Polymer Journal, Vol. 29, No. 2, pp 103—107 (1997)

Langmuir-Blodgett Membranes of m-Alca-1,3-Diynylbenzoic Acids

Maria del Pilar CARREON, Guillermina BURILLO, Vladimir AGABEKOV,*
and Takeshi Ogawa**T

Instituto de Ciencias Nucleares, Universidad Nacional Autonéma de México,
Circuito Exterior, Ciudad Universitaria, México, D.F. 04510, México
* Institute for Physical Organic Chemistry Belorussian Academy of Sciences,
220072 Minsk, Belorussia
** Instituto de Investigaciones en Materiales, Universidad Nacional Autonoma de México,
Circuito Exterior, Ciudad Universitaria, México, D.F. 04510, México

(Received April 1, 1996)

ABSTRACT:

Meta-alca-1,3-diynylbenzoic acids with different chain lengths were synthesized and the formation of

Langmuir-Blodgett (LB) membranes was studied. Benzoic acids with alkyl chain length greater than 8 formed stable monolayers
while those with 4 and 6 did not form good condensed phases. Multilayer films were irradiated with UV light and the diacetylenic
groups polymerized to give polydiacetylene LB films having absorption maxima at around 640 nm.
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Polydiacetylenes (PDAs) have attracted much atten-
tion as possible candidates for ultrafast nonlinear optical
signal processing systems,' and many studies have been
reported.?3 However, the processing of PDAs into high
optical quality films is not easy, and various methods
are used including large single crystal formation, vapor
phase epitaxy, solution casting and Langmuir—Blodgett
(LB) membrane technique. The LB membrane technique
is a useful method to obtain ultra-thin films although
there exist various technical problems to be solved. There
are a number of studies on the LB membranes containing
diacetylene (DA) groups. Tieke and Wegner extensively
studied DA polymerization in LB films, discussing
chemical structures, stability of the LB films and orien-
tation of the molecules.* " ® Third harmonic generation
(THG) behavior of such PDA-containing LB mem-
branes has been investigated by Kajzar et al.”-® and
Okada et al.® ¥ of the PDA-containing LB membranes
are listed in the literature.'®

The DA-containing LB membranes so far studied are
aliphatic ampbhiphiles,!!''? and no aromatic DA-con-
taining membranes has been reported. The authors are
studying various PDA-containing polymeric systems,*?
and previously synthesized a series of DA-containing
benzoic acid derivatives.!* These unsymmetric DAs do
not undergo topochemical polymerization due to crys-
tal packing unfavorable for the solid state polymeriza-
tion. It is interesting to find whether DA groups of LB
membranes of these benzoic acids forced to orientate
in an unsymmetrical manner, have topochemical po-
lymerizability, and if so, whether the PDAs thus obtain-
ed will give higher ¥y than the aliphatic analogues.
Thesefore a series of m-alca-1,3-diynylbenzoic acids
having different lenght of alkyl chains were prepared
and their isotherms were studied, and the results are
reported.

' To whom correspondence should be addressed.
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EXPERIMENTAL

Synthesis of Diacetylenic Benzoic Acids
m-Alcadiynylbenzoic acids were synthesized from
m-bromomethylbenzoate and 1-alkynes according to the
following reactions (Scheme 1). 100g (0.465mol) of
m-bromomethylbenzoate prepared from m-bromoben-
zoylchloride (Aldrich) and methanol and 43 g (0.512 mol)
of 2-methyl-3-butyn-2-ol (Aldrich) were disolved in a
mixture of 200ml triethylamine and 300 ml pyridine.
After bubbling nitrogen into the solution 1g each of
copper(I) iodide, triphenylphosphine and bis(triphen-
ylphosphine) palladium(II) chloride was added and the
solution was refluxed under nitrogen for 24 hours. The
precipitated triethylamine hydrobromide was filttered
and washed with triethylamine. The mother liquors were
evaporated under reduced pressure, and the concen-
trated raction product was poured into dilute hydro-
chloric acid. The organic layer was extracted with ether
and washed with water. After adding activated carbon
powders and anhydrous magnesium sulfate which were
then filtered off, ether was evaporated. A pale brown
viscous liquid was obtained with 80% yield. This was
dissolved in methanol and the solution was added
dropwise into 2 liters of water containing 100 g of po-
tassium hydroxide heated at 85°C. The mixture was
heated for 24 hours. After cooling to room temperature,

