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Both CD,OH and CD,0 were prepared in situ by the reaction of F atoms with CD,OH, and 
studied by photoionization mass spectrometry. The adiabatic ionization potential (I.P. ) of 
CD,OH was found to be 7.540 f 0.006 eV, in good agreement with the photoelectron 
spectroscopy (PES) value, 7.55 f 0.01 eV. However, the adiabatic I.P. of CD,0 was 
determined to be 10.726 f 0.008 eV, in marked contrast to the PES value for CH,O, 
7.37 ~fi: 0.03 eV, but in the expected range based on reported values of AHy(CH,O+) and 
AH; (CH,O). From selected values of AHyO (CH,OH+ ) < 172.0 f 0.7 kcal/mol and 
AHyo (CH,O) = 5.9 f 1.0 kcal/mol, we deduce AH;o (CH,OH) < - 2.1 f 0.7 kcal/mol and 
AHyo (CH,O+ ) = 253.1 f 1.0 kcal/mol. 

I. INTRODUCTION 

The radical species CH,O and CH,OH are believed to 
play important roles as intermediates in the combustion of 
hydrocarbon fuels’** and in atmospheric pollution chemis- 
try.3*4 A high-resolution laboratory infrared spectrum of 
CH,OH+ has recently been obtained,5 motivated in part by 
predictions of its presence in interstellar gas clouds. Recent- 
ly, absorption spectra in the visible-LTV region have been 
observed for both species,6-‘3 primarily using laser methods 
(except Ref. 8). Accurate experimental vibrational frequen- 
cies are known for both species, and a rotational analysis 
(and hence geometric structure) is known for CH,O. De- 
spite this intensive study, and a wealth of information, the 
thermochemical data for both the neutral species and their 
cations are not firmly established. 

Perhaps the best known of these four heats of formation 
is AHy( CH,OH+ ). From the photodissociative ionization 
appearance potentialsI of CH,OH+ (CH,OH) and 
CHzOH+ (C,H,OH), one can deduce AH;, (CH,OH+) 
(172.0 & 0.7 and < 171.7 kcal/mol, respectively. The se- 
lected proton affinity 15*16 (P.A.) of CH,O at the oxygen po- 
sition is given as 171.7 kcal/mol, or AH&, = 168 
kcal/mol. This P.A. (CH,O) has an uncertainty” of at least 
f 2 kcal/mol, since its value is based on P.A.(H,O) 
= 166.5 f. 2 kcal/mol, and hence we choose 

AHyc (CH,OH+ ) ( 172.0 f 0.7 kcal/mol. 
The heat of formation of neutral CH,OH is less certain. 

The compilation of Lias et a1.16 selects AH&,, (CH,OH) 
= - 6.2 + 1.5 kcal/mol, citing McMillen and Golden” as 

the source. McMillen and Golden do indeed give this value, 
citing Golden and Benson” and another reference, which 
has nothing to do with CH,OH. From Golden and Benson, 
we find that Cruickshank and Benson” studied the iodina- 
tion reaction 

CH,OH + I + CH,OH + HI, 
and obtained an endothermicity of 24.6 f 1.5 kcal/mol. Uti- 
lizing this value, Golden and Benson compute 
A.H~,,, (CH,OH) = - 4.2 f 1.5 kcal/mol. However, 

Golden and Benson also cite Buckley and Whittle,*’ who 
studied the corresponding bromination reaction, and in- 
ferred an endothermicity of < 4.2 kcal/mol. From this latter 
observation, one can deduce AH:,,, (CH,OH) ( - 8.3 
kcal/mol, which is outside the error limit ( - 4.2 + 1.5 
kcal/mol) resulting from the iodination study. In order to 
give some weight to the bromination data, Golden and Ben- 
son chose 0x98 (H - CH,OH) = 94 f 2 kcal/mol, which 
translates to AH&,, ( CH20H) = - 6.2 + 2 kcal/mol. 

Glushko et a1.22 select AH&,, (-W-J 1 
= - 4.8 f 2.4 kcal/mol as the middle range of several ex- 

periments, three of which are based on an incorrect ioniza- 
tion potential for CH,OH (see below). The consensus ap- 
pears to be a value between - 4.2 and - 6.2 kcal/mol, with 
an uncertainty of f: 1.5 kcal/mol, or22 AHyo (CH,OH) 
= ( - 2.6 to - 4.6) & 1.5 kcal/mol. 

For AHy(CH,O), most recent papers’6*23*24 cite the ex- 
periment of Batt and Milne. 25*26 These authors determined 
the bond energy of CH,O-NO by kinetic measurements (as- 
suming no activation energy) to be 41.8 kcal/mol (298 K) . 
Using AHy2g8 (CH,ONO) = - 16.0 kcal/mol from Silver- 
wood and Thomas,27 they obtained AHy2g8 (CH,O) 
= 4.2 -& 0.7 kcal/mol. [With AH;,,, (NO) = 21.82 

kcal/mol,‘6 we would calculate 4.0 kcal/mol.] Subsequent- 
ly, Batt and McCulloch** obtained AH:,,, (CH,O) 
= 3.8 f 0.2 kcal/mol from the kinetics of dimethyl perox- 

ide pyrolysis. Glushko et uI.,~* surprisingly not citing Batt 
and co-workers, arrive at 3.1 f 1 kcal/mol from an exami- 
nation of other sources. If we take AH&, (CH,O) 
= 4.0 -& 1 kcal/mol as representing the consensus of experi- 

mental data from Batt and co-workers, then22 their 
AHyo (CH,O) = 5.9 + 1 kcal/mol, while Glushko et al. 
give AHyo (CH,O) = 5.0 + 1 kcal/mol. 

