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Abstract

A colorless bulk crystal of good quality was obtained by the hydrothermal reaction of a semi-rigid
imidazole-4, 5-dicarboxylic acid derivative ligand (H3zL-1) and an auxiliary rigid BIMB ligand with
d10 metal Cd2* ions at 180°C. The molecular formula of the crystal was found to be [Cd(L)(BIMB)o.s]n
(1) by single X-ray diffraction analysis and it exhibits a 2-fold interpenetrated three-dimensional
(3D) pillar-layered framework, in which the original HzL-1 ligand decarboxylases in situ to L2-
anion form at high temperature. After the collection of polycrystalline samples, the powder X-ray
diffraction analysis showed that the as-synthesized samples have high crystal purity. In addition,
complex 1 also showed good thermal and chemical stability. Solid state fluorescence spectra of
complex 1 show that it exhibits a strong blue fluorescence resulting from the intra-ligand
m-electron transition. In addition, we also measured the change of fluorescence intensity of com-
plex 1 immersed in DMF suspension of a variety of common antibiotic molecules, and analyzed its
fluorescence sensing ability on antibiotic molecules. The results showed that complex 1 could be
used to detect antibiotic molecules represented by NFT. It was found that the fluorescence inten-
sity of the complex 1 had a linear relationship with the concentration of antibiotic molecules in
the low concentration range, and the limit of detection (LOD) was calculated to be 1.07 x 10-5
mol-L-1,
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1. 3]

HAT, HF AR A& Bk A 2 AR 2 OS5GN 2 AT E R S eP[1]. A
RESMEEAR TR BRISUVER, FEREIUVERMANED R B . R AERE, &
BREFEELIA S0%MIFTE KB HT, T0Hh E ) LU BlEL 2 R0 80%. b 52% 5], 48% W AM. fEEH
REEI—IPUERBE T, RITTH)LE AN iR ST 8 HPUER . R EPUE R KRR 5
A SUBURAN I 2GRN, AT R AR A R [2]. BRAh, PR EE 24 EE D AT DAAE I8
Y REANHEAL MR A A A SEER N S R RIS AR U o TRLIE, SRS B3k S R 15 B ox 1 Fih e
REVEFF AT 8k R B R L. BIHATNIE, GHUERZIAI TR E TRE L TG
WM T332, U G IEE(LC) 2 BT I o) 2 52—, LC B 70 B RCR G R LR, S
PEOF SRS Rl SR, AZTIEAFE IR Gt BRAE DL WHEL W NG BB R 2 A S5 ok
m8]e BRI, JFAAMET —FhfaI i, SR MRRAS . OBRIE AN 7k, IR rh % S e 17y 1Y
Rl B E o HEIRMAE, T IO ERA REUZm . AR mrR . AR
R RE, ROGHAL R G YI(LCP) R AR S 1622 M e . RIE IR) S5 RIRS & 1R S IBG (R TS Geiar i 75
1] 32 SR (K 5GTE[4]. A2 LCP B TRl &R 7 & T a1 I &HE
Zj. pH. MR EE. PUAERSE[S] [6] [7]. AFTAAN, LCP MM RAEMR KREREE FI T e AR . K
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b, AHEERANRARRAM P OSEE PR EXEEN L, FRNENNKE. TR, BHaHM
RIGHEHESVLE T LCP HIASRI SE R T [8] - 2= NI IR e 2 R T P 2 AR G IR %, RN BN TRE L s
PEFTRRIR o B ILHi R A, A FE B A AR 23 (B A B . VR 2 B2 T IX RELAR 1) CPs R I L 5+
2 FIAR A RE[9] [10]0 AHFFTIERE T — AN K WIPE DKL -4,5- —IRIRATAYIECA, 1-(4-FRFEHEHE)-1h -
IKI-4,5- — FRFR (HaL-1) Kot % LCP. B2 HILEH A Hall 1) MRIETE 550 8 110 i /K U B
Wby, SEHAARSMREHELEF L LY (HoL = 1-(4-FRIEHIL)-1h-R -4 20 I A7 AE . E iR
IKPGEFE A, RERECAR I JEA R SR R AT — SR A RIE . AEAR SO SR AT i 4 T
— BB ENELE AR =AY CA(L)(BIMB)osla(1), it 55y X-HH£RAT5 0. JTEHT. B
K X-BFELATH (PXRD) ZLAMIR) GG Al #EE 43 B 55 T Bovt He SR AR g b . Al E . FER e PEAN Ak 22 A5 8 Mt
17T RAE BEAMRATENE T ERAVRESZOEEE, i 7 HRICER &R . &5 AR
TV LA U R TR AR B RE )1, 45 AR UL EL AP0 mT LR — R TE 10 2R ERE A RL
FH T Wk e 2 DR 45 0B A 3R R SR

