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Abstract

Two novel coordination polymers [Zn(H:L)(H20).'H20]. (1) and [Cd(H:L)(H20).-H20]. (2) were
synthesized by self-assembly of 3,5-bis(3’,5’-dicarboxylphenyl)-1H-1,2,4-triazole (H4L) ligand and
metal ions Zn(II)/Cd(II). The compounds were characterized by single crystal X-ray diffraction,
powder X-ray diffraction, IR, elemental analysis and thermogravimetric analysis. The results show
that compounds 1 and 2 are two-dimensional layered structures. The three carboxyl groups of
H;L?- ligand in 1 are bridged zinc ions in monodentate coordination mode, while two carboxyl
groups in 2 are bidentate chelating and another one is monodentate coordination. The adjacent
2D layers are extended to three-dimensional supramolecular structures by hydrogen bonding and
m-1t stacking interaction. The fluorescence emission spectra of solid state show that 1 and 2 have
good fluorescence properties, and their luminescence mechanism is attributed to m—n* transition
of ligands. In addition, different organic small molecules have different effects on the fluorescence
intensity of compound 1, and acetone has a significant quenching effect on it. Based on the me-
chanism of fluorescence quenching, 1 can be used as a promising fluorescent probe for detecting
acetone.

Keywords

Coordination Polymer, Crystal Structure, Fluorescence, Sensing Property

DERER

YEG I Y, BT, B, TH, Sk 3,5- (3,5 - TRIEARE)-1,2,4- = RS I I 4R IO AL IR S A B
FERIRI T e ME R )], P FEAL AR, 2018, 7(4): 163-173. DOI: 10.12677/japc.2018.74020


http://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2018.74020
https://doi.org/10.12677/japc.2018.74020
http://www.hanspub.org

F

3,5-—(3°,5-“ R EFTE)-1,2,4- =T RY
TEEBRARSYNER. &fafn

F ¥ RExTL R FL 2 AL, R 4"

VEM S S B AL 2 B, AR I
IEMREEA R, R KE
Email: ‘jj_zhx@126.com

WekE H . 20184E10H18H; sFAHH . 2018%F11H1H; KA HM: 2018411 H8H

R
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1. 5|8

B B EWE— M2 IRk, A URTERR(L] 2] 22T [3] [4] [5]. fiEAL[6] (7] BLT1%=(8]
(9] RICHIEARIR[10] [11] [12] [13] [14]55 5 HIPIEE R 2] 1) 2 1 A, fEILrh— 24, Bofz
REMMTERE TS EEM R, R H T R ENE . R SR B A WU AR
B M SR S 22 B AT DA B L T s R SOMORE Y R AT SR A, R R OB SR A el
TRt s, RO PR R, W TSR A SE ESRMAES. B8RS 1. Al
NS TR 15]-[26]. ARTA, AFERMTI . it Ak H bR AL R AR BRI . BT d0 4
J& d PUB A, BH d-d KT, ASEBUEERSOERK, Wik d° SRR REY A RIFR
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PERE, W DMERNIBIER DO AR RS o TR 2 —Fh i R A PE R, aikiE, AZEnr bl 2 g
TRARZS Gy WSO, RN, SN R DR 2R % o B WRSC ) TR 40 AT AE BEAS B A, Rl R = B 7K & I
WH, XHFBUGREEL, ARG EMAEM. BEBIWNEER Tz HABERNGE, TR R
KA E B Y)FER .. BIHFTYIE, R CHE R OCRCA 5 A s PR [27] .

AR WAL R GV R CEE ., o YA R 15 &R 5, [FR R
BRI A AT DR B2 M ECAL RS, MU RR N B R4 . ARSI 3,5-(37,5°- R B IR L )-1,2,4-
SMWHLABENRE, 5 d° &8 Zad) M CAID) B T R, KB T A B R A B A
[Zn(H,L)(H,0), H,0],(1)F[Cd(H,L)(H,0),-H,01,(2), WA EA T skt by, #fase et m, Jridk
— B THEHUN S TAHME A 1 PN . 25 BRI, {ba W 1 AT LAk G I PR R .

2. SCROERSy
2.1. RS

FHAEF[ZnCLy] . FALHR[CACL, 2. SHOTAERFR I T~ [E 25 55 HA 24 i A PR A | s 3,5- (3,5 - R IR
$6)-1,2,4- =M T 5 tEA R IR AR . BLEIRAY A Hrat.

