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A benzene solution of phenanthrene, which had been purified by zone melting method, was 
mixed with r-alumina (with 10.5% of MoOl supported 0.1 it), or silica gel (with 8.5% of Moot 
supported on it), both of which had been treated at 300°C in a vacuum of 10-e Torr. The 
phenanthrene cation thus produced was observed by esr method. In the case of silica gel, the 
number of protons interacting with the unpaired electron was: 1 proton with a splitting of 
1.41 G, 2 with 1.97 G, 2 with 4.09 G, and 4 with 2.79 G, and the half-width was 0.07 G. In 
the case of r-alumina, the number of protons interacting with the unpaired electron was: 
I proton with a splitting of 1.50 G, and 8 with 3.00 G, and the half-width was 0.57 G. The 
analysis of the obtained spectra has shown that a combination of four RCH2.radicals and a 
RCHR’.radical interprets them. It has been concluded that the phenanthrene cation has 
restricted rotational motions on an oxide surface. It has also been shown that there are three 
significant points in the studies of the aromatic hydrocarbon cations on the catalyst surface 
by esr method. (A) The interaction between adsorbed 02 or Hz0 and the cation can be ob- 
served. (B) The exact point of the molecule at which the cation is adsorbed on the oxide 
surface can be known. (C) The differences in the states of adsorption of the aromatic cation 
on different oxides are found. 

It is well known that cations of aromatic 
hydrocarbons are formed on the surface 
of solid oxides (1-T). Detailed discussions 
of the csr spectra observed from cations 
of aromatic hydrocarbons on oxide sur- 
faces have been tried (8). The present 
author studied the effects of oxides on the 
esr of the hydrocarbon cation formed on 
the oxide, using A1203 on which 10.5y0 
of Moos was supported, SiOz on which 
8.5% of MoOa was supported, and silica- 
alumina (25% ALOr 75% SiOJ. The 
results obtained showed that a new esr 
spectrum, having a hyperfine structure 
which had never been resolved before, 
can be observed if the solid inorganic 
oxide had been pretreated at 300°C in 
a vacuum of lo+ Torr (9). The analysis 
of the hyperfinc structure in the csr spcc- 

trum thus observed may give some light 
to the interactions between the oxide 
surface and the aromatic cation formed 
on it. The effect of a third substance (such 
as 02 or HzO) which is adsorbed to the 
surface on the csr spectrum can bc studied 
as well. In the case of perylcne, the molecu- 
lar symmetry of the cation formed on SiOz 
surface was found to be lower than that 
of a neutral molecule. Since the molecular 
symmetry of phenanthrene is lower than 
that of perylene, the lowering of molecular 
symmetry when a neutral phenanthrene 
molecule is converted to the cation is 
expected to be more apparent than that 
observed in perylene. For this reason 
phenanthrene was studied in this work. 

It seems there is almost no published 
results of the psr spectrum of phenanthrcne 
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cation. The material purity may be re- 
sponsible for the difficulty to get esr 
spectra of phenanthrene cation in or on 
any medium. In the present work, thcrc- 
fore, scvcral trials to obtain phcnanthrrnc 
cation on the surface of Al203 or SiOs 
on which MOOS was supported wcrc made 
using phcnanthrene purified by zone mclt- 
ing method. Two diffcrc>nt esr spectra 
were obtained subsequently and arr re- 
ported in this papc’r. 

