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The stopping cross sections of three saturated alcohols, CH, OH, C,H,OH, and C,H7OH, and two

saturated ethers, (CH3),O and (C2H5), O, have been measured in a differentially pumped gas cell with

probable random errors of O.S-1.1%%uo. The results confirm that a(CH2) quoted in a previous paper can be

used to predict the stopping cross sections for single-bonded C—H-0 compounds. The values for the

stopping cross section of single-bonded oxygen are extracted and found to be 3-17% lower than

(1/2)&,„pt(O,), thereby demonstrating the effect of chemical bonding on the stopping cross section,

Comparison is made between the stopping cross sections for oxygen and those calculated from metal-oxide

yield ratios.

I. INTRODUCTION

Bragg's rule' states that the stopping cross sec-
tion e =dE/Ndx of a, compound X Y„ is given by the
sum of the stopping cross sections of the elements

e(X Y„)=m~(X)+no(Y) .

The validity of this rule has been tested by various
groups, ' "and departures have been observed that
are caused by chemical bonding' and possibly the
physical state"" of the elemental constituents. On

the other hand, Bragg's rule was observed to apply
to 11 single-bonded gaseous or vapor compounds"
for 0.3-2.0-MeV 0, particles, when due considera-
tion was given to chemical bonding.

The stopping erose section e(0) of oxygen and the
applicability of Bragg's rule to its compounds are
of particular interest because of the important role
that oxygen plays in the semiconductor industry
and in radiation dosimetry. Baglin and Ziegler"
found that Bragg's rule held true to within 2%%uo for
Al,O, and SiO, for 2-MeV o. particles when c(0) was
given by —,'e,„„(O,)." Feng et al. ,

"however, ob-
served that e(0) calculated from scattering-yield
ratios and from assumed Bragg-rule validity was
6-22%%uo lower than gaseous oxygen —,'e,„„(O,). Their
technique was to measure the scattering-yield
ratios from two-layered metal-metal targets and
metal to metal-oxide targets of MgO, Al, O„SiO»
n- Fe,O„and Fe,04. This deviation was attributed
to a physical-state effect which has been further
amplified by Ziegler et al."Langley and Bleweri4
also observed a deviation from Bragg's rule for
erbium oxide Er,O, when use was made of the stop-
ping cross sections of metallic erbium e(Er) and
gaseous oxygen &(0)."

Powers et al.' found that the elemental stopping
cross sections of carbon and hydrogen in simple
gaseous and vapor hydrocarbons would change, de-

pending upon whether the compound consisted of
purely single bonds, double bonds, triple bonds, or
a mixture of single and double bonds. The set of
elemental cross sections for carbon and hydrogen
found" to be common to eleven gaseous (or vapor)
single-bonded C-H, C-H-F, C-H-Br, and C-Br-F
compounds could not be applied to gaseous (or
vapor) compounds that contained double or triple
bonds, thereby giving further evidence of- the effect
of chemical bonding on the stopping cross section.

In the present work, the approach of Lodhi and
Powers" is extended to three saturated alcohols
and two saturated ethers, which are in gas or vapor
form and which consist of only single bonds. The
stopping cross sections of oxygen common to these
single-bonded compounds are extracted and are
compared to 2e,„„(O,) of oxygen gas,"and also to
those of "solid oxygen" quoted in Feng et al." A
set of values is also given for the stopping cross
sections of the OH radical which is common to
saturated alcohols.