COOCH, COOCH,
| CH,
+ HCEC—é—OH Cul, Pd(PD3)2C1g cH,
Br (I:H, PP3,NEts, pyridine c=c-¢— OH
1
CH,
COOH COOH
|
wt NaOBr
KOH/H20
Cc=CH c=C-Br
COOH
R-CaCH (R=C Hpp41»> N=4,6,8,10,12,14.)
CuCl, NHyOH/HCT, NHpEt, THF+MeOH. C=C—C=C—R

Scheme 1. Synthetic route to meta-alca-1,3-diynylbenzoic acids.
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insoluble matter was filtered off, and the solution was
acidified with hydrochloric acid. The precipitate was
filtered, washed well with water and dried in vacuum.
The yield was 90%. The m-ethynylbenzoic acid (II) thus
obtained was recrystallized from benzene, and a pale
yellow powder melting at 146°C was obtained. 5.43 g
(0.034 mol) of bromine were added to 30ml aqueous
sodium hydroxide solution (0.137mol NaOH) at 5—
10°C and then 5g (0.034 mol) of II dissolved in 50 ml
sodium hydroxide solution (0.04 mol) were added at
room temperature and the mixture was stirred for 24
hours. The solution was then acidified with dilute
hydrochloric acid, and the precipitate was filtered,
washed with water and dried in vacuum; yield 91% mp
152°C, the peak at 3350cm ™! due to the H-C=C-
disappeared.

Under nitrogen atmosphere were mixed 0.0143 mol of
an n-alkyne, excess (180%) 70% aqueous solution of
ethylamine, 1 ml of tetrahydrofuran, 1 ml of methanol,
a catalytic amount of copper(l) chloride, and a small
amount of hydroxylamine hydrochloride. The mixture
was stirred at room temperature for 5 minutes, and then
0.013 mole of TIT dissolved in a small amount of tri-
ethylamine was added dropwide with stirring. The reac-
tion was exothermic and the reaction flask was cooled
occasionally with an ice bath during the addition of HI
to avoid temperature rise. The mixture was stirred at
room temperature for 24hours. A small amount of
potassium cyanide was added, and the mixture was
poured into 200 ml of water, the insoluble product was
filtered, washed with water, and dried in vacuum.
Recrystallization from methanol gave colorless crystal-
line powders. The yield of this Cadiot—Chodkievicz
coupling reaction was 60-80%. Results of elemental
analysis are shown in Table 1.

Preparation of LB Films

A Miyata-type moving wall LB film deposition ap-
paratus, NL-LB240-MWA, manufactured by Nippon
Laser & Electronic Laboratory, was used for this work.
Chloroform and n-hexane of HPLC grade supplied by
Aldrich were used as solvents for spreading. Water for
the subphase was triply distilled, and pH was set by

