B AR LA . IXRRR R
PRBIEY A TR R BE B E b 0,C-(CH:) COJEMBI KR LIAEY, DI
REGEH, RIBGORNER. WEEMSTFORRRLEY, Wk, HER
LB B R RBI Y. WXAIRBS R ST RE EEE X,
(4)  RBLEYEREHSFRIEE

4 At B &M THELE, mBSEY. BRS52H5. ﬁ%%ﬁ%%ﬂ%%m
BEMAEYROATILHEARERNESERN. BHNEZARMERREELHY
i R B RS . R & N — E UDNAK S % — RS B R X R A e
BT R,

ENERATH, LR THEE ORI bIAY 344 3R Y5 H120
ABEMEE, FIIERNA BRAMEAFAHNERL, ATRBEEMRE. HXH
AT RN EIE RS . —F RIS R RO A AT SR BT AR K RIAH %
90 [ 1 B2 % 1 o MR I SR B S AIDNA B A1 AR LR ek K B
Z&FIBYDNA M. B—HMANY, XKHRRKBTEERERR, Ml
B EXenopus TF , FUROMFFFIDNA TUBHES S . XA TRAHBIRBIAN FR
AR R AP IS B B RRH B LM, S, L. Schreiber R FARTT HHEEH,
FMEMTEAT M. XFAT 455 6055 7 LU B A0 & A i 4 F FK1012 70
FK2506M BEFF%, HREAFALHRRBERREES.
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P. G. Schulz"” &R. A. Lerner | X R4 W ihBer= & 54k B R BIPARIHLE
T T —MELTUER RS, AUWETIVFET —4S6E4NTRE. BILER
BRADEEBRRNYRLES, HET-HEE5PHITREY, FidBRAIFELER,
RN, RECELERNEHELEIARN, SRS RS,
43 FEN R (molecular imprinting) REEATAERSERTRBHEHEARY ,
EXIIATDL MBESE. ERATERENERS FERENIFREYXHT
LUEESM RS & . S EFMMEERANDRABNEZ BRL. RERERTESER S
FRAE-HEA, XEBRAURAPELS>FERSENE K. Tanabe EF|FH 2T
WHARRRT B2 S5 TiRaER",
(5)  BHEHRPHT TR .
EFFHRAESTHENS TR, SR04, RHLTBENRRTAHETN
WE¥RBEHEEHE". £RNAN SRS IR R BOREE R
HEREWNBEANERE". BUAAEE4S FTRAHEAAERM LM EAR
(self-organizing} & B 4% (self-assembly) HHEMLZECHKE#HE.LID. J. Cram, J.
M. Lehn AR —HAHMHBENLZRIIEL T EXOTHR.
BEARBAFESHRRRS FELERE. HELHEARH. BEHEER. 44Kk
THBNERREH RS REERERNES FAR. 7 TRE, %A, BR.LBE, —
WG, —HBRERTEL BHAANBAHESHI&. BHARHEIRALELN
EREIEAEFROMARBELACFEA TS, WHEESY> FEEHHEERT
BYE, MHAREFUNES TER. 2 THEHAAERFE—SEEXRNY, WmaFERE
b, HAEEEEM, BRURRERTHER, EASEXSHELNE, BEIED
FIMFE B RME S, FEUREFRRARAIERN.

1.2 U FERFHIFRERE

WEERBROREES FRIKKS FRIEA—EN. ESES Y HEIER
I BESE 48 th SR 15 5 9 —Fh 5y F 8447

WHEEBRBIEARTEHEERDT: (DRHM, EEREMSHRITIHRES (—
BB SRR |, EEBRFCHLERRERENE: (2) MERMF, TRME
BAEES eI RAUEFERUET AT AR HES (EEAERK
k. B¥. BRERE) .
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i1 WEEBRRNEHUTER

Fig.1.1 structure of chemosensor

B Yt % 45 % 3% (Fluorescence chemical sensor) REVENIEUFMAFEHTFEW
BRAERME, R AHE IR RALEREBEEETAITUZARENRNAES
HATBETE. B SENERE, RSAERBEHLERFBERR (MHERE) K
B A B GO SIS T L RE MR, CRASHST. BTHNEERMTA.
ER—FREEE. EFHEE. REBRABMEB SRR, R EBRET LR (F)
FhxtSATSON . LR, RBRT H#EFEMTERRMFRSFREDTLK. RAKE
RA. REELRELNIEE. 4 ERAE EERTAUEABBRORE, HE
RE MBI R RRAHEITER.

1.2.1 RARLFERBFBAOIRE

FRE RS EE ARG, B2, FSLERESHIEAR" . BN
FERBRMAB S HEWE 2.1 Fi.

WA 2.1 T, RALEARREEIRERE SN RS TEREMNMIIEA,
HAEBEE B T IRB R AL ZESBURTERMESTE TR MBURERR
%A AR T A & IO O S, TOBUBIR I HERE B R TRUB R AR IE S R HEE
e
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Fig.1.2  test system of fluorescence chemical sensor

1.2.2 WHEFHERBOFL

BTN A T g i 5 M0 R IG5 B 3R O B0 22,48 e 43 9 BAF LA
(1) pH RAMFEHLRR
pH RAUFEHERBRREFEMRAUEEBRSZZ — HIAGIEREBEETHRE
BARS5HEETHEE THRTARNAE RS PRKIOCRE. 25 (BRRAER)
SEEFIREERNY p H <.
EHTHANBBEEP, RERAEMED S TRRES. W FEREE. BHA
ERARS. B2/ BREBEREY. EHREEBTENS EEAERRRE.
HTFAREH p H RALFEBRES AFEHEEORNGEE KR ERRIF
#HPHF pH BENG6.5~8.5 BHRF AR ELRITEREK p H A REAS N THE
ST,
(2) BRETOCIELHE
BREFRNIEEBRBERETER R (SELRANESY, WM E, AT
Y ESERREERNERERENSER, BRKERXBERHERMKRE.
HESBRAENYARHREKEK. RHAEBEE XML E T TR H]IE
HBUBRP A ERA . McDonagh 35K R -8R 2 I8 47 AL &Y Ru( Phphen);Cl,
BTHBEAREFEIRGBBRINPE=Z 2 XRS5 ZE=ZJH0E—RML
B IR SRR AN A AR HEREAFETRESRREELAEEHRERER,
R T AR KWL . Bailey S MM AT B SEERR-REPHI&ME
REAERE ERBERRIRE 20mg/L AT R EmaR dhk 2440, LGS RME TR



NHB T XA X

RTHAETEBERE. Basu SFHTTEDABBR AR RSB EERANR
EHEH RGNS AT RPEREEL LN,
(3) BELESYRAILEEBRSE

SEMAYRBBAREEFUNEERE, E4H. HHR. THERASFHENL
EHMAAR.

Preininger® & 7 —HIUE FHEBIE A BB B AN E R AN E A BR CEERK--
EMHIPVCHRE Y B AT AIZEE/EH T HE MG ER AN RS F KRR E
16 58 ) o P R U0 3% R LA 30 PR T 0. 1pg/mL « Mohr%4g + N\ pr B 18 £ 18 [ 52
EPVCH 1B RSB SNOHE ki, B B R L SER AN I ER P HNO AR R
HEIREE. ChenSERNPEARBEAN_FE _FEEBRENER, EERAER
BB, RARK-BROEABAER, BANSBHATRBMNHAERSEY
¥, HEMWSEZEE. RERELSBEF(PLRIY MEME . Bl Jiac% A
" 5NOy [ B 4 BT % 9- B B 476 PR A B e 8 S 8 KR 3 & T — P T AR ENO
5% Je b # % 2% .

(4) ESRETRELEERSR

B RBE TR ERRPOEBRBAL XA LEY, WebiL&Y. HHE.
TR .

Ertas Z#) FH CA* M Zn>' %1 9-(1", 4, 7,10, 13- HEHF+IHEE) FEEMR S RN
BIEA, 3B CRMSESYMFABNT Zn MK SYH B EMLLEE, T LLR I 0 K
WP CA¥ R Zo? HATRA . Métivier BEMFEIE E—KTIN 4 M ERBILER, 74
BRI S MR A BRSABIR Po 658, 7E Na's K'\ Ca¥, Zn™'. HeP" B3 F4H
F, i KEHEPH PY A EESHERENREUE.

BB AT Pb™ . Chan B&K T HEE-N-O-ERE)N —HEKE,
HAEAE S T i B 5 i, S 187 PVC lish I8 T E T E F BB Po™ £
.

(5) BHEREDRAMFERS

¥ RENSEYE I EERBNREANREWESERUEY. EHEE%. Niu
LEFRERNER- B -BANKMEEEE LR EHIBOSRREEE, RRLERE
Hl % 9.80x107~1.96x10"mol/ L , By PR 7.1x107mol / L . Huang X TFREFH TR
MR AR SR ENGE S ERRER, B8 25-“REE-XET _hEl
F PVC B, 3 T AR S ER TR ESNMNR AL FEEBRSR. SEEZRM
T 1. 8x10°~1. 8x10”°mol/ L. Fernédndez-Sanchez %H|f XAD R ¥ KFL B fg %t £



BT 5 AR50 He' B FRBIZ 3L 54 T F

BFRRMIRTERBIR T (o) ERANZERE, RRIERN 3.0~250.0ng/ L, &
JPR 3.0 ng/Lo Sluszny SN UM ZHERNZ M LB RBE R E LB TI T M EBMER
FEAFRUEVERNIE SRSARE.