EXPERIMENTAL METHODS 

1. Materials 

Phenanthrenc: Purified by zone melting 
method. Mixed oxides: The oxides on 
which MOOS was supported was prepared 
by the following procedure. y-Alumina 
powder of Shokubai Kasci Co. was mixed 
with an aqueous solution of ammonium 
molybdatc. The mixture was shaken at 
40°C for 1 hr. The solution was then 
separated from alumina by a ccntrifugci. 
The alumina was dried at lOO”C, was then 
hcatcd at 300°C in air, and then was 
calcined at 500°C for 1 hr. After prepara- 
tion the MOOS content was analyzed and 
was found to be 10.5%. Silica gel powder of 
Fuji-Davison Co. was treated in the same 
way as above. The MoOB content in this 
case was 5.8%. Both alumina-hfoOs and 
silica gel-Moos had surface arcas of 200 
m”/g. The purity of both alumina and 
silica gel used were not particularly high. 
Benzene : Special reagent grade benzene 
was shaken with concentrated sulfuric 
acid. This was then distilled three times 
in a vacuum line and was stored in it. 
Within 1 hr of the purification it was 
introduced into the sample tube con- 
nected to the vacuum lint and then the 
sample tube was sealed off. 

2. Measurement of esr 

ME-3X type esr spectrometer of JEOL 
was used. The first derivative form of the 

true resonance curve was recorded on the 
chart paper. The out’put voltages were 
simultaneously converted to digital num- 
bers (O-255) 10, by JEC-5 spectrum com- 
puter of JEOL, in which they wcrc stored. 
They wcrc then punched out on a paper 
data tape. The sampling points were 1024 
for each spectrum. The second derivative 
function was obtained from this paper 
tape by a computctr diff crentiation. 

3. Computation 

The spectral simulation was made by 
means of a Fortran system program using 
a minicomputer having 8K memory. The 
simulat’ion spectrum was printed out on a 
paper data tape in the same way as that 
used for csr measurement. The unpaired 
electron spin density distribution in the 
phenanthrene cation molrcular orbital was 
computed by Hiickcl molecular orbital 
method and by McLachran molrcular 
orbital method. 

RESULTS 

The sclcond derivative esr spectrum, 
centered at g = 2.00 obtained from the 
mixture of the benzene solution of phen- 
anthrcne and the silica gel on which 5.83% 
of MOOS had been supported and which 
had been prctrrated at 300°C and at 1OV 
Torr, is shown as 1E in Fig. 1. The simu- 
lated spectrum, in the second dcrivat’ivc 

IE 

FIG. 1. The second derivative esr absorption 
spectra of phenanthrene cation formed on SiOz 
surfaces. 1s is by simulation, and II3 is by experi- 
ment. The functional form of 1s line is exp 
(-100 P). 
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form, is also shown as 1s in Fig. 1. In 
the simulation, y = l/cxp(&), a Gaussian 
function, was used in which z was t.he 
magnitude of the magnetic field in Gauss 
and c was 100 Gr2. This value gives a 
half-width of 0.07 G. The second deriva- 
tive form was obtained by computer dif- 
ferentiation. The numbers of protons, 
which were assumed to give hypcrfine 
structures to the spectrum were; 1 proton 
with 1.41 G, 2 with 1.97 G, 2 with 4.09 
G, and 4 with 2.79 G of hyperfine splitting 
values, respectively. The intensity ratio 
of the three absorption lines which are 
generated by an equal interaction between 
an unpaired electron and two identical 
protons, which it is necessary to decide 
in the process of calculation, is assumed 
to be 1:3:1 rather than to be 1:2:1. The 
reason for it is discussed below. The second 
derivative esr spectrum, centered at g 
= 2.00, obtained from the mixture of the 
benzene solution of phenanthrene and the 
y-alumina on which 10.5% of MOOS had 
been support,ed and which had been pre- 
treated at 300°C and at low5 Torr, is 
shown as 2E in Fig. 2. The simulated 
spectrum, in the second derivative form, 
is also shown as 2S3 and 2S6 in Fig. 2. 
The spectrum 253 was computed by the 
formula, y = (1 + c~“)-‘, a Lorentzian 
function, in which x was the magnitude 
of the magnetic field in Gauss and c was 

FIG. 2. The second derivative esr absorption 
spectra of phenanthrene cation formed on y-A1001 
surfaces. 2S3 and 256 are by simulation, and 2E 
is by experiment, The functional form of 2S3 and 
2S6 lines is l/(1 + 3 Hz). 
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FIG. 3. The relation between Mob+ concentration 
and the heating temperature when MoOa, 9.58%- 
SiOz, 90.42%, and MoO$, 10.5%-A110~, 89.5% 
were heated, while they were evacuated to 10-s 
Torr. Neither phenanthrene nor benzene was 
added to those mixed oxides. 

