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ESR observation of W and ZPt states in PtYWQ'ZrO, catalysts
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Electron spin resonance (ESR) studies of PtAMDO, catalysts over the temperature range of 5-330 K are reported. Two sets of ESR
signals, one witlg; = 1.98 andg; = 1.96 and the other witflg, = 1.39, gy = 1.70 andg; = 1.54 are identified as intrinsic signals

from the WP and ZP+ states, respectively, formed in the sample. These signals are absent in samples without Pt. Studies on samples
annealed at 773 K showed possible electron transfer betweentheawd ZP* states in which the concentration of one state increases at
the expense of the other.
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Platinum-promoted tungstated zirconia catalysts (Rtire cryostat obtained from Oxford Instruments. The meas-
WO, /ZrOy) have attracted considerable interest in the rewements were done at different temperatures (5-300 K)
cent past due to their high catalytic activity and selectiven two PWZ samples (PWZ1 and PWZ6) with different
ity for the production of high-octane-index gasoline comleadings of W and a WZ sample without platinum. Both
ponents [1]. Recent studies by Punnoesal. [2], Barton PWZ1 and PWZ6 have 0.5 wt% Pt, but different W load-
et al. [3,4] and Scheithauest al. [5] have provided consid- ing of 6.5 and 12.5 wt%, respectively. PWZ1 was pre-
erable insight into the structural and electronic properties pared by co-impregnation of zirconium hydroxide by the
these catalysts. These studies have shown that the tetragspaltion of tungsten and platinum salts. Zirconium hy-
phase of Zr@ acts as the catalyst support [2] and W loaddroxide was prepared by adding ammonium hydroxide to
ing enhances the stabilization of this phase over the mormirconium chloride. This zirconium hydroxide was modi-
clinic phase [3-5]. Also the impregnated Pt and W&Xist fied by co-impregnation of W and Pt using a solution of
as well-dispersed surface species on the tetragonal zircofhé;)sW12039-xH20 and HPtCk-6H,O followed by a
support [2-5]. The electronic state of Pt has been in contrmalcination at 973 K. PWZ6 was prepared in a different
versy with reports on the presence of both metallic and oway. A zirconium hydroxide sample to which W@with
idized forms [1,6-8], and the exact nature of the electroni?.5 wt% W) had already been added was obtained from
states of W and Zr is also not well established. Furthermoidagnesium Elektron, Ltd. (MEL). This tungstated zirco-
the interactions between the different constituents, hamelia sample was calcined at 973 K and then was impregnated
the dispersed Pt and WGpecies and the Z3support, are with Pt followed by another calcination at 773 K. The WZ
far from clear. A proper understanding of these issues sample was also a tungstated zirconia (with 12.5 wt% W)
essential for understanding the catalytic mechanism in teample directly obtained from MEL. These samples were
Pt/WQ,/ZrO, (here after PWZ) catalysts. obtained from Professor I. Wender and details of the sam-

In this work, we have employed low-temperature electrgule characterization, structural and electronic properties and
spin resonance (ESR) spectroscopy, a very powerful tooltteeir catalytic activities have been reported earlier [2,9]. In
study paramagnetic species even in low concentrations,th@se experiments, it has been found that pretreating these
establish the formation of W and ZP* states in the PWZ catalysts at 773 K before loading them into reactors provides
catalysts due to oxygen deficiencies in Weénd ZrQ, re- better yields of products [9].
spectively. The intensities of the ESR signals due o'W  ESR spectra of the WZ and PWZ samples recorded at 5 K
and ZP* states are affected by thermal treatments and shane shown in figure 1. Two strong signals are observed in the
an inverse correlation strongly suggesting possible electrdZ sample atg = 2.07 and 4.30 which are marked in the
transfer between the WiGspecies and Zr@support. These diagram as A and B, respectively. In the PWZ samples, these
signals are not observed in W@rO, (WZ) samples with- two signals are also observed with identical ESR parameters
out Pt indicating the possible role of Pt species in the formar addition to some new signals which will be discussed in
tion of these paramagnetic states. This is the first ever E8Btail later. The two signals A and B are not affected by ther-
study on the PWZ catalysts. Details of these results follonmal treatments. The presence of paramagnetic oxygen radi-

ESR studies reported here were carried out on a standaads has been reported in WZ catalyst [10] and in numerous
reflection-typex-band (9.24 GHz) spectrometer employingther systems [11], but the observedalues and linewidths
a Varian cavity and magnet system and a variable tempeddithe signals A and B do not match with the ESR parame-
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ters reported for these species. These parameters are al§o |

different from those reported for different oxidation states of
W and Zr. ESR parameters of the line A are close to those
reported for transition metal ions like €uand Fé*. The
g-value of 4.3 observed for line B is reported forten
different systems in addition to the usygak 2 signal [12].
Therefore, we tentatively attribute the two signals A and B
observed in the WZ as well as the PWZ samples to a possi-
ble paramagnetic impurity, most likely £e present in the
sample.

Next we consider the additional lines observed in the
PWZ samples. Three sets of new signals could be identified
from these additional lines: set | of a group of three lines
with g-values 1.70, 1.54 and 1.34 (see figure 1); set Il of two
lines withg, = 1.98 andg; = 1.96 (shown on an expanded
scale in figure 2); and set Il of a signal@ts 4.3 which ap-
pears as shoulders on the signal B, but with linewidth larger
than B (shown in figure 3). In PWZ1, set | is stronger, set Il

is absent and set Il is present as shoulders on the signal Bi.

