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Porous Al and Cu structures
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Optical properties of porous aluminum and copper layers with adsorbed p-nitrobenzoic
acid molecules (p-NBA) have been studied. There was observed the enhancement of certain
molecular groups in the IR spectrum of p-NBA. The porous Cu substrates are similar to
rough gold ones in the enhancement factor of COO~ groups in multilayered p-NBA films.

WccenemoBaHBI ONTHUECKNE CBOMCTBA MMOPUCTHIX CJIOEB ATIOMUHUA U MEIU C aJICcOpOUpOBaH-
HBEIMU MOJIEKYyJaMu n-HuTpobeHsoiHO# Kuciaothl (n-HBK). Habaomanocs ycuseHue morJio-
IIeHUsA OTHeNbHBIX MOJIEKYAApHBIX rpynn B UK cmnexktpe morgomenus n-HBK. ITopuctwie
MeJHble IMOIJIOMKKHU 110 (arTopy ycuueHus: noriowenusi rpynna COO™ B MHOrOCIOMHBIX IIJIEH-
kax n-HBK amasoruusbl 11epoxoBaTBIM 30JIOTHIM IIOIJIOKKAM.

1. Introduction

The effects of metal surface enhanced IR
absorption (SEIRA) [1-3] and surface en-
hanced Raman scattering (SERS) [4, 5] are
well known to form a basis for some most
sensitive analytical techniques in IR spec-
troscopy and Raman scattering. The key
problem of successful use of these effects is
the choice of metal surfaces and the proc-
essing technology thereof. Traditionally,
the surfaces used in SEIRA are prepared by
two main methods: chemical or electro-
chemical deposition [6—8] and thermal depo-
sition [9-14] of the metals onto substrates.
In order to realize SEIRA effect not only
island films or rough thermally deposited
surface of gold or silver, but volume-modi-
fied particles [15-17] have been applied. In
particular, the chemical deposition of cop-
per onto traditional in IR spectroscopy sub-
strates was used to prepare SEIRA-active
coatings [17].
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In this work, we have investigated ex-
perimentally for the first time the possibil-
ity of using micro- and nanoporous Al and
Cu layers as IR absorption enhancers. Ad-
sorbed layers of p-nitrobenzoic acid
C,HzgNO, (p-NBA) served as markers in
order to characterize the surface absorption
properties. We have found before that dif-
ferent molecular groups of p-NBA on rough
Au surface are enhanced differently. In par-
ticular, for SEIRA effect in reflection ge-
ometry, we succeeded in recording the spec-
tra of 8383 ng/em? p-NBA [18, 19].

2. Sample preparation and
experimental details

Al and Cu structured surfaces have been
produced by steady-state near-equilibrium
vapor condensation inside hollow cathode in
the plasma-condensate system [20]. Al and
Cu surface topology was studied using a
SEM-102E scanning electron microscope.
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Examination of the samples in visible spec-
trum was performed by monochromator
DMR-4 (LOMO, Russia). IR absorption of
p-NBA and its amplification on the obtained
sample surfaces was studied by means of an
IFS-66 (Bruker) FTIR spectrometer in 400—
4000 cm™! range using reflection and trans-
mission geometry. The spectra were processed
using the Opus-5.5 and OMNIC software.
The p-NBA powder (Sigma) was used
without additional purification. The ad-
sorbed layers on metal surfaces and dielec-
tric CaF, substrate were formed by deposi-
tion and evaporation of p-NBA solutions in
purified acetone at concentration of 0.5 mg/ml
by 5 ul drops. The p-NBA molecules are chemi-
cally adsorbed on metals ( Fig.1) and are able to
form thin and homogeneous films [9, 10, 21].
The experimental enhancement factor was
determined as the ratio of integral intensity
of a specific molecular group absorption
band on the metal surface to that of the

same group on CaF, substrate: Boxp(®) =
Im((D)/ICan((D).

Fig. 2. SEM images
(f), Al-3 (g), Al-9 (h), Al-18 (i).
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Fig. 1. Molecular structure of p-nitrobenzoic
acid (a) and schematic image of its molecule
adsorption on a metal (b).