Bruker Smart CCD 1000 & X- £ 5. i@ 7 5 A (#8 [F Bruker A ®]); SHIMADZU XRD-6000 243 K X-
SR ATHM(H A SHIMADZU /A ]): Perkin Elmer 2400 %! 762 /> #1X (3£ [ Perkin Elmer A &); Nicolet
Impact 410 (e B AR 3 2T 4 61543 (32 [E] Nicolet A#]); Perkin-Elmer TGA-7 B #4E ) HT{X (3% [H Perkin
Elmer A 7]); Edinburgh Instrument FLS920 A2 Z5HEA 966X (¥4 E Edinburgh A 7]); Perkin Elmer
LS-55 %643 606 E 1H(3E [H Perkin Elmer A 7).

2.2. SEEEE

22.1. &M 1 ER

# ZnCl, (0.0272 g, 0.2 mmol), H,L Fc{£(0.0397 g, 0.1 mmol)Fl H,O (5.0 mL)K K AINAF] 50 mL 4%
MR, FEAWTEHE A HCL(6 M, 0.1 mL), 4k&:8iH: 30 %80 5 ¥R &M 2 25 mL A R LN
AR N 28, 1E 170°C B ik 72 /N, A E1 3 =055 B ok Sk, BE R
UE, BT, PERON 54.0% (UL HL BAAA 5. 0RO ESME(Cis His N3 Oy Zn): C, 42.00; H,
2.94; N, 8.16%. S5 {H: C, 41.96; H, 2.88; N, 8.17%. T EHILL AR ILIE(KBr, cm™'): 3440(s), 2958(s),
2626(m), 1652(s), 1510(w), 1453(s), 1398(s), 1293(w), 1198(w), 1111(w), 1008(m), 920(w), 833(m),
782(w), 759(s), 745(s), 704(m), 663(w), 637(w), 542(w), 459(w).

222. WEM 2 HER

L&Y 2 A BGEREAEAE Y 1AL, REA CdCLL-2.5H,0 (0.0456 g, 0.2 mmol)EUfR ZnCl,. F=¥1A
HEHUR AR, P20 38.0%(LA HyL BCARTHE) . TR AT BB {E(Cigs His CA N3 Oy)): C, 38.49; H, 2.69;
N, 7.48%. SLifli: C, 38.47; H, 2.73; N, 7.47%. FEMRLANKYIE (KBr, cm™'): 3436(s), 2930(s),
2625(m), 1652(s), 1511(w), 1403(s), 1368(s), 1292(w), 1198(w), 1111(w), 1008(m), 921(w), 833(m),
782(w), 759(s), 745(s), 704(m), 670(w), 637(w), 549(w), 463(W)o

2.2.3. RkEHIE

&1 A0 2 1S AAEHE T 25 R #E Bruker Smart CCD 1000 %! X-5 28 8 S 75X _EU4E , B Mo Ka
(A=10.071073 nm) 2R/ N GCTR . SAREHE R SHELXTL 97 A4 EE, HHJE-F % 17 5 M e JEEUR
T, JUTInER ERA R AR T . LAY 1R 2 SRR ES B SRS E8ER N E | FiR.
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Table 1. Crystal data and structure refinement for compounds 1 and 2

%= 1. LEW 1 02 MREERIEMEEEE

Compounds 1 2
Formula CisHisN; Oy Zn CisHis CdN; Oy,
Fw (g mol™) 514.7 561.72
Crystal system monoclinic triclinic
space group C2/c P-1
a(A) 13.4880(14) 7.0409(4)
b(A) 17.1903(17) 9.2622(5)
c(A) 16.6748(16) 15.0016(9)
a(®) 90 91.921(4)
L) 103.071(2) 97.366(4)
7(°) 90 105.806(4)
V(A%) 3766.1(6) 931.15(9)
Z 8 2
Deaie(grem™) 1.805 1.939
u(mm™) 1.379 1.241
F(000) 2072 540
Orange (°) 1.95~28.28 2.29~25.04
-17<h<16 -8<h<8
Limiting indices —22<k<21 -11<k<9
—22<<21 -17<1<17
Refl. Collected/unique 13720/4663 5286/3280
Rint 0.0176 0.0373
Data/restraints/parameters 4663/0/318 3280/4/300
GOF 1.116 1.032
Ry [I>20(D]* 0.0329 0.0336
WR, [1>20(1)] 0.0967 0.0879
R (all data)*® 0.0404 0.0416
WwR; (all data) 0.1104 0.0919
CCDC No. 1504738 1504739