II. EXPERIMENTAL PROCEDURE

The experimental technique and analysis were
essentially the same as used in previous work' "'"
and given in detail in Ref. 15. A He' ion beam from
a 2-MeV Van de Graaff accelerator was deflected
by a 10' magnetic analyzer and passed through a
differentially pumped gas cell system with and
without vapor. The He' ion energy after passing
through the gas cell was measured by a 20 mag-
netic spectrometer. The pressure in the gas cell
was measured by the following instruments: (i)
a GM-100A, CVC Products, Inc. McLeod gauge,
(ii) a U-tube manometer using Leybold-Heraeus
HE-200 diffusion pump fluid, and (iii) more re-
cently, an MES type 221 capacitance manometer.
All three instruments were consistent with each
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other to within 1/0 error in the 0.5-3.0- Torr pres-
. sure region. Reference 19 discusses the use of the
capacitance manometer for precision pressure
measurements of &1% error. The capacitance
manometer for this experiment was furnished with
calibration data from the manufacturer which con-
firmed the actual error to be no greater than 0.25/0
when calibrated using an MES Transfer Standard
(&0.08% error) which in turn was calibrated with an
absolute pressure standard traceable to the Nation-
al Bureau of Standards using a CEC air dead weight
tester (&0.015% error). The above absolute pres-
sure measurements can also be obtained With less
than 0.1/o error using other methods, "" thereby
showing that the absolute accuracy of calibration of
the capacitance manometer used in this experiment
is very reasonable.

The system for admitting vapor or gas into
the gas cell was modified so that there were
three supply lines: one for nitrogen, one for
another gas, and one for the vapor from a
liquid. Each supply line contained two needle
valves to regulate the pressure and could be isolat-.
ed from the gas cell by a high-vacuum valve. This
arrangement enabled the stopping cross section of
nitrogen (taken to be a reference standard) to be
measured prior to measuring that of another corn-
pound. The U-tube manometer and capacitance
manometer could then be checked or calibrated
periodically against the McLeod gauge when nitro-
gen was in the gas cell. The stopping cross section
of nitrogen was used as a reference standard to
check the vapor measurements, since it had been
previously measured and checked" by two inde-
pendent methods in this laboratory. The improve-
ments in the ion-beam energy stability and position
as well as improved pressure measurement accur-
acy in the gas cell since the publication of Ref. 15
have enhanced the accuracy of the stopping cross
sections. The reproducibility of the stopping-
cross-section measurements of nitrogen through
numerous repetitions has demonstrated their re-
liability. An absolute error of +1% was assigned,
based on the comparison of our reference nitrogen
curve to the independent measurements of the stop-
ping cross section of nitrogen accumulated the past
two years. During this time, the calibration of the
incident ion beam energy was checked periodically,
the capacitance manometer was checked against
the McLeod gauge periodically, and different set-
tings of the slits in front of the analyzing magnet
have been used. All of these contributed to min-
imizing the systematic error in the reference nit-
rogen stopping-cross-section measurement. Sys-
tematic error in the vapor stopping-cross- section
measurement was minimized in turn by measuring
the stopping cross section of nitrogen at every in-

6 (E) = a, + a,E + aQ + a,E + a,E (2)

for the energy interval 0.3 MeV ~E «E~, and

c(E) = (C/E)ln(DE) (3)

for the energy interval E~ & E ~ 2.0 MeV. The
values of the parameters were chosen such that
the two curves joined smoothly at E =E~. The
probable error of each curve was given by
0.6745(v/F, „„)&& 100/0, where

( i i )2 &/2~ i~ K&expt &curve/ )0= n-m-1

1
~i

expt &n
i =1

n is the number of experimental data points within
the appropriate energy range, and m is the degree
of freedom for the curve-fit function. The curve-
fit parameters are given in Table I.

cident ion beam energy for which the vapor mea-
surement was made. This procedure ensured that
no systematic error greater than 1"/0 would be in-
troduced into the measurement.