BT HFEBRUAWLA, REOEHR . —EFHNEVNRRR . HEENERKE
P ER ] AR S F A BT R,

1.3 RETFRAMNERME

FLEETF WZa®* . PY* L CEY Lt L O O M’ L A9 Fett L HE?
) B ABFEATEEERBGMER, BHEN THRHERY, EIIEMEE
il. AAES RN EERAASY. &5, BRAFEHH T HEELEER, T
FETFHRURRFBREENATZ —, XFAAR, RE—MHEFAKBRNESR, R
EFEREmN, FRAXMBEES, =LEETE HEY. RENGE ERTIEEL.
Foh, RERERANESYRESE T BRI, SROKER ., HRROHMBEILTERRA.
RKEFHAEEES BFHRAERRH TRBEMENS, 50K, BARHH
B (-SH) B4, RESEEFEENENRE I RVEEBIIANGA, BRATKNET
MEBEARREMKER, FIRERSART" . RYBLWHEMMHAFTERATLY
Em, ERBRATIELHAER T RS (GEMS)FE L, £2HRABLERKENAL.
YHAYHEFEORAFTUEARRFREFHE. -

1.4 FREFRAMNBIAIHEE

KEMRINETRBRTROTE, ﬁ*%f‘?ﬁﬁ)ﬁﬂ‘]iiﬁ&ﬂiﬁ*%ﬁ?lﬁ
WO R T RS, EH HAL— 2k, b FiRAHTE. PR R RES |
HERNEE., SETFHBLOLE . NERLEENERIHYEREESE | iz
HHE—RABRRA RS, FEERONBHNBENREAR, TREATEES
R, — R REXRERT, MRGREBHTHESN, FHERR, STERERN, S17
B E R, RHAEEURRARSREFERA. EFEERT, FRERRMEFRGR
1572, DME RO R B E R DL AL 0 o, BB R R T i Bah TR MESRA
R SHA R SHAARR Y, EdE0-+SER, HFARRAXROTYE
HIE TR &R ETRERENIEEE, BibErmEEeREr ZERA THRENE
VRO ERE TR RN .
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1.5 RBETIRALAERBMOMAAR

1.5.1 B3 H g

TR AW ANS Y £RBTHERSEM. Ruack ZA™Y UREBEFRES
B EET, £ EHS %%ﬁ%iﬁﬁ%?ﬁ%&ﬁﬂﬁﬂﬁﬁe DA S BE R, H241
®it T—FFIHg " WL EHER.

BEREHS " SR80 UBEERREEE™* . MRMEERY, WA
He'' 11 MREEEA T RE R ERE, BREGFEM. %ERRTRITFOEESE,
REER™E, BIEREHEAS5 x10 ™M, X, Rurack ZA™ XA EREHNS S —
MRAEE B ZMR P HERILEY12 NS SHLEERR. XHEL
P EERGFOABEL. BORARTE(<>015) URBERKEKT @
500nm) BUREMKS.

B, Rurack BAY XIRET UM B A F LML EY13. ESEREHANER
RIETHRBMAKBENE ENEXFNAFEEEE. A REFRORCHIET RS
X, MR TR BOEAME. HTHRIEMHE O EIRY, R ERERET
FHN. S BAFEH,
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s
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13

AR HE? Y MG BRI PR R L, 30 He? T R TFREE T10°
MR, WMHEBERE Na® . K . Mg?t . Ca*" BEFARTFHRAM.

BT AS MRS, &N AR h 3 A THe (2R 20 Wi, B7E19954F, Porter
ZA SR THESYI4 F15 EAH? " RS IERGH, HRHEHS K&
5,14 F15 MRBLEEAB . BifSavage BA™ ZEHERE, BT T E916 £
HHg2 + MLEEfERER. FEREPK (ERRLLT0P30) W, La16 REHS" . Cu**
ficd* EREEY, MEREETHRESERED (log Ka<215) . R KE)E,
£ERSR16 79 KE BN, BB N0 M. TIC®* . Cd** B SMBHE# K. it
5, Hg* gefcu’” | C&* SETARESYTIAL R, ERAERENEESY. Hit
Cw?* . Ot EETHHE " HRRHAFTETHR.

L.

OH

./
NO,
)
0
15: R« 16:R= N
OH
OH

SRR B A RN, (BSancenonBA™ MITILRH, FES B H "
MG 4 RIT, E LN R T EWIT, 18 F119 DUBERAAEMHS "
Fe 52 X — RFVL & W7 AT I R (460nm) H—TRIRI, A B RM . 53 H
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WAMBKPMAL® « Na* . Ag' - HZ* . C&¥* . Pv?* | AP® %if20 HEF. R
HH? ' BLA 18 HIRIRAE, NTTERNFEmEREEh 6. XiKH18 XHg
HERFEEEME, BhIh He2 + IMESW17 F19 KR ME /DN, WA HE MK
He’* MZARENERKEY.

MQWW

17tn~1 18:n-3 19:n~3
BiE, Sancenon FA"Y UATFRE L R0 iR HALE W20  FE ZEAIEPAK (58]
EL70P30) P, IIAHE* FHRCRANKEXFRM, A HEX, BERMA
380nm ZLEEI550nm. B F KB T REHE17 MAERMIRDIER, 55820 MHg' " i
BHMRE. BIMERRNHE Y RBIREZT10 M,

O
8) ((\/O\azj

1.5.2 BREHEHL " 1£BH

EHREENTESBANESREERFNE M, BNERFARARNRUTEE
EEMNE. AT, I TEREATERRNSAEN, HESRHFERE. BtnfRE
LR B FE BN R EABBAAT— A, Yoon ZEA™ BEMNREEE
ERNEF LB HE " LBERE21 .

WRFEA, 7221 WEBTFIMAB? " LR ABERETIS 5. R, £ha921 §)
Bl MASEMEHE* B EImM #Ca** . cd?* ., ot . Ccu®t . Mgt L BT,
Ni?* , i85 # iR E R A MmAS u MFHg2 + BB RN R ERER —HEM. XHAT
63821 MHE* HERIFHERME. MU T, a2 MHg'* REEBE. XE
%S EESEEERNAED LMRAEELTAEE, BAEBENERT, H&H
FIEWYFANBETFEBRN.
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H,NP HyN MNM NH;
I -

21 2
1.5.3 #FRHEHS" £EHR

WEATR, MERFEHAEELIREBRESAE THERERE. BENHARRE
KBTI, /0 S GRS RIASY L ELE AfIBRSR S AR
BEAMERE B3 T SFH2 + FLFERE.

Talanova FA™ RETE—MRFH)FRHHS " L EmaR, hi1ESmBg
T EYMB AR 4] B L, BRNEY23. Z MR ERTES20nm LB EHR
Yo MIAHE* &, B AR A AR/, HEEH M4 HA L, BEMAHR N0
M. EZNNEHELBENELUREETHS? WEAHR T ABEBREATHS Y Z
CiE:ali s N

Choi ZEA™ 2 42 - MWEXRFENA)SEBEE, B39 —FHHg " BLELESR
24 . {EpH =6 MIEHP, IMAHg " /W B & (Imax = 424nm) AU (Imax =
500nm) . R LR AHFCE " FEHGEREBL, BCE" FRKER S AP EE,
FreLiZfe B/ xfCd®t HHg* ATK 4.
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BiffArena %7 hIiE T ROETHS " (L EREBS. (LAY RECSY . Na”
FETHEE EEAPRESBET 5825 MLFIXEIS000 : 1, 3125 MR
HEFEN., B, EEFTIAHS?Y, 25 BB ARKH260nm LB E290nm , # B
PSRBT BAMTh, HIHTRIESN0 M. 'HNMR 4 ASIRRNS
K. BRI, EEER)SEPIANEARFTHTHERREE TRRSBA R
YL, DEBERRTEALHY,

1.5.4 HEHMHS {£R8

FIPY * —#, B & AREFHBREMTES BRI REHHE " LR
22, Bif, Soto EA™REBTRS Y MI=HgRaW26 Bt B rms,
FREEN MO MAXHESRIER, BETAERB0H " kS, EpH=5 -9
ZHL, Hg?t BImA B 2R BNREme %, RENEFNRERAEN. BHER
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HER, SRRSO RE B THRB I RAERANHE " S4B N BT
LI R FAFES S EAERFRTHBIAE, MRERLEE.

nhmkAL A Yt B fEHG * A9IRBIREHE . Detmarre % A™ fiZhang BA™ HET
X—RBIAERELE. Delmarre FARWHEMTHEW2T (ERAHS " HEM, e
127 620 —T700nm ZH BRI MAHS B, BRONERE T, BEEH
[ He2 + 155, HTFRAMBRARKNLHN REBESREFE—EHTH. BET &
e RN A . Zhang 5 A\TEMLEERE EE T 30, RERER27-R RO RME, 338 3M
AL S S XA R SE, BERFIEEY, RBEEL R HER, RIERHBAS512
x 10" M.

BiE, Janda"! RET—FHEHMAEY8 ERT HHe' " MHERR . SR BHE
BR - MAEATRRE TR + B BB THERNBERENRE, RRSTFH
MRTEBIREE EMERMACHRETILERBTRAS x10°°M) . Bdx
42 BETFHRILER, 8RR Y8RH " HEBIFHESRE.
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KER T RFMLEAR T

HO

N

1.6 BABEITEMNE S

FHARRARBMAMHE T ERBISENRENSEHEFTR, HHETH
M. F8. BEXTMRARERNY, BRER. TKELFERL ELewis BIEAELA
HE HTFATFHEHT S HERABRFER OB EEE, B 5IAFR B E FEEH T F}
PHIO 45 M AT B4, TR A RS F ALY REBHmTUMERA RN
FOEAT, b AR B R AT F AR FH M. 2i3BMHH %5 T RMREFhIR T R
E. BREEHTE. BFCETERLELRHEATE. REBKBREFRA.

1.6.1 BFBIRNTAEEAERNERSHA

FAANEXETRIBHHHE 3.6 AMREENAREZE UTRKAR) M9
BB R T ITEEN TR UTHHRER) mMrRAR. HPHEENEFESERE
EEN—IMEHAR, BRLEVNRAFESTNEWEEETNXR. TEERT
tEHESETMANEITRE. SHLEIARHRRENRE, HE., 0K, BEE
%R R B, AT LA M RS YN E KR, R R, W EEEWNEIHNNA
e ae s B S M EIE S K B B A S AR DL R R SR O, 3 3B R R AR MR
FRERNEW.

