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Second Harmonic Generation in 
Langmuir-Blodgett Films of a Novel 

Phenylhydrazone Dye 

YU xua, YUN ZONG~, YUNQI LIU~,  JTNGUI Q I N ~ ,  DAOBEN ZHU", 
ANCHI Y V  and XINSHENG ZHAOC 

"Institute of Chemistry, Chinese Academy qf Sciences, Beijing, 100080 
China, 'Department of Cheinislry, Wuhan University, Wuhun, 430072 Chinu 

and 'College oJChemistry and Molecular Engineering, Peking Universit-v, 
Beijing, 100871 China 

The 1.R films of a new phenylhydrazone dye, 4-hexadecanoxynaphthyl-4'nilro phenylhydra- 
zone, were prepared. The second harmonic generation (SHG) froin monolayer and multilay- 
ers of the dye was measured. The dependence of SHG on number of layers is weaker than the 
expected square law. 

Keywords: Naphthyl-ethcr; phenylhydrazonc; LB film; SHG 

INTRODUCTION 

Recciitl>. the desire to utilize the nonlinear optical (NLO) propcrtics of materials i n  

applications such as optical coiiiiiiiiiiicatioiis aiid data processing has crcntcd a nccd 

for the new matcrials with large nonlinear susceptibilities. The principal rcqnircincnt 

for sscond hnriiionic generation (SHG) is a non-ceiitrosyiiiinetric structure For 

optically activc organic coiiipotiiids. it cnii be offered by the Laigniuir-Blodgctt (LB)  

technique nliich IS cspccially important as a iiicaiis of imposin?: a iionceiitro- 

symmetric structure onto a niaterial that foniis ccntro~yninictric c n  stals 

I n  thc families of inolecults nith NLO properties. phcn> Ihydrazoiic is a iicw class 

of nonlinear dycs and is more particular compared v ith other systcins lhc siiiallcr 

energ! gap between ground and excited states i n  the inolcculcs makes the cliargc 

transfcr casicr and relatively high molecular hypcrpolarizability (p) could bc 

produced. Lupo ct 31" reported thc SHG results i n  LB filnis of several unphiphilic 
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426 YU xu et ul. 

phenylhydrazone derivatives This paper describes the LB films formation of a new 

phenvlhydrazone dve u ith naphthyl-ether group and its SHG response 

EXPERIMENTAL 

4-Heuadccanou\naphth! 1-4 -nrtropheii!,Ihqdrazonc (dye A) shotrn III Figure 1 \\as 

synthesizcd through condensation of 4-he~adccano~y-iiaphthaldel~ydc p- 

iiitrophenylhydrazine 2-He~adecanouy1iaphthyl-4'-nitrophciiyl-liydrazoiic (dye B) 

\\as also prepared i n  order to 

products \*ere characterized 

spectroscopy 

compare the monolayer behavior with dye A The 

by elemental analysis. IR. 'H-NMR and inass 

FIGURE I Chemical structures of dye A and dye B 

Surface pressure-area isotherm measurements and dcpositioii esperiments \\ere 

carried out on a KSV 5000 instrument at 2 l f l " C  A knonii amount ofthc compounds 

dissolved i n  chluroforni (0 5 4 . 6  mM) was spread onto piire water At a constant 

pressure of I9 iiiN 1ii.I. the monolayer on thc subphase \\as transferred to qiiartz 

plates by the vertical dipping method in a speed range of0.5-I iiiiii niiii ' 
UV-Vis spectra of the LB films \\ere recorded on a HP X45lA spcctroinctcr 

SHG of LB films \vas measured i i i  tra~is~~iission with a Y-cut quartz phtc as rcfcrciice 

a id  with a Nd Y A G  laser bcam (h= I Ohpin) at aii angle of 45" to thc filiii  surface 

RESULTS AND DISCUSSION 

Figure 2 shous the surface pressure-area isotherms of tno phcn! lh!drazoiic d! cs 

Dye A exhibits a steep solid analog phase aiid the collapse prcssurc higher than .TO 

niN in.' The limiting molecular area is 0 . 3 7  nni' and onl! a littlc diffcrciicc siiiciller 

than 0 0 I iiin' pcr molcculc \\as observed het\\ecn the first aiid subscqucnt  

compressions. suggesting the good monolnycr behavior of dye A at the  cur-water 

interface The iiioiiolayers could be transferred onto various substrates \vith a transfer 
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SHG OF PHENYLHYDRAZONE LB FILMS 427 

FIGURE 2 n-A isotherms of (a) dye A and (b) dye B 

ratio of 0.9. forming 2-type films The area per molecule at the deposition pressure IS 

ca 0.32 mi'. implying that the hydrocarbon tails ofthe aniphiphilc can not be packed 

densely ivithin the monolaper due to existence of naphthalznc ring \vith larger 

dimensions The isotherm of dye B is different from that of dye A. havlng a very low 

collapsc pressure of 5 rnN This compound is obviously not suitable for formation 

of LB film maybe because the separation bet\\ccn hydrophilie and hydrophobic 

goups in molccule B is not far enough. This fact iiidicates that different substitution 

positions to the bridged group of the same substituted component would cfYect the 

monolayer behavior significantl~ 

The SH intensities of monolayer of dye A relative to a Y-cut qiiartz \\edge 

Ifm,'Pand arc 1 . 3 9 ~  10-' and 1.86~10~'  respectively. We assume that the 

refractive indices and thickness per layer of dye A arc siiiiilar to those of 

phcn! Ih!.drazonc deri\ative reported"' ( i i , , ,  2 n.,,.= I . h l .  =2.75nm) Ilsing thc kno\\n 

method'". the second-order susccptibilit! x"'. inolrcular Iiypcrpolarizability p and t i l t  

mglz Q for the molecules on a substrate arc I h4x IW. csti. J h h x  10." csu and 26" 

respectively . Compared \vith thc result of J-liexadecaiiouyplieii\ I-4'-nitrophcny 1 

Iiydrazonc'.''. thc p \aluc is iiot very sc'nsitivc to the length of the wiijuytcd system 

in thlS case. 

The UV-Vis spectrum of dye A LB films exhibits a characteristic band at 446 nin 

and has a .32 iiin red-shift of the absorption peak compared with that of tbc 

corresponding solution. As sholvn in Figure -3. the absorbance IS additive with the 
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428 YU xu et (11. 

Numbcr of layers 

FIGURE 3 
(I) ofdye A LB films on the nunihcr of layers 

Dependence of SHCi (A) and absorbance at 446 n m  

number of layers which is proportional to the amount of dye A transfcrrcd to substrate 

The superposition of SH intensity depends on the geometrical sum of dipole moments 

of thc molecules Unfortunately. w e  failed to see the expected incrcasc 111 SHG \\It11 

the nuniber of layers indicating disordering of the multilayer The ideall? quadratic 

relationships are not often obscrved in practice. This is due to that molecular dipoles 

prefer an uitiparallcl alignment. the niolcculcs in Z-type tilms may rearrange i n  part 

to Y-t>pe structure during or shortly after deposition. In addition. disorder could also 

result from the cumulative defects in films especially irt our case. sincc the molcculcs 

arc in a tilted arrangement on the substrate. In ordcr to solve these prohlcms. \“1c plan 

to use alternating layers of dye A with arachidic acid or othcr nlolecules as a passkc 

layer u hich can reduce the tcndrncy of thc inolcculcs to invert during deposttlon and 

avoid the cancellation of SHG bct\vccn the succcssivc 13ycrs 
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