The pressure of gas or vapor in the gas cell was
typically between 0.5 and 3.0 Torr. The end cor-
rection" to the effective length of the gas cell due
to gas leaking out to the first differentially pumped
section was less than 0.5/0, when the pressure was
kept within the above range. There were, however,
a few data points that utilized higher pressures
and required end corrections as great as 3%. Cor-
rections to the mean energy" of the ions in the gas
cell were less than 1/o. The methyl alcohol, propyl
alcohol, and diethyl ether were all "ana.lyzed rea-
gent" grade from J. T. Baker Chem. Co. , Philips-
burg, N. J., and had purities of 99.9%, 99.8/0, and
99.9%, respectively. The ethyl alcohol (purity
greater than 99.9%) was from U. S. Industrial
Chemicals Co. , N. Y., N. Y. The dimethyl ether
(purity 99.5%) was from Matheson Gas Products,
La Porte, Tex.

The number of data points taken for each curve
varied from 213 to 670. All stopping cross sections
in this experiment were checked and remeasured
at least on two different occasions. The methyl
alcohol measurements were made over a span of
three years and rechecked four different times,
The Brice formula" was not used to fit the experi-
mental data points, because it could not give a
faithful representation" ~" of all the data points.
The functions employed in the least-squares fit
were
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TABLE I. Curve-fit parameters for the stopping cross sections of the five compounds.
e=ao+a~E+a qE +a3E +a4E for 0.3 MeV &E &Ez, e =(C/E) ln (DE) for Ez&E &2 MeV, where
e is in 10 eV cm and E is in MeV. The two curves join smoothly at E =Ez.

CH3OH C) H5OH CSH NOH (CH, ),O (C,H, ),o

ao
a~

a2

a3
a4

Probable error
in the polynomial
part (%)

C
D

Probable error in the
logarithmic part (%)
E& (MeV)

Number of data
points

47.46
399.81

-570.30
329.07
-71.41

0.7
76.96
6.114

0.8
1.39

670

76.56
563.35

-786, 16
440.12
-93.48

0.7
109.79

6.508

0.7
1 ~ 33

317

117.01
660.15

-871.15
445.03
-84.97

0.6
141.92

6.813

0.6
1.35

213

80.73
542.93

-745.73
406.17
-83.95

0.5
112.42

6.090

0.8
1.26

275

136.31
858.58

-1109.06
536.72
-92.66

0.7
180.92

6.301

1.1
1.35

279

III. RESULTS

E,„„(CSH,„„OH) =no(CH, ) + e(HOH) (5)

The values of the stopping cross sections of the
five compounds measured in the present work are
tabulated in Table II. The values for the two iso-
mers, ethyl alcohol C,H, OH and dimethyl ether
(CH, ),O, agree with each other to within 0.8/~.
When the stopping cross sections of the three alco-
hols are plotted as a function of the variable n ac-
cording to the equation

at a fixed energy, the points form a straight line
with standard deviation no greater than 0.18%.

Figure 1 shows the plot for energies 0.5, 1.0,
1.5, and 2.0 MeV. The slope of each straight line
gives the stopping cross section e(CH, ) which
agrees to within 2% to the a(CH, ) found previously"'
for alkanes (C-H compounds). The intercept of
each straight line in Fig. 1 gives the stopping cross
section e(HOH), which agrees at all energies to that
of water vapor" e,„„(H,O) to within 1.7%. With the
e (CH, ) values quoted in Ref. 11 and the a,„„(H~O)

TABLE II. Tabulated values of the stopping cross sections of the five compounds measured.
e is in 10 eVcm . Probable errors are given in Table I.

Energy
(Mev)

0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

CH3OH

124.4
135.4
141.5
143.9
143.6
141.5
138.4
134.6
130.6
126.6
122.4
118.0
113.7
109.7
106.0
102.5
99.3
96.3

C)HSOH

185.9
201.9
210.9
214.5
214.2
211.2
206.3
200.4
193.9
187.2
180.3
173.3
166.8
160.8
155.2
150.1
145.3
140.9

C3H NOH

248.0
268.0
279.6
284.6
284.5
280.7
274.2

266.1
257.0
247.6
238.0
228.6
219.9
211.9
204.5
197.6
191.3
185.4

(cH, ),o

186.8
202.4
211.3
214.9
214.5
211.4
206.3
200.2
193.3
186.2
178.9
172.1
165.8
160.0
154.6
149.5
144.9
140.5

