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Adsorption of NO on evacuated Snot was investigated to know adsorbed species and available 
active sites. On deeply reduced sites, adsorbed NO was decomposed into Nt and N20 even at 
room temperature to oxidize these sites by the incorporation of oxygen atoms. A chelating NO* 
compound which consisted of surface oxygen and adsorbed NO was found on the transient- 
reduced sites. Furthermore, NO radical and Sn(NO):! were detected as reversibly adsorbed 
species on oxidized SnO*. The NO radical may be weakly coordinated to the Sn’+ ion in the 
low concentration of adsorbed molecules. but further adsorption of NO allowed the radical to 
bc coupled to form Sn (NO),. 

A considerable amount. of research has 
been devoted to the detect.ion and charac- 
terization of adsorbed species of nitric 
oxide by use of ir and ESR spectroscopies. 
In particular, infrared study seems to be 
the most powerful to examine t.he adsorbed 
state of NO and available active sites. 
Various types of adsorbed species are 
known at present as a result of investiga- 
tions on this subject since the pioneering 
work of Terenin and Roev (1). More 
recently, adsorbed NO molecules and modes 
of bonding with surface sites have been 
described in detail on some adsorbents 
such as Cr203/Si02 (2), Rh/A1203 (3j, 
ion-exchanged zcolites (4), and so forth. 

On the other hand, adsorbed SO radicals 
have been detected on such solids as MgO 
(5), ALO (6), ZrOz, CeOa, and ThOz (7). 
Kit.ric oxide has also been characterized 
as being paramagnct.ic in the gas phase. 
The ISSR spectrum of this gaseous molecule 

is not detected, however, because the spin 
magnetic momentum is exactly canceled 
out by the orbital magnetic momentum. 
The adsorbed SO radical is observed by a 
usual X-band spectrometer only in the 
adsorbed state because the orbital magnetic 
momentum is quenched by the surface 
field. Such a SO radical is weakly held on 
the surface and possesses a hyperfine 
structure due to the nuclear spin of 
nitrogen. Otherwise, nitrosyl complex, 
which consists of coordinated T\TO and metal 
ion, is also detected by ESR. The structure 
and reactivity of such nitrosyl complexes 
have been invest.igated by Lunsford et al. 
(8, 9). 

Metal oxide catalysts used in the reduc- 
tion of NO seem to have a surface with 
various oxidation states depending on the 
rcact,ion conditions. It is interesting to 
know the adsorbed species and these avail- 
able adsorpt.ion sit.es, and in addition to 
correlate such a profile of adsorption with 
the reaction. The purpose of t.his study was 
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to identify the adsorbed sprcies and the 
available active sites on Sn02 with various 
oxidation states of the surface by gravi- 
metric, ir, and ESR mcasinx~menfs. 

Sic?jlpZe. The SnOz sample was prepared 
by prrssing SnOz powder, followed by 
crushing (28-48 mesh) and calcinating at 
450°C in the air stream. In an X-ray 
difYraction pnt.tcrn of i hc sample, only 
Sn02 was dctcJct.c>d. l’hc SnOn.,Si02 sample 
was prepared by an impregnation of silica 
gel I’ore I>in 70 (1)okai Chemical Ind.) 
in a stannous chloride solution, followed 
by drying and cnlcinating at. 500°C fol 
4 hr in an air stream. The tin oxide content 
was 5 wt(ji;. Xitric oxide was supplied by 
‘I’akachiho (‘hcmical Ind. Co. J,td., and 
usc~l after vacuum (list illat ion. 

Graz~inretric cldsorptio,l ~rrerrs,~re,rlents. A 
gr:iviriic~l.ric adsorption (3pcrimcnt was 
pcrfornic~d by using a quartz spring balance 
with a force constant, of 20.7 mg~‘cm. A 
samplt~ of known weight. (about. 150 mg) 
was suspendtd in a vcss~~l, the vcssc~l was 
cvacuatcld at a tclinpc~raturc~ above :lX)“C, 
and then the cstension of the spring 
accompanied with adsorption was moni- 
tored by a t rnvtlling microscope. The 
quartz spring was hung in a double-sc>alccl 
l’yrcx glass tube the outer tuhtl of which 
was fillt,d with (‘(‘1, vapor to keep a 
constant, tcmpcmturc~. A portion of the 
gas phase was sampled for analysis in a 
gas chromatograph with silica gel for S20 
and a 13s moleculnr sicvcl for 02, S,, and 
KO at room trmperaturct. 