2. SEERERSY
2.1 WIS

ASCIGAS FH (WKL -4,5- — HIER IR, 0RO R FE, Cd(NOs)4H,0, BIMB 5735 A
P IB AR N B BT 4], AT %A it — PR aifb b 3 . 1-(4-FR I IE)-1h-IKkMe-4,5- R FR
(116 A2 2 ] Bijan Roy 5 A\ CL& 38 (1 STk 19 5 547 1 46 [11] o BC S iR h 1R . BRI B R
TR £ ELEMENTAR vary EL(HN) AT A A BT IIE . LA 20ahotiE 2@ NICOLET
6700 {8 HLH A Ay i e it EHHATROMIE, FESCRA T KBriRg A IR b2, {ds% T 4000~400 cm ™ 7
P LA MR SO 0d . FAEE S BT (TGA) R R A H A SII DSC6220 2 7= Fv- ik 51 2 AT AT Il B, Il
IR EE LA 30°C~800°C, JN#GEZF A 10°C-min™, RSN Nyo KA X-5 28 A7 55405 2 FI ] Bruker
D2 Phaser 3 K AT ST HIWCEE, K Cu Ka (4 = 1.5418 A)4&5HE, Wi 20 fMYaHE N 5°~50°, 3#
BN 0.1° x 20 min~t. it AR A5 58 et i AR e et 1 T H 37 F-7000 36640 6 e i
FTHI5E o
22. BBEY 1 OER

AR SIS FH (ke -4,5-  F R T HEE, R HUE SR R S, Cd(NO,),-4H,0, BIMB 25350 M
DV IRART N ) 7 A 2], I S Gad i — D I A0 AR B . 1-(4-FR B JE)-1h-BRIE-4,5- Z R TR
(116 it 2 1R Bijan Roy 5 A CLAHRIE I SCHR o 1 7 V2347 I 45 [11] o B &4 Sk i . A BT R
ST E ELEMENTAR vary EL(IN)A T &R 73 A AT R GE « £E 25 mL /DNeedh ik i A
Cd(NO;),-4H,0 (0.0616 g, 0.2 mmol). 1-(4- 2RI IE)-1h-BKIe-4,5- —#2#2(0.0580 g, 0.2 mmol).BIMB (0.021
g, 0.1 mmol). NaOH (0.016 g, 0.4 mmol). H,O (15 mL), /& fd F 75 i FB % R 54 30 b, SRIGH IR
GV RIS 2 Teflon P 23 mL AFMA e, % 3 /578 180°C N N# 72 /N, 2R 5 LA 10°C/h
R BE RIS AH B E IR . BIMEEE L EIOR A4, WERERETE 224 56% (LA LA
1H)e JTLEREDHT(CigH13N,0,Cd): TH5HME: C, 46.82%; H, 2.83%, N, 12.13%. JilfE: C, 46.68%; H,
2.75%; N, 11.98%. IR (KBr,cm™) (/& 1): 3373(s), 3120 (s), 1525(s), 1277 (s), 1177 (m), 1133 (s),
108 (m), 1061 (s), 1020 (m), 970 (s), 959 (m), 923 (w), 886 (w), 838 (s), 821 (s), 799 (m), 775 (s),
732 (s), 694 (m), 648 (s), 617 (s), 536 (s), 486 (M).
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Figure 1. Infrared spectrum of complex 1