3.0 GV2. This gives a half-width of 0.57 G. 
The numbers of the hyperfine protons 
were: 1 proton with 1.50 G, and 8 protons 
with 3.00 G. In the 2S3 simulation, the 
intensity ratio of a triplet csr spectrum 
caused by two equivalent protons (the 
RCHz.radical, see Discussion section) was 
assumed to be 1:3: 1, and in the 2S6 
simulation, the intensity ratio assumed 
was 1: 6: 1. Magnetic field increases from 
left to right in both Figs. 1 and 2. In Fig. 3, 
the concentration of Mo5+, observed from 
the oxide on which Moos was supported is 
plotted against heat treatment tempera- 
ture. The heat treatment was made in a 
vacuum of lOa Torr without adding any 
organic substances such as benzene or 
phenanthrene. One of the oxides used for 
Fig. 3 was silica gel on which 9.58% of 
MoOI was supported. The other oxide 
was alumina on which 10.5% of MoOa 
was supported, The spectral shape of Mo5+ 
esr absorption depended on the oxide 
carrier used. In the calculation of Mo5+ 
concentration, the area enclosed by the 
true absorption curve and the base line 
was taken into account (11). The highest 
Mo5+ concentration from y-alumina (10.5% 
MoO3) was obtained at 500°C and was 
7.8 X 1016/g, and that from silica gel 
(9.58% MOO,) was obtained at 300°C 
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TABLE 1 

Spin Densities in Phenanthrene Cation 
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Position HSPIN MSPIN 1El 

0.003 0.023 -a 

0.034 0.037 0.087 
0.099 0.110 0.124 
0.001 -0.041 -0.062h 
0.115 0.146 0.124 
0.026 -0.011 -a 

0.172 0.235 0.182 
Total 0.993 0.998 

a No proton is attached to those carbon atoms. 
b Only one proton was found for this poskion. 

and was 1.2 X 1016/g. The MO”+ ratios 
to the total molybdenum ions supported 
at their peaks were, therefore, 0.018% 
for alumina and 0.00370 for silica gel. 
The distribution of the unpaired electron 
spin in a phcnanthrene cation molecule 
comput’ed is shown in Table 1. HSPIN 
denotes the spin densities obtained by 
Hiickel MO and MSPIN denotes those by 
McLachran MO. The relation A = Qjpl 
holds between A, the hyperfine splitting 
caused by a proton, and p, the unpaired 
spin density on the carbon atom to which 
the proton is attached. The experimental 
spin density values lE1 were obtained by 
using 22.5 G as &. The experimentally ob- 
tained splitting values, A, were assigned 
to the numbered carbon atoms, see Fig. 4, 
so as to give the best agreement between 
the calculated spin densities and the 
experimentally obtained spin densities. 
The values shown as lE2 were obtained 
when 30.0 G was used for Q, the reason 
for it is discussed below. The values shown 
as 2El and 2E2 in Table 1 were obtained 
from the 2E spectrum of Fig. 2 in a similar 
manner. In Fig. 4 the numbering of carbon 
atoms in phenanthrene cation conveniently 
defined in this paper is shown. The direc- 
tions of X, Y, and 2 axes, which were set 
to consider the anisotropics in the esr 
spectra, are also shown in Fig. 4. 

lE2 2El 

-a -” 