Itifrurcd mcusurcmeuls. Infr:ilccl spectra 
were rc~cordcd on :L ,Jasco IR-G spcctrom- 
ct.er in the rclgion of 4000 to 400 cm-‘. The 
81102 sample was prosscd int.o :L disk 20 mm 
in di:unc:l or un&ar a prc5surc of B to 7 
torlS,~Cln2. A Ix’llct holdor W:~S hung in 
:t I’yrcbs ~1:~ cull 1)~. ;L pl;l1 illunl \virc,. 
‘I’hc sniiipl~~ was cvncu:~tc~l 31, .lOO”(’ in 
tlic upper furnacc~ part of 11~1 ~~‘11~ and it 

was then lowcrcd to adsorb SO gas and 
expose the ir beam at room tcmpernturc. 

xx! nlensuTeme?lts. The sample was 
placed in l’yrcx glass or quartz ampoulc 
for ESR measurements and dehydrated at, 
250°C at at mosphcric pressure, followed by 
evacuation for 1 hr under a vacuum of 
1O-3 Torr. Sitric oxide was introducrd at 
room temperature, and after 30 min ES11 
mrasuremcnts of the sample were m:&. 
I<:Sl1 measurcmcnls w’crc made at 77 and 
162 I< with a .JI:OT, spcct.romcattlr (.JI<S- 
.\Ib:-l X). ‘l’hc g-values and hyperfinc 
splitting constants w’crc calculated by 
comparison with the value for the hlnY+ 
impurity in MgO. The radical conccnt ra- 
tions wycre det.t~rmincd by using :I coke 
snmplc dilutcld with Ii13r as thcl standard. 

The amounts of SO adsorption on 8nU2 
cvacuatcd and furt hclr t rcatcd by hydrogen 
and oxygtln were evaluated using a quartz 
spring microbalance. Incrcascs in weight 
were mcasurcd after allowing t hc sample 
to stand for about 10 min at rlach partial 
pressure of SO (Fig. l), because r:tt.c of 
SO adsorption was very slow (IO) and it 
was diflicult to attain an adsorption 
quilibriurn. The partial pressure of SO 
was increased up to about IO0 Torr (follow- 
ing the arrow in E’ig. I), and then gaseous 
SO was fully cvacuatcd. In all I he casts, 
adsorbed materials were irrcxversibly held 
on the surface and hardly d(~sorbctl by the 
vaciimn cvacuutioli. 

Sin~uli:~r~cously, gas in the vcssc~l was 
nnnlyzcd by gas chromatography, and it 
was found that S,O and N:! were forrned 
upon adsorption of SC) at. room tcmpcra- 
turc. So molcculnr oxygen was detected 
in the gas phase so that the oxygen atoms 
wcrc crrtainly :ldr;orbcad on the surface. 
‘I’hc~rclforc, it is (~l(~:~r I hat the ctxpansion of 
Iiiicrob:il:iric~t~ is tliic~ to not only :~tlr;orbctl 
so hut :llSO t.0 OSygC’ll 011 the surface. 
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FIG. 1. Variation of adsorbed amount with different partial pressures of NO at room tcmpera- 
ture on SnOz evacuated (0) and further treated with hydrogen (0) and oxygen (0) at 450°C. 

Table 1 summarizes the amounts of X2 
and N2O formed and of oxygen atoms and 
of NO molecules adsorbed when X0 was 
adsorbed at 100 Torr on the Sn02 which 
was variously evacuated and treated. The 
amount of adsorbed oxygen atoms was 
evaluated from NS and X20 formed, and 
the amount of adsorbed X0 molecules 
was calculated from the adsorbed oxygen 
and total increase in weight. 

As shown in Table 1, the reduction of 
Snot by hydrogen increased the dissocia- 

tion of SO but decreased the adsorption of 
SO molecules. This fact shows clearly that 
dissociative adsorption of X0, at least, 
takes place on reduced sites of Snot. On 
the other hand, t,reatment wit,h oxygen did 
not influence the adsorbing property as 
much. It seems that oxygen was desorbed 
by t.he evacuation at 450°C after treatment 
with oxygen. 