(1) EHFEFLNEH

EFFRHEYT, GHREBREERAHNEERRE. Claudine F5 A H—H
HEREA K B A AR, CRF A 575 P Y 6G HIRHEE. HXRBFEE
3-ZE-S-FEME Y -FE-S-F2-CAETERS N-LEFTENE, SEREGEY
FEBERAE C1 7 C8 BMEFIANT ~ABRE, BT b TREFRTN M 6t igs
i SRR TR, AT SRR EmAR AR,

Haugland%f % f} 80 Y BRAL AT T B 5L, ZE I8 T WG AR T LB L B 57 LA S
B, R 5 FrRA AR, AREREHT R UURERER R 5 i L.
Denis %™’ #ELouis TEMZERLL, B RLNFABHTEDWMFT A0, FFHHI123
BRE, RELRL. FUBRA™Y, 6 EFARRBR2,7 LXRT TR LEY:
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& T BARRTEDN He B TR A5 R AR

A5 R N AR AT LLR B2 B KY 5 ML fRETED . X—R PSR EE
HATEMAES R E A RE T, MEFRSTEUNARTE, HEERKMLEREHT
EMRaEAT AR, T T ERT.

B T 35 NBEAMR B F 5 AT HA, AMIER A EBREZEN T ERER
B TTRRRPE IR, Bk A F A FARFH B RNTICT MBS FARFREBER)
mzEm .,

(2) BFELEEMNEN

Drexhage RILZ FHA R Rl K inE B H B3I ES1 —S0 WEEEMmE, A
ERAMRIEFEEEE, SREMNNRARFroER(E. XRIEH, FAYB HRLE
FESEETLRESELAEN, EB T AHE L KRR REEE, FTICT T
ik, MEARFEESRERATER, THERMRAS FHRIE, AMERLR =&
R#. LS EGDTAKNE R, REREHMRILEATREBR—ERLFEFRBUEX
BIEEZ —, Lee TR T HEKBHT APRR IR, XL Rin &Ry
ERAEYSR. EARREHNERMITERFT.

Haugland @il ¥ B3tk 7 A LU MR, #F 3 & B FR B MR T T3
ek X — R TSR FE581 —631nm R F R BB, B 72 70.64 —0.89 (&, AL
ZRAFTED SR, b FEAEF LEERIFEDMMTIN, S FRD TR BT
Wik, 73,6 f ESIATHERER S FHA 4 F MR R KR RERERE. EFERI
ik G X K et B R A N R, =H. Ry=CH,CH, SO:H, H&N: Bk
#0: Ry =Cy Hs . Ry=CH;CH,SO;H , HHR A 414 R, = CoHs R, =Ph —SO3H , &R
K. BEHEARRESREHEME MEFERTRZENEREEHECNEREY
2, BEAHBEEREK. ENHERARIRASRRELFESAE _RESEE
3 6 RERRMERENEY #—SRAEESHNMEXRNTA., XXTTH
WEMEKDERIFOBRE, B TRKATFENT AAEKPHERLEHRE. EER
WIS A . ERBOERENAEEMA NS RER, ETRERER. X6, 8’5
R LA R B 7T 2 W — R B S R MR AT LA R A B 4R

1.6.2 BEREEHS ABREERNSHEEEA

RATELEHESEAR. BREEDAS T RABREESTHH—NH, .
_OH. —SH SRt IO R £ 30, BHNFCYRATRE. ABEHRR
BRI SR 5, WTTAT R B % K4 F MR 801 B, 0t A6 B 547 38
ETEREM. FUUENRIREN B AR A E XKW,
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KER T RFF - ERR X

(1) & EMEH

ERAR EIARAHRAESS RS AR XRREKANE. —R3IAGEYT
IRGE, SIAREHEME TANE. 4. 6. SN LeYRe Rz EERRT
SIBA LA RNRTRRFEMKERYE. TS ORENRAEFRHEMSAER
MAESHRERSE L& aAwm2 3 4 IRKEH (B FHTLEY, S EH LT
AT AREF T AB D, Lee £ Hiligd4 7-—HABAHLHIERA3 6-
THRECZERNSREAERTEYELERR (PPA) HTHATR. BHBATEE
WHDNA PIFFRBEF 48T, RS R 4, RE AT FHEEE20% —30% ,
BB R St iR D4 7 — 80 B P A SR 10 —30nm. ‘B 7] LRI K iR ic B
EEER. —REBTR. ZUER BIEDNA FIIEFRAML B—LXHTEEHNN
IR .
(2) EHERFHEE e
BRARU T FIART AR B LA 8, E 2y BARER AN ATHLEYE
SIEBANGEE HEXLTHOARERESTRENE T AMNA. Ramos &
BOELMALF B, 19 . 101, 110 B&fb, AR T FFHHB, 19101, 110 HFEE(Z
) URTAUEB WKEEAT B, RNEFisher &4 THT: 83 %HENEE, 50 CT
RET—6 X, REEHIKRE. MSSEREMER, SRNE. LRGN TR
Shy S, TOERBGE. BUEMPAEREHEERS, FEUBRAREK, FETHR
A R AP A, TR A YRGS BEPERRR E 1 X b 38, L0 AE AR MK B Y
SFRETERE B B A AT A0, BRATIR “InEXN T . RIERS™ BAF 2R
REBERTREREBATHT AU EEBRTRERKKERS, BHAREF TS
2B L EBETHFUFFEDE RUBABTREENEEBE T KP4, TiE TERNE
ERMPEED, BHFEKKENSIA, AXES T EEKERP R HR, HFo
FHEFNBR (AEEREER) PESTFLURERAFE, BEH B KR
MBI, REEBERT. Costela ZHPAHGE2- M- (BFH) -XFH]-Z
H-BTHESE (CLBzMA) | 3~ (AFE) ~XFRZKE(CI-Bz-E) KRMEMT
Rh-Bz-MA. Rh-Bz-Et . XHMTEMAEERUBETEEZRS, RRARF-ENR
A Kb EERETE. SH0BILIFFR.
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ETBABATEDY He™ BT AR 8 57 S5 TR

1
H’N o) / N',H

o 0
n 1
Me Rh-Bz-MA R_—Hzc:@-cowuz)zoécmcm

COOR
Rh-Bz-El R H2C©— COOCH;CH,

#1.3 Rh-Bz-MAMIRh-Bz-Et
Fig.1.3 Rh-Bz-MA and Rh-Bz-Et

R 71988 FArmost WEMFHAS (8- RMAERW) SHIRE—EHMN KR
BiRE, REH P2 QRARENRRENT FURE, BREEEREER 0T
JYERRTES, BT EWsmaiiEiE. Bl Nguyen &Y LB SUWFAHEB. ¥
FIHR6G. FrTE9101 #ILRABERES, SRERNEE T —RIVKEEREN S F K
BRREAT A IR B — RN TTCASHREME. 3-RAM ., NOMAERMNA R UE
- LME AR ER (B4 .

- GONH(CHZCOY,, CONHBn

BN o NEY,
YOO

Q I/\N)k/x
N

q

XxCi, 1, BAc

1.4 FRUAKED
Fig.14 derivatives of Rhodamine
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RIER TREFREAIRL

— & B REER LR RS (FRET) EARBINA, HAEHRED S
FEMRDEE., ZRAZHTINEESNEHE. Haugland™ FABH. 5 HEN
K3 - ZHRARIS 6 “RHERERAR LNEET, BRH R b a0RERE AR
MR 53R PR R R, AR EF AT EYE2-AIEZRAERMBL R K
LB Y. ZRBAE-RETREN, ERTRENT AT EYRELER
ARA SEE AR E RPN T RE. X— R FHATE YN LB H 5 AT
RIER, R—HFEBHANERECREBEZE, BARKESIOnmEL £, RARBRERER
3, e R KEERENT L.

1.7 FRGEFRERMEERQITESR
M LR, ARBEFRIAFREEENERMLANE. BAIIKEN

HIRARE T, EEEREXRTHATRAKIT RS FIHAFTHAXRE, &
MR —RIIETF AT EYRRE FIRGERH, Bd0KER0eR, &R
mtkiL, BRABIREEANATFRBKDPRETFRIMNEATLRE, E—45REF
MEmEmpERMEmt2E .

(D BHHRESE SR, —REARLHEHRNYF, SRAE.

(2) B3R S FREREN, EREELKT AT REOREE.

(3) HHMATHFHP, EEMEME, RLREERTERFNA.
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ETHARGEDN He B F AR A IR IR

2 EFTFAEB M H BFAMNRSHEMREERR

2.1 8iF

EFERRETFRAINOES FUERREFIRAMNOEN, FALRATRKEBHFR
REFRAUSKEFZAMRE. ERETRMIE LREMAMERATRELE
HEREA — M E SRR SRR CFREUFEFS W, WAKRERED—H
BF. RTWMAHRET L2 ERRLRNBEERERIRENZRRNNES, W
Ff. RALEMBRANKE, DEHTTRENHRALE, N et ER&HMIRG.
e RETHE T Bh.

FRERBFILFEBRBUELSEREN AT ARERNY FREAERE—E,
A4 FEEASFRRMNE ST LESHEM. iIENRESRETRENAR, T/
& NiBE HE S FRRERE LERERFER SRR E . XRH S TFEATLUE
B EMBIBES GRS ST —FSREMBUMMERNTE) RAURRFAHNR
HE (REFRANTR) . AEFENSERTEN, BAXATFSERMEEERZ
CAER S 1E R A

SEERIE TIEE R TR, FARRMLEDE TRERSHETF-REHHAMN
AUHBABBABRNER, FESZEATRE RN, @EEALT, AL
O. N $E5H B THRTSERETFHRAELNRHED, KETFHTHEEMN
EARRA TR, AANRHRAERARS T —ERIKIE.

