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Abstract: Novel composites with nonlinear optical effect were prepared by exchanging the dimethylamine cation
with DB and TM in MOF's (ZJU-28) channels. DB or TM cations with strong polar were arranged along one direction
in crystal pores, leading to non-central symmetric crystal. Compared to original ZJU-28, the composite crystals,
DB@ZJU-28 and TM@ZJU-28, possess strong second harmonic generation (SHG) and two-photon absorption

fluorescence observed through confocal microscopy.
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Scheme 1 Schematic illustration of encapsulation of cationic dyes into ZJU-28 via ion-exchange process
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DBI: (E)-2-(4-((2-hydroxyethyl)(methyl)amino)styryl)
-3-methylbenzo[d]thiazol-3-ium iodide , TMI: (E)-1-(4-
(4-(diphenylamino)styryl)phenyl)-3-methyl-1H-imidazol
-3-ium iodide Al ZJU-28 R4S SCHR & Wi, I
B 2 3 e 3 2 W B W 3K A P R 2D
PEal 20 AMEIE AR) MK JE 7E Nicolet FT-IR-870SX

S 2D MG AY B #E AT (KBr )3 '™H NMR | BC
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5 TR T HELAE Perkin-Elmer 240 {3 #% -
56 W Ak A W &R 45 F 2 7E SMART CCD
(Seimens) X 17 4% - Mo Ka %2k (1=0.071 073
nm) W E 3 X 5 Z0 R AT 5 (PXRD)E & HE 2 X 4T
LTI L5, % Cu Ka $14(0=0.154 nm), HL
JE2R 40 KV, A HLTLN 100 mA , FHEE Y 3°~500;
BHh T LGS (UV-Vis) 7E SHIMADZU UV-
3600 UV-VIS-NIR 73006 BSE i, 2806k
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XG5 62 ) 36 B P8 W) 9 60635 (Ocean
Optics USB4000) #7171 | € FD 8k 52 43 Bk vh #0628
(Coherent Ultra I1)/E A% (690~1 080 nm, 80 MHz,
140 fs); PO IR £ B F 9% 2 Zeiss 710 SLR £
U
1.2 R’
1.2.1 DBQ@ZJU-28 14 h

¥ DBI 44 BHAC H 5 1x10 mol - L™ B9 DMF %
W, FREE 100 mg (1 ZJU-28 @R R ZETE 5 mL
B R 37 CCEIRE 24 h, #hiE, H DMF
VEGEOK | Ik 22 3R E WL B et SR S BE TR
Z T4 . FT-IR(KBr pellet,cm™):3 403(br),1 666
(s),1 599(s),1 542(m),1 417(s),1 386(vs),1 247 (w),
1 185(w),1 111(m),1 011(w),856(s),781(s),708 (m),
JCE AT IR AE (%) : C 55.52,H 6.22,N 6.28 ; Il &
{E(%):C 55.50,H 6.25,N 6.31,
122 TM@ZJU-28 5 i

TM@ZJU-28 )& 177 % 5 DB@ZJU-28 2
L, {CK DBI 4k TMI, FT-IR (KBr pellet,
em™):3 403 (br),1 666(s),1 599(s),1 542(m),1 417
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Fig.2 Energy optimized structures of cationic nonlinear

optical dye DB and TM in a space filling mode
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TM@ZJU-28 under natural light and
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Table 1 Fluorescence quantum yield and lifetime of
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7/ ns Fl %
7JU-28 1.26 5.6
DB@ZJU-28 4.89 14
TM@ZJU-28 4.70 18

"A=365 nm
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Fig.8 Time-resolved fluorescence curves of ZJU-28,
DB@ZJU-28 and TM@ZJU-28 at room

temperature

) A5 A0 2050 I R RO~ W MO M B, R e 2R
s RGN T B ARG W AE 25 A8 3E T A A
W5, KRIAEELLAME By, ZJU-28 B HOLF 581
MG (H WL EEAS BN A5 05 R0 FOBOE F W5, 4%
b7 DB il TM kB 1 i A ZJU-28 HEZE
3 %] DB@QZJU-28 fl TM@ZJU-28 I 6 MOFs &
HHRE, KA KDP(BE R — 280 1E NSt Il 5
PR AR U I AL, & BRI LT AN OB E
T ,DB@ZJU-28 fil TM@ZJU-28 & 3 H 5 1) 5 45
RN (1 9(a) 2o R W), 5 5 9 B 43 Ji ) KDP 1Y
20.75 F1 14.53 15 (&l 9(b)), W1 b w5 T STk i & A it
WEEh @ZJU-28 A5 AT RN I S 56 45 51 0T LA A