I>cpendence of such an adsorption profile 
on evacuation temperature was also ex- 
amined. As shown in Table 1, elevation of 

TA13IX 1 

N? and N& Formed and 0 and NO Adsorbed on SnOx at Room Temperatureb 

I’,vacuul ion Treat.mentb Iv* N20 so 0 so 
icmperal.rtre dissociated adsorbed molecular 

PJ (rtnol/g adsorbed 
of sample) 

450 - B.2 9.1 30.4 21.4 100 
450 02 6.0 12.4 36.7 24.3 I03 
450 112 38.8 90.5 271 174 55.2 
350 - 2.4 4.G 14 9.4 76 
400 - 4.6 5.9 21 15 96 
500 - 8.1 14.7 45.G 30.9 149 

-. .-. -- -. -. .--_- . ..--.--. -- ~. -- 
n I’hcualed for 1 hr. 
b Treat.ed with oxygen or hydrogen on evacuated sample for 30 min, followed by cvacuntion for 15 tnin at 

350°C ,. 
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c~v:tcu:ition tc~rupcr:lt uw rrwltrtl in c~v:tcu:ition tcmpmlt uw rrwltrtl in an an for 1 hr wvwlwl t hc spcdrurn shown in for 1 hr wvwlwl t hc spcdrurn shown in 
incrwsc of :dsorption of NC) irrwportivc~ incrwsc of :dsorption of N () irrwport iw Fig. 2, Fig. 2, t r;iw LI in the prcwtlcc~ of g:bxous t r;iw LI in the prcwtlcc~ of g:lstous 
of the typcl of adsorption. of the typcl of adsorption. SO. It cont:iinctd absorpt.ion bands :lt, SO. It cont:iinctd :ibsorpt.ion bands :lt, 

1910, 1S30, 12!)0, and 1175 cm-‘. An 1910, lS30, l:‘!)O, and 1175 cm-‘. An 
I of rured Spectrrr of Adsorberl .\-0 :ihsorpt ion baud at 1350 crri-’ w:is c:iuscd :ihsorpt ion ba~id at 1350 cn-’ w:is c:iuscd 

Iticntifie:~tion of t 11~ :idsortwd spc+s hy C’Orlt:ltrlirl:Ltiorl of :L KUr window with hy C’OIlt:lnlirl:Ltiorl of a KUr window with 

of SO 011 c~vacust cd SnOz wis attempt ccl siliconca grcmc. ICv:icuat ion of giwow NC.) siliconca grcmr. ICwicuation of gisww NC.) 
by ir spcctrosoopy. ?‘hc~ :idsorpt ion of SO dirninishctl the l!)lO- md 1 SO-cnl-’ txmds, dirninishctl the l!)lO- md 1 SO-CW-~ hods, 

;~f 100 l’orr on Sn02 w:~cu:~td at 400°C ht. did not altc~r t hc 12!N- :mI 1 1 i.?-en-’ ht. did not ;lltcBr the 12!N- :mI 1 li.?-en-' 

-.----.--- .___ 

-I 

ZOOG lGO0 1200 800 400 

FIG. 2. The ir sl~~~tr:~ on 5n02: (a) cww~~nti~m at 1OO’C for 1 hr; (b) :dmksion of SO at 100 
Tow; (v) evnc’~u~t ion; ((I) re-evncurdion at, 400°C for 2 hr; (t:) admission of NO nt. 100 Torr; (f) 
cvncuation ; (g) rc~-cv:~cu:~~ion at 1M~“C for 1 hr; (h) dmissir~n of oxygen at. 13 Torr followed by 
evacuntion. 
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bands, as shown in Fig. 2, tram c. This 
sample was further evacuated at 400°C 
for 2 hr and subjected to additional 
measurements. Well evacuation of the 
sample diminished the absorption below 
SO0 cm-’ which is observed in the back- 
ground of SnOz in Fig. 2, trace a. However, 
this band was recovered by the adsorption 
of SO, and in addition also an absorption 
at band 1010 cm-’ became clear (Fig. 2, 
trace e). The intensities of the lOlO-cm-1 
and iOO- to 400~cnlrl absorption bands 
were not decreased by the evacuation of 
gas phase at all, but these were removed 
by re-evacuation at 400°C for 1 hr, and 
the background spectrum was obtained, as 
shown in Fig. 2, trace g. Adsorption of 
oxygen on this sample followed by evacua- 
tion revealed the spectrum shown in Fig. 2, 
trace h which was exactly the same as that 
obtained by the adsorption of NO. It has 
already been reported that various struc- 
tures of a tin oxide compound revealed 
absorptions due to Sn-0 bond in the region 
below 800 cm-’ (11). Consequently, the 
lOlO-cm-1 and TOO- to 400~cm-’ bands are 
based on t.hc oxygen at the surface. In 
other words, the surface of SnOz is oxidized 
by the adsorption of SO at room tempera- 
t,ure; this is in accord with the facts of 
the quantitative st,udy shown above. 

