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Abstract: Self-assembled multilayer thin films of poly(ethylene-alt-maleic anhydride) (PEMAh) and poly(4-vinyl pyridine)
(PAVP) were fabricated by layer-by-layer (LbL) sequential adsorption. Fourier transform infrared (FT-IR) spectroscopic analysis
of the self-assembled PEMAW/P4VP multilayer films confirms that the driving forces for the multilayer buildup are the
intermolecular hydrogen bonding and electrostatic interactions. The linear increase of absorption peak of P4VP at 256 nm
with increasing number of PEMANW/P4VP bilayers indicates that the multilayer buildup is an uniform agsembling process.
We also investigate the effects of polyelectrolyte concentration variation of the dipping solution and pH variation of the
PEMAM solution on the multilayer film formation. Thickness, adsorbed polyelectrolyte mass and surface roughness of the
multilayer films were measured by UV-visible spectroscopy, quartz crystal microbalance (QCM), and atomic force
microscopy (AFM), respectively.

Keywords: self-assembled multilayer films, poly(ethylene-alt-maleic anhydride), poly(4-vinyl pyridine), polyelectrolytes,
layer-by-layer sequential adsorption, pH variation.
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Figure 1. Chemical structures of the polymers used in this study.
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Figure 2. Schematic of fabricating process for PEMAWPAVP multilayer
films.
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Figure 3. FT-IR spectra of (a) PEMAh, (b) P4VP, and (c) 12-bilayer
PEMANW/PA4VP films on KBr windows.

AA7), Ryroot mean square roughness) 72 T-8te] T AXY|E
H7tel8ith ARM E30) ALgE &elol= Zelks J|us gEuke

#7] Al A A sk
3.8 | EE

31 CIEY 840 25

Figure 39 PEMAh, PAVP ¥ PEMAWP4VP i1E2} 234 A&
9] FT-R 2 E7-2 UehIth PEMAR (A) 2 PAVP B) AFE
#i} PEMAWPAVP EEAO)Y AHEYS vwsfEE 3600~
1500 cm’ BN A Wi} dojvtm gUgS BAFY 5
%lE} E—%l P4vP] I2d7]e] et +AZATE FHE4AV]9) OH
oJg F4 H =27} 25605 1950 em' oA YRt T 9l

&l
o g_ A~ 0]‘:]_1236

rulo J{N

Flgure 40} Figure 32] 1900~1400 cm”’ GG &) AAEAS
sted YERSAT). Figure 4A)S X PEMAhY] anhydride”] C=09]
Mﬂ AE g 710 &4 Aas) gl AF QB 7198
g A7t 18548 1777 em'll M 4 Yehga 9lom, maleic
amydnde7H 57t 7ieEaiEol B9 maleic acidol] 7113 &
T #3271 1731 emoll A VERAL 9185 2 4 Ik PEMARS} PAVP
7h gk gdoA EjfEo] nEAt BHAE FAShs ASE
PEMAh anhydride?]&] 47} o 2~8| 23} 7}247])71 dA3s
™, o] FHEA7)E paveel S| Adr|eh FEHA 4 AdEAY o
HE oleslEe 3oz EHUTEY Figure 4Ol LbL 2ol 2
gk PEMANWPAVP o|538 123] %ZA12] PEMAWPAVP T}51Ho)
FTIR ~®E#HE et Maleic anhydride7]9] C=0 A% A%
F AIA8541777 em’ye YEREA] eksker pavp FEd )4
T4 AEE maleic acid®] C=0 &4 -437]— 1728 cm' o)A YEh}
I 9ES B & Utk Foue 4B)9) PAVP A EA T Fgure 402
Hl w2 A 72)d7]9] ring modeoll 71913 F< HF(1595 ecm™)E=
P4vPe} 2717} PEMARS] 7HEA719F 424 AFE WA 1601 em’




Layer-by-Layer A}7]Z8H 4] 28} Poly(ethylene-alt-maleic anhydride)/Poly(4-vinyl pyridine) TF32F )% 395

1777
1731
1854
(a) 1595

1416

1556

1728

1601

1635
(c)

1800 1650 1500 1350
Wavenumber(cm™)

Figure 4. Scale expanded FT-IR spectra in the 1950-1350 cm' region of (a)
PEMAD, (b) PAVP, and (c) 12-bilayer PEMANWP4VP films.
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Figure 5. UV-vis spectra of alternating multilayer film of PEMAh and
PAVP with different numbers of bilayers deposited onto a quarts substrate.
The inset shows the plot of the absorbance at 256 nm versus the number of
bilayers.
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Figure 6. UV absorbance at 256 nm versus the number of bilayers of
PEMAN/PAVP obtained from different concentrations of PEMAh and PAVP
dipping solutions: (a) below 0.1 (w/v)% and (b) above 0.1 (w/v)%.
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Figure 8. Composite plot of both UV absorbance at 256 nm and QCM
frequency changes versus the number of bilayers of PEMAQ/P4VP obtained
from different concentrations of dipping solutions.
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Figure 9. AFM images of 1-bilayer PEMAW/PAVP films obtained from (a) 0.01%, (b)0.05%, and (c) 0.10% polymer dipping solution concentrations.
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Figure 10. UV absorbance at 256 nm versus the number of bilayers
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solution.
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Figure 12. Plot of QCM frequency changes versus the number of bilayers of
PEMAR/P4VP obtained from different pH conditions of PEMAh dipping
solutions.

Table 2. Measured Frequency Change (AF) and Calculated Average
Mass Change (Am) of the PEMAh/P4VP Bilayer Adsorbed from
Different pH Conditions of PEMAh Dipping Solution

pH AFHz) Am(ug)
2 2486 4400
5 1573 2.784
55 143.5 2.540
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