A ETERRKIGULEBE, RitHEHEE, BEROTANE H BT
et X HARBIBRHT T RN,

2.2 BN

2.2.1 LRUHBEIRAF
(1) sERias
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KEETRFMEEAIRYL

£2.1 LRNE
Tab.2.1 experiment instruments
-2 & 3t LK
BT IR VarianINOVA % [E Varian 2 §)
400M NMR
AR I/ RILECYL  HP 1100LC-MSD XEHELF
4% By
WErE AR % RE-52C & IR ELEY i Ve T
MAERSH A THE  DHG-9240BD B LEHKRELTR{NEBFRL
: #)
EHRKREZR SHZ-D # LR & 5 AV T
WA 98—1 &4 G R e T
TR RER R DW-2 & IR e e T
BT IR AL DKW-II1% NS EHEN i 2 e
RKAFR N PTI—700 B¢ EEEENE
BAFEHE HP8453 &Y EEHEAF
=R E WFH-203 ®! FEEELERAA
A ET KQ3200E BUHEBENEERAA
HETIRE DZG-6021 LERELRINEBRMRS
=il
BFRF S 8-R 2 (b
®) HRAR
TLEDHX Perkin-Elmer
2400 11 B¢

(2) R
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£ TERBMEYN He BT AR AR TR

®2.2 ERWEN
Tab.2.2  experiment reagents

% & &5
kB KETRESLHMERBALI %4
N.N-Z B P A I HRAKERA T g
£ RRA b AN E e S et
EAWEA  RETHERLZAMTRSL Sk
TKEERR PR TT B FR Siat
LB B IRk FEA T ikt
AGER, FKEBALI et
2RV FRXELIFRAR 200-300 B
TSNS — RETHERAZAFTRDL S
. 04 IR IRAL TSR R R4k
HiRE RETHERLEARNERLE  HHal
FK 2.5 RENTEFRALIERAT S
T B RETETHALITAERAT 4
“EPR REMEFTHALIHERAR  Sd
HEHZH K KRR srifet
7 ik REVETFRBLIFRAT  aHdd
mEME ARCOS vig it
Z & E&ERALERHNERAR ariret
Zf1H B ACROS AL Ea
ot 3217 RETEFHBLIFERLT 4

2.2.2 EFTHABEB I H BT RIIFHHER

F 1 B BHET WA K
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AER TRFR IR

KA Yang WA BRI T FT1A B AL . & 50mi BEERT, BT B
(18¢g, 37.58mmol) B 400ml ZEEF, FMA 58.6g GIEH) KEM (85%) ¥

AZRTHAE. BMERE, WANAHE 2 MTEARIE, BERRPERECKHE

gL, MEMBETE. JEHREE, 258 ZERKEIR 30ml HEIKE 3 K. #

TIRER T TH P05

Fi&, BRAF B BHLIY (15.6g FE: 86.7%)

2-Ait e RS S B8 B LW BiFs RBO

¥ 51 B RIHEEY (0.746g,1.63mmol) 5 2—nitig FREE (0.349¢,3.26mmol) HHRTE

REM PP IFMA 3 WK IE AT, RERR?2 MG, JESIDETE,

FIRRE/ 28 (1:1) BERBERTE, REEETTH P.0s TRIE. =%:

0.67328,75.5%

FEEDHT (CiHisNsOy) : Hi{: H 6.47,C 74.84N 12.83 JiAH: H 6.47,C 74.93N

12.97'H-NMR (DMSO-d;) 8.58 (1H, d, py-H J= 7.3 Hz), 8.45 (1 H, s, CH=N), 8.02 (1 H, 4,

py-H,J=72Hz),7.86 (1 H,t, py-HJ="7.3 Hz), 7.84 (1 H,d th-H, J=10.5Hz), 7.71 (1 H, 1,

py-H J = 7.30 Hz), 7.68(1 H, t, th-H, J = 10.25 Hz,), 7.40 (1H, t, th-H, J = 10.5 Hz), 7.15 (1

H, d, /= 1035 Hz), 6.58 2 H, d, th-H, J=12.05), 6.24 (2 H, s, th-H), 644 2 H, d, th-H, J =

12.05), 3.13 (8 H, t, N-CH, J=12.05) 1.21 (12 H, t, -CH; J = 13.8). ’C-NMR: §168.0153.6

151.0 149.1 146.8 139.5 139.2 136.1 132.7 131.3 128.8 128.3 128.0 126.4 123.8 114.3 1079
101.1 68.3 44.6 12.9 '

ESI-mass: m/z {positive ion mode) 545.3 ([M+H]", 100%).

D g p O ey ) g
~N 0. N~ ~ N N, - ~M 0 N~
é OEt m %{mﬁ &T % EMLD
° 20

BI# 2.1: RBO MI& MM EL
Scheme2.1: the synthesis of RBO

2.3 ##%t RBO ¥ H' B FHIEMNEEER

HH R B LRE R R ERAI B PRI RBENRFE AH—RE
RN AR RSB R 2T B . R NE HP 8453 RURMEHA L AT, WiXFTA
BMARBRSN S lom RAKKEERN 3.5ml. BFEEAX LY AT AEB($=095) .
Xt T BIRE) pKa - MR A REASEAEL 3% . RBO ABiEAZEEE, A Hg (Cl04)
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ETFABHTEYN He' B RRIE e 5 b BET T A

ECH He® B P A . MIRAR# RBO (Y Z. MW B #E7E DMF/H,0 (1:1) B8P,
H P RBO MIRBEH 10uM, ISP 30 4 LGB H BT

M PCNMR B 66ppm LHHFIEE £, RATATCARAEFTBII4LEY RBO
EUAAREREEN", RSTCLESBSHNLEYNERBRHF B RMERMEREN -
BRFARUEHBHEAAHECHREUABRERTEN™,. EABRTFERRT, 4LEY
RBO (10 pm) 7E/K# 570nm 48 — AN JEH[ERAH . BEEESINM Hg® WE, %
fH7E 540nm Ab BB —MEIRMB S, XIEH THRHES Hg™ BFRUFHATH
HekR. AR, BE%F Hg” MMABSER LA MEEEL, XIEREA T
WA B R He . XERNTUPELES AEFETHIRAEBURNEIR
AERR. : '

Absorbance Change

300 40 00 €00 700
Wavelength (nm)
B 2.1 #%HRBOMT Hg (11 KRSPRI. BEHKRES 100, BEFH He (11) BIMAZE 570nm F0
420nm ZLPRSCIE3E, 7E 240nm AEBYCT BE
Fig.2.1 Difference spectra obtained from the addition of Hg(II) to a solution of RBO at pH = 7.0. The
concentrations of these probes are 10uM. Absorption increase occur at ¢a 570nm and 420nm, a decrease
occurs at 240nm about upon the Hg(Il) coordination.

2.4 IF$t RBO & Hg” O35 A B30

BT iR+ IG5 RBO £ AB RS M A FHE, BRI He 1
MR , %R HIZE RF-5000 B3 Ye e HitfT, MRFTRIBIMAZMR X 1lom &

_24_



KERT KFPHEFURT

HHIEAERN 3.5ml. MANMEESRHRATESL 3om. BFEEXMEYHT
JIAB (4 =0.95)  XFEKXR pKa MR BRTLERET 3%. RBO HEE4Z
Ea, B Hg (Cl0,) » B%l He'BFHEAA. BRARE RBO HZ BB RERE
DMF/H,0 (1:1) B3, H RBO BIIKEEXN 10uM, WP MA 30 #5486 Hg™
BT, MRMEEEKY S100m, BEH H? ' BF@MA, % 585om HA—AHHR
A, FEHINR (RFER, 042) ¥, XAREHTFEANEAPHARELASR
BB SIRMAL. KW TS RBO X He BT H 5 56055 LmR,

Luminescence intensity

B 2.2 747 RBO10pM Y 1:1 DUF/HO AR EHPMA 30 £ 584 He (LD B A9 6 K 4t %,
WRE KN 5100m
Fig.2.2 The fluorescence response of 10uM RBO (in 1:1 DMF/H,0 mixsolvent aqueous solution) to 30
equiv. of Hg(II) at pH 7. Excitation was provided at 510nm for these compounds.

RBO MIRABREMBNEES He” MANBEMREH, LBENFER
DMF/H,0 (1:1, v/v), RBO FIHEZE ppb %% T Hg® BEFHFEHFAMA™, XETHF
# RBO REREHRHE.
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ET B BRTAEDN He B FRBI 6 5 LR BT 9t

s 3

Luminescence Intensity
-
g .

5 10 18 2

[Hg™1(pph)

W23 (L&Y RBOE 111 DWF/ROBESWRPMIOLRE, SRMAMST 1ppb Eay Hg (1D . &
R IRAEZ 556nn L MIR, BMRBEKN 510nm.

Fig.2.3 Fluorescence emission changes of compound RBO (right picture 0.14M) upon addition additions

of Hg(ID) (by 1 ppb) in 1:1 DMF/H,0 aqueous solution . The fluorescence intensities were measured at
556nm. Excitation at 510nm.

0

2.5 $#%F RBO % Hg” B F89 pH KB H

i HERAENERE, — A REEMEREFREECTENT o BHHRRRE
BRITAF pH ETHERNESYNRARSBENTLRTN. TESHERAS,
2R B N A E— MEX S A0 pH & T o7 DL AL 5. pH KB A B
549 RBO Z£ pH R BN 4.0~100 PERBUFLES (BREKD 5100m) |, iE
B{L-A4 RBO 52 pH AL EMA K. Bk, 4% RBO ARAHEMBNERTIU
E— R pH EHEE (40~10.0) B% He® BT HTRM. MAH BFE, &
R pH ETEE (6.0~10.0) P, RABEHENR, BRAEWRE pH=6.5 &, X3
SR T L&Y RBO B LULERM A T2 He®' B FHH.
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KERT REMEFORL

intensity

T ¥ T T T T
4 § L] L] 9 10

pH
2.4 4£&4) RBOZ |:1 DMF/H0 REHEHA DA pH KERIHA. REEIK s56nm &, BREK
510nm

Fig.2.4 pH dependent fluorescence response of compound RBO in 1:1 DMF/H;0 aqueous solution . The
fluorescence intensities were measured at 556nm. Excitation at 510nm.