The absorptions at 1290 and lli5 cm-l 
were observed in the case of evacuation 

for 1 hr, but not on the well-evacuated 
sarnplc. It is t.hereforc proposed that t,he 
bands appear in t,he adsorption of the 
trtlnsient-reduced surface. This proposal 
is supported by the fact that. such absorp- 
tions were observable in the case of t,hc 
middle level of the 700- to 400-cm-1 
absorption band which is indicative of an 
Sn-0 bond. Recent investigaCion by Kuglcr 
et al. (12) showed that SO is adsorbed on 
the reduced sample of Crz03 as a chelating 
X02 species. The observed bands at 1285 
cm-i (w) and 1180 cm-l (s) were due to 
the symmetric and asymmet,ric modes of 
the chelating X02 species which consisted 
of the adsorbed X0 and surface oxygen. 
The bands observed here at 12(90 and 1175 
cm-i may be ascribed to such symmetric 
and asymmetric stretching vibrations of 
the chelating X02 species. Well evacuation 
of the surface reduced the oxygen-contain- 
ing sites as judged by the decrease in the 
intensity of bands below 700 cm-’ and 
probably stimulated the formation of S, 
and SZO on the reduced sites. The intcnsit,y 
of nitrate bands may be so weak that the 
ir spectrum is observable only in the 
transient-reduced state. 

The absorptions at 1910 and 1530 cm-1 
arc not ascribable to two different species 
but to an identical adsorbed species, 
because the intensities of these bands 
have a linear relationship as shown in 

Absorbance (1910 cm -l) 

Fro. 3. T,ineer relaiionship between dsorbnnces at. 1910 and 1830 cm-‘. 
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Fig. 3. 13~ analogy with [C”O(SO)~]~+, as 
reported by Windhorst and J,unsford (/t), 
the absorptions at 1910 and 1~330 cn-* 
can be due to the asymmetric and sym- 
metric stretching vibrations of Sn(?rT0)2. 

The typical ESR spectrum of nilric 
oxide adsorbed on rvacuattad SnOz is shown 
in Fig. 4, trace a. This spectrum eshibiis 
hypcrfinc structures (hfs) due to the 
nuclear spin of nitrogen and is very similar 
to those obtained on ZnS by 1,unsford 
(13), ‘l’i0, by Tmrlik ei al. (14), and 
cntion-exchangcd zeolites by liasai and 
Bishop (15). l’hesc wrre not observed at 
room kmperature and were easily rclmovcd 
by a short evacuation, which is in accord 
wit,h the results on other adsorbcn1.s pre- 
viously inv&igatcd. 

Kasai and Bishop (15) reported the 
analysis of t hc ESR spectrum of adsorbed 

NO by a computer simulation and deter- 
mined that gX # gY # gz, and nY # (I~ 
= (I, Y 0. According to Kanzig and Cohen 
(Iii), A’ (energy width bet,wecn levels of 
%p~ and 2pa) is approximately equal to 
2X;)(g, - gy) (A = 0.015 (11’ for SO), rind 

so gX is never equal to gu. In such obscrvcd 
spclctra, however, gX is nearly the same as 
g,., as dcscribcd below. It is therefore not. 
easy to dcterminr rigorously the hfs con- 
sknts. In this paper, these hfs constants 
wcro determinrd to fit the simulakd 
spectrum to the observed one by the 
nonlinear least squares method (20). The 
computation was performed with a k”xCO1I 
23040 in Sagoya University Computation 
Cc~ntor. 

‘l’hc obtain4 g-value and hfs constants 
are listed in Table 2, and the simulatt~d 
spectra nearly coincided with the expcri- 
mcnt.:~lly observtld one, csccpt. for a high- 
ficlld masimum. Such :I proccldurt: for 
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TAUIZ 2 

y-Values and hfs Constants 

Adsorbent Yx YY y. ax ay a, WL’” 

(G) 

snot 2.001 1.999 1.95 0 31.0 0 8.81 
SnOJSiO~ 2.002 2.00’2 1.94 0 28.2 0 6.73 

a Line width. 

determining t.hc parameter was applied to 
a similar spectrum from a sample adsorbed 
on Sn02/Si02. It, can bc found from Table 
2 that gX is greater than g, by 0.002 for 
SnO:! and only by less than 0.0001 for 
SnO,/SiO,. 