Table 1. meta-Alcadiynylbenzoic acids

Compound
COOH mp Elemental analysis
R—C=C-C=C— °C Found Calcd
R Code
n-C,Hg— C4 143 C: 79.60 C: 79.65
H: 6.22 H: 6.19
n-CeH, 5~ c6 127 C: 80.29 C: 80.31
H: 7.10 H: 7.09
n-CgH, ;- C8 118 C: 80.87 C: 80.85
H: 7.83 H: 7.80
n-C,oH, C10 106 C: 81.32 C: 81.29
H: 837 H: 8.39
n-C,,H, c12 98 C: 81.69 C: 81.66
H: 8.89 H: 8.87
n-C o Hyo- Cl4 85 C: 82.00 C: 81.97
H: 9.25 H: 9.29
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0.1 M hydrochloric acid. Barrier speed was varied from
0.5 to 6.0cm/min with 0.5cm intervals. Ultra-pure
quartz slides supplied by Nippon Laser & Electronics
Lab. were used as substrates, and they were treated with
a mixture of sulfuric and nitric acids (1/1) for 30 minutes
at 370K, then with 2.5x10"*M solution of sodium
hydroxide, and finally rinsed throughly with triply dis-
tilled water and dried in a desiccator.'?

After repeated preliminary experiments the optimum
concentration for these benzoic acids to be spread was
found to be 1 x1073M in chloroform, and a dipping
speed of 1.0cmmin~! and a pH of 2 were found to be
adequate. The deposition was made by up and down
trips, and thus Y-layers were obtained under a constant
surface pressure of 30m Nm ™! at room temperature.

Multilayer Characterization

Film thickness was measured by ellipsometry using an
Auto EI-III ellipsometer of Rudolph Research Inc. in
which, elliptically polarized 6328 A wavelength light
strikes the sample at an angle of 70° from the vertical.
The accuracy of the readings was enhanced using the
two-zone averaging technique.

FT-IR spectra of the films deposited on a germanium
plate were taken using a Perkin-Elmer 1600 using
Attenued Total Reflection (ATR) mode. The spectra
were collected by scanning each sample 256 times with a
resolution of 4cm ™.

UV/VIS absorption spectra were recorded using a
Perkin-Elmer 553 Fast Scan spectrometer.

Polymerization
The films were irradiated in air using a 450W medium
pressure mercury lamp supplied by Ace Glass Inc.

RESULTS AND DISCUSSION

Figure 1 shows the pH dependency of spreading
behavior for C10. The monolayer was more stable with
pH 2, at which the benzoic acid exists as undissociated
form. Therefore pH 2 was chosen throughout this study.
The stability of the monomolecular films in the con-
densed state increased with increase in the number of
chain carbon atoms. C4 and C6 formed a liquid an-
alogous state, which was indicated by the slow rise of
surface pressure upon compression of the monolayer
surface. These compounds are unable to form stable
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Figure 1. Surface pressure-area isotherms of C10 at different pH.
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monolayers and it was difficult to observe a condensed
state, in particular for C4. This behavior suggests that
C4 membranes cannot be transferred onto substrates,
and a minimum of 8 carbons in the hydrophobic chain
is necessary in order to form a stable monolayer with a
satisfactory condensed phase. Thus, in the case of C4, it
was not possible to evaluate the limiting area because
the IT-A curve did not show a linear section and there-
fore there is no evidence of the condensed phase forma-
tion. I1-A isotherm of C6 showed a small linear section
in the condensed phase but it was not stable enough
for reasonable deposition.

The benzoic acids C8—C14 fromed very fine con-
densed states as indicated by the steep rise of the iso-
therms upon compression and 4 values of these acids
were found to be 20—23 A2 per molecule. The collapse
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pressure largely depended on the number of carbon
atom of the aliphatic chain as can be seen from the
Figures 2c, 2d, and 2e. No collapse point was observed
for C14 (Figure 2f) under these conditions probably
because it forms a very stable monolayer. The deposition
of C8—C14 monolayers was satisfactory, transfer ratio
being 0.95—1.00 for the first upward transversal and
also for the subsequent up-and-down strokes (Y-type
deposition).