Intensity

K 2.5 {£&% RBO £ 1:1 DMF/H,0 B&HEHAF A He(ID/E 6 pH KB IR, REHK 556nm,
BRE K S10nm
Fig.2.5 pH dependent fluorescence response of compound RBO (left 10uM) and upon addition of Hg(IT)

in 1:1 DMF/H,0 aqueous solution . The fluorescence intensities were measured at 556nm. Excitation at
510nm,

2.6 174 RBO MAEIPAEFHEZR MRS

T S, —Fb ik B He B FIRBIRE 3 F R TR E LMW M BT iF
FRIERK, FBNMREGFIFHRBFHOREE. WTFLEY RBO 4 RRAMAET
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BT PR He B RS 3 S R oL

B R pH=7.0 M HPET, KPEREKH 5100m, WX TFAEMR
BT 2.6 i WEVMETR R EFRETHERBEREHEMETL,
SREFEHEENR TSR, W Na', K, Mg, fl Ca®, B—HMTESR, 0 M,
Fe?*, Co’+, Ni¥¥, MG . i FIMAL B2 £ N2 EETFMzZe™ 8 cd® LLEPYY
MARBERE SN BRI, XETHTHAY He BTFEEEFNEEE,
TR M T NN TR SEHS He? MRS RS, X Hg Mk
HARRHE.

m n
e
_g Ca%* Cd% Co* o,
KL%, Mg®, Mn™,
2004 Na'" NP Po™ 20%,
0

550 600 650 700
Wavelangth {nm) '

B 2.6 #E RBOZ 1:1 DMF/H,0 #E-A¥RH, % S0uMHg™ 5 0.25mM Li+, Na', K, Mg™
Ca®, Mn™, Fe?,Col+,Ni¥, Cu™zn® , Cd¥, PO AW THMT He' MkHtHin
Fig.2.6 Fluorescence spectra (excitation at 510nm) of RBO (10pM) in 1:1 DMF/H,O aqueous solution in
the presence of 50uM Hg™, 0.25mM of Li+, Na*, K*, Mg?, and Ca™, the first row transition metals
Mn®, Fe™, Co™+, Ni**, and Cu™, s well as its group 12 congeners Zn®" and Cd%*, and Pb™

2.7 F4TRBOEZHMEABFRAERERATHRSER

HFURMATIRBITOHERBRR, nETFHETFRFES RN THR
B ERREREREH—~TkE. B 27 EREY HDSHESREFEXAKP
HHEMTF, &1 RBS X He(IDM R XA, HEERE TR MeR, BieR,
YR ER MRS E— OGRS R, FEFE ZoaDF CdaD. 5T 100 548 (1mM)
HE-THENE-IRNSBETRE, N K, M, # G, HTEERILEY
RBS 5 Hg(IDRIRRAL, TEESBI RS . Fed Cd() 1 PHIDEAAEE LB HeaD3|
BRI E. T NOE—HNLESRNFTE. 10 MndD), Fe(Il), 0 Co(ll), RBO
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FEE T RFEW 2470

A HeDFHRHRGNEREI . BEE NDE CulDFENHR T, EHHETE
W {E AL pH B A F BRI IR T Hg(l), RBO FIFER He(UyA IRAFIISHAYE. 1k
&% RBO HBIRFFHRE 1:1 DMF/H0 MREHWM . EHEBER CuIDEH
HIFREAARL, Xt T NO BT B AR A, 5 MS]1 MS4, MS2 F1 MS3 —#, RBO
ERRE 12 KR ZoQD) 7 CANFEMIERT, 3 HeODIARE ML HE. Bk
RBO 765 MM & FHENWR T X HeDHBFHERE ™™,

il KAl KE Mgy CalN) Medi) CoMl) Wep Cell) Iam Copl) PoT Hgil)

K2 7 4 RBOEAY DMF BIFENENP, 25 BLERC4BETHFEMNEAT, 2584
BN HS BFAMTHELBE FHES MM, I 556nm B HIBEE, BRHEK S10nm

Figure 2,7 Fluorescence responses of RBO (in a DMF aqueous solution10uM) to various cations and
selectivity of RBO (bottom one n a DMF aqueous solution.) for Hg2+ in the presence of other metal ions,
The red bars represent the emission of RBO in the presence of 25 equiv of the cation of interest. The light

bars respresent the change of the emission that occurs upon the subsequent addition of 2.5 equiv of Hg2+ to
a solution containing RBO and 25 equiv of the cation of interest.. The emission intensities were recorded at
556 nm, excitation at 510nm.

BEPYEERITUE Y, FE RBO X C2+ 8 —EMWN, #H—SHMREH,
RAE7 RBO B# A Cu® M i&, ZEHRAMEST, £ 540nm fbH—MREHS
(E28) , ¥R 12 &BRMANEEHE, LFEERR 82 x10"M?, [, 7ER
AEEDY C®* MANBEIEHFFENFRFHEMHBRMER:; FH—SH0HA
xR, TEH Cu¥ GOELHE) MAFAEEWI He 5IRMARAKR (2.5 FHEN
He) . B8, ETFARBEKKESREFIHENTE PR RBO R Hell HiRHAH
EEE.



BT B A ARTEYR He B T RR a5 e e T 5

Absorbence

B 2.8 10pM § RBO A3 F Cu(IDAIRSMBM R 2, MR B 510nm
Fig.2.8 Difference spectra obtained from the addition of Cu(II) to a solution of RBO at pH=7.0. The
concentrations of these probes are 10uM. Absorption increase occur at ca 570nm, a decrease occurs at
240nm about upon theCu(1l) coordination.

2.8 7§t RBO & He B FRIM MR

Tt RV — MR RN — N EEM R, AN THEBRBOERERE
LENAYT A TAEEMEXSY, ERMNAAEFRNAZRY, RMNEAAE
4% 100 mM KI H18 M #&#+ RBO TAE5 He(IDEfL. KIMRBOEEER, HEEXRHA
PRI R A He(IR A 7 470nm 4bHIFFHERML, 74> B 265nm F 321nm &
IR, SR b T B [HeL B X — BB R BB M — pHRiE g i A
KI ¥ Rd He(DA A BB T L SRR ES A, XLaTRIN—AEENRE, it
AR KI %Kik B4 5 Hg(DAC(: i RBS #4t, FHAUEEMER. RARBOLIERIK
F IR RBS:Hg(IDAL & W 7E B3 P A\ it 8§ KI 5|42 7E 470nm &t RBS n-*#H 1)
HH ELB%A%, FIRTEREE He(IDRBRM. EMRMNMEKIE, £ 260-320nm & HM—F
B, RS T (Held Mg t. (& 2.10)
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REBTAFAEFMRY

W LT Tad HOAE L

2.9 4% RBO(I0pM)ZE 1:1DMF/H,0 MR SHEH T 5T RAETESS H B FE ST bW
Pi
£ RBO+HE™: @4 EMRFRMPIMA 100uM T FHRIHE T
Fig.2.9 Fluorescence responses of RBO (in a DMF aqueous sotution10uM) to various anions and
selectivity of RBO (bottom one n a DMF aqueous solution.) for Hg?* in the presence of other anions. The
red bar: RBO+Hg’"; the green bar: add 100pM different anion to the previous solution.

3¢ }“.‘ ‘ !l
gt
254

W 2.10 KI AR, BK: 4 RBO MESMRIR: #4: WA S 5248 He(IN/E AR SR
gk EAPREHRPmMA 25 E45R K FRABE
Figure10 Reversibility of Hg(11) binding to RBO following addition of KI. Addition of Hg(I)(5eq of RBO)
to 10uM RBO (DMF/H,0=1:1), and then add 25eq Kl into the previous solution. Black trace: absorption of
RBO; blue trace: add Hg(11)(5eq) to the solution of RBO; green trace: add 25eq Kl 1o previous solution.
There is a decrease of absorbance at 556nm.
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ETFAURESN By B FANEARERHOTR

2.9 ##4f RBO 3t Hg* " & F /Y Job k18

NALE&% RBO MRt RETEERETFU 211 MK ARMRESYH, BINE
ST WOEFIFE e xS L HEAT T k. Job BiZE MESNRULERIRB R, PRI
¥ B % 100uM, [6 RBO HZ#F N Hg(I), 454 A& HIRLE 0.6~0.7 Z 18], X it
W RBO:Hg(IDF LA 1:22 A FE LM SBE RBOHg” MBI X RS 21,
#RETHER Ka 24 x10° M2, BESETHEE T £y e BN, AT
RIEWR RBO 5 He™ BB &M (B 2.11) . TEIET miz 654.99 b H454E WeE BY
7 [Hg(RBOY, ) BITF7E, IX27E RBO WMF A 1.2 524 B He™ BRI MR, AR
H H HFAMEAT, RBO KIMHMEIEA miz 5453 &b, HEZERANRBO+H]™,
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-
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£ 034
E
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024 .
§ |
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[RBOMRBO}+Hg)

B 2.11 % RBO ¥ Job %%
Fig.2.11 Job’s-plot of RBO

J00- 8545018
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Fig.2.12 ESI-MS of [Hg(RBO),]*
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KEBTKFMHFAIRXT

FAFAEETLUARS RBO 5 Heg (I ECALAT/S MRS B ML E B R4 RBO
5 Hg (D) #TTERA, BE HMEBRETHMNTL. NE 2.13 FREMEEIE
B RAITUAEFHENARE, LENAE RBO FRMZEEE, TERIMA Hg (ID
FEHIREEE, EABTE 6.6 5 9.0 AEHMT HHE, XETANS—MUGERT

&I K.