@

~—— DB@ZJU-28
TM@ZJU-28
«—— KDP

b
& 20.75

14.53

1

M\L,u
v v v iy

Wavelength / nm

| ¥ ) ¥ T T
450 500 550 600 650 700 750 800

KDP DB@ZJU-28 TM@ZJU-28

9 (a) KDP .DB@ZJU-28 I TM@ZJU-28 4% 80N 3 B (A =1 060 nm)FI XU - Wi
FIE(1.=800 nm); (b) KDP .DB@ZJU-28 Il TM@ZJU-28 {¥J 4} A A5 W50 1 i Ji
Fig.9 (a) SHG response (A.,=1 060 nm) and two-photon absorption (A,=800 nm) spectra of KDP, DB@ZJU-28 and
TM@ZJU-28; (b) SHG normalized intensity of DB@ZJU-28, TM@ZJU-28 and a reference sample KDP



CERN] Y Ak O3 A5 A WL B 8 T 14 <2 a8 AT BILATE A s A A2 0280 17 B RO 3% 2023

RN ZJU-28 f iR R T P62c ZS [ BE, HLAT o X
FRE5H AR EA I dEgk ot ae . T DB M
TM FH & 76 fib AR FLIE Hh e 6% 52 B0 ) HEA | 2072
TR B O X ER M DA R AR E AR AR Y
MOFs & &KL,

£ & 9(a) BN A MOFs A1 RH7E T 2141 ik B
T ,DB@ZJU-28 1 TM@ZJU-28 #§ E A & 2 ) W
JG T M HE (G TE W), B T Ml 5 e 4
B 55 A5 AR50 B AN [ P AR R I O A 3
UK, A5 A A [R] 1) I8k B 2% B AR B0 1Y) 2 |
MOGF IR I B 0 | U 7y o 15 e ) FH B8 1Y
iM% ,DB@ZJU-28 5 & MOFs 1Y &tk Bt 78
600~700 nm 5 [l , TM@ZJU-28 & V&% BL 1F 550~
630 nm G

3 & it

W —4EfLIEST M T TR REY
ZJU-28 O EIRHELE e ad B 7554 H 2 Bl H
TIRORLSIAASLIE | B 7SS e id B AR @ R
AT I B S5 FORNE BAD s A ) 2 A R A
SRR, SRR R S S L R LI R S B E
o) A, R T R AR O X RRE BTS2 MOFs
FORHEAT B (4 OGN FOBOE T, 25
FW, A s A S REA LI B T LASE B
28 MOFs N BE I, W2, A5 )R
MOFs #1EHE SHG 4B FI XU 44 4 i ] 42 i 4
L FCAE AW 5 5 T L R B T SE AR

SE WK

[1] Islamoglu T, Goswami S, Li Z Y, et al. Acc. Chem. Res.,
2017,50:805-813
[2] Cook T R, Zheng Y R, Stang P J. Chem. Rev., 2012,113:734

777

[3] Lee J Y, Farha O K, Roberts J, et al. Chem. Soc. Rev., 2009,
38:1450-1459

[4] Li J R, Kuppler R J, Zhou H C. Chem. Soc. Rev., 2009,38:
1477-1504

[S] Herm Z R, Wiers B M, Mason J A, et al. Science, 2013,340:
960-964

[6] Slater A G, Cooper A . Science, 2015,348:988-997

[7] Fu D W, Zhang W, Xiong R G. Ddlton Trans., 2008,30:3946
-3948

[8] Tang Y Z, Zhou M, Huang J, et al. Inorg. Chem., 2013,52:
1679-1681

[9] Wei Y H, Dong H Y, Wei C, et al. Adv. Mater., 2016,28:
7424-7429

[10]Liu C M, Xong R G, You X Z, et al. Acta Chem. Scand.,
1998.52:1353-1358

[11]Cui Y J, Song T, Yu J C, et al. Adv. Funct. Mater., 2015,25:
4796-4802

[12]Dong H Y, Zhang C H, Zhao Y S. J. Mater. Chem. C, 2017,
5:5600-5609

[13]Su J, Yao L D, Zhao M, et al. Inorg. Chem., 2015,54:6169-
6175

[14]TIAN Yue(H 1), LI Fei(Z ¥), ZHANG Guo-Cui(iK %),
et al. Chinese J. Inorg. Chem.(RALAL & F 1K), 2017,33:664
-672

[15]YU Jian-Can(fi8 @ ll). Thesis for the Doctorate of Zhejiang
University(#1 i X 5 + % X). 2013.

[16]Li D D, Tian X H, Wang A D, et al. Chem. Sci., 2016,7:
2257-2263

[17]Zhu Y Z, Xiao L F, Zhao M, et al. BioMed Res. Ini., 2015:
965386(8 pages)

[18]Yu J C, Cui Y J, Xu H, et al. Nat. Commun., 2013,4:2719(6
pages)

[19]Genna D T, Wong-Foy A G, Matzger A J, et al. J. Am. Chem.
Soc., 2013,135:10586-10589

[20]Yu J C, Cui Y J, Wu C D, et al. Angew. Chem. Int. Ed., 2012,
51:10542-10545





