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Anisotropic SHG Behaviors of Tolan Derivatives 
in Monolayer Assemblies Prepared by Horizontal 

Lifting Method with Rotation of Substrate 

HIROO NAKAHARA~, WEI LIANG~, HIROMI KIMURA-SUDA~, 
TATSUO WADAb and HIROYUKI SASABEb 

"Department of Chemistry, Faculty of Science, Saitama University, Urawa, 
338-8570 JAPAN and bFrontier Research Progrum, The Institute of Physical 

and Chemical Research, Wako, 350-01 98 JAPAN 

4-Octadecylamino-4'-nitro-tolan (ANT-I 8) and stilbene (ANS-18) formed stable condensed 
monolayers with the chromophores nearly vertical at the aidwater interface. Applying the 
horizontal lifting method by rotation of the substrate with respect to the monolayer compres- 
sion. il considerable in-planc anisotropy of the SHG for the ANT films was observed, 
whereas the ANS films showed relatively weak isotropic SHG intensities. 

Keywords: anisotropic SHG; push-pull tolan; push-pull stilbene; monolayer assemblies; lift- 
ing method 

1NTRODUCTION 

Non-ccntrosymmctric arrangcmcnts of amphiphilic polar molcculcs with donor and 
;sccptor groups could hc formcd in the moiiolaycr at thc airiwatcr intcrfacc. ( ' 7  21 
Thc Langmuir-Blodgctt films with non-ccntrosymmctric structurcs could bc ob- 
tnincd from sornc amphiphilcs with azohnzcnc!31 nitrostilbcncJ'1 and also non- 
linear optical chromophorcs such as  2-docosylamino-5-nitrupyridinc and N-doco- 
s~ino~I-4-nitroanilinc."' It is wcll known that thc tolan skclcton, diphcnylacctylcnc 
has an advantage without chemically or photochemically cis -truus isomcrizition 

which c i n  occur in thc corrcsponding stilbcncs.lJ] Thc NOL propcrtics of scvcral 
push-pull tolans have bccn studied!'-"' In thc prcscnt work, for ii long-chain 
push-pull t o h n  dcrivatiuc thc monolaycr usscmhlics wcrc prcparcd by thc hori- 
zontal lifting mcthod through rotation of ;I solid substrate with rcspcct to the mono- 
laycr compression, and polarization dcpcndcncc of  thc SHG intcnsity of thc multi- 
laycr has bccn cxamincd, as compared with that of a long-chain push-pull stilbcne. 
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82 HIROO NAKAHARA ef nl. 

EXPERIMENTAL 

A push-pull tolan dcriviitivc, 4-octadccylamino-4'-nitrotolnn (ANT-I X) was syn- 
thcsizcd coupling o f  oct;idcc~liimint)io~Iol~ciizcnc with 4-cthynylnitrohcnzcnc 
using Pd(PPh&CI, /Cul ;IS a catalyst and tricthylaminc as a hasc. The chemical 
structurc was idcntificd hy IR, M S  and NMR spectra together with clcmcntal 
analysis, and its mclting point was 101.4 "C. 4-OctadccyIamino-4'-nitrc~stiIl~cnc 
(ANS-18) w;is purchascd from Lambda Probes & Diagnostics and its mclting 

point was 120.1 "C. The monolaycrs wcrc spread from tolucnc solution (lo-' M) 

onto the distilled watcr surfacc, and the surfiicc prcssurc - arca (X -A )  isothcrms 
wcrc mcasurcd by ;I L u J a  film balancc. Thc monolaycr asscmblics wcrc built up 
on microscopc glass platcs at 10 mN/m by thc horizontal lifting mcthod to form thc 
nonalternating X-typc films. Sccond-order NLO susccptihilitics x ( ~ )  for thc films 
wcrc obtaincd at 532 nm hy irradiation with ii O-switched Nd:YAG lascr (Spcctra- 
Physics Modcl GCR-170; rcpctition ratc, 1 0  Hz; pulsc width, '9 ns); thc polxizcr 
and thc aniilyzcr wcrc scl up in front of  and behind the film, rcspcctivcly; and thc 
samplc was rotatcd iiround thc iixcs along the dircction of monolaycr comprcssion 
and/or thc axis pcrpcndicular 10 lwth the surfacc normal :ind the monolaycr com- 
prcssion. The SHG signal from the film was normalizcd rchtivc to thc sccond- 
hormonic Markcr fringcs from ii 5 mm thick glass platc ((1, I= 0.40 prn/V). 

