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Synthesis，Structure and Third-Order Nonlinear Optical Properties of a Planar Nickel 

Complex with Rigid Quadridentate Schiff Base Derived from S-benzyl Dithiocarbazate 

ZHOU Jian—Hao WANG Yu—Xiao2 CHEN Xue．Tai - 

SONG Ying-Lin WENG Lin—Hong~ YOU Xiao—Zeng 

( Coordination Chemistry Institute,State嘶 Laborogory of Coordination Chemistry Na ng Unioers 枷 210093) 

CDepartmentofAppliedPhysics，Harbinlnstit~e ofTechnology,Harbin I50001) 

l Department of Chemistry，Fudan University,Shanghai 200433) 

A planar metal complex NiL H：L=acenaphtbenequinone bis(S·benzyldithiocarbazate)，1，has been prepared 

Vja the template effect of nickel ion．Crystal structure of 1 was determined by X—ray diffraction analysis and shows 

the planar coordination configuration around the central nickel atom． Z·scan measurements show that 1 is a trail· 

sition metal complex exhibiting high third—order nonlinear optical effect． 
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0 Introduction 

There is currently intense research interest in de— 

veloping new nonhnear materials with high third·order 

nonlinear optical effects due to their potential appllca· 

tions in a number of important technologies including 

opfeal power limiting for sensor protection， optical 

switches，all optical signal processing and optical com- 

puting”一 
． Metal complexes with planar． ·conjugated 

tetradentate or bidentate ligand are of particular jnterest 

because tl1ev contain both electrons that are free to 

move within the extended system of the ligands and 

the additional energy levels introduced by the presence 

of metal ions． among which the most extensively stud． 

ied are phthalocyanine derivatives[ - and metal dithi． 

olenes et al[ - ．Recentlv research has been foCUsed on 
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search for new types of molecular materials with high 

t rd·order nonlinear properties and to develop the 

structure·property relationship． Some planar metal 

complexes with N2S2 coordination environment have 

been shown to exhibit large third—-order nonlinear opti— 

cal properties【 一⋯ Here we report synthesis．structure 

and third．order nonlinear optical properties of planar 

transition metal complex NiL． H2L=acenaph． 

thenequinone his【S-benzyldithiocarbazate)， 1． It is 

expected that the introduction of a rigid naphthalene 

backbene into quadridentate Schiff base derived from 

S．benzyl dithiocarbazate would lead to the exact planar 

structure and it is of interest to investigate their 

third·order nonlinear optical properties 

1 Experimental 

1．1 Synthesis 

AU chemicals are commercially available and used 

without further purification 

Acenaphthenequinone (0．048g，0．25rome1)was 

dissolved in absolute EtOH (30mL J under stirring and 

heated to reflux S—benzvldithiocarbazate (0．099g， 

0 50mmo1)and NiC12·6H20【0 0593g，0．25mmo1) 

