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Fabrication of Multilayer Thin Filmswith Nanoporous Sructure

Jinhan Cho*

School of Advanced Materials Engineering, Kookmin University,
Jeongneung-dong, Seongbuk-gu, Seoul 136-702, Korea

We introduce a novel and versatile approach for preparing self-assembled nanoporous multilayered films with
tunable optical properties. Protonated polystyrene-block-poly(4-vinylpyrine) (PS-b-P4VP) and anionic poly-
styrene-block-poly(acrylic acid) (PS-b-PAA) block copolymer micelles (BCM) were used as building blocks
for the layer-by-layer assembly of BCM multilayer films. BCM film growth is governed by eectrostatic
and hydrogen-bonding interactions between the oppositely BCMs. Both film porosity and film thickness are
dependent upon the charge density of the micelles, with the porosity of the film controlled by the solution
pH and the molecular weight (My,) of the constituents. PS;-b-P4V P4/PS-b-PAA, films prepared at pH 4 (for
PSi-b-PAVP,) and pH 6 (for PS;-b-PAA,) are highly nanoporous and antireflective. In contrast, PS;-b-P4V P/
PS-b-PAA, films assembled at pH 4/4 show a relatively dense surface morphology due to the decreased
charge density of PS;-b-PAA.. Films formed from BCMs with increased PS block and decreased hydrophilic
block (P4VP or PAA) size (e.g., PS-b-PAVP/PS-b-PAA, a pH 4/4) were also nanoporous. This is atributed
to a decrease in interdigitation between the adjacent corona shells of the low M,, BCMs, thus creating more

void space between the micelles,

Keywords. multilayer, block copolymer micelle, nanoporosity, antireflective coating, layer-by-layer
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Flg 1. FTIR absorbance Spectraof (a) P4VP, (b) PS7K-b-P4VP28|<, (C) PSgsK-b-P4VP12K, (d) FAA, (e) PSZK-b-mAgK and (f) PslsK-b-mAm( films
cast from deposition solutions with different pH vaues. The FTIR absorbance spectra of P4V P and PS-b-P4V P are measured with increasing the
solution pH from 2 to 5 and on the other hand, the absorbance spectra of PAA and PS-b-PAA are measured with decreasing pH from 10to 2. In
the FTIR spectra of PAVP and PS-b-P4V P, the absorbance pesks at 1600 and 1640 cm™ indicate the deprotonated and protonated pyridine ring
bands, respectively. These two peaks are deconvoluted by a L orentzian model, and then the degree of ionization of pyridine groupsis determined
by comparing two peak areas. The absorbance pesks at 1570 and 1709 cm™* shown in the FTIR absorbance spectraof PAA and PS-b-PAA repre-
sent the charged (-COQ’) and uncharged carboxylic acid (-COOH) groups, respectively. The degree of ionization of carboxylic acid groups is
also calculated using the method described above. However, the degree of ionization of PS-b-PAVP and PS-b-PAA is not exactly determined
because the absorption peaks (1600 cm™) from the aromatic ring of PS fully or partially overlap with the deprotonated pyridine peaks of PAVP
blocks and the charged carboxylic acid peaks of PAA blocks, respectively. J. Cho; J. Hong; K. Char; F. Caruso, J. Am. Chem. Soc. 128, 9935

(2006), Copyright 2006, with permission from ACS.
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Flg 2. AFM Imagesof (a) PS7K-b-P4VP23K, (b) PSgGK-b-P4VP12K, (C) PSZK-b-P4VPgK and (d) PSlGK'b'FAAm( m|Cd|equ305taj onto S wafersat
pH 4 and AFM images of (€) PSx-b-PAAg and (f) PS;ex-b-PAA« micelles deposited at pH 6. The sizes of respective micelles measured from
the height of AFM images are asfollows: (a) 9.8 + 2.2 nm, (b) 142+ 3.1 nm, (¢) 7.2+ 3.4nm, (d) 13.2+ 2.6 nm (¢) 5.3+ 1.2nmand (f) 12.0+
2.0nm. J. Cho; J. Hong; K. Char; F. Caruso, J. Am. Chem. Soc. 128, 9935 (2006), Copyright 2006, with permission from ACS.
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Fig. 3. UV-vis spectra of (PSi-b-PAV Pas/PSx-b-PAAs), with
increasing the bilayer number (n) from 1 to 10 at pH 4/4. The absorp-
tion peak a 254 nm originates from the pyridine groups in PS;-b-
P4V P, micelles. The inset shows that the absorbance at 254 nm
grows linearly with increasing the bilayer numbers of PSk-b-
PAV Pog/PSx-b-PAAs. J. Cho; J. Hong; K. Char; F. Caruso, J. Am.
gféeén Soc. 128, 9935 (2006), Copyright 2006, with permission from
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Fig. 4. () Absorbance of (PSy-b-P4V Pagk/PSx-b-PAAg). filmsasa
function of hilayer number for films assembled at different solution
pH conditions: (@) pH (PSx-b-PAAg) = 4.0 and pH (PSx-b-
PAV Px) = 2.8 (inverted triangles), 3.3 (squares), 3.7 (upright trian-
gles), and 4.0 (circles); (8) pH (PSw-b-PAVPxs«) = 4.0 and pH (PSx-
b-PAAg) = 4.0 (circles), 5.0 (squares), and 6.0 (triangles). J. Cho; J.
Hong; K. Char; F. Caruso, J. Am. Chem. Soc. 128, 9935 (2006),
Copyright 2006, with permission from ACS.
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Table 1. The thickness and refractive indices of (PSy-b-PAV Pask/PSx-b-PAAe«), multilayer films at pH4/6

Bilayer Number (n) Total Film Thickness (nm) Refractive Index (nf) Porosity (%)
5 249 1.14 65.7
10 40.8 1.19 55.2
15 50.9 122 49.8
20 68.5 1.24 46.1
25 87.4 124 454
30 104.1 125 428
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Fig. 5. Light transmission curves of (a) (PSw-b-P4VPasc/PSx-b-
mAgK)n and (PSaGK-b-P4VP12K/PS]_6K-b-FAA4K)n mU'tll@/a films
assembled at different pH; (b) (PS-b-PAVP/PS-b-PAA), films com-
posed of different block size at pH 4/6. J. Cho; J. Hong; K. Char; F.
Caruso, J. Am. Chem. Soc. 128, 9935 (2006), Copyright 2006, with
permission from ACS.
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