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Synthesis and Third-Order Optical Nonlinearities of Two Nickel(I) Complexes
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Abstract: Two new nickel () complexes were synthesized and characterized by UV, IR, MS and elemental
analysis. By using femtosecond laser, the off-resonant third-order optical nonlinearities of the complexes were

measured with degenerate four-wave mixing technique. The third-order nonlinear optical susceptibilities y © are

3.21x107° esu and 3.58%107" esu. The nonlinear refractive indexes n, are 5.89x107"2 esu and 6.58x107" esu. The

second-order hyperpolarizabilities y of the molecules are 3.21x107" esu and 3.57x10™'

esu. The response times 7
are 54 fs and 59 fs. The influence of the molecular structure on the third-order optical nonlinearity was studied.
The results show that large and highly delocalized -conjugated electron system is the key factor leading to the

strong third-order optical nonlinearity.

Key words: nonlinear optics; degenerate four-wave mixing; nickel(Il) complex; synthesis

ST HAR R 21 20 e R BB R A (RS G A 0 5 B A A L I

bz — ., A4t (Nonlinear Optics, NLO)# £t
ST HORR SRR 2 S B AR et Ot
(EPSY USRS W 2 ) e o = NS U 7/ D e 2 T

UEAESR A7 KBS W =B NLO #4RHIT5E
Z RN T AT R, 4 JE IR 2502 4 nb ok
&Sl g T /S N3 o SN Sy s o 7 S S

ki H 397.2011-05-30, Wi sk B 491.2011-07-08

WL B AR 3 4 (No. Y4080370) ¥ B 5 H

B R N . E-mail : caizb-h@tom.com

Yy HA T Z R R S5 F M A AR E 1, d ks
3 R B T BORC A TT LAAT S0 e 4 HOE ) B AL o
fiE . FARBCA P B9 =B NLO TERES ooy 1254 [l (Y
KRBEAREA W HARZ B P IERII, T
T B A5 ¥ s B AR 2 S BT R R R ) L T
I A BT ORARL =B NLO TERE,



2384 kMl otk

%527 %

-

ZMBERAL G Y HA B 7 IS5, 2
RAFI R BCR, A SO AR S5 H 1 2 ke 264k &
Y) (bpy ,phen, FIP)5 Ni B B, & W T FIA R W
HRAE A NIIDEC A, BPRL (2,2 -BEMEBE-kN1,kN1")
[2-(2-1Wk M JE )-1H-PK . [4,5-f][1,10] FE % Mk -kN7
KNST-HR (2+) (1) [ 2-(2- Wk 1 5)- 1 H-PR R[4, 5-£][ 1, 10]
AF 1 Wk N7, kN8| AL (1, 10-F M Mk -kN1, kN 10)-¢
(2+)(2), AT B 7 ILHE IR AL T B U A 9

I UV IR \MS FITR BT RAE 7458, R RS
BOG, iz M T IR A (Degenerate Four-Wave
Mixing, DFWM) ¥, H%Tﬂﬁﬁ@a%%ﬁﬁjm NLO
PERE , W1 T4 T 45K X = By NLO PEBE (52 M |

%%%%m%%1ﬂzﬂ%Tﬁﬁ&%mmg&
NLO M Jif

1 SEWHES

1.1 UEFE5KHA

X-4 BUHCF R WO A (LB T R AL IE)
Vector 22 #4857 1 78 ff £1 41 5t 3% AL (KBr JE 177 );
Bruker AVANCE I 500 % % # 24 { (DMSO-d, K
7 , TMS H N #5); Thermo Finnigan Flash EA 1112
RIIC R I3 BT 4L ; Thermo LCQ TM Deca XP plus %5 1
BIF 57 15 A% ; Shimadzu UV-2550 % 58 40 0] U 4356 0 B
it

T 35 Ry 3 Al At R G A A —
1.2 & H

BC AR 2-(2-Wk e J5)- 1 H-WK W[4, 5-£][ 1, 10] 3 1 Mk
(FIP), LA B 5 90 1 R 2 196 U B% 2 Al Scheme 1 T
7N