(c,H, ),O

307.8
334.3
349.6
356.1
355.7
350.2
341.2
329.9
317.5
304.9
292.7
281.4
270.9
261.3
252.4
244.1
236.4
229.2
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PEG. 1. Plot of molecular stopping cross section
e.~~& (C„H2 „+ &OH) =n e(CH2)+ c (HOH) for sabzrated alco-
hols versus n for energies 0.5, 1.0, 1.5, and 2.0 MeV.
The experimental stopping cross sections for methyl
alcohol, ethyl alcohol, and propyl alcohol correspond to
n =-1, 2, and 3, respectively. The slope of each straight
line gives &(CH2), and the intercept gives e(HOH). The
values of e(CH2) agree to those of Lodhi and Powers
(Bef. 11) to within 2%, and e(HOH) agrees to e t(H&O)

(Bef. 18) to within 1.7%. The experimental stopping
cross sections of dimethyl ether and diethyl ether
(not shown on the figure) at the corresponding energies
are essentially on the straight lines as well. 'The figure
illustrates that e(CH2) can be used to predict the stopping
cross sections of single-bonded C-. H —0 compounds.

values of Ref. 18, the stopping cross sections of the
saturated alcohols and ether's of the present ex-
periment can be calculated Ifor instance, &,„„(H,O)
+e(CH, ) gives e(CH, OH), e,„„(H,Q)+2&(CH, ) gives
e(C,H,OH)t etc.]. The predicted values and the
experimental values for the stopping cross section
of methyl alcohol CH, OH agree to within 0.9%,
those of ethyl alcohol C~H, OH agree to within 1.3%
(less than 1.0/o over 90/o of the entire energy inter-
val of the curve), those of dimethyl ether (CH, ),O
agree to within 0.5/0, those of propyl alcohol
C,H,OH agree to within 1.4/o (less than 1.0/o over
80/0 of the entire energy interval), and those of
diethyl ether (C,H, ),O agree to with n 0.5%.

When this scheme is repeated by use of the same
value of &(CH, ), but with the use of e, ,(CH,OH) in
place of a,„~(H,O), the stopping cross sections of
the other four compounds can be predicted to with-
in 1.0/o over the entire energy range of the curve.
When the e(CH, ) values obtained from the slopes of the
plots shown in Fig. 1 were used, the agreementbe-
tween the predicted values and the experimental val-

ues was also w thin 1.0%, except between@, „„(H,O)
+4&(CH, ) and e,„„((C,H, ),O) which was within 1.3%
(but less than 1.0% over 80% of the entire energy
range of the curve), and also between a,„„(CH,OH)
+3e(CH, ) and e,„„((C,H, ),O), which was wi&";r "

1%
(but less than 1.0o/, over 90% of the entire en

range of the curve). Thus, it is verified that the
molecular stopping cross sections of saturated
alcohols and ethers can be predicted to =1/o by
use of integral multiples of e(CH, ) from the alkanes
of Ref. 11, along with e,„„(CH,OH) of the present
experiment or with e,„„(H,O) of Ref. 18.

The chemical structure of the three alcohols and
two ethers of the present experiment is given in
Table III. For the alcohols, one H atom is bound
to an 0 atom and the remaining 8 atoms to C
aioms, whereas in the ethers, all H atoms are
bound to C atoms; The fact that the molecular
stopping cross sections of alcohols and ethers c n

be predicted to =1/o by use of e (CH, ) from the al-
kanes means that for these five compounds of the
present experiment a common value of qaa(H) exists
which is independent of whether the hydrogen is
bound to an 0 atom or to a C atom. One can there-
fore obtain an e» (0) or e»(QH) by simply sub-
tracting 2e»(H) or le»(H), respectively, of Ref.
11 from e,„„(H,O) of Ref. 18. The values so ob-
tained are given in Table IV, and the value of csa(O)
is plotted as a function of energy in Fig. 2.