As previously indicated by Lunsford (5), 
NO is frozen at 77 K, so that all of the 
sealed X0 may be essentially adsorbed on 
the surface of samples. It follows that the 
ra.dical concentration measured at liquid 
nitrogen temperature may not be affcctcd 
by the purt,ial pressure of X0 but by the 
total amount of scaled SO. This was 
experimentally confirmed by the use of 
ampoulcs of different volumes. When SO 
was introduced into ampoules of diRerent 
volumes at a constant partial pressure, 
different amount,s of X0 radical were 
observed. On the other hand, even at 
different partial pressures, a consistent 
radical concentration was obtained only by 
admission of a fixed amount of 30. At 
temperatures above 122 K, t.he boiling 
point of SO, however, the radical concen- 
trat,ion was influenced by the partial 
pressure. 

The concentration of SO radical on 
SnOp at. 77 K had a sharp maximum with 
respect to the amount of NO sealed. It 
increased in a small amount of sealed X0, 
but decreased when over 1 X 102” molecules 
per gram of SnOz of NO were introduced. 
Such a decrease in the radical concentration 
does not come from the condensation as 
in the liquid state, because at. 162 I(, 
above the boiling point of NO, the radical 
concentration reaches the maximum value 

with respect to the partial pressure of X0, 
as shown in Fig. 5. The radical concentra- 
tion was at most 0.05 times as much as 
the scaled X0. 

The variation of the radical concentra- 
tion with the evacuation temperature was 
then measured. Because the radical concen- 
tration was suppressed by the excess 
adsorption of NO, measurements were done 
with admission of small amounts of SO. 
As shown in Fig. 6, the radical concent,ra- 
tion was affected by the evacuation tem- 
perature and reached the maximum at, 
about 45O”C, but surface area was nearly 
constant. Furthermore, various treatments 
on the evacuated sample have been carried 
out for 30 min, followed by re-evacuation 
for 15 min at each temperature, as in the 
gravimet,ric adsorption measurements. As 
shown in Fig. 6, reduction or hydration 
of the evacuated sample markedly reduced 
the radical concentration, whereas oxida- 
tion increased it except at about 450°C. 
The tin oxide evacuated and furt,her 
oxidized at 450% followed by re-evacun- 
t.ion at 500°C exhibit.cd greater amount,s 
of r\‘O radical than the one only evacuated. 
It may bc therefore surmised that oxygen 
adsorbed at about 450°C not only oxidizes 
the sample surface but interacts with X0 

NO (ton) 

Fro. 5. Dependence of radical concentration on 
partial pressure at 162 K on SnOz evacuated at 
450°C * . 
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Frc. 6. Vari:tl km of r2tdic:tl c*oncentr:rt icm with ev;lcrl:tticbn ternper:rl.ure (0) rind further treat- 
ment at, different ternperutrlres with oxygcr~ (0 ), hydrogen (m), and water vapor (0) in the 
addition of 7.6 X 101 I\;() rnolec&s per gram of SnO2, and varintion in surfztc~c arca of cvacr~utrd 
stlrnple (V). (a) shows the re4t of the procedure in nhic+ the cvac~nted sample is oxidized :it 

to suppress the formaCon of SO radical. 
.\s is easily understood, such ii v:iriat ion 
in I hc radical concentration with various 
trcatmcnts is directly cont.r:lry to fliat 
obsc~rvcd in the grnvimetric :idsorpt ion 
mc9surements. ‘I’hc rc‘duct ion of oxide 
stimul:~tcd irrclvcrsit)lc :idsorption as wc.11 
3s decomposition into Sz :11id S& ), hut 
on t ho contrary supprcssc4 t hc r:tdical 
adsorption. Morcovcr, c!v:icunt ion at :I 
t.c~mpcr:~t ure :~bovt: -GOT furl her incrcasctl 
t hc :kdsorption of SO, but d(~crc~:~sc4 the> 
p:lrani:ignc~tic :idsorl4 SO. 