RESULTS A N D  DISCUSSION 

Both ANT-18 and ANS-18 formed rigid condensed monolaycrs with thc limiting 
iirciis (cxtrapolatcd from thc lincar part to 

surface at 20 "C, as shown in Fig.1. 

Taking account of the X-ray crystal 

moleculc rcspcctivcly, on thc water 

;inalysis['"l as wcll as the Corcy- 
Pauling-Koltum modcl for tolan and 
stilbcnc, i t  is considcrcd that long-axes 
of the chromophorcs stand ncarly vcrti- 2 lo 
cnlly in thc condcnscd monolaycrs. As O,, 3o 4o 5o (,o ," 
prcviously rcportcdJ"1 thc ANT- 18 
monol:iycr could he transferred onto 
ii solid sulxtratc :it 1 0  mN/m by the Lingmuir-Blodgctt (vertical dipping) method 
to form thc altcrnating hcarl-to-hcad and tail-to-tail Y-typc multilaycr which showcd 
thc anisotropic SHG duc to thc hcrring-honc structurc induccd hy thc transfcrring 
proccss. Whiic thc ANS-1X monolaycr couldn't bc dcpositcd by the LB mcthod. 
By applying thc horizontal lifting mcthod to thcsc monolnycrs which wcrc sprcad 
on thc wntcr surface in the long and narrow trough (180 cm x 6 cm) and comprc- 
sscd with it unidircction at 10 mN/rn, the nonalternating head-to-tail X-type multi- 

Ared (;\2inlolccule) 
Fig.1. fl - A  isollicrms oIANT-1X and ANS-IS. 
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MONOLAYER PREPARED B Y  HORIZONTAL LIFTING 83 

laycrs could be obtained. Comparing to thc normal horizontal lifting method, thc 
lifting mcthod with rotation of thc substratc was uscd. That is, after the first two 

laycrs wcrc transfcrrcd, thcri thc substratc w a s  rotatcd with an anglc of 30” 2nd thc 
following two laycrs wcrc trunsfcrrcd succcssivcly. Aftcr thc first four laycrs wcrc 
transfcrrcd (4 I,), thcn the substratc wiis rotatcd with ;in anglc of 1Xtf’ and thc SC- 

cond four  laycrs (4 L*) wcrc tr;insfcrrcd in ;in antipirallcl fashion to thc prcvious 4 
laycrs (total of 8 Iiiycrs). Thc SHG intcnsity as wcll ;is thc lincar dichroism of po- 
larizcd UV-vis. spcctra for thc (4 L t 4 L*) film of ANT-18 on only onc sidc, dc- 
positcci ;it 1 0  mN/m, wiis rcduccd i n  comparison with thc (8 L) film, ;IS rcportcd in 
thc prcvious papcr,112] In thc casc o f  thc normal (X L) film of ANS-1X dcpositcd at 
10 mN/m by thc lifting rncthod, thc lincar dichroism was obscrvcd vcry littlc. Thc 
optical dcnsity vs. thc numhcr of laycrs for both ANT- and ANS-1X films prcparcd 
by the lifting mcthod had n good lincar 
rclationship. Figurc 2 shows thc 

and ANS-IS films at 45” incidcncc, 
prcparcd by the lifting mcthod, its 
comparcd with thc solution spcctra. 
From dichroisms of thc biinds at 
visible rcgion of which thc triinsition 
momcnt can be sssigncd to the dircction 
irlong thc long axis of tolan and stilbcnc, :(“) J(K, 5(X) c,(X) 700 