F 1. BEA4 1 Lo it E

2.3. RARRIR

FERRT, B2 I 7 BB 19 5.0 mg S ARKS ARE S 2 BN E] 2.0 mL #E N 107° mol-L ™
MR % DMF SR (TSI, MNZ; BRI, TNZ; JURHUE, ONZ: WKWAMERH, FZD: Wi ik,
NFT; f#fimsne, SDZ; ThfikH g, SMZ; @& &K, CAP; L&, TMC; WHIPAE, NFC; %M
WE, LOC; #4% % -GNa, PCN-GNa). #AJE 1RG0 7 AR EE 30 min, AFILTE RIS SIMEIF W, RJE1E
339 nm BRI REREEE . Ot B LI & MK NFT ) DMF 3k AYE & 5 O i\ 2 it &
Y) 1 1) DMF B3, SR Wil AH R AR e FLARIB I 2 ok
2.4, X-SHER R SR P L5 #ai0 zE

BE&0 15 X-5F 22 755 B4 72 Bruker D8 Quest ECO AT b HEAT 4R , SR FH 7 2 5. {4 Mo-ko
ARG = 071069 A). FIH 2 EHHH AR TRIKRE. #H WIinGX A &M SHELXS-2014 #1
SHELXL-2014 &R 3T F? (400 B i/ —3Riddb AT fdb Ao FE[12] . A HLECAR AT AR SR 145
2 NI B s A SR, FFIEAT T & i RS . O A DT R SR TR R A T S8 A e
ISR HEAT S 1 R HEAE IR 36 1R 2 29081 T TCA 42 L P ok S5 A A 5000 ARRE G ) A A A

Table 1. Crystal data and structure refinement parameters of complex 1
= 1 LAY 1 NREERIENSEEESH

Complex 1
Empirical formula C4gH13N,0,Cd
Formula weight 461.72
Temperature 293(2)
Crystal system Monoclinic
Space group C2lc
alA 14.928(5)
b/A 14.928(5)
c/A 21.554(5)
ol 90
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Continued
Bl 100.850(5)
yl° 90
VIA3 3320(2)
z 8
Dy/g cm® 1.847
(Mo Ka)/mm™ 1.350
F(000) 1832
Reflections collected 10631
Unique reflections 2918
R(int) 0.0286
GOF on F? 1.023
Final R indices [l > 2sigma(l)] R, =0.0248, wR, = 0.0563
R indices (all data) R, =0.0320, wR, = 0.0599

3. &R511i8
3.1. EC&HI[CA(L)(BIMB),s]n(1)8V G5 atEER

FC&W 1 45 SHTE T XERRIEAD R AL R, BN C2/c, "B R — AN EMER FHE— AT
BRI ZHEE5 M . LB 1 SR EANFR I RE&H —A CAIN ST, —/NMEHAIIEN HaL-1 Bk 5
PR T 0 L2 B S 7 (P 3) 1 =43 2 — /> BIMB Fit ik . Hh 0 48 CA(1) B8 7 R BR Az 3R 52 0 1] 2(a) B
B IRBCAL U F AR & RS 6 )\ TR A AN ANERAT 523 Bk B F =AM O i LB 71— N
woe JLFAIPYAS O JEFLLEKEE BIMB FLARM — A N w2 T BT 588 . Cd-O fFC A7 8 K 3 4k F
2.272(2)~2.526(2) A X—[X[a], Cd-N s R 2.2532)F 2.282(2) A XHAKME, BALH O(N)
-Cd-O(N)EE A Ul 43 A fE 70.76(7)°~166.08(7) X —Ju[El N, DL EEE )5 CL4 HaE I KPR R IR AT A= M B i
5 Cd(1) & TR 3 BC &4 FIEAE 24 [13]

QNN
(c)

Figure 2. (a) Coordination environment of Cd(Il) center in 1. Symmetry code: #1 (—X + 1/2,y + 1/2, =z + 3/2); #2 (x + 1/12, -y +
1/2, z + 1/2). (b) The 2D layer built by L?" ligands x5-bridging Cd(I1) nodes in 1. (c) The 2-fold interpenetrated three-dimensional
(3D) pillar-layered framework of 1. (d) Topological view of (3,4)-connected net of 1 with a Schlafli symbol of {4.82}{4.8°}