0.066 0.133 0.100 
0.093 0.138 0.100 

- 0.047b -0.066* -O.OT,Ob 
0.093 0.133 0.100 
-a -n -IL 

0.136 0.133 0.100 

2E2 

DISCUSSION 

I. The Characteristics of esr Spectra of 
phenanthrene Cation on Oxide Surfaces 

The following three conclusions may be 
obtained from the experimental results. 
(I) There is a discrepancy between the 
number of protons which really give the 
hyperfine structure to the esr spectrum 
and that expected from a neutral molecule. 
In other words, one of the protons is missing 
in the cation. From Table 1 the missing 
position is concluded to be one of the 4- 
position carbon atoms in Fig. 4. A similar 
phenomenon has already been found in the 
case of perylene (9). (II) The shape of the 
wr spectrum obtained from phenanthrcne 
cation depends on the oxide carrier used. 
In the silica gel carrier, t’he functional form 

Y’ 

FIG. 4. The numbering of the carbon atoms in a 
phenanthrene molecule used for spin density calcu- 
lation. The X, Y, and Z axes shown were used for 
the simulation of esr spectra, Fig. 6, considering 
their anisotropies; Y’IIY. 
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is a Gaussian and the half-width is 0.07 G, 
while on the y-alumina carrier, the func- 
tional form is a Lorentzian and the half- 
width is 0.57 G. The unpaired electron 
spin density distribution varies with the 
carrier on which the cation is formed, too. 
(III) The unpaired electron is interacting 
equally with each set of the two protons 
of identical symmetry, except with those 
at 4- and 4’-positions. Normally cxpectcd 
intensity ratio of hyperfine lines obtained 
from two identical protons is 1:2: 1. 
However, in the present study, the in- 
tensity ratio of 1: 3: 1 or 1:6: 1 was neecs- 
sary to get better simulated spectra. 

2. Irregular Intensity Ratio 

The magnetic interaction between a 
proton and an unpaired electron has two 
terms. The one which does not depend on 
the external magnetic field, isotropic term, 
and the one which depends on the external 
magnetic field, anisotropic term. Only the 
isotropic term is observed when an aromatic 
hydrocarbon ion is in a rapid motion. If 
only the isotropic term is considered, the 
intensity ratio of the hyperfine lines ob- 
served from an unpaired electron and two 
protons equally interacting with it is 1: 2: 1. 
However, if the anisotropic splittings are 
superposed on the isotropic splittings, the 
intensity ratio may deviate from 1: 2: 1. 
Considering this fact, spectral simulation 
assuming slow molecular motions of phen- 

Z 

FIG. 5. The parameters 01, 0, 81, and +1 are il- 
lustrated. The XY plane coincides with the molecu- 
lar plane. AL1 and Al* also lie in the molecular 
plane or the XY plane. 