IV. DISCUSSION

The different values of e (0) as a function of ener-
gy are plotted in Fig. 2, where the solid curve is
—,'e,„„(O,)," the dotted curve is e,„„(H,Q)"—e,„,,
(H, )," the short-dashed curve is e»(0) = e,„„(H,O)
—2&»(H)," the long-dashed curve is "e""~(Q)"
proposed by Ziegler and Chu, "the dash-dotted
curve is —', Ie(Er,O, ) —2e(Er)],"and the values of
e""d(O) at 2 MeV obtained frum n-Fe, O„Fe,Q„
SiO„MgO, and ALO, by Feng et al."are also
given. The error bars of the dotted curve and the
short-dashed curve were computed in quadrature
for the probable random errors of the individual
components in each curve. The error bar of the
dash-dotted curve was computed in the same way,
using the absolute error (2%) of the stopping cross
section of erbium and erbium oxide quoted in Ref. .
14. No error was quoted for the semiempirical
curve of Ref. 16.

The dashed curve &»(0) is lower than the solid
curve —,'e,„„(02)by 17% at low energy. This dif-
ference decreases to 3.3/o at 2.0 MeV, where the
error bars overlap. The fact that e»(Q) is lower
than —,'e,„,,(O, ) agrees qualitatively with the concept
found previously"'" that double-bonded compounds
give a higher stopping cross section, since ga, se-
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TABLE III. Chemical structure of compounds used in present experiment.

Compound Chemical formula Chemical structure

Methyl alcohol

Ethyl al ohol

Propyl alcohol

Dimethyl ether

Diethyl ether

CH30H

C2H)OH

C3HTOH

(CH, },0

(C,H, ),0

t

H

H —C—0—H

t

H

H H

I

H —C—C—0—H

t

H H

H H H

H —C—C—C—0—H

H H H

H H

H —C—0—C—H

H H

H H H H

H—C—C—0—C—C—H

H H H H

TABLE IV. Tabulated values and probable errors of
stopping cross section of 0 and OH, calculated from
E'exp'(H20) and gag(H). These values are applicable to
single-bonded C-H-0 compounds. e is in 10 eVcm .

Energy (MeV) '~sg (0) ~»(OH)

0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1..2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

36.8 + 0.9
38.7 + 1.0
40.0 + 1.0
41.1 + 1.0
41.9 + 1.0
42.3 + 1.0
42.1 + 0.9
42.0 + 0.9
41.8 + 0.9
41.2 + 0.9
40.5 + 0.9
39.5 + 0.9
38.5 + 0.9
37.7 + 0.8
36.7 + 0.8
35.8 + 0.8
34.8 + 0.7

+ 0.7
+ 0.8
+ 0.8
+ 0.8
+ 0.8
+ 0.8
+ 0.7
+ 0.7
1 0.7
+ 0.7
+ 0.7
+ 0.7

0.7
+ 0.7
+ 0.6

0.6
+ 0.6

52.8
55.3
56.7
57.3
57.4
57.0
56.1
55.2
54.2
52.95
51.6
50.05
48.6
47.3
45.95
44.7
43 4

ous oxygen 0, is double bonded. Also, the closer
agreement at 2.0 MeV is consistent with the con-
cept that a chemical-bonding effect should be less
as the energy increases (in the region to the right
of the stopping cross section peak) due to less in-

teraction between the incident particles and the
valence electrons of the target atoms. The fact
that the dotted curve c,„„(H,O) —e,„„(H,) is lower
than —,'&,„„(0,), but greater by 5-10'/0 than E»(O),
reveals the effect of chemical bonding on the ener-
gy-loss process, particularly at lower energies.