3. Experimental results

Fig. 2 shows the electron microscope im-
ages of Al and Cu micro- and nanostruc-
tured surface obtained under different
working gas pressure Pp,, discharge power
P,, and deposition time ¢, as presented in
the Table 1. The reflection spectra for Al
and Cu surfaces in visible spectrum range
depending on surface topology are given in
Fig. 3(a,b). For well expressed dispersed
structure Cu-18 with 0.1-1 um size gran-
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Fig. 3. Reflection of light from micro- and
nanostructured Al - (a) and Cu - (b) metal sur-
faces in the visible spectral region (light inci-
dence angle ¢ =10°); (¢) Cu-1 (1), Cu-6 (2),
Al-3 (3), A9 (4), Cu—-18 (5), Cu-23 (6), Al-18 (7),
in the IR region (light incidence angle ¢ = 16.5°).

ules and high porosity, the lowest specular
reflection coefficient is observed due to scat-
tering losses. In the IR range, the reflection
coefficient for metal surfaces (Fig. 3c) varies
from 15 to 90 %, depending on their topol-
ogy and the metal kind.

In Fig. 4, SEIRA spectra for vanishing
quantity of p-NBA on metal and CaF, sur-
faces are presented. The best enhancement
is observed for Cu-1, Cu-6, Al-18 samples.
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Table 1. Operating parameters for fabrica-
tion of superporous structures

Fig. Metal P, (Pa) | P, (W) |t (hours)
a Cu-1 10 4 3
b Cu-6 20 9 9
c Cu-9 20 9 4
d Cu-18 15 9 6
e Cu-23 3 1.3 9
f Cu-19 3 1.3 4
g Al-3 20 9 9
h Al-9 15 3.2 2
i Al-18 20 2 2

On certain substrates such as Al-9, Cu-18,
Cu-23, the characteristic molecular vibra-
tion are not detected at all. The enhance-
ment of p-NBA molecules absorption makes
up 1.2-12 times for different molecular
groups (Table 2). The enhancement factor
for COO~ groups of p-NBA adsorbed in po-
rous Cu substrates is close to that on rough
gold substrate.

4. Conclusion

The consideration of the above experi-
mental data allows concluding certain con-
ditions necessary to enhance the p-NBA ab-
sorption on metal surfaces. (i) The reflec-
tion coefficient must exceed 50 % in IR
range. (ii) The conditions of plasmon reso-
nance long-wawe length shifting in metals
to near infrared range must be realized that
can be achieved if metal nanostructures hav-
ing the size distribution in the 10-500 nm
range. Such sizes of the metal structure cor-
relate with the IR enhancement. The sub-
strates possessing surface inhomogeneities
<100 nm in size are the best to increase the
IR absorption. The results obtained in this
work can be of interest for proving the exist-
ing theories of SEIRA effects, and for its
further using in IR spectroscopy for biology
and medicine as well.
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tures”, the project No. BIT 138, and the Fun-
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Ukraine for support within the framework of
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Table 2. Enhancement factor of IR absorption for different molecular groups of p-NBA deposited

on different surfaces

No | p-NBA adsorbed | p-NBA adsorbed Experim. p-NBA Experim. Assignement of
on CaF,, on Al(18), enhancement|adsorbed on|enhancement| absorption bands
frequency, cm™ frequency, cm™ factor Cu(1), factor to molecular
frequency, group vibrations
cm™
1689 1683 1.7 1689 2.4 C=0
2 1590 1604 2.5 1591 5.0 COO~ asymm.
stretch.
3 1530 1529 1.8 1530 3.0 NO, asymm.
stretch.
4 1407 1405 3.3 1411 12 COO™ symm.
stretch.
5 1349 1348 2.0 1350 3.5 NO, asymm.
stretch.
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Fig. 4. SEIRA spectra of p-NBA molecules adsorbed on micro- and nanostructured sample surfaces:
(a) copper (curve I— (Cu-1), curve 2— (Cu-6), curve 3—Cu-18), curve 4— (Cu-23)), Au (curve 5), CaF,
substrate (curve 6); (b) aluminum (curve I— (Al-3), curve 2 (Al-9), curve 3— (Al-18).
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ITopucri crpykrypu Al ta Cu
aKk mimcuaoBadi I'Y onTHYHMX CHUTHAJIB

I'.I.Joébemwro, O.M.PDecenrxo, B.P.Pomaniox,
B.1.Ilepexpecmos, I0.0.RKocmincorka, C.I.Kuwnakina

HocaigKeHO ONTUYHI BJIACTUBOCTI MOPHCTUX IIApiB asioMiHilo Ta Mixi 8 amcopboBaHMMU
moJieKysamu n-Hirpobensoitnol kucaoru (n-HBK). Croocrepiranocs migcuieHHs: MOrIMHAHHS
oKpemMuMu MoJieKyaApHuMu rpymamu y 1Y conexkrpi mornmHamusa n-HBEK. Ilopucti migai
migkaagkm 3a paxkropom mizcunenss [Y-moramuammsa rpynun COO™ amamoriuni g0 mopceTrmx
30JIOTUX MiTKJIALOK.
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