anthrcnc cation was carried out in the 
present work. As shown in Fig. 4, the X, Y, 
and Z axes wcrc chosen. The Z-axis is 
perpendicular to the molecular plant. If 
we look at the 2C-2H and 2’C-2’H bonds, 
it will be seen that both replace each other 
with each other if 180” rotation of the Y- 
axis is made. As the spin densities on 2C 
and Z’C are equal, the hyperfine splitting 
caused by these two protons, 2H and 2/H, 
is equivalent to that caused by a RCHz. 
radical. However, the angle L HCH in this 
hypothetical RCHz -radical should be 60”, 
and is different from the same angle in 
the normal RCHz.radical, which is 120”. 
In Fig. 5 the direction of the magnetic 
field is shown by the arrow MF, and the 
angle between the X-axis and the arrow 
MF is denoted by (Y, and the angle be- 
tween the line formed by the normal 
projection of the MF vector on the Y-Z 
plane and the Y-axis is denoted by p. If 
the hyperfine splitting by 5H is considered, 
one of the principal values (whose aniso- 
tropic part is some positive value), Al,, 
lies in the direction of 5GCiH. One of the 
other two principal values (whose aniso- 
tropic part is some negative value) also 
lies in the X-Y plane, and is perpendicular 
to AlI. This value is denoted by Alz. 
The third principal value (whose aniso- 
t’ropic part is approximately 0) is parallel 
to the Z-axis, which is denoted by A13. 
If we let AU, AE, and Az3 denote the cor- 
responding principal values of the hyper- 
fine splitting by 5’H, AZ1 lies in the direc- 
tion -60” from that of AlI, AZ2 in the 
direction -60” from that of A12, A23 in 
the direction parallel to A13. Let the angle 
between AlI and the arrow MF be denoted 
by I!?~, and the angle between Al2 and the 
line obtained by the normal projection of 
MF on the A12-A13 plane be denoted by %. 
If AZ,, AX, and A23 are used instead of AlI, 
AH, and A13 in the above expression, the 
corresponding angles & and +‘z arc ob- 
tained. By applying the same procedure, 
corresponding principal values and angles 
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can be obtained from the combinations 
of hydrogen atoms, (2H, 2’H), (3H, 3’H), 
and (7H, 7’H). Thcrcforc, the csr spectrum 
of the phenanthrcnc cation on an oxide 
surface is interprctcd by a structural 
model in which several hypothetical meth- 
ylene radicals are conjugated to each 
other. The cxperimcntal results indicate 
that there are no effects of 4H on the esr 
spectrum, while 4’H gives a doublet 
structure to the spectrum. The intensity 
ratio of this doublet line is 1: 1, which 
rcquirrs no particular attentions when the 
intensity ratio is considered. The values 
of All, A12, and Al3 are estimated to be 
90-z MHz, 30.2 MHz, and 60.x MHz, 
where 5 is the spin density on the C-H 
carbon atom and 60 .x MHz is the isotropic 
hypcrfinc splitting value of the tensor (12). 
In the cast of perylcne cation formed on 
the surface of SiOz on which Moos was 
supported, it was concluded from the 
analysis of the csr spectrum obtained that 
only one of the protons had no hypcrfinc 
interactions with the unpaired electron. 
The reason for it has been interpreted as 
that pcrylenc molecule is chcmisorbed on 
the oxide surface through the hydrogen 
atom, which gives no hypcrfinc splitting, 
and therefore the C-H bond is lengthened 
hcrc (9). Thus, as one particular point 
of the cation molecule is strongly bonded 
to the oxide surface, the three dimcntional 
fret rotational motions of the cation are 
not possible, and the permitted motion is 
the one around one axis only, such as 
around X-axis. If the rotational motion is 
vory fast, the anisotropy is avcragcd, but 
if the rotational motion is not fast, the 
anisotropy is not averaged. As a result, 
a sum of the spectra each of which cor- 
responds to different values of a! and p 
angles designated in Fig. 5 is observed. Let 
us consider the case in which the cation 
is fixed on the oxide surface by an axis 
parallel with the X-axis. In Fig. 5, let H1 
dcnotc the magnetic field for the hypcr- 
fine line with ml and H, dcnotc the field 

for ml = 0, t.hcn H1 - Ho is written as, 

H1 - Ho = ml(A1? sin2 e1 sin2 @I 

+ AJ sin2 o1 cos2 & + AJ cd 0,):. 

In this cqustion ml is the nuclear spin 
quantum number of the 5H proton. Idcn- 
tical equation can bc written for the 5’H 
proton, 

Hz - Ho = m,(A,,” sin2 Bz sin2 & 
+ Azz2 sin2 & co+’ r#~~ + Azz2 cos2 0,):. 

