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The adsorption and the reactions of nitric oxide on CuY zeolites with copper
ions in various states haye been studied by IR-spectroscopy. Forms of NO ad-
sorbed on individual Gu’” ions, on weak and strong magnetic formations, and
on Cu® ions have been observed. Processes of oxidation and reduction of NO
to N02, N, 0 and N2 occurring on CuY zeolites are discussed. Adsorption of
nitrogen on coordinatively unsaturated copper ions has been observed.

Merogom HUK-chnekTpocKomuM H3y4eHBl agcopbuus M npeppa-
meHHA OKHUCH a3oTa Ha CuY neoauTax C xaTHOHaMu MeaH
B pAaslM9HBIX COCTOAHHAX. :

- Ob6uapyxeHbl komniaekcbl NO ¢ H30/IMPOBAHHBIMH KOHaMH
Cu2+, cna6biMM W CHILHLIMH MAU'HHTHBIMH accoluaTaMu H
uwonamu Cul+, O6cyxnaoTca NPORECCHl OKHMCJ/IOHHSA — BOCCTAHOB~
nesusi, nporexalomue Ha CuY neonurax c ob6paszoBaHunem NOg,
NoO u No. Habnoaanace ancopbuug asoTa Ha KOOPAHHALHOHHO-
HEHACHIIHEHHBIX MOHAX Me[lH.

The adsorption of NO on CuY zeolites has been studied by several authors

2
/1--3/. The admission of NO leads to a decrease in the ESR signal of Cu " and to

-1
the appearance of an adsorption band at 1918 cmn  ~, assigned to the NO' stretching

vibration in the Cu'—NO" complex. According to Refs. /4—6/, depending on the

ion exchange conditions, the copper content and the treatment of CuY zeolites,

samples may be obtained which contain metal ions fixed in the zeolite framework
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with structures corresponding to different degrees of association (individual ions,
weak magnetic formations, strong magnetic formations involving oxygen which does
not belong to the framework, oxide phase) and to ions in different charge states.
The cations in these states differ in their interaction with the CO molecule /6/. In
this connection it is of interest to study the interaction of NO with copper ions, tak-
ing into account their state in the zeolites.

The CuY samples used in this work were obtained from NaY zeolites by ion
exchange under conditions of partial hydrolysis of the exchanging salt (CuY— A,
copﬁex content 0. ¥b), or without hydrolysis (CuY=1, copper content 1%, 1,5%, 6.3%)
/5/. It has been shown /4/for CuY-I zeolites that at small copper contents the
cations are present mainly as isolated ions. However, weak magnetic formations
prevail as the copper concentration is increased.  In CuY~—A zeolites a large fraction
of the cations exists in strong magnetic formations.

The relative amount of Qu>" in the form of individual ions, weak magnetic
formations and Cu’ ions was varied by treating the samples under special conditions
(L, UorII).

L. Evacuation for 3 hrs at 450°C,

1L Evacuation at 250°C. then repeated heating in O2 at 450°C, with subsequent

evacuation for 2.5 hrs at 20°C,
. Same as I, using CO instead of 02, with final evacuation for 3 hrs at 450°C.,
The IR spectra were recorded at room temperature on a UR~20 spectrophoto-

1 at 2000 cm™L,

‘meter. The slit width was 13 cm”
No absorption bands attributable to surface complexes were detected after

NO adsorption on HY and CuY (1% Cu) at 50 Torr in the temperature range 20-~200°C.

Apparently, the absence of a specific interaction between NO and copper ions is
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Fig.1. a — Spectra of samples treated under various conditions. I — curve(s) 2, 6
II - curves 1, 3, 5;'Ill —curve 4; b — after NO admission (50 Torr, 20 C)
c — after keeping the sample in NO (50 Torr, 20°C) for 15 hrs; d = heating in

NO (50 Torr) at 300°C for 30 min; e, e = adsorption of N2 (200 Torr) at 300
and 400°C. respectively

due to a high coordinative saturation of Cu2+ ions located at the SI sites /4/. A
weak maximum at 1920 cm':l is observed after a 20 hour treatment with NO (50
Torr, 20°C) of the sample containing 1. 5% Cu (treatment I). However, in the case
of the same sample treated with oxygen (treatment II) a maximum at 1950 cm-l

appears together with the band at 1920 em™! (Fig. 1, 1b). An increase of the NO
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pressure to 50 Torr and of the temperature to 200°C does not lead to any changes

in the spectrum. Neither of these bands is observed after evacuation at room temper-
ature. The appearance of the band at 1920 cm™} has been reported by Naccache

et al, /1,2/, whilst the band at 1950 cm-l was not observed earlier. According to
accepted views, during NO adso;ption on Cu2 +Y, partial electron transfer from an
antibonding orbital to a2 metal 3d orbital occurs‘ with the formation of a o bond.