=T

90 80 70 EtO

pem(f) 9.0 8.0 70 60
B 2.13 LW 4t RBO MMRER: TA: KA¥[HeRBOYI MK &
Fig.2.13  up: NMR of RBO; down: NMR of [Hg(RBO)z]2+
2.10 AT/

GERR, RAVEE R0 RH 5T 510 TR Y He()RA &R
F R RERHEATT REBAANRR, XHEREF AR Hy(IDitTH A8
PEETNE], H7E DMF BB P HEIERIEZT ppb K. @ THEMEHES, BHLE
Cul' FHEMER T, B3t He MRBMRTRELZR — €M, FFEAEE DMF )
REBHPER, BETRNYAGE, FARESKFHTRENIRG, KLHTKY
TRVEATEW, SEHFR, BWATOLRAMER, XERERNBBFLNEH
FERRNERE, EETRAOTES, BIWFHHXERE, RICKRHNEH, FE
RE BB R E RN A TAXNRE .
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T BB M He' B F IR B 5 SR T

3 MUEHFTETFSAEBNKETRAINRRISRRIEEMNR

3.1 8l

KEHRXNMATRURFEROFTEI TR ZEANEIRMREREZRTER
W RERT R 406,88 S~ 07, P TR AT REEEREE™ . X
HERERISE. SETHRBLE. WRFELAENASIHIERRESE™ . X
B E—RBRERE LR BEERNUBIRELREARPRRAATRESHME
AL, —RRELRFUAT, BRI S HAT MR M, TR, MTPRE SR, ST
BaR, REHREURESTGREFERA. EHERAT, FERNDERETRE
%, E R RESEHNNLEY K, BERSARRMTE. B)TRENEEAR
MUBERSHHSHAAARRL.

T RAG RSO R, EXGFHRAERMAGNES, SRR
ERNRERE, FZBARUK, FZABER. BEAIBERRACFHRE, A
MRBRREFHAKRETES RFOESEZERATEBROENS RIBESR. BN
BRI - SH) BRE. XEBARFTHERN—MER, REE RO, 25
HHBERTIEIATRE T RHKE BRI 2. Lippard FIRHFT N FTE2003F RTE
JACS ERF T RARMFFFHE R O —FRE T RAREMS1™, REEE2005
FEMIACS L, Jinsung Tac%F A X8 T —H# BRE FIRAHRAMS2®, MS2EFIAL
¥R, BEHSERKEFIRMNER. RFEAHESTRINVRXMRG, BTFF
S TFEREH LB S, RITREARIGARIRBOLETEW, HEER
AR . BEWANIASERNRR, MAEERRIFRENIER, K
Wi MR FFREEFT AV EAEH LRTEN, BRBIGTETFHBMERE L
TN, FSIARO, ATES AR ERE ST, IR TED AR
THRERAEANABNERNNED K, ATSERERHESENMRGENAN.
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3.2 TBEMH
3.2.1 MEMNERRAT

(1) L8
#3.1 LRNE
Tabh3.1 experiment instruments
X E& B V&2t ERET K
T HESE e X VarianINOVA % & Varian 2 7]
400M NMR
XGRS/ RSB HP 1100LC-MSD EEHEAT
R i
EHEERE RE-52C B IS TR S TR

BUEEHRTES DHGY940BDA LtEFFTRRBEED
7l

BEHKREZR SHZ.D & R R a8
ok ks o 98—1 & R TR

THRER SR Dw-2 AN TR

BT AER R X DKW-I#! I F AR

ENFFRITN PTH—700 B ZEEEAT
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£ T B AT LY He BRI A IO 15T

Eoh R HP8453 & REEELAH
SRR WFH-203 & LRI H A F
HE AN KQ3200E BUTHAENEERAE
RETERHA DZG-6021 EEREZRUBERL
|
BFRF BHD-ERE s (L
B) ARAF
TTEIN Perkin-Elmer
2400 11 &
(2) ELRREHA
£2.1 #H
Tab.3.2  experiment reagents

P21 I3 2 )
KK KEMREFUHEBELT %4
NN-Z R PR PR TEMAL T &2
—EBR RENETHRAOCTERAT W4
e T ERNER g gD
T ER R FETHERLERNTFRRL  HHT4
b 44 LT BRERER pag g
ZRM LB PRk AEBAL T pigigat
% REEHHI paliiE)
W2 EWRER FRXBLTERAR 200-300 B
Tk AL KETHERALERARFARPL A
.4 S RIRAL TR g
RN RATHERAZAFNERAT 24
Tk Z 8 KENEFHRALIERAT

ZEANTE (P RBETEFRACIFRAT  oFA
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KERTRFHHFRR

k0 At KB ATRAE RN st al
oyl RETEFRBLIERLAR a4
EmERK ARCOS et
LI ERELEEHA R A il
ZJYH B ACROS Sives
ZHEFEH RENEFHACIFERAT o4

3.2.2 HitEETEFFHPBHRETFRINFEHMNSK

B B KBRS R (1) « FAYEB (3.02g, 6.3mmol) 57FRMAN (2.5,
6.3mmol) FREEMALITHET, £ N R AMER T BT 24 Mo, REHEED,
BREFREY, A KOH MAMBHAER B FTHRARMN 24 /6, RER CH.CL EI,
B CH,CL 48, MEFRHERE CHClL, WHRGLTIMNREMELPH ALO; BIRFENE,
WL A CHLCLy, HEFR YL, 182 E47% Rh-BS (0.346g, F: 12%)

T8 B AR BHLES (2) - 59 B MEA~Y (300mg, 0.63mmol) #
TR 20m) B, MAKEH €0.10ml, 1.89mmol) . KMFEH 6 /it, RGHIE
Z.8 (30ml) ZER., NZEZEAESSAK (10ml) FMH NaOH BH(10m)E LB Z
A, MERTK MgSOs TRAENM, KREAFHMH, STERESH (HEH: E2
fi: CH,Cl;:MeOH=10: 2: 1) 83| 256mg(95%)H B T8 B MBI AL~ . (F%.
0.80g, 54.0%)

2-iEnE FEE B B ALY (RHS) « ¥ F AW B MFABHMEA~Y (1.28mmol,
0.6079g) & 2-mtrE BHEE (3.18mmol, 0.341g) B4 FibE M PR P HMA 3 KRR,
R 2 pEHE, BRRAHIE, SEERAFR/IE (1:1) WRSHEEEREFIE,
RE R POs HF T #% . ™ & : 04155, 572%. T & 7 th

( CyuH3sNsOS ) :H628,C72.70N1247 # & % F : H6.34C71.89N12.19 .
1H-NMR(DMSO-d6) :8.58 (1H, d, py-H J = 7.3 Hz), 8.45 (1 H, s, CH=N), 8.02 (1 H, d,
py-H,1=7.2 Hz), 7.86 (1 H, t, py-HJ= 7.3 Hz), 7.84 (1 H, d rh-H, /= 10.5 Hz), 7.71 (1 H, ¢,
py-HJ = 7.30 Hz), 7.68(1 H, t, th-H, J = 10.25 Hz,), 7.40 (1H, t, th-H, J = 10.5 Hz), 7.15 (1
H,d,J=10.35 Hz), 6.58 (2 H, d, th-H, J = 12.05), 6.24 (2 H, 5, th-H), 6.44 2 H, d, th-H, J =
12.05), 3.13 (8 H, t, N-CH> J= 12.05) 1.21 (12 H, t, -CH; J = 13.8); "C-NMR: 6168.0 153.6
151.9 149.1 146.8 139.5 139.2 136.1 132.7 131.3 128.8 128.3 128.0 126.4 123.8 114.3 107.9
101.1 68.344.6 12.9
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KT B AAENN He BRI A IR MTIR

ESI-mass: m/z (positive ion mode) 562.3 ([M+I—I]+ 100%).

§ % NHAH, O Hp-N "5 C}_‘Hé
N N"\ "‘N N 5 v
3 g Ao w88 S

El#3.1: RBS B‘]Aﬁ%%ﬁ
Scheme3.1:  the synthesis of RBS

3.3 R4t RBS ¥ He' B FHIEIMNEESR

RAE T LR ARG NES IR B P R R SNR AR, WR—MUE
R HEFEE M HEIRRRTUHE. ZRME HP 8453 BURIMGE 4 E#4T, BIAMA
BMANBRST Y lom RAREERR 3.5ml. BFEENHEMATARB($=095).
T EIRM pKa PR ERELHETREIT 3% . RBS A% ZEES, B Hg (Cl10y)
CEVE He B FEHAEE. IR RBS MZ BB RS EEAAKS, K9 RBS BIRE
% 10puM. B 30 5B HeYETF.

M PC-NMR BE#H#7 66ppm KEHIFFIEWE £, RATTET LLH 2 BT B FIH4L&4 RBS &
LLABETER AN, RN LUEE 83K S YNEERE I HERERNE SF ISR
FRAREHBHE AT ERUAREAGTES. EABRFERXT, &YW RBS &
K 570nm BB —MEEFBOREE. EERSM He™ WE, HBHE 540nm LH
B—AMRERYE, XIEH TR ES H' EFRABHRT FAMER. R,
B He MIMABEER G ENSETN, KERKRTUERAE “BR” R
B H , BERMNTUPEZFS ARG LIIOLELRERIER.



KR TRFR2ArR 3T

Absorbance Change

W0 400 500 60 700 508
Wavelength (nm)

K31 4% RBS X T Hg (1) RPRSMRI. HEIRE N 10uM, BEE Hg(IDAIIMAZE 570nm5ﬂ]

420nm LEAR U855, 7E 240nm AEIRICT R

Fig.3.1 Difference spectra obtained from the addition of Hg(Il) to a solution of RBS at pH = 7.0. The
concentrations of these probes are 10uM. Absorption increase occur at ca 570nm and 420nm, a decrease
occurs at 240nm about upon the Hg(I1) coordination.

3.4 R4 RBS ¥ H BFHENABELE

MHFUEYWRBS SIAT —MRET, HiEMRZEAKPHETH. pH EKBRHE
R B pH THHEZ 4.0~100 Z[E®FHRARATNL (BUREKN 510nm) ZiE
B RBS % pH LMW . B He(IDAIMA, 76 585nm b B — AN Fi i) & 5%,
HFHATHMIE (BT, 042) (BH32), X% RBS AILUERKRKK pH EETE
AL SR He (ID . RBS MR E ML BRHATUE ppb &% Hg (ID &
FEFMMEMN, X5 RBSKEN | uM. FN, ERLKHEZET, RBS FIRNREHR
HIEE 5 He™ AR BELIRLE . Bht RAEFEPASHENALTIHKNE He

(D E& X% 2ppb, FHik RBS LA MELIRHIEH I He (ID #ll.
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LT FAEAEDN He BRI AR BIA

as0

300 ~
250 4
200

150 4

Fluorescence Intensity

100 4

50 600 656 70D 750
Wavelength (nm)

W 3.2 7E&7H RBSI0pM FIAKPIIA 30 X 28 Hg(IDR M FL R SR, MRBKHA 510nm
Fig.3.2  The fluorescence response of 10uyM RBS (in water) to 30 equiv, of Hg(II) at pH 7. Excitation
was provided at 510nm for these compounds.