(HI + HZ - 2Ho) then gives the positions 
of the hypcrfinc lines of RCHz.measurcd 
from the ccntcr of the spectrum. In 
Fig. 5 the equations cos B1 = (3)’ cosa 
+ 0.5 sin cy cos p, cos & = ($)a cos a! - 0.5 
sincr cos /3, and cos & = cos $2 = sin OL 
sin /3 holds. Let’s consider the case in which 
a! takes the discrctc angle values from 0 to 
90” by 5’ intervals, and in which p tukcs 
tho same discrcttc values for each value of 
(Y. In this cast phcnanthrenc cation oc- 
cupies 19 X 19 = 361 different orient,a- 
tions in the magnetic firld. The dist.ribution 
of the rcsonancc positions of these 361 
spectra give a simulated spectrum, shown 
X in Fig. 6. In Fig. 6, the hlft part shows 
the magmatic field region from -32 G 
to -20 G mcasurcd from the center of 
the sp(‘ctrum, and the right part shows 
the central region of the w pcctrum. The 

FIQ. 6. The simulation of the anisotropic esr 
spectra of RCHz.radical which is rotating slowly. 
The intensities in the left parts (-32 G, -20 G), 
are magnified to 10 times of those in the right parts 
or the absorption center (0 G, f3 G). 
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intensities of (- 32, -20 G) region is 
multiplied by 10 if compared with those 
of the central region. (ml + rn2 = 0) gives 
the central absorption lines, irhile (ml + m2 
= 1) gives the absorption lines in the (- 32, 
-20 G) region. For simplicity, 30 MHz 
is approximated by 10 G. The entire 
magnetic field region, namely, -35 to 
35 G was divided into 3500 subregions of 
0.02 G width. The intensity of the absorp- 
tion occurring in each subregion should 
be proportional to the total number of 
lines whose resonance positions fall in the 
subregion. In the case in which the rota- 
tion axis is assumed to be parallel to the 
X-axis, the intensity ratio between the 
line at - 30 G and the central line is 1: 3.14, 
which is approximately equal to the simula- 
tion parameter used for 2S3 in Fig. 2, 1:3. 
Therefore, it will be possible to say that the 
phenanthrene cation formed on the surface 
of silica gel is adsorbed on the surface by an 
axis parallel to the X-axis and therefore 
by the 4C-4H bond. This cation should 
have a freedom of spinning motion around 
this 4C4H bond. The same calculations 
were made with respect to the axes parallel 
to the Y (or Y’) and the 2 axes assuming 
fixed rotations of RCHz. on the oxide 
surface. They are shown as Y and 2 in 
Fig. 6. The intensity ratios obtained in 
these cases for the triplet line arc 1:6: 1 
and 1: 10: 1, respectively. The relative 
intensities of the outer lines at +30 G 
(or at ~20 G) in these two cases are far 
smaller than the X-axis case. The (1: 6: 1) 
intensity ratio is approximately equal 
to the intensity parameter used for the 
2S6 simulation in Fig. 2. Among the 
intensities of the lines of 253, the ratio 
of the central two lines and the adjacent 
two lines is approximately 1 :O.S. This 
ratio to bc obtained from the cation having 
complete freedom of motion is 1 :O.S. 
However, this ratio found in the 2E 
spectrum is approximately 2: 1. This 2: 1 
ratio cannot be explained if one considers 
the prcsencc of only one cation having a 

complete freedom of motion. It will ho 
unnatural to assume more than two cations 
to explain the 2E spectrum. Thercforc, 
the restricted motion model described 
above, in which the phenanthrene cation 
rotates around Y’ axis will be the only 
explanation of the 2E spectrum. In other 
words, the phcnanthrenc cation formed 
on the surface of y-alumina is adsorbed on 
the surface by the 4C-4H bond, which is 
in common with the cation on the surface 
of silica gel, except the fact that on the 
surface of y-alumina, the cat’ion has no 
freedom of spinning motion and it can 
rotate around the Y’ axis only. 

It is possible to conclude from nbovc 
considerations that the adsorption model, 
in which the phenanthrcne cat’ion is 
bonded on the oxide surface by the 4C-4H 
group, interprets the obtained esr spectra 
best. 

