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Scheme 1 Synthesis route of the aromatic chalcone derivatives
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WRS-1B B8 A (B HEAE R A AU PR R, I BE R AL IE s FT-TR-8400 BTGB (H
AR HLAT]) s Bruker Advanced TIT BUAZ R ILIRAL (Fii +- A1 & 38 23 ) ) s APEX-QE B B4 8 125 1~ 1] g
HARTIEI (9. 4 T) (ZE[E Bruker Daltonics A H]) , 85I 0 RKHEIEEH B (APPT) ; DCS 200 F3 Y
AR ZEFAA R AL (P8 [E Netzsch 22 7)) ;Nd: YAG (NT 342B) n] 130G & (37 F%E EKSPLA 22 7], K
440 nm, K SEE 4 ns) , SEHH A AT CCD 55 J& Adimec4020m/D, 4 1040 x 1376 ™MEE , oG R
RN 7.5 wm x 7.5 um, BMEERBA 1024 JKEEG . Fr R 2 i o dr i
1.2 &RE%

TEREAT BRIV BEE 19 100 mL = U AR 1.5 (1. 34 mL, 11 mmol) X F A LRI 1.2 g
(1.1 mL, 11 mmol) 2-Z, [ REWKIR ( 5 2- L BEHEMEW) 11 mmol) |3 mL 10% Ky 8 AL AT A SO mL JE/K
CWE 14T IR 5 h(TLC BRER ROV RS, V(LR CHR) - VOAliE) =1:2) o R AT, I
FEAihing s FIJC/K Sk usof 3 U, L™ T SR CBRE S §h, HAs T4 10 h BL E,

1- (PR A2 45 ) -3-(4-F AU BE AR 60 ) DM I (1) - IR o SR i 1k 2.1 g, 7 % 83% , mp 79.5 ~
80.1 °C, '"H NMR (600 MHz,DMSO-d,) ,8:8.06 (s, 1H,furan-H) ,7.83(d,J =8.4 Hz,2H, aromatic-H) ,
7.79(d,J = 2.4 Hz, 1H, furan-H) ,7.73 (d, J = 15.6 Hz, 1H, olefin-H) ,7.59 (d, J = 15.6 Hz, 1H,
olefin-H) ,7.03 (d, J = 7.8 Hz, 2H, aromatic-H) ,6.79 (s, 1H, furan-H) ,3.83 (s, 3H, CH, ) ; "C NMR
(150 MHz, DMSO-d, ) , 8: 177. 16, 161. 86, 153. 55, 148. 58, 143. 21, 131. 18, 127.54,119.91,119.49,
114.91,113.13,55. 87;IR(KBr) ,o,,./em ' :1655( C=0 ) ,1599,1574,1559,1512,1466 ( aromatic ring) ,
820 ; HRMS( ESI) 31448 C,,H,,0, [M —H]* :227. 0702, SZM{E :227. 0704,

1 (W 24E) 3-(4-FFSUIEAEIE ) PRI (2) « 36 (5 BRI 2. 28 g, % 85% L mp 82.5 ~83.0 C,
"H NMR (300 MHz, DMSO-d, ), §:8.31 (d, J = 2.4 Hz, 1H, thiophene-H) ,8.05 (d, J = 4.8 Hz, 1H,
thiophene-H) ,7.87(d,J = 8.4 Hz,2H, aromatic-H) ,7.77 (d,J =15.6 Hz, 1H, olefin-H) , 7.72(d, J =
15.6 Hz,1H,olefin-H) ,7.32 ~7.31(td,1H,J =3.6 Hz,3. 6 Hz, 1H, thiophene-H) ,7.04 (d,J =8.4 Hz,
2H,aromatic-H) ,3. 83(s,3H,CH,) ; C NMR (150 MHz, DMSO-d, ) ,8:182.02,161. 89,146.26,143. 59,
135.64,133.72,131.31,129.32,127.62,119. 85,114.90,55.87; IR (KBr) , o, /cm ' : 1647 ( C=0) ;

max

1591,1512 ( Aromatic ring) ;820 ; HRMS( ESI) #18.{ :C,,H,,0,S [ M - H] * :243. 0474 , SZi{H . 243. 0475,
2 R 517N
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Table 1 Ultra-violet spectra properties of compounds 1 and 2

Compounds A e/ NN & (Lemol ™' -cm™")
1 350.0 2.29 x 10*
2 349.5 2.46 x 10*
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Fig. 1 UV absorption spectra of compounds 1(a) and 2(b)
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Table 2 Thermal properties of compounds 1 and 2

Compounds ~ Melting temperature/°C ~ Melting enthalpy/(J-g~") Crystallization temperature/°C Crystallization enthalpy/(J-g=")
1 79.84 87.05 55.97 53.02
2 82.90 89.24 - - -

F 2 2 AT AL A 1 BOH A5 79. 84 C RIS 87. 05 J/g; 45 IR 55.97 °C 4544k 53.02 J/g;
AW 2 1 R 82.90 °C A FINS 89. 24 I/ g MR PR AR AME LUIE M IR B K, S A E K, B I T 45
IS 1A 45 PG s — 8 Y R I B AR e 1, 01 28 ] R o kL
2.4 EPHE