PWZ6 shows both sets | and Il clearly, but set Il signal is
not clearly visible. This signal might be suppressed in this

sample by the overwhelming presence of the impurity signal
B. On increasing the temperature to 300 K, the intensity of

the signals decreased as expected for paramagnetic species

PWZ1, Annealed at 773K
T=5K
g1=1.98
s
g(=1.96
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Magnetic Field(Oe)

following the Curie law, but no other changes were observeggure 2. ESR spectrum of PWZ1 (6.5 wt% W, 0.5 wi% Pt) showing the
In order to interpret the above ESR lines, we first notet Il signals attributed to 21. The spectrum was recorded at 5 K after

that stoichiometric W@ and Zr&Q in PWZ with electronic

-

annealing the sample in air at 773 K for 3 h.

states of V§* (4f14) and ZA#+ (3d19), respectively, should be
ESR silent. However, a slight oxygen deficiency in Y\hd

ZrO, can lead to the formation of paramagnetié\(5d?)

and ZP* (4d) states and these states have been observed
in oxygen deficient W@, and ZrQ_, by magnetic sus-
ceptibility [13—15] and by electron spin resonance [15-17].
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Figure 3. ESR spectrum of PWZ1 (6.5 wt% W, 0.5 wt% Pt) recorded at

Figure 1. ESR spectra of PWZ1 (6.5 wt% W, 0.5 wt% Pt), WZ (12.5 wtos K showing the set Il signal appearing as shoulders on the signal B. The
W, 0 wt% Pt) and PWZ6 (12.5 wt% W, 0.5 wt% Pt) catalysts recorded &Pectrum of the WZ (12.5 wt% W, 0 wt% Pt) sample is also included to

5K.

illustrate its absence in this sample.



A. Punnoose, M.S Seehra / ESR studies of Pt/WO, /ZrO, catalysts 159

and ZP* ions being in the Y state with tetragonal distor-
tion, the observeg-values for these species are expected to
be less than the free spin valuegf 2.0023. In our sam-
T=5K ples, Ptis highly dispersed (71.0% for PWZ1 and 54.5% for
Annealed PWZ6) [9] so that a partial oxidation of the Pt nanoparti-
773K 2™ cles is quite likely because of their strong affinity for surface
o passivation [18]. Pt ions oxidized even up tdP{corre-
sponding to the most stable oxide Bj@vill have more than
m half filled 5d shell. Any ESR signal from such Pt species
S will appear in theg > 2 region.
Fresh On the basis of the above considerations, the sets | and Il
1 in the ESR spectra of PWZ samples wigh< 2 could be
' ‘/l\‘ originating from Wt or Zr3* states. All features of the
signals of set Il withg-valuesg, = 1.96 andg, = 1.98
are very close to those reported for*Zrobserved in the
ESR spectra of a number of compounds, as illustrated in ta-
ble 1[17,19-21]. Therefore, this set of signals are attributed
to the ZP+ states formed in our samples. The Igwalues
of the set | signalsg, = 1.39,¢, = 1.70 andg, = 1.54)
suggest these signals to be fron?¥ which has been ob-
served in several systems (see table 1) witbalues gen-
500 2000 5503 erally in the same range [15,16,22,23]. Thealues, of
Magnetic Field(Oe) course, depend greatly on the local symmetry aroutd, W
which could be different for different compounds resulting
Figure 4. ESR spectra, recorded at 5 K, of fresh PWZ1 (6.5 wt% W, 0.5 wtta the observed differences. Observation of clear signals of
Pt) and after annealing it in air at 773 K showing the interplay between t@t | with no set Il in PWZ1 Suggests some oxygen defi-
WS* (set l) and ZF* (set Il) signals. ciency in WQ, but ZrQ; is stoichiometric. PWZ6 has oxy-
gen deficient W@ and ZrQ to show both set | and set Il
In our recently reported magnetic susceptibility studies aignals. Theg-value of 4.3 of the set Ill signal which ap-
PWZ [2], the observation of a positive susceptibility clearlpears as shoulders on the stronger line B is much higher than
indicated the presence of paramagnetic species. BSth Wthe averageg-values reported for different Pt species such as

D

Table 1
ESR parameters of & and ZP+ observed in different systems

Paramagnetic ion g-value Reference

W5t in WO3 g; = 1532 Schirmer and Salje [15]
gr = 1.5054
gy = 1.6612

W5t in WO3/Al 03 gl = 1.60 Gruneret al. [16]
gL = 1.722

W5t in K,0-P,05-WO;5_, glasses B5< g <165 Studert al. [22]

165< g <175
W5 in LioO-WO3-P,0Os5 glasses B9 < g <16188 Rakimowt al. [23]
1695< g, <1766

W5T in PWZ catalysts g: = 154 Present work
gr = 1.39
gy = 170

Zr3tin ZrOy gl = 1.956 Torralvo and Alario [17]
gL = 1.981

Zr3* in sulfated zirconia g = 1.967 Vereet al. [19]
gl = 1.9822

Zr3t in Zro, g = 1.953 Morterraet al. [20]
gL = 1.978

Zr3t in sulfated zirconia gl = 1951 Cheret al. [21]
g1 = 1.979

Zr3t in PWZ catalysts g = 1.96 Present work
gL = 1.98
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Ptt and P#t [24,25] which are in the range@ < ¢ < 3. cates the important role played by Pt in the formation of the
However, recently Scheereral. [26] have observed a plat- Wt or Zr*t species.

inum complex in silicon doped with C and Pt giving an ESR

signal atg ~ 4 with trigonal symmetry. The-value was ex-

plained using a spin Hamiltonian with a large fine structur&cknowledgment
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