E 2. (a) BLA4 1 & CA(INFORIBELAIERE . STRRAAD: #1 (—x+ 1/2, y+1/2, -2+ 3/2); 2 (x+ 1/2, -y + 1/2, 2 + 1/2).
(b) EEEY 1 B L ER up-1F3E CAINEFHIMRM 4R, ) e 1 WAEESN=HIESR. ) BE41 183.4)
EEREMEIRD
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Figure 3. In situ decarboxylation of the initial ligand
3. ¥ABCRRN R AR FR T 72

EREY 1 b, FAFER LB B TSR T 1a-kN,0:kO"KO" O e A A2, 23 iof — i g o
M- A-FRIRFE T DL pp-ntogt T7 AIHRIER A N R FHRERA CANES T, A 53283 ik
FEUN pg-ntigt FT A=A CAN) B To A T i L SCBRAA R R 7 2, L2 TR (K 5 R AR 4R [l 28 45
WA T — B R R, WA SRR M B T 40 76.96° (9 T f . L> BLAKT I COO % ]
5 AT B 1 TR A R A R PR T 2 B A T 44 12.64° 0 16.60° () T £ o SRR PRS0 CA(I)FHES T
ZIAME LB T ueWRETR AR T A 28 B A 7 T 8 DR SR 8 DB — 4 Cd()-L2 2 (5]
2(b)). RIPERT BIMB Fic ik S ik — 2 FATHEFI B CA(11)-L? 23 e SR i A 3 K R FLIE ) = k4%
- EARMEZRGE M (15 2(c)) - 33 ik b A7 8 () 7L 25 5 BOHE 22 ) 33 03 KT 5 BUE B2 5 15 A FasE , [
WEAE S8 i e o S T R B R, D 2 S ) O HE A B B e — A, o P L 1 2 D
FER LN . ST AN TR IUIRA I 4 R A WAL P B 540 7E 7 — 2. RATSINI T 3R 4h 24
Fi i HE AR AT T FIALAETE, A pe-L2 TR CA(I) RS T4 50T LU B — AN 1 33 T
SR AT S, BIMB WL AT DLBE(F R — MR MEE B A, Ik, A 1 A RE 48 0T LUK 2 SUAR
— U H 5 (3,4)- & B M4, A TOPOS B [141HE4T 43 BT 5 R B0 6 i 3 5% il (Schlafli) 74 5
{4.823{4.8%}, K5 IF R K BUM R M6 (14 2(d))-

Table 2. Selected bond distances (A) and angles (°) for complex 1
=2 LAY L EEERKA)FRA()

1
Cd(1)-N(1) 2.253(2) Cd(1)-0(3)" 2.285(2)
Cd(1)-0(2)* 2.272(2) Cd(1)-0(4)* 2.504(3)
Cd(1)-N(3) 2.282(2) Cd(1)-0(1) 2.526(2)
N(1)-Cd(1)-0(2)" 121.96(8) N(3)-Cd(1)-O(4)" 159.77(11)
N(1)-Cd(1)-N(3) 94.82(9) 0(3)"-Cd(1)-0(4)* 54.12(10)
0(2)"-Cd(1)-N(3) 87.78(8) N(1)-Cd(1)-O(1) 70.76(7)
N(1)-Cd(1)-O(3)" 137.94(9) 0(2)"-Cd(1)-0(2) 166.08(7)
0(2)"-Cd(1)-0(3)* 88.14(8) N(3)-Cd(1)-O(1) 85.31(8)
N(3)-Cd(1)-0(3)" 116.79(10) 0(3)*-Cd(1)-0(1) 84.23(8)
N(1)-Cd(1)-O(4)" 86.59(10) 0(4)*-Cd(1)-0(1) 76.08(11)

0(2)"-Cd(1)-0(4)* 108.61(11)

Symmetry transformations used to generate equivalent atoms: #1: —x + 1/2,y + 1/2, =z + 3/2; #2: x + 1/12, -~y + 1/2, z + 1/2 for 1.
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32 EEAY 1 WA, HEREMEMAREMRR