3. The Significance of Studying the esr 
Spectra from an Aromatic Hydrocarbon 
Cation Formed on the Surface of Pre- 
treated Inorganic Oxides 

a. The effects of the adsorbed substances 
on the ESR of the cations formed.’ As it 
was shown in a previous paper (9), the 
adsorbed species which easily becomes an 
electron donor on the oxide surface broadens 
the hyperfine lines of the esr spectrum and 
submerge most of the hyperfine lines. 
From a reverse point of view, some in- 
formation of the adsorbed species on oxide 
surfaces may be obtained from the esr 
spectrum observed from a hydrocarbon- 
oxide mixture. The heat treatment at 
300°C (10m5 Torr) produces the maximum 

1 In addition to the effects of the adsorbed species, 
some effects of the impurities contained in the oxide 
carriers used or the impurities in ammonium 
molybdate, if there are any, on the esr of the hydro- 
carbon cation might be detected. The present author, 
however, could not relate these possibilities with 
the axial motions of the phenanthrene cation. 
For thii reason, t.hose impurit.y effects were omitted 
in this paper. 
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concentration of Mo5+ in SiOz-Moos. 
As this maximum concentration of Mo5+ 
is merely 30 ppm of the total supported 
MO”+ concentration, it is impossible to 
say if the phenanthrene cation is formed 
in the neighborhood of Mo5+ ions. The 
actual meaning of the heat treat’mcnt at 
300°C and at 10-j Torr seems to remove 
the mobile oxygen anions which have 
surrounded the MO”+ ions in the process 
of calcination. Therefore, the prcscncc of 
those mobile oxygen anions will be one of 
the major causes which make the hypcrfine 
csr lines of phcnanthrcne cation unob- 
servable. 

b. Chemisorption through the C-H bond 
at J-position. Experimental results are 
reasonably interpreted, with respect to 
both calculated spin densities and the 
simulated spectra, if an adsorption model 
in which phcnanthrene cation is fixed 
on oxide surfaces by t’hc axis parallel to 
the 4C-4H bond. Therefore, some dctailcd 
knowledge about the state of hydrocarbon 
adsorption on oxide surfaces can bc ex- 
pected by analyzing the hyperfinc struc- 
tures in the wr spectrum of the hydro- 
carbon cation. 

c. Different states of hydrocarbon ad- 
sorption 011 the two carriers. The diffcrcnce 
bctwccn the carrier effect of SiOZ and t’hat 
of ALO may be int’erpretcd in terms of t’hc 
different tcmpcrature dependent stabilities 
of Mo”+ ion formed on these carriers, SW 
Fig. 3. In addition to it, a clear differcncc 
in the spin density dist,ribut’ion is found 
between the phcnanthrene cation formed 
on SiOZ and that formed on Al&s, as 
shown in Table I. The calculated spin 
densities, MSPIN, is closer to the cxpcri- 
mental values of 1El or lE2 t’han to those 
of 2El or 2E2. Those facts indicate that a 

stronger surface force is cxtcnded to the 
phenanthrene cation formed on A1203 than 
that formed on SiOZ, and that the elcc- 
tronic state of the phenanthrene cation 
is, accordingly, more complicat’ed in the 
one formed on A1203 t.han on SiOZ. From 
the analysis of the intensity ratio of the 
hypcrfine lines, the phenanthrcne cation 
formed on the surface of y-alumina is 
concluded not to have the freedom of 
spinning motion. The reason for it is that 
the r-orbital of the cation and the atomic 
orbitals of the oxygen anion on the surface 
of alumina overlap with each other to 
form a more extended molecular orbital. 
This inhibition of the spinning motion 
prows the stronger chemisorbing power 
of y-alumina carrier. It is possible to dis- 
cuss the carrier effects of SiOZ and A1203 
by comparing the hyperfinc st8ruct8urcs in 
the csr spcct,ra of hydrocarbon cations 
formed on the surface of oxides which arc 
used as carriers for catalysts. 
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