The bond between the two H atoms in a hydrogen
molecule is formed by the overlapping of 1s or-
bitals, so it is stronger than the bonds between H

and 0, or H and C, formed by the overlapping of
a 1s and an sp' hybridized orbital which posseSses
some p character. This relative bond strength can
be shown from the following numerical values: at
298 K the bond dissociation energy" for the hydro-
gen molecule (104.2 kcal/mole) is slightly higher
than that for the OH radical (102.3 kcal/mole) and
for methane (103.2 kcal/mole). The ionization
potential2' of the hydrogen molecule (15.43 eV) is
also higher than that of the OH radical (13.18 eV)
and methane (12.99 eV). A higher value of the mean
excitation potential I in the Bethe-Bloch formula'4
gives a lower stopping cross section than a lower I
value, so that e»(H) might be expected to be slight-
ly higher than —,'e,„„(H,), a result that was seen in
Ref. 11. Since the bonds involving H atoms in the
single-bonded C-H-O compunds a,re of the s-sp'
type, e»(H) should be used rather than —,'&,„„(H,).
Hence, the short-dashed curve e»(0) in Fig. 2
should give a more meaningful representation of the
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FIG. 2. Stopping cross section &(0) of oxygen as a function of energy. The solid curve is one half the experimental
value for molecular oxygen e,„~t(02) given in Ref. 15. Dotted curve, e~~t(H20) of vapor (Ref. 18) less c~~t(H2) from
Ref. 15. Short-dashed curve, cpxpt(H&O) —2&sz (H) =esz (0), whereas&(H) is given in Ref. 11; this curve is 3-17Volower than

2e,„t(O2) and clearly demonstrates the effect of chemical bonding on the stopping cross section. Thebottom curve is foundby
subtracting ~e(Er) from 3c(Er203) in Ref. 14. Long-dashed curve, a semiempirical curve (Ref. 16) which estimates the
value of &(Q) in solid compounds containing oxygen. Closed circles, "& (0)" obtained from metal oxides by Feng
(Ref. 13). Cross-hatched areas, the range of "e' (0)"values calculated from the yield ratios of Feng (Ref. 13) using
various groups of experimental and adjusted stopping cross sections of metals (see text).

stopping cross sections of single-bonded oxygen
compounds than —,'a,„„(0,) or e,„„(H,O) —e,„„(H,).

) es, o (0). Gaseous oxygen is purely cov-Er2o3
alent; e»(0) was calculated from c,„„(H,O), and
water possesses 39/o ionic character, according to
Pauling's electronegativity scale"; erbium oxide
possesses 74-76/o ionic character. Thus, one

might possibly suspect that the larger the percent-
age of ionic character of the compound, the lower
the stopping cross section of oxygen in that com-
pound. The values of the stopping cross section
for "solid oxygen" of Feng et a/. ,

"however, did
not agree to this approach, because Al, O, possesses
less ionic character (63%) than MgO (74/o), yet the
stopping cross section of their "solid oxygen" from
Al, O, was lower than that from MgO.

At this point, it would seem appropriate to com-
ment on the values of the stopping cross section
for "solid oxygen" by Feng et al. In their analysis,
the ratios of [&]'„„to [e];,'„"(where [e]„=k„as(E,„)
+ ~l/cos8~ as(E,„,)jwere obtained from the metal
to metallic oxide scattering-yield ratios, and the
[e] ratios were converted to the ratios of a"'"(0) to
&(metal}, using the semiempirical values for the
metallic stopping cross sections of Ziegler and

Chu, "and finally the value of a"'"(0) was obtained
by multiplying that ratio by the experimental
metallic stopping cross section corresponding to
each metallic oxide. The experimental metallic
stopping cross sections they used were e(Fe),
e(Mg), and e(AI) from Chu and Powers, "and e(Si)
from Eisen et a/." However, neither the semi-
empirical values from Ziegler and Chu nor the
published metallic stopping cross sections could
satisfy their metal-to-metal yield ratios, and de-
viations up to 15% are found. In light of this find:-

ing, other reported metallic stopping cross sec-
tions have been used to calculate "e"'"(0)," such as
e(AI) by Porat and Ramavataram, "or e(AI) by
Feng, "and e(Si) by Lin et al. ,