N E TR A AR RS, AE SR N X I AR S I AR R BEAT TR R X-B R AT A
(PXRD)ME . Gnlsl 4 Frow, Sk KAL) PXRD % 32 E2 1 20 MATH UG RENS 5 df i S B A 10l o 1 i
SHERr BAHW) G, RIRATHAR B0 2 S5 B BUm AL BRI M. v T3k CPs A= FasE v,
AT ¥ 2 W EE J5 1) 2 03 B8 5 mg BIIEC & Y08 KR BT 10 mL ) H,O. DMF. DMA. CH;0H.
C,HsOH. CH,Cl, Fl CH3CN &7 iR il 48 /N, SR JEREAT B O AT B, P00 kAT PXRD &
(& 5)0 I FIRIE ) PXRD 5 d AR AU G 24T LU, AT LU A e BA Rm AU, &
BATA AT B H AR IR PN N, R AW 1 WK AN KB WA RE Rz, BE4SA
WRMERE . N THRAEAY 1 MREet, ATIE T HAZSFE NN EERS] 800C 2 —iu
BBl IX ] () # Rk 2R (TGA), anlEl 6 Bis, AL A 1 M KAESL R AR e, MRS & T 350CHY, I
FARNELEA T UGS, A EH TG, UiBRC S HA R e e 1%

as-synthesized

simulated

1'0 ' 2l0 ' 3l0 ' 4l0 ' 510
2 theta (degree)

Figure 4. As-synthesized and simulated PXRD patterns for complex 1
Bl 4. LA 1 BRI RARBI R X-SFL 75 EE

L ! CH,CN
ey L CHCL
i C,H,OH
¥ CH,OH

DMA

DMF

_4,AL....J.LMJ"\M-WJ“— hH—ZAO—
I \ LKl Simulated

1I0 2l0 ' 3I0 4lO 50
Two theta (degree)

Figure 5. Simulated and measured PXRD patterns of complex 1 im-
mersed in different solvents for 48 hours

E 5. BA&Y 1 ERERFIFIRE 48 NEHHY PXRD EliE SHRHIE
TEXTE E
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Figure 6. Thermogravimetric curve of complex 1

E 6. BA1 1 HRKERML

33 EAM 1 RAMRAR

WEABL R EH Zo(ll), Cd(ll), Cu(l), Ag()Z d° B FHAMAE T E o B Ta LR GRE &
VIR R — @ RO, fE DRI, TARE R, JRRMEa, SR IS S AT Y L K B A
e AN, BATEITE T AW L EEIR T MES LR, IS0 HaL-1 RO R SHE AT T He AL
W 7 fras, 76 346 nm K NIRRT, E EE Hal-1 BUAATE 419 nm AR B H BRI ot & 5, X
FEIFFETEAA AT n*—n 8 n*—n BTEGE. BEIRVIIEN HaL-1 FCARTE S 44 1 1 41 26 5 7 o JBR A i
T L, EET HaL-1 2781 L7 BB TR SEH0E 22 22 AR, DR BRA A B A TR % B R A )
(2 FEPE R - 2M7E 339 nm 1K T XTRC AW 1 F0k AR AT ORI, LR G HEFE S RAE L T 411 nm
Abo BEA, FEAYD LAEZEH T BIMB 4 BhECIE #4762 410 nm b LA 5158 6 R I[15]. 2T 5H
HI ) HaL-1 11 BIMB FCARAH AR & S0 B FEAR, FC&Y 1 R EOb R F AR T H R HLEC 4
HE M o BTPOEATEG A, BATENE TEEY 1 73 BHEA R i B i 2ot il 8 fi,
WA IHE HyO. CH3CN. CH3OH. C,HsOH. DMF. DMA 255 #1771 b (19 5¢ 5 R T e 5 [ 25 I8 1 9% Dl
SHEEaT, (B TUARIZRBRAR, HAOGMRENRA Z R, XAl E M T 56 MUK I 5 5 R IoE
B T e IR, R ZEL A P08 A E AR 5 T R AL B2