{-cwo
/ HSOJHNO /7 \ i \
NaBr N= NHAAc/HAc N S

phen

AL B

Z\

\

N/ |
W—»[ l z

x5

bpy
VA 5>:(j N
2 N :}—@—ﬂ \N\ ‘\P—O
|
=

phen FIP 2

Scheme 1 Synthetic routes of the ligand FIP and the

YA /\Nl
=N

\ 7/ \/
\ 7/ \ 7

\/ \ /

complexes (1, 2)

1.2.1 PR FIP 198 L
DL, 10-FE Mg mhy okt | e BESCRRUSS 1 1, 10-
FEIE k-5, 6-F . 2 1, 10-TFF M 0k-5,6- T 1.05 g
(5 mmol) . 2-7K i 1 % 0.53 (5.5 mmol), & 2 %% 3.85
g (50 mmol) . 7K L& 20 mL A FI P B i
BN 3 h, SRJEA S 50 mL K H, FHZ KT
pH=7, B i AR s T8 P R A5 4 TR
R AL A 1.2¢, W% 83.9% , m.p.>300 °C, 'H NMR
(500 MHz,DMSO-dq),6 (ppm): 14.03 (s, 1H),9.04 (dd,
2H,J=4.5,1.56 Hz),8.91 (dd,2H,J=8.44,1.56Hz),
8.02(d,1H,J=2Hz),7.83 (dd,2H,J=8.44 ,4.5Hz),7.27
(d,1H,J=3.5Hz),6.80 (dd,1H,J=3. 5,2Hz), FTIR
(KBr),v(em™):3 424(vy),3 021(v_yy), 1 614(wp),1 565
W), 1 505(vgy), 1 438, 1 350,1 071,1 012,808
(6-c), 736(0-cti) o Anal. Caled. for C;H,(N,O:C 71.32,
H 3.52,N 19.57;Found C 71.27,H 3.50,N 19.42,
122 BEEY 1AM
L EE 20 mlL.2,2-BKMEIE 0.34 g(2.2 mmol) F
NiCl,-6H,0 0.24 g(1 mmol) /il A 2 1Y 5 i 44
BN 2 b, FEAIA FIP 0.31 g(1.1 mmol), 4% £E 7]
TR 3 h, W REREMA AR SR,
Prif AR g T DMF B 45 5 45 3 0 kiR
ik 0.53 g, W% 59.4%, FTIR (KBr),v(cm™):3 424
Wi, von),3 093(v_), 1 614(wmp), 1 513 (vey), 1 445(vpy)
1 111(rg0,),816 (B-c), 738 (=),630 Seo)o ESI-MS
m/z:328.3 [M-2Cl0, **, Anal. Caled. for CsH,ClNg
NiOy-2H,0:C 49.80,H 3.39,N 12.56;Found C 49.88,
H 3.37,N 12.45,
123 BLEY 2 B9E
2,20 -HK ik mE e 8 1, 10-FF 1% K 0.4 g(2.2
mmol),;fﬁ@ﬂ%% 1 RRER kA 0, SR - /K 45
m, A5 ERIR SR 0.64 o, YXE 64.4% . FTIR
(KBr),v (em™):3 422 (vyi,von),3 046 (v _q),1 616
Wi, 1 513(v), 1 435 W), 1 095, ), 847 (Bc), 732
(Scx),631(8c10,) o ESI-MS m/z :[352.5M-2C10, . Anal.
Caled. for CyHyCLNg NiOo-5H,0:C 49.52,H 3.65,N
11.27;Found C 49.27 ,H 3.26,N 11.51,
1.3 =K NLO sl E
S ARG AL R O = NLO AR
HEPERRTR AR, TR/ T AR G HL 3 = B
AL By SR S, LI A Tk R BT SO
A2 (THG) , Z-43 3t (Z-scan) F &7 IF P4 % 1B 45 (DFWM)
DFWM 75 Al I i iy T AR R R gh AR, B



