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PHOTO ACOUSTIC SPECTRUM OF A NICKEL OXIDE-ALUMINA 
CO-PRECIPITATED AEROGEL CATALYST* ** 
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The nea r UV and visible spectrum of a NiO-Al z0 3 aerogel hydrogenat ion catalyst (bulk weight 
of abo ut 50 mg/cm3 ; 23 wt. % of Ni) was measured using photoacoustic detection . Within the 
300- 900 nm region, the sample (about 5 mg) showed a single band at 310 ± 5 nm. The band 
is assigned to an electron transfer from oxygen ligands to Ni 2 + ions incorporated in the lattice 
of the co-precipitated aerogel. The absorption spectra of the sample in the near a nd middle 
infrared regions (900 - 10000 nm) obtained by classical transmission technique are presented 
for comparison. 

In the previo us wo rk l the co-precipitated NiO-Alz0 3 catalyst was used as a sorbent for gase
ous benzene and hexadeuteriobenzene. The sorption of benzene in vacllo (about 1 . 10 - 3 Pa) 
was st udied by IR a bsorption spectroscopy (4000-1 100 cm - 1). In order to improve the tra ns
parency of the co-precipitated catalyst, it was prepared in the form of self-supporting aerogel 
plates. The grey plates were sufficiently transparent in the middle- and near-infrared but opaque 
in the visible and near-ultraviolet regions. 

Studies of sorption of aromatic hydrocarbons by electonic spectroscopy are of great interest 
for catalytic research, too . In cases of dark sorbents, the reflectance spectroscopy is not applicable 
and therefo re the photoaco ustic (PA) or optoacoustic method of detection of absorbed lightZ 

- 5 

is now the only available method which can be used in the visible and near-ultraviolet regions. 

The aim of this work was to measure the electronic spectrum of bare aerogel 
catalyst on air and to determine the region of the spectrum suitable for studies 
of chemisorbed molecules. 

EXPERIMENTAL 

Preparatioll of the co-precipitated NiO-Al z0 3 aerogel plates. The procedure proposed for 
preparation of the pure )'-alumina aerogel6 was used. The starting sol of aluminum acetate was 
prepared according to Heard?, the only modification was the use of mercuric oxide solution 
in glacial acetic acid8 instead of mercuric nitrate to catalyse the dissolution of metallic aluminum. 

Part LXVI in the series Catalysis by Metal Complexes; Part LXV: This Journal 47, 719 
(1982). 

Presented at the 12th Czechoslovak Symposium on Homogeneous Catalysis, Liblice 
near Prague, October 6-8th, 1980. 
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After centrifugation at 30 OOOg, the clea r sol was mixed wi th a n aq ueous solutio n o f nickel acetate 
(pllriss., Merck) in a desired Ni : Al ratio. The co-precipit a ti on of Ni and Al hydroxides was 
carried out on a mercury pool by gaseous NH 3 . The obtai ned hydrogel cake of the co-preci pita ted 
hydroxides was repeatedly washed with water a nd then changed to an alcogel using dried metha
nol. The resulting alcogel cake was cut into pieces (about 2 x 3 cm2

) which were t ra nsferred 
into an autoclave. Then, practically a ll methanol was slowly boiled oil' above it.; crit ica lt emperu
ture from the autoclave, to avoid a destruction of the aerogel st ructu re of the precipitate. The 
aerogel plates obtained were calcinaed on air a t a bout 450"C for severa l hours. The resulting 
plates of the NiO- AI 2 0 3 aerogel were used for the spectrallllcasurements on a ir. 

The plates were about 3 mm thick , for each the to ta l weight was about 80 mg, i.e., the bulk 
weight was about 50 mg/cm3 . The content of Ni, determined gravimct rica lly, was 23 wl. %. Even 
after a heat treatment of the plat es in H 2 atmosphere, X-ray d iffrac tion showed only the lincs 

of NiO and y-Al z0 3 . 