On the other hand, the back-donation of Cu2+ d-electrons to a vacant x orbital of
NO with the formation of a n ~bond is also possible. As a result, the N—O bond is
strengthened and the frequency shifted as compared with gaseous NO (1876 cm'l).
Thus, the predominance of ¢ or v bonding strengthens or weakens the N—O bond and
shifts the N—O stretching band. The contribution of Cu®* d-electrons to the » bond
should decrease relative to isolated ions if an exchange interaction between cupric
ions is possible (weak magnetic formations). Thus, the bands at 1920 and 1950 em™
may be ascribed to the N—O bond in the complexes, which can be described sche-
matically as I and II, respectively:

cu-9* . Nno* and (Cu2*, .. Cu2+)6'. ..NO ¥

(D (I

In this case the adsorption centers are likely to be tetracoordinate Cu* ions
which appear at SI' SII' and Sil sites as the copper content in zeolites is increased.
The low intensity of the 1920 and 1950 cm™? bands is due to 2 negligibly small
amount of Cu2+ ions in the sample with a copper content of 1, 5%. The absence. of
the 1950 cm — band after treatment 1 may be due to the reduction of some Cu’™ to

Cu* ions during the treatment.
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An increase of the copper content to 6.3% increases the number of individual
ions (SI. sI r Sil) and weak magnetic formations, and thus the intensity of the bands
at 1920 and 1950 cm™ . In fact, these bands are very intensive and they appear in
the specttum immediately after NO adsorption on the sample with 6.3% Cu
(treatment II) (Fig. 1,3b). A drop of the above intensities is observed after treatment
I (Fig. 1, 2b) as a result of the reduction of some Cu* to Cu* ions. A band at 1740
cm'1 appears owing to NO adsorption on the same sample (treatment I), The ap-
pearance of this band in the spectrum of NO adsorbed on the sample containing
cuprous ions may be ascribed to the formation of a aut... NO (I1I) complex. The
presence of one mare electron in Cu* as compared with Cu®* must lead to the
strengthening of the n-bond and weakening of the N—O bond, as well as to a fre-
quency shift toward longer wavelengths. The interpretation proposed for the appear-
ance of the band at 1740 cm~l is supparted by the increase in its intensity after
NO adsorption on a more reduced sample (treatment III) (Fig. 1, 4b). The band at
1740 cm™! decreases after keeping the sample in NO for 15 hrs at 20°C and disappears
after heating to 100-200°C. However, on reduced samples the band intensity at
1920 cm~1 increases with increasing NO pressure and with the exposure time (Fig. 1,
2c and 4¢). The decrease of the 1740 crn'1 band and the increase of the 1920 cm-1
band may be due to the reoxidation of Cu”* to Cu2+ taking place on the surface,

This results in the decrease of the amount of complex III, and in the increase of the
concentration of complex L Under the same conditions, NO disproportionation occurs,
as confirmed by the appearance of the bands at 1640 and 2240 cm-1 (Fig.1, 2c—4c).
The former band belongs to NO, adsorbed on the framework /9/, while the latter is
close to the vibration frequency of gaseous NoO (2224 cm;l) and corresponds to the
absorption of weakly adsorbed nitrous oxide molecules in the zeolite cavities /9, 10/.
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The intensity of the band at 2240 em™! s 2 maximum on the sémplm reduced by
CO, which is due to the reduction of NO to N20 accompanied by disproportionation
when Cu® ions are oxidized. If the temperature is rised to 300°C, the intensity of
the band at 1640 cm"1 and the rate of disproportionation increase for all samples
containing 6.3% Cu, At the same time the maximum at 2240 em™! decreases, which
is accompanied by the appearance of two poorly resolved bands in the region 2150~
2180 cm™1 (Fig. 1, 3d). The drop in the band intensity at 2240 cm"1 is likely to be
due to the decomposition of N20 (2N20—--->2N2 + O2 ). Nitrogen formed as a result
of this process is adsorbed on copper ions and, correspondingly, absorption bands
appear at 2150~2180 em™1, This is supported by the appearance of the same bands
after N2 adsorption (200 Torr, 300°C) on the sample containing 6.3% copper (treat-
ment I) (Fig.1, 6). No absorption bands appear in the spectrum as N2 is adsorbed on
the sample containing 1% Cu. This indicates that stabilization of N2 takes place only
at coordinatively unsaturated sites.

When NO is adsorbed on sample CuY~A (0. 9% Cu; treatment II), an absorp~-

tion band at 1900 cm™ 1

and weak maxima at 1925 and 1945 cm™ appear only at
appreciable pressures (50 Torr) (Fig.1, 5b), The predominant states of copper in
such a sample are strong magnetic formations, Cu \Cu. involving an oxygen
bridge between two cu®* ions /4, 5/. However, a fraction of Cu2+ ions may be in
the other states mentioned above. According to this, the band at 1900 em™! which
is close to the vibrational frequency of NO adsorbed on thel CuO phase /11, 12/can
be ascribed to the stabilization of the NO molecule on strong magnetic formations
(complex 1V), The bands at 1925 and 1945 cm-1 correspond to complexes I and II,
respectively. A decrease of all band intensities and the appearance of absorptions

at 1640 cm’ | (NO,) ., and 2240 em™1 (N0 ) are observed as the system is
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heated to 100°C. The subsequent increase of temperature to 300°C leads to a
decrease in the band intensities at 1900, 1925 and 1945 cm-l, and tothedisappear~
ance of the band at 2240 cm™1 (Fig. 1, 5d). In addition, maxima at 2160 and
2180 cm™ ! appear and the intensity of the band at 1640 em™! increases as in the
case of samples with a copper conﬁent of 6.3%. The band at 1640 em™! is the most
intensive in this case (CuY A, 0.%% Cu, treatment II) since NO is readily oxidized
by the active oxygen in the strong magnetic formations. In the spectrum of NO ad-
sorbed on the samples treated under conditions I and II, weak bands at 1900 and
2240 cm~1 appear only after keeping the sample in NO for 15 hrs, as a result of
reduction of Cu>* fons. This implies that N, 0,4, (2240 cm™t) and complex 1V are
formed due to the reoxidation of the specific sites by NO molecules, After oxidation

these sites can form strong magnetic associates.

We thank the laboratory of zeolites of the Institute of Catalysis for supplying

the CuY samples.
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