The ellipsometry results are shown in Table I1. Taking
into account the inherent error of ellipsometry tech-
nique, the values observed for the benzoic acids are
throught to be reasonable for the diacetylenic acid
monolayer. Figure 3 shows a linear relationship between
the number of layers and multilayer thickness for C14.
The linear characteristic of the thickness plot is indica-
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Table II. Monolayer thickness

No. of n-alkyl chains Thickness per layer/A

4 16.1+6
6 18.7+3
8 20942
10 23443
12 25345
14 27.6+3
90
E
;50
0 . A . N N .
10 20 30

Number of layers / N

Figure 3. Film thickness (T) as a function of the number of layers
(N) of C14 acid.
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Figure 4. VIS absorption spectra of C14 films with 28 layers with
different irradiation time. 1, 5min; 2, 10 min; 3, 20 min; 4, 30 min; 5,
40 min; 6, 70 min.

tive of the reproducibility of the transferred film.
These benzoic acids do not undergo topochemical
polymerization in the solid state!* due to unfavorable
crystal packing for the polymerization. However, in the
form of LB films the topochemical polymerization took
place. Figure 4 shows the visible absorption spectra of
28-layer film of C14 acid irradiated with UV light at
room temperature. It can be seen that the optical densi-
ty increased with irradiation time, indicating the po-
lymerization taking place. The absorption maxima at
around 600 and 640nm are those typical of poly-
diacetylenes. Broardening and shifts toward shorter
wave length of the absorption maxima after prolonged
irradiation, i.e., over 30 minutes, are due to the oxida-
tion of polyDA chains as the film was irradiated in air.

106

CARREON et al.

L . .
400 500 600 700  nm

WAVE LENGTH
Figure 5. Relationship between the number of layers and absorption

intensity for the C14 films with 20 minutes irradiation. 1, 8 layers; 2,
16 layers; 3, 24 layers; 4, 28 layers.
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Figure 6. FT-IR spectra of 33 layer films of C10 acid before and
after UV irradiation for 20 minutes. A, before; B, after irradiation.

This type of oxidation has been also reported by other
workers®1¢17 for diacetylenic LB membranes. The
surface of the cast films of a DA-containing polyamide
irradiated under atmospheric air is gold in color while
that under inert atomosphere is deep blue.'® This is
a common pheneomenon for the topochemical polym-
erization of DAs. Figure 5 shows the relationship be-
tween the optical density and number of layers for
C14 acid. A linear relationship is clearly observed be-
tween the absorption intensity and the number of layers
as shown in Figure S. This behavior was also observed
for C8, C10, and C12.

Figure 6 shows the FT-IR spectra of C10 before and
after UV irradiation, at the region where acetylenic and
diacetylenic stretching appear. The spectra showed that
the topochemical polymerization took place, as the
spectrum of the irradiated film was that of typical poly-
diacetylene, and it was completed within 20 minutes
indicating that the DA groups of the benzoic acid are
reactive.

The results of UV irradiation for C10 and C4 acids
are shown in Figures 7 and 8, respectively. The polym-
erization behavior of C10 is similar to that of C14, but
C4 did not demonstrate the polymerization. This is

Polym. J., Vol. 29, No. 2, 1997
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Figure 7. VIS absorption spectra of 28 layer films of C10 acid
irradiated with UV light. 1, 20 min; 2, 30 min; 3, 40 min; 4, 90 min.
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Figure 8. VIS absorption spectra of 28 layer film of C4 acid ir-
radiated with UV light. 1, 10 min; 2, 40 min; 3, 20 min.

probably because that C4 membrane did not form a
crystal structure favorable for topochemical polymeriza-
tion.

The LB-films of the corresponding para-isomers did
not undergo polymerization although they gave stable
monolayers, probably because they do not form a mem-
brane crystal structure favorable for topochemical po-
lymerization.

Polym. J., Vol. 29, No. 2, 1997

CONCLUSION

Aromatic diacetylenic amphiphilic compounds were
made into LB membranes for the first time. These ben-
zoic acids form stable monolayers independently of
alkyl chain lenght when the alkyl chain is greater than
C8. The multilayer films having alkyl chains greater
than C8 underwent topochemical polymerization by
irradiation of UV light. More datailed studies on the
characterization are being made.
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