Pllotoacollstic spectrometer. The PA spectrum of the NiO- Al z0 3 ac roge l sa mple of about 
5 mg in the near UV and visible regions (300 - 900 Ilm) was measured on a si ngle-beam, home
-made instrument (linear in wavelength): a 100 W hi gh-pressure short-arc Xe lamp (type XBO 101 , 
Narva, G.D.R.), a quartz parabolic lens, a mechanical chopper, ~l grat ing monochromator 
of the Littrow type (f/ IO; 1·6 nm /mm; constant geometrical slit width 1·8 ml11 ; Optica-Milano, 
Italy), a PA cell of our construction (sensiti vity of about 100 mV / Pa) with a mcmbrane co n
denser microphone (about 5 mV/ Pa; Tesla , Czechoslovakia), a lock-i n nanovoltmeter (type 232B; 
Unipan , Poland), and a conventional line recorder. A similar instrument was described in more 

detail elsewhere9
. 

Ph%acollstic measurements. The focused beam of polychromatic light was chopped mechani
cally (12·5 Hz) and the reference signal for the lock-in detection was taken from a pho todiode 
behind the chopper. A freshly prepared carbon black, deposited o n a quartz disc, was used as the 
reference standard. The maximum PA signals of the sample a nd · the reference sta ndard were 
adjusted at 465 nm, being about 140 and 550 IlV, respcctively. The PA spectra , taken during 
night time at a scan rate 33 nm /min and at a time constant I s, were reproducible. The spectrum 
of the sample was normalized using a programmable desk -top calculato r Hewlett- Packard, 

model 9830A, and an HP-plotter, model 9862A . 

lnfrared spectrometers. Two double-beam instruments from Beckman were used: the model 
IR-7 with the NaCI fore-prisms /grating optics, linear in wavenumber I 100- 4000 cm -

1
, a nd 

the model DK-2A with the quartz prism within the 20000 - 3000 cm - 1 region (linear in wave-

length; PbS detector). 

RESULTS 

The normalized PA spectrum (300-800 nm) of the NiO-AI20 3 aerogel plate is 
in Fig. 1, the ordinate scale of which is in arbitrary units; for the photoacoustic 
signal (PAS). The single peak is located at 310 ± 5 nm and its irregular shape around 
the maximum is presumably due to the point-by-point normalization procedure. 

The IR absorption spectra of the NiO-AI 20 3 aerogel plate, obtained by usual 
transmission technique, are presented in Figs 2 (near JR) and 3 (middle IR) for 
comparison. A huge IR absorption by the untreated sample in the 2700-3300 nm 
region (3700-3000 em-I) is due to H-bonded OH groups (adsorbed H2 0 and 
AI-OH groups) and can be practically removed by heating ill vacuo (400-450°C). 
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DISCUSSION 

Doyle and Lonergan 10 have studied thin films of NiO deposited on quartz windows 
by transmission technique. In the 200-1 000 nm region, their NiO samples revealed 
two absorption maxima at 240 and 280 nm. The band at 280 nm has been assigned 
to electron transitions from the highest full band to the first exciton level lo . Since 
NiO does not show photoconductivity between 250 and 800 nm, this transition 
requires that the exciton is not thermally dissociated at room temperature lO

• In other 
words, the 280 nm band is associated with electron transfer from negative to posi
tive ion lO

. 

10r---- r ---------.---------. 

PAS 

FIG.! 

The photoacoustic spectrum in the near 
ultraviolet and visible regions (linear in wave
length) of the NiO-AI 20 3 aerogel l2.!ate 

O'-----;-40:!;-;O~--------'----------B=-!OO before the treatment (cl Fig. 3) -

:1, L2:, 1 
3000 nm 1000 

FIG. 2 

The near infrared absorption spectrum ob
tained by classical transmission technique 
(linear in wavelength) of the NiO-AI 20 3 
aerogel plate before the treatment (cl Fig. 3), 
using a PbS detector for the whole region 

FIG. 3 

The middle infrared absorption spectrum 
obtained by classical transmission technique 
(linear in wave number) of the NiO-AI 20 3 
aerogel plate. After the treatment at about 
450°C in vacuo (full line); before the treat
ment (dashed line) 
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In agreement with this interpretati on we a ~cribe the band at JIO 11m (0 an electron 

transfer from 0 2
- to Ni 2 + ions incorporated in the lattice of the co-precipitated 

NiO-AI2 0 3 aerogel. 

Summarizing, the PA spectrum is sufficiently simp le in the 320-800 11m region 

to allow spectral studies of coloured compounds adsorbed on the catalyst. The PA 

spectrum below 300 nm is also of interest , since the first absorption band . e.g. , 
of free benzene molecules is centered around 250 nl11. It requires, however, a higher 

output of the xenon lamp to improve the signa l-Io-noise ratio in thi s region. 
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