were added  to the solution and then refluxed for 5 hs． 

The resulting precipitates were coHeeted and recrystal- 

lized from DMF to give a pure crystalline sample of 1． 

Yield： 85％ ． H MR(d ．DMF)： 8．30—7．86， m 

(6H，C10H。)，7．55～7．33，m (5H，C H5)，4．66，s 

(2H，CH2)．IR(KBr cm )：l605(m，C=C)，1566 

(m，CN)，l069 ls，CS)．Calcd．for C28H20N4NiS4： 

C，56．1l： H，3 36； N，9．35．Found： C，56．22； 

H．3．54；N．9．46． 

I．2 Ct3,stal Data for l 

A needle．1ike deep． brown crystal of 1 with di— 

mensions 0．35×0．02×0．02mm was used for strue． 

tufal analysis at 293K on Siemens CCD SMART system 

using M0m radiation(̂ =0 71073~1．Crystal data： 

Cz*HzaN4N；s4， =599．43，Monoclinic，space group 

P21／c，0：24．600(17)，b=l1．782(8)，e=9 ll5 

(6)h，口=95．776(10)。，v=2628(3)A ，D = 

1．515g·ClTI 3．Z=4 A f0tal‘ l0465 reflections are 

collected of which 4622 reflections aFe unique The 

structure was solve~i by direct methods and refined by 

full-least·squares ntethod using SHEfJx一97 program 

set|_l_
． converging to Ri=0 0672 an d w 2=0．1134 

(I>2 (I))． 

CCDC：l80869． 

1．3 Nonlinear Optical Properties 

UV·Vis spectra were recorded on a UV·3100 

spectrometer． 

Th e nonlinear optical properties of the DMF solu— 

tion with concentration of 3 3×10一 mol·L一。were 

measured by the Z·scan technique at 532 n皿 using a 

Continuum ns／ps Nd：YAG laser system with pulse 

width of 10 ns．The spot radius of the laser beam was 

measured to be 45B,m．The input and the output ener- 

gies of beams were measured with an energy meter 

(Laser Precision Corporation Rjp一735)．The focal 

length of lens was 300mm．The experimental data were 

coUected by utilizing a single shot at a rate of l pulse 

per minute to avoid the influence of thermal effect．Th e 

input pulse erier6es a 180 It was filled into a 2 

mm．thick CUVette with a linear transmittan ce of 95％ ． 

2 Results and Discussions 

1 was prepared by metal—ion template effect，i．e．， 

the treatment of aeenaphthenequinone and S．benzyl 

dithiocarbazate in the presence of nickel ion， see 

Scheme 1．Th e free ligand could not be obtaincd by the 

condensation reaction between acenap h1henequinone 

and S-benzyl dithiocarbazate． In our hands， only 

mono．condensation product was obtained in the pres． 

enee of eatalv c amount of acid in the absence of metal 

ion． 

2．1 Crystal Structure 

Th emolecular structure oflis shownin Fig．1 and 

the selected bond lengths and bond angles alE：listed in 
Tabk 1．The coordination geometry around Ni cⅡ】is 

nearIv planar with normal Ni．S distances(av．1．884h1 

and Ni．N distances (av．2．17IA)．Th e three five． 

membered chelate angles N(1)-Ni(1)一S(1)，N(3)一Ni 

(1)．N(1)，N(3)．Ni(1)．s(3)．are 86．27。，85．1l 

85．53。， respectively while angle S(1)一Ni·S(3)is 

l03．13。． The meleeule has symmetry with a 

axis passing through the nickel atom and the middle 

point of C(1) C(11)．The two outer benzyl groups are 

situated up and down with resDeat to the central coot． 

dinatien plane． 

The full molecule except the outer two benzyl 
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Scheme 1 

Table 1 Selected Bond Lengths(置)and Angles(。)for 1 

Fig l Molecular structure of 1 

groups is nearly planar．The cD'stal packing in the unit 

cell is shown in Fig．2． The molecules pack together 

through aromatic interactions via phenyl--phenyl stack- 

ing and lace—face interaction between the central 

molecular planes with a distance of 3 5A． 

2．2 Nonlinear Optical Properties 

The electronic spectrum of 1 in DMF solution 

shows there S lOW absorption in the visible and 

near-infrared regions．see Fig．3 Z．scan measurements 

were carried oat to investigate the third—order nonlinear 

optical properties of 1． The Z-scan results shown in 

Fig 2 Crystal packing of 1 

Fig．4(a)are the Z—scan data measured without the 

aperture while these in Fig．4(h)were the results under 

the close aperture(S=0 15)．T0 obt~n the NLO pa— 

Fa~neters we employed a Z．scan theoryt ．which con- 

siders n0nlinearitiea of third．order nature． The theo． 

retical simulation lcads t0 the estinaation of nonlinear 

absorption eoemcient 2=5．6 x 10一 nl·W ．The 

peak—valley pattern of the normalized ~ansmitmnce 

CtlFVe obtained under the close aperture configuration 

shows that 1 has a negative sign for refractive nonlin— 

earity and exhibits a self-focusing effect．A calculated 
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Fig 4 Z-scan data of l(a)Data collected under the open 

aperture configuration showing small NLO absorption， 

【b)Data collected under the closed ape~ure configu- 

ration showing self-focusing effect 

The sold lines啪 the slmulated cu／wes 

eul~e is obtained according to the theory
,

of Z-scan， 

leading to nonlinear refractive index n]=6．34×10。 

esu． The good agreement between the experimental 

data and theoretieal CUl~e indicates that the nonlinear． 

ity is mainly of third-order in nature，shown in Fig．4 

Since the contribution of the nonlinear absorption is 

much smaller than that of nonlinear refraction， non． 

1inear prope~ies of 1 is dominated by nonlinear re— 

fraction．The third-order NLO susceptibility of 1， ‘ 

=11,2=6．34 x 10 esu．which indicares that 1 is very 

promising nonlinear refraction materia1．The measured 

susoeptibilty of 1 can be comparable to those of metal 

dithiolenesI and other metal complexes with N2S2 

COOrdination enviromentsI ． 

To conclude， the metal complex with rigid 

quadridentate Schiff base derived from S-benzyl 

dithiocarbazate exhibits high third-·order nonlinear op· 

tical effect． It is expected that the variation of metal 

ions and rigid backbone will lead to more transition 

metal complexes exhibiting nonlinear optical effect and 

provide m0re data to reveal the structure-prope rty re— 

lationship． 
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