-
8

Luminescence Intensity
2

00 05 10 15 20
[Hg™(ppb)
B 3.3 L&Y RBS EAKPHRAHE, SRMAELTF 0.4ppb B Hg(ID. TERHIRE 556nm &b
Wik, WOREAN 510nm.
Fig3.3  Fluorescence emission changes of compound RBS (0.1uM) upon addition additions of Hg(Il)
(by 0.4 ppb) in water . The fluorescence intensities were measured at 556nm. Excitation at 510nm.,
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3.5 #R§ft RBS ¥ Hg"' BEF &y pH KB

HTFRBRAEBDHESE —NMREENRREHR LA EMF pH HRKBE 2
BEAR pH ETEHHANESYNRERHBENTLRNR. MELERAT, &
FHBBNZRFE— MY EIZMN pH & T 97 LUEH O R pH R 2 0] B R
&% RBS 7€ pH HFGH Y 4.0~10.0 Y BEEF/MR RS (BRFEKHD 5100m) , iEEAL
£% RBS & pH B EHEA K, Eil, L&Y RBS EREBARMNEN ToflE—
MRRH pH ETHE (4.0~100) P He™ BTFHITRA. WA H BFE, £HRA
HpHETEE (4.0~10.0) &, FHBEASHNE, RAEEMRE pH=6.5 &, XRTE
B9 T 4644 RBS T LU RRRE A Fof He™' BEFHRHE.

g
L,

| s-9-p-p-0-g-m-g-N-g-0—N-g%

s 3

8
FY—

Flugrenscance intensity
8

2

3.4 L& RBS AT pH KHBR. R K 556am &, BRHEK 510mm
Fig.3.4  pH dependent fluorescence response of compound RBS in water . The fluorescence intensities
were measured at 556nm. Excitation at 510nm.
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£ TFARTEDN He' B FRRZATRRT R

200 -
N
.”
> 150
2
2
s
2
§ 1W-I
g
g . &
© o] Theee
[} T v
4 5 [ 7 ] [ I | ]
pH

K3.5 &Y RBSAKPMA Hg(IEH pH KIMBIR, RFHK 556nm, WAL 510nm
Fig.3.5 pH dependent fluorescence response of compound RBS (10uM) and upon addition of Hg(1l) in
water . The fluorescence intensities were measured at 556nm. Excitation at $10nm.

3.6 #REF RBS W AR AEFRIEFMHITR

BT B, — R B 0 He B T IRBE A T 50 B F £ 50 e 18 5 vy % T o 7
FRAAER, TN EETEFIRBFH K REE. T RBS M RBO AR LE9E*f
AR TR W MRE pH=7.0 BEBRF 3T, HPBREKHD 500nm. (L&Y
RBS M TA RPN THEBEHE 5 Ad: 4% RBS EXRRMMAEFHEPRRE
BERAHENENK ¢RAEHEBAHLIESR, WNa", K, Mg, B Ca¥ B—H
fitE4R, I Mn®, Fe?, Co™+, Ni¥*, f1Cu?*. MxHF AR 25 10 12 KB Fin
Zn™ 1 Cd* LR PO™ MIMARBEREAAEHEMNREMHE, XHIERT B LAY
% Hg®* BFEERITMEEME, KR RHT NS NS R AEHFE Hg?' HiEN
Efr Mg, 3 He' HEEHERKER.
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REET RFFLELRT

Intensity

550 600 650 700
Wavelength (nm)
3.6 4 RBS #EATP, 7 S0uM Hg™' 5 0.25mM Li+, Na', K*, Mg?*
Ca”, Mn®, Fe, Co'+, Ni*, Cu",Zn" , Cd", PO"3LRtHM FAAM T Hg" KEFRMERR
Fig.3.6 Fluorescence spectra (excitation at 510nm) of RBS (10uM) in water in the presence of 50uM
Hg®*, 0.25mM of Li+, Na’, K", Mg”", and Ca®", the first row transition metals Mn’*, Fe?, Co*+, Ni¥*, and
Cu®, as well as its group 12 congeners Zn™ and Cd*", and Pb**

3.7 IFETRBS EZHHABFHEFHEATHRESFER

T LABCAL 7 R AT 8 kiR, A EFABFEFAS RO T]
RIHERBRBRHUA—Thg. B3.7 ERHS HeIDS5RESRETFERRKFH
FH&HT, &Y RBS 3 Hg(IDM RN, HE2BRETaE: MER, WLeRE,
URTERAPRTE—ITHTEELE, #HEE ZodDHF Cd11). 4 F 100 FHE(1mM)
MBE—EHME - ERNSBETFRE. Na", K, Mg», f Ca¥", HFEERMLEY
RBS 5 He(IDf9mhr, TRESBHR AR . R Cd) A PbADE A #EBEIE B Hg(iD)3!
RERNEE, HF_NAE—HOTESEMNFE, I Mn(ID), Fe(Il), # Co(l). RBS
- F He(IDFH B H R FAEENE. E2E NIDH Cu(IDEEMBELT, EHHETE
HIEPYE pH B &4 FHAAI AR T He(), RBS FHEX He(lVH RIFMEENE, X
HBEHT-IMREFR— M LNRR FRAEAEHGER. EREBREN Cu(DFF
-~ R FHEN, X R W T N2S B EAM FAZAMEFR-ARE R LB
IR F ORISR . 5 MS1 MS4, MS2 1 MS3 —H RBS ZER N 12 K£&& Zn(ID) M
CAINVEEMBMRT, M He(IDMERIFMEZEE, EHit RBS L MR FILFHFER
T3t He(IDH RIFHIE B
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ETEABMEYN He BT RME B TR

160 -

#3.7 #4tRBS EAAS, £S5 HUBRTLRETFEENHRT, 2.5 #5484 He' BT HEx
TREEBEFHESFMHNR. W ssénm LHFAEE, BREK 510nm.

Figure 3.7  Fluorescence responses of RBS (in water10OpM) to various cations and selectivity for Hg2+
in the presence of other metal ions. The red bars represent the emission of RBS in the presence of 25 equiv
of the cation of interest. The light bars respresent the change of the emission that occurs upon the
subsequent addition of 2.5 equiv of Hg?* to a solution containing RBS and 25 equiv of the cation of
interest.. The emission intensities were recorded at 556 nm, excitation at 510nm.

3.8 #£§t RBS 3 Hg ' EFRIF SR

AR P — MR R AN BN, EAXN FEBRNESERE
SEFERALYTEETAEEMNEN. ERNIAAETFRNMAZR D, RINRAESSH
100 mM KI F3Z ¥E3+ RBS F1 RBO FAES Hg(IDMAL. KIMRBOLE BoR, X
FEhEEB P EHMA Heg(IDWFHZE 470nm AL HIAFFAERE, T43A4E 265n0m 1 321nm
AE BRI, KRBTSR A HeL ] M. X— R URBREM—HREF RS
FI KI ¥l He(IDM A BB T U HARBRERIER, ZBeTRMN-IMEENFME,
iEBAA KI $E% 22 5 He(IDAZALAY RBS #4F, SR ERFA. MELFRIAF,
BAEBERS Hg (D &880 FRN 2-FRZBERTEERMEM. RAARIK
F i iR B 7R 7E RBS:He(INAC & W EEMB AP IAL B 2— HBELB5EH 556nm
4k RBS n-7* 58 0080 B, B HME He(IDKIRE.



KR T KM FAe

Fheorerncenca Inleralty

B 3.8 #H5 RBS(IOuM)ZEA AT SREMBEFHES He BT E AWM
40k RBS+Hg™: B4E: HATRBBFmMA 100uM FRMGHETF (CrNO;AcF)
Fig.3.8  Fluorescence responses of RBS (in water 0uM) to various anions and selectivity for Hg” in the
presence of other anions. The red bar: RBS+Hg”"; the green bar: add 100uM different anion
(CI'NOy,Ac,F) to the previous solution,

Absorbancs intensity

B39 2-FHBZEAEHRIA. FE&H 10uM RBS $4UKPIIA 5 5 5E 1 He(), FEXRER LM

A 30 SRR 22BN R £2F 10uM RBS MZKPMA 5 6 L8 He(D)JE FIK IR IL:

1%k MEAMA 0 ENE 2-HEZMEREMRE: B mEPMA 20 FHE 2-HEIME
MK SR, E 556nm Lb05% 035 & k55 .

Fig.3.9  Reversibility of Hg(ll) binding to RBS following addition of 2-Mercaptoethanol. Addition of
Hg(11X5eq of RBS) to 10pM RBS, and then add 30eq 2-Mercaptoethanol into the previous solution. Black
trace: absorption of Addition of Hg{Il) to 10uM RBS; red trace: add 2-Mercaptoethanol (10eq) to the
solution of RBS+Hg2+; blue trace: add 20eq 2-Mercaptoethanol to previous solution. There is a decrease of
absorbance at 556nm.
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ETSARFEYN He B RN SRR R

3.9 7%t RBS 3 Hg” BFHY Job fhksis

E A RBS MR EETESEEETU 12 WRELFRURE ST, RAITE
it S A0 TT WA N e e X HFAT T Jik. Job BHZE MRAMRUEIERRB 2], WA
S RIKE KN 1004M, ) RBS FZEAMA He(), FEALMUIE 0.5 66, KiHER
#F RBS:Hg(IDFRLL 1:1 MR, LR ABE RBSH MR X RN 21,3 H
HTH R Ka 535020 2.4 x10" M? . EGIEEH RS ey At B2e, AT
AR HVEHR RBS 5 He RS WM (B 7) . ZERMEF m/z 622.08 LA IEMETA T
[He(RBS),* B2, 1XR7E RBS Sl MA 1.2 {5 4 B8 He @B B0R, MERS
Hg” HZEMER T, RBS FIHIEMZE miz 562.3 4, HAFZERR H[RBS +H] .