rcspcctivcly, the tilted oricntation of thc 
long axis of  thc chromophorcs is 
suggcstcd in thc films. And d s o  thc 
rcd shifts of thc film spectra from thc 
solution supprtcd thc chromophorc oricntation with somc inclination iis wcll as thc 
aggrcgatc formation in the films,1121 
Figurc 3 shows thc polarization dcpcndcncc of thc SHG signal for  thc ANT-1X (A) 
and ANS-lX (B) films ( I h L  on onc sidc) prcparcd at 1 0  mN/m by thc lifting 
rncthod. Whcn twth thc polarizcr and thc analyzcr wcrc aligned along thc direction 
of thc monohycr comprcssion and thc film WBS rotatcd about thc axis pcrpcndicu- 
liir Iioth thc surfacc normal ;ind thc monolaycr comprcssion, thc (P-Y) trncc wiis 

ol?tainccl, and thc Iwttom tr;icc (S-P) indicatcs thc SHG signal for  thc same rotation 
;it thc S-pohrizcd input and thc P-pol;irizcd output. From that ii significmt aniso- 
tropy in the SHG intcnsity was olxcrvcd for thc ANT-1X film, it is considcrcd that 

thc in-plane misotropy o f  x(’) is protiatily duc to cnhmccmcnt of thc x(2)sxs and 

x(’)yy,, tcnsors causcd by thc monoliiycr comprcssion through thc triinsfcrring pro- 
ccdurc in  which thc long axis of thc NLO chromophorc wiis prcfcrcntially oricntcd 
ncarly pcrpcndicular to thc monolqcr  comprcssion in thc vcry long and narrow 
trough. On thc othcr hand, thc diffcrcnt oricntation of  the NLO chromophorc uw 

ohscrvcd for the ANS-18 film in which the compncnt  ofX(Z)xxx and x(’)),,, 

Wnvelci~glli (nlll) 

Fig. 2.  I’olarizcd UV-vis. spectra of ANT- atid 
AFIS- IH rilnis prepared hy H L  nietliod al 10 
niNini, ini comparison with solulioti speclra. 
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P-FP (a) 
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Fig.?. I'i)Iarimlioii dcpendcnce of SHG fur (A) ANT-IX atid (U) ANS- 18 films prepared by H L  
metkod a! 10 mN/m; (a) p-polari/ed input, p-polaridcd ou\pul, (b) s-input, p-outpiit. 

tensors wcrc almost samc. This rcsult is wcll consistcnt with that of the polarizcd 
UV-vis. spcctric. As previously rcportcd,[12] from the in situ obscrvation with ic 

Brcwstcr angle microscopy the two-dimcntional domains wcrc shown in thc ANT 
monoleycr, which is mnsidcrcd to bc cffcctivc on the in-planc anisotropic oricn- 
tntion rathcr than thc singlc chromophorc. PLots of the square root of  thc SHG 
intcnsity against thc numhcr of laycrs for the ANT-I8 and thc ANS-IX films 
prcparcd at 10 mN/m by thc lifting mcthod, gavc a good lincar rcl;itionship :IS 
cxpcctcd. Figurc 4 shows thc polarization dcpcndencc of the SHG signals for the 
ANT-1X film prcparcd by thc normal lifting (A) mcthod, in  compari-son with that 
by the rotational lifting(B) thc suhstratc with rcspcct to thc monolaycr comprcssion 
(each 2L at thc 30') intcrval rotation). Thc considcrablc anisotppy of thc SHG 
signals was obscrvcd which 

axis of the NLO chromophorc 
with prefcrcntial orientation 

monolaycr comprcssion, 
resulting in thc noncentro- 
symmctric sclf-assembly of = 
ANT-1X at thc air/watcr intcrfacc. (A)' '" I ; n  
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Fig.4. I'olariralion dcpendcncc of AN?.'IK films 
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