"but none of the
combinations will satisfy their metal-to-metal
yield ratios. The reported metallic stopping cross
sections have been adjusted arbitrarily so as to
obtain agreement to their metal-to-metal yield
ratios within 2.5%; for instance, e(Si) by Lin
et a/. was unchanged, e(AI) by Porat and Rama-
vataram was increased by 3%, e(Fe} by Chu and
Powers was decreased by 7/0, and e(Mg) by Chu-
and Powers was increased by 2%. Of course, there
could be more than one way to adjust the reported
metallic stopping cross sections to obtain agree-
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ment to their metal-to-metal yield ratios, so the
adjustment has been made in accordance with the
theoretical Z, dependence of stopping cross sec-
tions. " Their calculation, made only at 2.0 MeV,
has also been extended to find the stopping cross
sections of "e~'"'(0)" at lower energies, viz. , 0.94
MeV for MgO, 1.0 MeV for A1,0„1.03 MeV for
SiO„and 1.41 MeV for n-Fe, O, and Fe,O, . It is
found that the values of "e""d(Q)"are a sensitive
function of the choice of metallic stopping cross
sections, and a variation as great as 17"/p is found,
as is seen by the cross-hatched areas in Fig. 2.
However, it is interesting that all of these values
calculated from their yield ratios are below the
curve —,'&,„„(0,), and the majority are below the

ass(0) curve. Hence, if there is indeed a, common
set of stopping cross sections for oxygen among the
metallic oxides, it would be expected to be below
the e»(0) curve between 1 to 2 MeV.

The long-dashed curve in Fig. 2 shows the semi-
empirical value for e""~(0) proposed by Ziegler and

Chu, "and agrees with the separate calculations
made from the.yield ratios of Feng et al. On the
other hand, selfconsistency of the results from the

yield ratios was the evidence that Feng et al. took
for the existence of a common set of e"'s(0) among
the metallic oxides, but we found that the relative
contributions of stopping cross sections of oxygen
varied by as much as 6/0 among the five oxides,
rather than 2.7/o as given in their pape'r. There-
fore, although the approach by Feng et al. did dem-
onstrate clearly a lower stopping cross section of
oxygen for metal oxides than —,e,„„(0,), it is evi-

dent that more information on the stopping cross
sections of metals and metallic oxides is needed to
support the assumption (used by Langley" as well
as by Feng et al. ) that e(metal) does not change
from pure metal to oxide, and that there is indeed
a common set of e"'"(0) values among the metallic
oxides as stated by these authors. The careful
measurement of e for several metal oxides (same
metal) would be very helpful since a plot of
t(metal) vs c(oxygen) for a fixed He' ion energy
(similar to the plot used" by Powers et al. for hy-
drocarbons, and preferably at the energy of the
maximum of the stopping-cross-section curve)
would explicitly reveal whether or not e(metal),
e(0), or both «(metal) and e(O) change in a metal-
lic oxide.

V. CONCLUSION

The present work confirms that the values of the
stopping cross sections e(CH, ) and e»(H) of Ref.
11 can be used to predict the stopping cross sec-
tions of single-bonded C-H-0 compounds for sat-
urated ethers and alcohols. The values of &»(0)
and e»(OH) were calculated; the fact that &»(0)
is 3-17/q lower than 2e,„„(0,) demonstrates the
effect of chemical bonding on the stopping cross
section. The e»(0) values found for the gas and
vapor compunds of this experiment, although lower
than 2&,„„(0,), are still higher than the e(0) values
predicted from the metal oxide yield ratios of
Feng et al.
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