1 )IScKSSIoN 

Findings in t.his comrnunic:it.ioIi show 
that n few kinds of adsort)cd species of 
SO exist, on the surf:lco. It may bc up- 
p~~nred that, thtb profile of thcscl :~tlsorbc~d 
spccics is correl:rtcd well with t.hc oxidat,ion 
state of SnOz. Solymosi :md Kiss (111) 
have ohsclrvc!d that, rate and cxtcnt. of 

adsorption of KO w(‘re cxcclcdingly high 
on rcduccld SnO? and surmised the forma- 
t ion of :idsorbcd SC.). The qu:mt.it :lt,ivr 
facts in this paper :Lrc in good agrccmclnt 
with d:tin. in their coInrnunicnt,ion. The 
ndsorbt4 spccics of SO, howcvcr, is not :i 
SO- spccia bonded to :i metal ion but 
proh:lbly t 11~ ch(ll;Lt ing SOS, tlcscrihc~tl as 
follows : 

/‘.\ 

.\dsorption of deeply rcduccd sites le:ids 
to t.hch formation of S, :md SzO c‘vm at 

room tCmp(lrature, i.e., 

Or 
r: 

- ~.\ ;‘ + N,O . 
sn 
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Oxidation of sites by adsorption of NO 
was visualized by the appearance of Sn-0 
bond in the region below 1100 cm-*, as 
shown above. This scheme of KO de- 
composition leads us to suspect that 
NO-CO and NO-H2 reactions on SnOz 
proceed via the oxidation-reduction mecha- 
nism, as do other oxides (17-19). According 
to Solymosi and Kiss (IO), the decomposi- 
tion of SO proceeded only at temperatures 
above 100°C unlike our observations. The 
low activity of the SnOz used by them is 
probably due to the method of preparation. 

It is well known that the bond strength 
of X-0 is somewhat weakened in t,he anion 
form, and therefore it is probably easily 
decomposed into NZ and S20. It is reason- 
able to regard the X0- ion as the inter- 
mediate species adsorbed and decomposed 
on reduced sites. From such a point of 
view, the metal ions which accommodate 
for the SO adsorption arc considered to 
be low valence ions such as Sn3f or Sn2+, 
although t.hese have not been rigorously 
identified. Like the study of X0 adsorption 
on TiOz (14), electron transfer from a 
metal ion to adsorbed NO may occur in 
association with the adsorption. If the 
active site is regarded as an Sn3+ ion, a 
plausible reaction step, in the first place, 
is described as 

Sn3+ + SO --) Sn4+-SO-. 

-idsorbed NO- ions have the bent-form 
structure and probably interact. each other 
to form SZ and X20. 

On the other hand, the NO radical and 
Sn(NO), were observed as t.he reversible 
adsorbed species. I lowever, the concentra- 
tion of these reversible adsorbed species 
is very low in comparison with adsorbed 
chelating NO2 or trapped oxygen atom. 
When comparison was made between 
variations in amounts of adsorbed radical 
and irreversibly adsorbed species, cont.rary 
trends were found. The radical conccntra- 
tion decreased with the reduction of sites 
by hydrogen in direct contrast with that 

of irrcvcrsibly adsorbed species. It is 
therefore surmised that t.hc paramagnetic 
species is adsorbed on the oxidized sites. 
The increase of the NO radical by evacua- 
tion below 45O’C may be based on the 
increase in the concent.ration of the bare 
Sn4+ ion due to t.he dehydration of the 
surface. The inhibition of radical formation 
by the rehydration gives support to this 
consideration. These sit.cs may be called 
the anion vacancy neighboring the Sn4+ 
ion which can be described as 

2OH- + Hz0 + 02- + 0. 

Evacuat.ion at temperatures above 450°C 
results in the deep reduction of the surface 
and an increase in the concentration of 
reduced sites. The predominance of reduced 
sites on the surface certainly stimulates 
the adsorption of SO on reduced sites but 
inhibim the formation of the SC) radical. 
Contrary trends in the influence of evacua- 
tion temperature on the radical and the 
irreversible adsorpt.ions can be explained 
by such a variation in the surface 
component. 

As observed above, the formation of SO 
radical was decreased by the adsorption 
of a great amount of NO. This suggests a 
dipolar interaction between adsorbed radi- 
cals, and furt,hermore, the formation of 
other species in place of the radical. The 
irreversibly adsorbed molecules, however, 
can be disregarded, because these seem to 
bc adsorbed on reduced sites. On the 
contrary, Sn (XO)2 is reversibly adsorbed 
and dependent on tho partial pressure of 
X0, as is the SO radical. The Sn(KO)2 
species seems to be diamagnetic, because 
neighboring molecules interact with each 
other, and t.o lose its paramagnctic sus- 
ceptibility. In dilute concentrations of 
adsorbed NO, each molecule on the Sn’f 
site exhibits the paramagnctic property. 
?In increase in adsorbed NO makes the 
radical saturated on the Sn4+ site, and 
these may interact with each ot.her and 
couple to form Sn(S0)2. Probably, this 
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