1000 - — Ex 3000 — Ex
i I —E
Em 2500 m
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1500
z z
® 400 - @

S @ 1000

€ k=

= 200 500

0 0-

rya ya
M T M T w5l M T M T v T v ) T vl L} L} ]
250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)
@ (b)

Figure 7. Excitation (black lines) and emission (red lines) spectra of free Hs;L-1 ligand (a) and CPs 1 (b) in the solid state
at room temperature

B 7. HaL-1 FEAARNRC &40 1 ARSI N BAORES U G o (R 2R) AR SR I 1 (L 4Q)
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Figure 8. Fluorescence spectra of suspensions formed by complex
limmerged in different solvents

E 8. BLAMTEARRIRF hRRRMIRITI S E

34. SN HIERNRAERMERTAR

BT AC A 176 &P R BT B B A SR B A R A AR e MR B R R e e, 1 L JRAT TR
Jt 1 HAE DMF 1 2 Hont T A R RSP AR R AR KRR ), X R 2R F R R TR 2 Pk AR K IR I A
7, MTE DMF A iR e i . IRATBEREH FH W HEME(MNZ) B iEM(TNZ). BASHE(ONZ). PRI
MR (FZD) MR Z95(NFT). ffiEmEng (SD2) i g (SMZ). A K (CAP). L E &= (TMC). i
WE(NFC). AEBEWE(LOC). HHE XK - 44 (PCN-GNa) 12 Ffiisk 2/ LA % . & 9(a) &l 9(b)
fiioR, REPAPERS TFEMEAEY 1 ) DMF MO AR M, H i (SMZ)
ZAEEAEY) 1 2O 720 1.5 5 h 4, HR &R - MI(PCN-GNa)=fHEL &4 1 196/~ 4) 35% /2t
[RIG5R, AL LE (SDZ)RM LAY 1 M2 LA m, # R EPiERS T IL TS MREY 11
RN ERNFRRE PR, HTMC. ONZ. MNZ. TNZ. FZD F1 NFT HIXE KA ARG B & . X st
TERMEN], BEY 1 AT DMEN—PBE P4 3R 2 W NAE 8% . NFT Al FZD ) KR Sy, 3 lis
F7 94.04%7F1 93.21%. DL, fERENRIIBETTH, RAOTRFWNEAEY 1 AHRE NFT ffE&Ee . RH
W EEFHELE T EY 1 MRS BRIk FE 2RI R & 9(c)ml LAIEMI M S H], B
F NFT IRIZERIEN, BEEY 1 RAOGEEE K . TR KT LLA Stern-Volmer (SV) 77 FER 73 #7214/l
=1+ Ky[M], Hrt Ky B KABLFEE, MR ITYIREE R EE, 1o A0 1 AN AT i (0 R 6 AL
[16]. s 9(d)FTas, NFT () SV FIFEMRIH L YRl PRI B35 IR MO R, (ELAE Ry oA 3 YL TRl P e e 2 1k
KEZIEm B JELet: SV BRI RIS AT Be A2 tH T B W sk e AL B AR AT S 8L [17]. NFT 1 Ky, 18
N 279 x 10° M7 (R? = 0.9979). A4 10 YRAEHR 2 (R 56 AR (i 25 (0) 1 K 18, LA 1 Xt T
NFT fR48 H PR (36/Kg) 2108 1.07 x 10° mol-L ™!, 5 838 19— Le 9 LR & WAL A R 24 [18]. HiER
AT AR AT CHRKEFR EZAHTT: ——&ERSTE5RAWH AR T4 e Ef7
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Figure 9. (a) The fluorescence emission spectra of 1 dispersed in the DMF containing different antibiotics at the same con-
centration. (b) The fluorescence intensities of 1 in DMF solutions of different antibiotics. (c) Emissions spectra of 1 dis-
persed in DMF upon incremental addition of 102 mol-L™* DMF solution of NFT. (d) The correlation between the lumines-
cence of 1 and the concentration of DMF solution of NFT. Inset: the linear correlation for the plot of Io/I-1 vs NFT concen-
tration
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