“Ry = Z|Fo| = [FZIFo]. "wRy = S[w(F,> = Y VE[w(Fs) 1o

3. ER5118
3.1. B

3.1.1. &L&¥(Zn(H,L)(H,0),-H,0], (1)# R 454

FREE ORI AE W BT RALR R, C 2 B, AFREITHEE—A Zod)E T, —54
H,L T, PIANEEALK o TR —ANE KT 0 1@)FR, Zn(0)E 12 LR E, 5515 AN ELAL
KRR TR = A RFE B HLRA 0 = AR 701, 05 M 06)fLfr, Zn-O #K i [
1.998(14)~2.1092) A. H,L k%A LR, MM FHRA H R HL ik, 4 HL™ ik
HH R AN R B 0 Sl SR BB 1 A7 AR SR B = AN AN R Zn(ID B, 76 be T BJE R —A =482 (& 1(b)),
FHAR ) 4k SR 45 M8 A 8 O4-Hlw---02 1 O3-Haw---O1 BEHEM =4 T 450K 1(c)). FTERH
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B AN A W2 20 BEAh, AHABRYEIRG W oA 1P PAT R A = 3R, f74E non MERUE FH E— 0%
SERE T T M (B 1(c))e HoL> TR r (0 7 AN 2 T (907 T 22 [ f) TR A 1.362°, LoD 852 3.525 A,
T PN = IR BT LE (9 T TRT PR TR A28 0.709°, oG BE B A 3.342 A (14 1(0)).

Figure 1. (a) Coordination environment of Zn(II) ions in 1; (b) view of 2D layer in 1 in the bc plane (hydrogen atoms and
lattice water molecules are omitted for clarity); (c) the packing pattern of the adjacent layers viewed along b-axis through
hydrogen bonds and n-x stacking interactions

L. (a) WEY | PEBTHEAFE;(b) XA | # be PANZHEREWE (BB IR THREKD F);c) &
&b E, BEPHNEREERE M n-n HERER MM = 4R E

Table 2. Hydrogen bond lengths and bond angles for compound 1
F2 UEY | hSENBEKIER

D-H---A d(D-HY/A d(H---A)/A d(D---A)/A Z/DHA/
04-Hlw---02 #1 0.74 2.18 2.903(3) 166
03-Hdw---Ol1#4 0.76 2.05 2.810(4) 175

Symmetry transformations used to generate equivalent atoms: #1: 1/2-x, -1/2-y, 1-z; #4: -x, y, 1/2-z.

3.1.2. A&M[Cd(H,L)(H,0), H,0], Q) RkLEH

FREE RS 2 BT =/ A, P-1 S, SR THEs—4 cdansEr, —4
H,L> Pk, BANERALK S F R —NiFE KD Fo Wl 2w, CAADEF2-LREAL, 23 5P AN
ALK A B ESR AR E = AR H L Bk o i AN SR PR, Cd-O BT 2.26(3)~2.50(3) A. #B
S E R HoL AR MBS 7 NS E Y 1 AR, b A BRI ROk 8 A /AL, 1 4h— 3t
FICAL, 1E be “PIDNERE =AARE CAADE TR — N 4EE (4 2(b). MHABH =42 R EE A
# 05-H5---09, 05-H6:--03, 09-H8:--O1 Al O9-H11---0O4 EE = 4E# > T 450K 2(c)). TEREK
B WA 3. SWEY 1AL, FRATE 2R Z5H T R I TP AT (2RI = MR, f77E n-n HEAH
YERI(E 2(c))o HoL? TR A 25 B0 BT 26 (0 - T 22 18] f) T 9 1.293°, CoODEEES A 3.579 A, T /> =
HTE RSP 52 45747, OB EEER 3.391 A (K] 2(c)).
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Figure 2. (a) Coordination environment of Cd(I) ions in 2; (b) view of 2D layer in 2 (hydrogen atoms are omitted for
clarity); (c) the packing pattern of the adjacent layers through hydrogen bonds and n-n stacking interactions
2. (a) WEY 2 PRETHERMINE; (b) KEY 2 WZHBREMEBEETF); (o) BPHNBERGELE