%12 3

HEEGM AR IR Ni(IDFCA 4 09 2 0008 = B JE et~ T g 2385

KRR ALRE LS M BH AR LM S E ORI n,y, [F]
A6 BE 25 HE R ORE A e 1 B ) 7, HLE AR S R AR AL
DETC ™A 19, i B A AR = i R,

BC&9 1A 2 9 =B NLO PERER JH DFWM %
PEATIRSY , Scuessm mE 1 s, A Ti:Sapphire &
FRWOGERAE A OGR4 i 800 nm, Ik & K 80 fs,
FRFHR 1 kHz, LIk W RE = 294 0.05 m], H
FR K A G5 B B SRR B SR &y k), T
e AT B R RE S A B RN L — 30 £, HI 2D
LR shbs B R S BLAE IR SRR 1% R &y, 5 57—
FOt kb BAERIRES LS k) Ak, Z R 3 i <
59, by R by FEAE S rhAH 1 B0 1) 56 555 A 8] 43
A7, AR 2 5 A | DRI St A Sl e ™ A A o7 S i
HAF T by B by by 7100 by AT ST kg J7 01 R Ky A1
8F, ARBLIEHEOE ks Bk, 0GR ot AR
Ui, 5550 A Lock-in 81U O AR FTH B ALSEFT
B R S A IR Y ke, KA TR &, Bk
eI e 3= IR 31 = Sy o [ DA R
Wk R by HEARE S Z AT AT BB R A ok
SRR, N2 R A A LR & 1) o3 fif AR

Delay,

4

K1 DFWM 5256
Fig.1 Experimental setup of DFWM

2 #HR5WR

21 ERAE

BCA 4 1 A2 A DL SCHRRGE 3l 5 BT 2
Yy ok W 20wk G e S A R M (bpy).Cl,y) F1
[M(phen),CL,], F-55 AH IV 9 FC A4 e 467 BUR B9, 4 3¢
K U S — B A, HAR W DA s SR B B
FRPEMT i, 2R E S AL,
22 BEERBEEVHEHRIE

BCAA FIP By 'H A% #EIEAROGIE A H A7 & WA 2,

Be &9 1 f 2 i TR ARG | JC I 3L

hl X ¢ a
H f g
N~ N -
I\
N7 N
|
b\F ¢
d
N\ |
H,0
DMSO
a ’ b € d fe
1 [l |I II
16 15 4 13 12 11 10 - 7 6 3 2 1 ppm
§ =X T

B2 B FIP 1Y TH A% RE R S A
Fig.2 'H NMR spectrum of the ligand FIP

H B IO | BT ER el A4, ¢ H N T
HAE S5 EAE N 22 (A5 £0.4% , 1€ ESI-MS 1E 5 i 1%
B b mlz b 3283 Ml 352.5 Y IE B 7 g AR &
[M-2C10, 1 T I8 BT B Hr  miz 2 98.9 114 11 15 - I
&3 clo,,
2.3 ZE5MAT LR T S i

BeA% 1 F 2, LARECAA bpy .phen I FIP 7E
DMF " (% 58 S AT WL SOk DL &1 3 sl 4, AL 3
AL, BCE 1R 2 0 R O A 4 i A 292
287 nm, H)E TEARN 7r-7" BRAE P 7™ A2 19 TL 0§, A
& 4 AT BLAA bpy .phen FT FIP /9 KW 50k 4 43
S 283,227 F1290 nm,, TEFOLE A 800 nm 4bix
S bR 75 B T WO, BB AT = B NLO HEfEAR

25 T L T SRR Y i
2,500
2,000}
.
5 Pt
< Ao
= Ao
Q ‘ ‘.\’n\
2 1000l ||\ s
§ U /\ﬁ
2 H \
Py
g ‘n‘\
3 \I}:\\
8986t i -
210.00 400.00 600.00 800.00

Wavelength / nm

K3 ECAYI(1,2)7E DMF % 28 S0 n] IO 1%
Fig.3 UV-Vis absorption spectra of the complexes
(1,2) in DMF



2386 ST | N %27 %
2500 XPHM 6.7x10™ esu,n A 1.632121 5256 v i B2 48 & 7
J\‘l 22 °C, e LAY EEE R 1 mm,

200 i = Wb L RS R A AE B AT SR ny

5 ﬂg[ﬂ]:
Té HER n*(esu) = 12my"/n* 2)
£ 10T PR T ) R BB AL Sy T R 57

< )3,
y =x°INf 3)