At this point, it is convenient to introduce some ab initio 
calculations which have focused on the difference in stabili- 
ties of CH,OH and CH,O. Saebo, Radom, and Schaefer29 
show that CH,O is 4.1 kcal/mol more stable than CH,OH at 
the Hartree-Fock level (6-3 1* * basis sets). However, when 
electron correlation is included, CH,OH becomes more sta- 
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TABLE I. Enthalpies of formation (kcal/mol) of CH,OH, CH,O, and their cations, and the adiabatic ioniza- 
tion potentials (eV) of CH,OH/CD,OH and CH,O/CD,O. The underlined values are the currently recom- 
mended ones. 

CH,OH CH,O CH,OH + CHsO+ 

f=% ( - 2.6 to - 4.6) f 1.5’ 
- 3.1 f 2.4d 

<-2.1*0.7= 

Afq298 ( - 4.2 to - 6.2) f 1.5” 
- 6.2 f lJb 
- 4.8 f 2.4d 
- 5.8 f 3.08 

< - 3.7 f 0.7’ 

5.6 f 0.7b < 172.0 f 0.7 253.2 f l.ff 
5.0 f Id 
5.9 + 1” 

3.7 f 0.7b 168b (201)s 
3.1 f Id ~170.1 f 0.8: 247 f 5’ 
4.0 f 1” 245 f 6’ 

251.2 + 1.W 

I.P. 7.56 f O.Olsh 
7.55 f 0.01’ 
7.540 f 0.006’ 

(8.6)b 
7.37 f 0.03’ 

10.726 f 0.008’ 

‘See text for discussion of these selections. The value given for A$& ( CH,OH+) is based on frequencies for 
CHrOH+ supplied by the authors of Ref. 3 1. 

bReference 16. 
‘Present results, for CD,OH and CD,O. Zero-point energy considerations (Ref. 31), Dykes’s (Ref. 36) re- 

sults, and unpublished data from our laboratory agree that I.P.(CH,OH) exceeds I.P.(CD,OH) by 0.01 eV. 
Similar zero-point energy calculations indicate that I.P. (CD,O) and I.P. ( CH90) are the same, within 0.001 
eV. 

d Reference 22. 
‘Reference 33. 
‘Reference 34. 
gReference 36. The value 7.55 & 0.01 eV is for CD,OH; 7.56 f 0.01 eV is for CH,OH. 
s Reference 35. 

ble. At the MP3/6-31G** level, and including zero-point 
energies, CH,OH is 5.0 kcal/mol more stable than CH,O. 
At this level, the barrier to isomerization 
(CH,O-+ CH,OH) is found to be 36.0 kcal/mol. Later, Col- 
wel13’ obtained an almost identical result-CH,OH more 
stable by 5.86 kcal/mol, and a barrier height of 37.29 
kcal/mol-using configuration interaction (singles and 
doubles) with a Davidson correction and a double-zeta plus 
polarization basis set. However, in the recent calculation by 
Curtiss, Kock, and Pople3’ at the G2 level (more correla- 
tion) CH,OH is found to be 8.8 kcal/mol more stable than 
CH,O. Our prior analysis of experimental data would lead to 
a difference of (8.4-10.4) f 2 kcal/mol. A previous experi- 
mental estimate of this quantity by Batt, Burrows, and Rob- 
inson3* arrived at 7.5 kcal/mol. 

Finally, we turn to AHy(CH30+). In 1984, Burgers 
and Holmes33 showed that the “CH30C” ions from dissocia- 
tive ionization of CH,ONO and (CH,),O were CH,OH’, 
by examining the collisional activation (CA) mass spectra 
of these product ions. Hence, earlier (lower) heats of forma- 
tion of CH,O’ based on these measurements were invalid. 
They then prepared CH30+ by first forming CH,O-, then 
causing it to undergo charge reversal in a collision cell. Sub- 
sequently, they obtained the CA mass spectrum of the 
CH,O+, and showed it to be clearly distinguishable from 
that of CH20H+, demonstrating that a CH30+ entity sur- 
vives for > lo-’ s. They then noted that the metastable peak 
from the unimolecular decomposition process 

CD30+ +DCO+ + D, 

had the same shape (i.e., the same kinetic-energy release) as 
that from CD,OD+ [ D2COD+] +DCO’ + D,. Conse- 
quently, they argued that the transition state for formation 
of the DCO+ me&stable was the same, whether starting 
from CD30+ or D2CODf, and that this transition state was 
“at or close above the enthalpy of formation of CD,O+.” 
The latter conclusion was based on the “great (relative) in- 
tensity” of the metastable peak from CD,O+. They now ob- 
tained the appearance potential of the metastable peak from 
CD,OD. Their value ( 15.1 f 0.2 eV), together with litera- 
ture values of AHJ?( CD,OD ) and AH; ( D ) , leads to a heat 
of formation of the transition state of 247 -& 5 kcal/mol, 
which they equate with AHT(CH,O+). In this type of ex- 
periment, no attempt is made to distinguish between AHR 
and AHT298. 