KT T3 I E7E B3LYP/6-311 + G (d) "™ R ACE F XA 1R 2 [ LA 251 |y 745
1 PRSI | RPUE (NBO) 2 BEATH5E, I/ 3 44t TAL& 9 1 1 2 231 NBO . f i 5 Hg 4> 753
(HOMO) 5 fi%Z5 73 F#13 (LUMO) fZE M, BT A H 84K ] Gaussian09 FFH

BRI, RS TS 1 2 B4 THUE BRI IEHEE TR R IHIL R (£ 3) .
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Fig.3 The NBOs and molecular orbits of compounds 1 and 2
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Table 3 The molecular orbital energy and polarization of compounds 1 and 2

Compounds HOMO/a. u. LUMO/a. u. AE| yvo-nomo” @- u. a(Polar)/a. u.
1 -0.22511 -0.08118 0.14393 222.701 667
2 -0.22479 -0.082 06 0.14273 203.615 133

HR 3 ATAL A9 1 2 4311 LUMO 5 HOMO RBZ% 22 3440 K H & Re BB #53 , W1 43+
TEHEASIREPEROR . B3 19 LUMO-HOMO WY RE & 22 i B 1 S & M e B A LA T R AR A 03 F N
B, ARG R R I L 2 20 A A O, H AT 43 B e W S, BT B2 R A6 1 19 HOMO-1
HOMO-2 1 HOMO-3 #38 H F =404 , Ak &%) 2 1 HOMO-1 . HOMO-2 . HOMO-3 1 HOMO4 #iE i F =
3 A FRRRAR L 1 15 W AE 43 N R FL AT 43 B ORI Ak 549 1 1 2 471 NLO 5T, 1fif H LUMO 5
HOMO 2 i8] I BERR L SCERE AR o AR D-m-A BIAHE B 1 2R 2k 25 25 5 e M Ak s WAk 2 50 22
WY, 2 i O QS R A A 0 1 4 Pl 380y (o 2 AR fb R R
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AL RIEEOG R E A OGIR , HOGIAS 440 nm, ki SERE Sl 4 s i 03O G ACZE IR R AN A TA] S4B
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Fig.4 The experimental images of two compounds
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A. the linear image of compound 1 obtained by experiment; B. the nonlinear image of compound 1 obtained by experiment. the central
area is PO area; C. the profile of transient spectrum in (B) and the simulated results. Solid lines are the profiles of images, and dots
are the theoretical fitting results; D. the linear image of compound 2 obtained by experiment; E. the nonlinear image of compound 2
obtained by experiment. The central area is PO area; F. the profile of transient spectrum in ( E) and the simulated results. Solid lines

are the profiles of images, and dots are the theoretical fitting results
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Table 4 The third order nonlinear optical parameters of compounds 1 and 2

) Absorption coefficient Refraction coefficient Polarization( 10 = !! esu)
Compounds  Pulse width/nm A/nm 10 N 1 2 w1 3 3)
108/ (m-W™1) 107" ny/(m? W) Xk P x?
4 440 5.5 -2.1 1.16 1.07 1.58
2 4 440 -2.4 0.3 0.17 0.47 0.50

H 4 AT A1) b A 1 B B BUEYER (n, <0) LAY 2 B A BB (n, >0) 5 b2
SR, A LT SR R R M, TS B . 2 TE 2 G R M HU R TT  RR, Wr TRE T LR
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5546 AM 1 TSR AL A 2 9/, IE FH B A 1 KB A BUEME R AL A8 2 B0 [ R
BRI AL A 1 R AITIL (B >0) ALAH 2 A (8 <0) ;3) fbad 1 Al 2 M4 K3 5
R HASY 1 ISR AY 2 B ;4) TR 5 (B) SR [y T A —2k, Al 2Bk
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Synthesis, Theoretical Investigation and Third-order
Nonlinear Optical Properties of Novel
Aromatic Chalcone Derivatives

SHI Yufang, SUN Jinyu, WANG Guilin, LIU Chengqi, ZHAO Minggen "
(Key Laboratory of Materials and Computational Chemistry , Department of
Chemistry , Xinzhou Normal University , Xinzhou 034000 , Shanxi , China)

Abstract Two novel of nonlinear optical(NLLO) organic material, chalcone derivatives( 1-(furan-2-yl)-3-(4-
methoxyphenyl) acrylketone (1) and 1-( thiophen-2-yl )-3-( 4-methoxyphenyl ) acrylketone (2)), were
synthesized and characterized by NMR, IR and HR-MS. The third-order nonlinear optical properties were
measured by the 4f phase-coherent imaging system and the resulting relevant parameters were given as
following with 4 nm pulse width and 440 nm laser wavelength :for compound 1 :nonlinear absorption coefficient
B=575 x 107" m/W, nonlinear refractive coefficient n, = — 2.1 x 10™"7 m’/W, third-order nonlinear
polarization y'* =1.58 x 107" esu; for compound 2: B = =2.4 x 107" m/W, n, =0.3x10"" m*/W,
X(3> =0.50 x 10" esu. The corresponding UV absorption and DSC curves were also investigated. Moreover,
their orbital energy and polarization calculated by density functional theory demonstrate that electron transfer
can be easily conducted intramolecularly caused by the easy polarizability of the targeted products. These
materials show good potential application as the NLO materials.

Keywords chalcone derivatives; synthesis; 4f phase-coherent imaging system ; third-order nonlinear optical

properties
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