SRR wn AR E AR AN = 4T

Table 3. Hydrogen bond lengths and bond angles for compound 2

3. LAY 2 VSRR KA A

D-H-A d(D-HYA d(H-AYA dD--A)/A ZDHA/"
05-H5---09#1 0.83 2.52 3.255(7) 148
05-H6"--03#2 0.83 1.95 2.737(1) 157
09-H8---0143 0.84 2.16 2.983(9) 167
09-H11---04#4 0.58 233 2.873(1) 158

Symmetry transformations used to generate equivalent atoms: #1: 14X, y, z; #2: -1-x, 1-y, -z; #3: 1-x, 1-y, 1-z; #4: X, -y, -z.

3.2. MK x SIEATHMAKES

WA 1A 2 (AR XRD 3% B AR XRD 35 B 3 B, XM S P08 R XRD 35 EIRTH
e P (07 B 5 HLABADL XRD 1% BHEA— B0, R & B S I 9 R AT VA FR o B2 22 5 M RE A ol T o
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Figure 3. Simulated and experimental X-ray diffraction patterns of compounds 1 (a) and 2 (b)
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NTHEFACEY) 1A 2 e e, E2RRNE AT TGA #iZk, Wikl 4 B, a1 1
—MNREGMMNEERZE 248°C, VHENIFE/KMEAIKR L CERAE: 10.45%, HIR{E: 10.49%), 1
HIEZEM 390°CH UG5 fiF, B2 S13°CHESMHTEA, BTN ZnO (SE5AE: 15.51%, FIB{H: 15.81%).
WEY) 2 fEEWE 260 CIHIKE 11.2%, XN TIKSFHRIREFIRRER 9.61%), M 330 CHIGRAIZ
oy i, FEHEREE AV SRR .
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Figure 4. The TGA curves of compounds 1 and 2
B 4. LAY 1 702 MAERLZ

3.3. RMR

Kl sy e b a9 1, 2 FE B HaL FOARTE =R T I A e R 5 aib . BL 380 nm IR, 1k
B 1R 2 S FEIR BRI T8 R S, BORKIEAE 5N 470 nm A1 483 nm. 5 H,L BC A 1 5 K R 5 454 nm
FHECES, W3R4T 4%, (HRRSIEMTIRGRANEA—S, ZEHET non*fKil. A, K
SRR LU ORI =R 2, IR RN A HLEC AR B [ 8 78 MOFs 1, MRS T Jm i s, S8k
TREEHIN28]. AW | B9 KSR T 400~700 nm HITEHE, CIE 24455(0.306, 0.340), LbiEIT
FRAR 9 6ALFR(0.333, 0.333), BT FN 2.65% ( 5(b)).
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Figure 5. (a) Luminescence spectra of 1, 2 and HyL ligand in the solid state at room temperature; (b)
the CIE chromaticity diagram for 1 under excitation wavelength at 380 nm

B 5. (ft&4 1,2 M HL EAFEER THEIRRC LS IERE; b)IEY 1 7 380 nm BELHK
K& CIE & EE
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iR A1, 2 & HL BUR A a2 W& 6 Frs, MG s ife: 1=1,+ A,
exp(—t/1)) + A, exp(—t/1y), XEM TAI T, 0 HIRRY t=t fl t=0 B DI, 1 Fl 1, & AT .
FH 5 AT B B il & S B0 08 B R e a N (&1 1,=1.69ns, 1,=5.93ns, thEW2H 1, =
1.74ns, 1,=5.78ns, H,L E4& 1,=1.53ns, 1,=5.94ns.
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Figure 6. Luminescence decay profiles for compounds 1 (a), 2 (b) and H4L ligand (c) recorded at room tem-
perature

E 6. LAY 1 (a), 2 (b)F1 HAL BLik()EEE THIZ S bk

SEFEY 1t 2 PR B R RIFRIR RS, RS8R T AW 1 EB HU/IN TR 7 T (1 7%
TERLH . 3 mg a1 48T 3 mL ANFEZEFIH, 958 (acetone), =& H KE(CHCLy), DU
WR(CCly), ZJE(CH;CN), HEE(MeOH), ZEE(EtOH), N,N- " F 3£ F i fiZ(DMF), N.N- " F 3& Z ik fZ(DMA),
LR . FE(ethyl acetate). 2875 30 min 28 5 B AV TE AR B AL &) 1 BiFi . TEHOR K 290 nm
MR BIFIR PG (& 7(a))o AP 1 IR ICIE T SIERIFSA BRI REL, X—H R g EZ A
DR T HE R 25 44 5 AN R 77 7 22 B B AN TRD AR EL A F (291, 3 HL A& BV i B K R S 7 8 A N [ R R Ao
B, IXATHEA HTVER T IR EAS F3E R I [30]. 7EERIATI A, R T SR KN (] 7(b))s