I)TI! 0’.2 0.4 o's 0:‘ 1;
[RESHRESHHg)
B 3.10 #F% RBS ) Job
Fig.3.10  Job’s-plot of RBS

100- 20788
»
A A" e A A" A A S 7 e

M3 11 E&Y[HgRBS)) KmiEE
Fig.3.11 ESI-MS of [Hg(RBS),**



K TXEM AR

ROFARETAMNERE RBS 5 Hg (ID K455 MERGE RS B4 RBS
5 Heg (D #ATTEAL, B HOMBRETWMNGEL. WE 14 PEFENEEEE
PEAOTUERHENAR, EE%HE RBS FHEMEK#EER, TEARMNA Hg (D
BEEHIEE, (WFUBTE 6.5 M 8.5 MM IA Hg (D BHKRT, XEHENS
—/MUHEESR TR S YRR,

pom (1) Y 80 70

Ll

] ¥ k] ¥ k] L} T - T
ppm{f13s0 900 850 800 VS50 100 650

312 L& K RBS MKEEE: FH: KAYHRBS) MR E
Fig3.12  up: NMR of RBS; down: NMR of [Hg(RBS),]**

3.10 XS/

GLAR, RIVESRAFHRET—MEHELHHTHEHZARTEDN
He(INIRGIRE, I REMEERBRT T ABHHEIR. IFREFAR I
He(IETH EHEEMRG, HEAKPERMERAE THARERIFASZAEHA
RKHAKERARAE 2ppb. X, BRAR THRE 0 RBEMEREHRA T KRS
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ET B ABFEDN He B RN AR TR

4 FREIEH B FERAMN Hg™ B FiRARERABRMZ M

4.1 5|8

Bt He BFRAE R ETRAMSEE R, iS5 HERARES
WRATIRNER. B, FHANAEMFIRATRS He B FomRLHH
Ka k4. TG ASHREENRATEREEFARANRFEER, YRART
AEMAFEHEMAN, KR HMEY M, RZUES. Fit, R ORA
B F A B LR o T 5 A D SR A A R T ARSI RE ), AT R H0iR R
MR, ERIOBIANHETFRIHE T HE S TR RBIRRUE, RIT4ZIR
BB ARA MR A FERE - SR EERT BT RIEH IR E.

AT R R AR RAR I, BT N,0 EARAL A KRB A
d3E, XM O EFEENESBETRTUE S, XEERHTMRE N WEREN
BB, TERITRIE N0 BRAGRTH O B S BILLUS, RITRAHE KRR
B, XEESIAS R He (D MERENER, XERNTERLREH
FRfrEE DB R NN N 558, FURE NS BARALA, BaR/ R A, SHEMED
S, ATEI@e5EHe D 2BEFRAMEMN. EX—BENEMZ L,
B —H AT AR BT ER, REH—5 SBHFAHRRINR. EXERS
BIBAHTEE TR, FFE, 4- (CRED) XT8, SNA5RKRRETEA.
TRANSFEANEETER, RERNLERROER & FEAMTIHRSBRMN
A

4.2 IGEEFIAT

4.2.1 THRIGE
#4.1 ERME
Tab.4.1  experiment instruments
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A BN KQ3200E BUm@EsSaEFRAT
HZ TR DZG-6021 ERBELTRBTARL
il
BFRF BED-ERENE (k
) ERAFE
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240011 B
4.2.2 EERAH
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Tab4.2  experiment reagents
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R 3 /e, ‘(Az:ﬂ?%ﬁuﬁﬁéfﬁomsg P 39.7% (BHERIEDHZR)
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EIF WA AR RN :‘%ﬂﬁémﬁéﬁﬁ 0.072g,7=%: 65.2% (BRI MR
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T Ny
J
4.4 ZER51HE

RAEB=MEEHEX F He* B FRIEIRU, &M SAVESMR i B _E 34T
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b RSB K TR i Y BLEE 560nm &b, WX RHEXPEARABREEHBIAE 556nm
g, BAAREABHEEFRANEE, REAREEMNE~ET —Efak. #Eidit
HE=MFEHOTPEEN Ko RNBIWTER, 4— (ZHER) ETFROTFEER
Ka=7.8x107 M2, % B RS 1) 2167 2 280 Kar=5.4x 107 M2 TR 2 3 B A ) P 6 5 3 Ka=4.0x 107
M2, MFH R ERNTUERNNE BEHERARERAFEHMER, HTEH
MK, gt R EAAIEE M, XA SR T REAFEATHTHE S Hg B TR,
LFEE AR TFEAMER SRR R RB R H#AITER.

Absorbances intensity

W41 4— (CFEE) EPBEATY (10u4M) ZE 1:1 DMFH,0 F3f He? B FAOK S E #h
%
Fig4.1  Absorption spectra of 4-(twomethyl)benzoaldehyde substituded compound (10pM) against
different Hg®" in 1:1 DMF/H,O aqueous solution
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Absorbance lntensity

42 FEEEALTY (10pM) 7E 1:1 DMF/H,0 $5 Hel B IR SR 4k
Fig4.2  Absorption spectra of benzoaldehyde substituded compound ¢ 10uM) against different Hg” in
1:1 DMF/H,0 aqueous solution
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Absorbancs Intensity

B 43 SHERFEBLEY (10uM) 7 1:1 DMFH,0 F3F He'* B RS0 i 2 ik
Fig4.3  Absorption spectra of iso-nitrylbenzoaldehyde substituded compound(10pM ) against different
ng" in 1:1 DMF/H;0 aqueous solution
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SBA-15£ 4", HERERMIZZEFHATHE, BETRINEXMRE, BANM
43 F f(mesoporous molecular sieve JAH2~10nm AL, AMLLREME KK
BENEM S, FEHFTUEERBRE G, ERRIEE RN ER. BRX¥E
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M4 F IR MR T, NTTRBRHE A FRRME, BUENN SR F 1R
BAHRARRH.

RATHE I 4 FIMCM-481E B B A0 i R B F iR B4 . 1992 FEMobil 2 R Sk
& HMCM- 41 BEAAME BIEFEYES. hEESHHERNREER™ ",
M41S EF|4 FREEMCM- 41 3FHGNHHE) MCM- 48 5+ FIfi(3L77 ). MCM- 50
ATFHERIE . KFMCM- 48 A FHRA2~3om K- ALBMRHFHKETFE,
1SR RS H LB S S R R M aE, B R B/ NERRGH, SRR F
B2 6EE AR M FIRMEL R R EERMCM- 48 HEEEFRBEENEXESLE
oh ] TR LRI AR R A B R B T EB BN $REME . &
Fi, gtk E U RBETFRES, EEZRE™". MCM-48 SRAGHLE
Wzl MXHLEE. EBeck AN MBMLLHAMEZPERLEMEER, R
BEECTAB/SI>1 HIFM T A Bl & HIMCM- 487,

ES5. 1 SBA-15M4 MR E5, 2 MCM-4SEIZ R
Figs.1  model of SBA-15 Fig5.2 model of MCM-48
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5.2.1 KE{NEE
#5.1 TRE
Tab.5.1  experiment instruments
NEET (N Zichey K
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A AL KQ3200E BUHENBERAH
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RFRF BiER-ERE NS (k
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5.2.2 TR
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Tab.5.2  experiment reagents
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THERK #M AR TITRR Srek
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T/ B ACROS g
MCM-48 et
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5.3 KEHZE
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5.4 HZR5E

ATEFHEREFFHRBSS XA FHXERE, RMNBELIZREMTRETIR
PR RBSH 4 FIRIMCM-48RSIR B R E R _EXFR. RITHRM T RE FIHAHE
£FRBSHTAF IFMCM-487EpHAE 5 7.00 B R F AR T ZBE/K (9:1, viv) MIIBEEHIF,
PR T RKEFIRHFEHRBSH A TIHMCM-48 IR E A0.1g/L. RERINIERHEX
He2 + B FHIREHE. BRINVEARFREFIRIRHRBSEEMNBR T, IRHEFIR
T % Gt W EILZE S80nm, HAP BB K HS100m: 1 4ARM T REFIRFIREHRBS
B9 5 FIEMCM-48 44 7% & MR RIIH R, HXRE TR L AESSOnm, THEREK
#350nm. BEEHg (1) B, HRECEEZEHA =, MAEHENMERETHE
REE, XRMERAT > FRMCM-48E2H M T RE FIAFFHRBS. R, MAK
KETHREAWEE, HiABERRFRERIMBEMES FREFAWA. X
WEAMEMLE R EFHAEH FAETUER RN K E FRERALT, SHRETRAT —E
I

Fluorenscence Intensity

Wavelength nm

5.1 0.1g/L 9 RBS/ MCM-48 #3} T He(INFE pH=7 &M T MR tmN. ¥RE K 350nm.
Fig.5.1 The fluorescence response of 0.1g/L. RBS/ MCM-48 to Hg(ll) at pH=7. Excitation was
provided at 350nm for these compounds.
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Fluorenscence Intensity
N
o
1

¥ L) ¥ Ll T ) T i § i ¥
520 540 560 580 600 6820 640 680 680 700
Wavelength nm

W5, 2 FHZEIK (90, viv) REBAIFMRIEWM. 428 RBS 10Um (BUREKS10nm); Rk
RBS/MCM-48 0.1g/L (B % i 1£350nm)

Fig.5.2  Red trace:Fluorescence spectra of RBS, 10uM (excited at 510nm);Black trace:Fluorescence
spectra of RBS/MCM-48, 0.1 g/L (excited at 510 nm), dissolved or suspended in an ethanol/water solution
(9:1, viv).
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