0.000 ‘ . - o i/ holEis B) N =
0599 00 400.00 600.00 800.00 Ak ’\N jﬂ {iﬁﬁ: Y ﬁ T (em™),N'=6.02
Wavelength / nm 10236,(,‘ ﬂﬂ#ﬁ/ﬁ‘(&ﬂ@ﬁ%fﬁmﬁo fﬂ‘j)%iﬁ%ﬂ%ﬂi
4 WEfE(bpy, phen, FIP)TE DMF % ¥ i (1 42 51 7 10 T 2(n42)/3,

W e S 1%
Fig.4 UV-Vis absorption spectra of the ligands
(bpy, phen, FIP) in DMF

=R NLO 8E
B G 1 #2, LA KRICAK bpy ,phen F1 FIP % T
DMF H A 8 AT =B NLO PERENL, E1]
P = B A 2 M O 2 A Ak 38 O 2 38 o R X U 3
i, BVZEAR R 19 254 F FH)(~ SR CS, N BifEZ

24

2 G0 LGB R 2 B A S B A X R/ R A
An E’J,\/ o X E’Jﬁ‘%:/\—tj‘][m]-

[ g, n 2 alLexp(al/2

= 1- exp(—aL)X v

o, ?*ﬂ‘s ﬂlrﬁj\ ) 4 7 R U RE i 5 2 BEAE
it CS, BT XTI B | n WEZRPEST S5 L A e
AR E o AR MO Z K 1, AT 3 5] S 75 0 AR
i 52 IR S LB AR SO E . S IREESL CS, 1Y

s ZRA% 12, LLREA bpy .phen Fl
FIP 19 DFWM A8 0 3 5 {5 5 O 9k B Bl 4% 38 B[] 1)
AR Ak R 2 | P PR AR s E S 0 N T A SR R Dk i A

FI A 5 R KR PR 0 TR @(exp( )E’Jﬁﬂlﬂﬁ%

AT LA A B B 25 31 m%ﬂﬂéﬁqﬂﬂﬁﬂﬂ%émﬂﬂ
SRR E@ﬂnﬁ“ﬁa‘ﬁﬂ To

F1HH TR A 1/ 2, LLZBER bpy .phen
HFIP 9 DFWM SE8000 5 35 A5 19 =B NLO

Jet & — MR ORI A E T A
N e S R 1 B R U B ) B N S i
B — e T A A AR T B B F A A 7 7= 2
HL A AR S DA RO s 5 kA T e fk I
A AL I3 F AR LR DAY =B NLO Wi 1 > 5 T 55 45
I PRE AL, BLIA bpy .phen Fil FIP A B 5

2

5 S

4l

bpy

g d ]
&8 //\ 3 E
2 z z1r
2. . K 2| [ \X Z
8 » 8 2
g 3 R} . s R
L B 1 // N
0 n L n L n 0 n n n L n 0 L L L L L
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150 -150 -100  -50 0 50 100 150
Time delay / fs Time delay / fs Time delay / fs
3
phen FIP
2 .
X c2l .
z . ] z
g 1} IR UET .' cete, 5 e
g f e PErFr— R // :
0 . A . . . 0 . ) .
-150 -100  -50 0 50 100 150 -100 ] 100
Time delay/ fs Time delay / fs

K5 BCAEYA,2)RECAR (bpy , phen, FIP)Y TR 31 10 5 1R 90 AR (67 90 45 = D't i 8 il 408 35 I [R] 7% 22 £k it 2k
Fig.5 Intensity of DFWM phase conjugate signal versus delay time for the complexes (1, 2) and the ligands (bpy, phen, FIP)



% 12 ) SR NGB A 0 0 45 0K = T 2 e 2387

*&1 E&EYA,2)ME M (bpy,phen, FIP)MW =M IELMEXZSH
Table 1 Third-order nonlinear optical parameters of the complexes (1, 2) and the ligands(bpy, phen, FIP)

Sample ¢/ (mol-L™) n x?/ esu n*/ esu y [ esu response time 7 / fs
1 5.00x10* 14319 3.21x10™" 5.89x10™" 3.21x107 54
2 5.00x10* 1.432 4 3.58x10™" 6.58x10™" 3.57x10™ 59
bpy 5.00x10* 1.431 8 1.64x10™" 3.02x10™" 1.64x107 37
phen 5.00x10* 1.430 6 1.75x10™" 3.23x10™" 1.76x10™ 37
FIP 5.00x10* 1.431 8 2.32x107" 4.26x10™" 2.32x107™ 65
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