TE IR CBRIETFT, AW 1 R ST R, RIULAERE: BRI, RATEERH R
LA R EA BT, AW &, W5 R SIS AR, AT T A% S P A ) R R . B
PR AR T, SV R 5 D' DR PSR AR (1] 8()) e BRI IEE A PAEAG 55 PRI O UR P2 R P L 91, 1 A2
S5 I T A R AR L R B 34 0T U — I R B OR LA R = 0.995] (K 8(b)), RUIAEIXT 1 15
VKR BRI R [31] [32] [33] [34]0 4TAHR IR ECN 1%0], G RKKEE T 88% (FHFRAE =(1 -
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Vlo) x 100%, To A1 1 73 A= B I BRI IR 2 )5 %658 L)« A0 1 ANV RO BT R X/ 2y
TR TOCEKEE BREZERMEM . AR B THER ST SWINERS & YR
AR B PIA 70 7 Z MR CIRRE R A58 4 ORI, A BRI e e # B B 0 7, 0K
TR AR UL RS RR IS 1 T BUE Dy — R A& B0 O IR A0 IR/ 737317 [32] [33]

[34].
1000 - —CHyeN
ethyl acetate
800 —— MeOH 900 -
;? —— EtOH 800
< —— DMF
E 600 —CC14 —_ 700 -
E —— DMA ; 600
E 400 — CHCly = 500 -
acetone E 400 -
200- =300 -
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Figure 7. (a) PL spectra of 1 introduced into various pure solvents when excited at 290 nm; (b) comparison of
luminescence intensity of 1-solvent emulsions at room temperature (excited at 290 nm). Solvent: a. ethyl acetate;
b. DMF; c¢. MeOH; d. EtOH; e. CCly; f. CH3CN; g. DMA; h. CHCl;; i. acetone

[ 7. (2) 290 nm FEFEKTHEY | EARAFIFIRALGHRILR; OEETHEY | MEFRIRN
BE XL E (AR 290 nm), A7 a. ZEEZHES; b. NN-ZFHERERE; c BEE; d Z8; e H&EK
fk; £ ZBE; ¢ NN-ZHREZERE; h=8F%; i. Wi

1000 - 1000
acetone content
8004 (vol. %) 800 -
_ 0% _
g —0.17% =
% 600 - ——0.33% < 600
Z ——0.50% £
e —0.67% s
< 400 5]
= ——0.83% E 400+
1.00%
200 J
200
0
T T T T T T 1 0 T T T T T T T T T
300 350 400 450 500 550 600 0.2 0.4 0.6 0.8 1.0
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(@) (®)

Figure 8. (a) Fluorescence titration of 1 dispersed in ethyl acetate (1 mg/mL) with gradual addition of acetone, A
=290 nm; (b) luminescence intensity of 1 dispersed in ethyl acetate versus the volume ratio of acetone

& 8. (a) PEEZERCEERHIHLAY 1 (1 mgmL), FAEMAIRBRAHEE, LK 290 nm; (b) 8L
HEZBRZEFRHINE 1 BITRE RIS 2Rt E

4. &5t

KA T, PLHL B E Zan(IDA CAADES T M, AR T AN T8 48 BRI A 2R &
[Zn(H,L)(H,0),-H,0], (1)M[Cd(H,L)(H,0),-H,0], (2). tb&W 1 RHAH R, C 2/c IREE, Mk &4 2
AR R, P-1 FEEE. BARNAARMRYED , #43 HL BARMRIERA e LR b, M
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A HE R HLHCf, D> T RCAL L, A S g a2 IR . & il i E A nen 3
BUE R =2 7y 1S540 o IRk, BRSO R SRR, 1M 2 BA RIFRISOEMERT, HEE B HyL
BRI ROt RR 2, H 1 AT BRI I AR R 96 22 AR s

E&WE
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