More recently, Ferguson, Roncin, and Bonazzola34 
made an estimate of AH$!(CH,O’) which provided some 
support for the value deduced by Burgers and Holmes, uti- 
lizing the following argument. They studied the reaction 

0; + CH,+ [H$OOH+ ]*-t H,COOH+ + H 

-H3CO+ +-OH. 

Since the reaction postulated to produce H,CO+ was not 
observed, they inferred that the O-O bond in H,COOH+ 
was stronger than the H-C bond. More quantitatively, they 
consider the energetics of the unobserved reaction 

H,COOH + -*H&O+ + OH. 
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Utilizing a calculated value for A@(H,C!OOH+) of 204 
kcal/mol, and an estimated value for D( H&O+-OH) of 50 
kcal/mol, they obtain my( H&O+) = 245 kcal/mol, with 
an estimated error of + 6 kcal/mol. The various heats of 
formation discussed above are summarized in Table I. 

The difference between the heat of formation of a neu- 
tral species and of its cation is the adiabatic ionization poten- 
tial of that species, and thus the ionization potential (I.P. ) 
provides an important tie point between these values. From 
our analysis of prior data (see above), we would conclude 
that I.P.(CH,OH) = (7.57-7.66) + 0.08 eV. Dyke et ~1.~’ 
prepared CH,OH by the reaction of F atoms with CH,OH, 
and obtained an adiabatic I.P. of 7.56 & 0.01 eV from the 
photoelectron spectrum. This is close to the expected value, 
and could (and has been) used to infer an improved accura- 
cy for AHya (CH,OH). The corresponding adiabatic I.P. 
for CH,O based on heats of formation is 10.5 f 0.25 eV [if 
we take hHj( CH,O+ ) from Burgers and Holmes,33 and 
Ferguson et a1.,34 as representmg AH&.8 1. Dyke36 has ob- 
tained a very different value, 7.37 f 0.03 eV, for the adiaba- 
tic I.P. of CH,O, from the products of pyrolysis of dimethyl 
peroxide. To the best of our knowledge, it is the only direct 
measurement of this ionization potential which has been re- 
ported. The major purpose of the current research was to 
resolve this huge discrepancy. 

The reaction of F atoms with CH,OH has been shown to 
produce both CH,O and CH,OH. McCaulley et ~1.~’ have 
recently studied this reaction, and review earlier results. 
They conclude that “the less exothermic channel, which 
yields CH,O, is the major path for F + CH,OH reaction.” 
Dyke”” believed that “some weak structure... in the 8.5 eV 
ionization energy region” was indicative of the presence of 
CH30 in his photoelectron spectrum of the products of the 
F + CH,OH reaction. This was purported to be more clear- 
ly visible in the products of dimethyl peroxide pyrolysis. 

With mass analysis, it is possible to distinguish CH,O from 
CH,OH by isotopic substitution, if rearrangement is not a 
major pathway. Thus, F + CD,OH should yield CD,0 at 
M34, but CD,OH at M33, which should be cleanly separa- 
ble. We also have attempted to generate CH,O by reacting H 
atoms with the recently synthesized3’ CH,OF. This latter 
reaction should be highly exothermic, but no CH,O+ was 
observed. In addition, there was little, if any, diminution in 
the CH,OF+ intensity (indicative of reactant abundance). 
Earlier, unpublished studies39 indicated that the reaction of 
H with HOF was also very slow. 

II. EXPERIMENTAL ARRANGEMENT 

The transient species CD,0 and CD,OH were prepared 
in situ by reactions of F atoms with CD,OH. The fluorine 
atoms were generated in a microwave discharge through 
pure F,. The description of the flow tube and reaction cup 
has been given previously, as has the photoionization mass 
specrometric method. 4o Two samples of CD,OH were used, 
one from Isotopes, Inc. (99% D atom purity) and the other 
from MDS Isotopes (99.9% D atom purity). 

Ill. EXPERIMENTAL RESULTS 
A. The F+CDsOH reaction 
1. Co,OH+, A-433 

The photoion yield curve of M33, presumed to be 
CD,OH+ (CD,OH), is displayed in Fig. 1. At least three 
sloping steplike features can be observed. They correspond 
in energy (approximately) to the positions of the peaks in 
Dyke’s36 photoelectron spectrum of CD,OH. Hence, the 
dominant ionization process appears to be direct ionization. 
The energy derivative of Fig. 1 should then approximate the 
photoelectron spectrum. The half-rise of the first step occurs 
at 1644.3 + 1.3 A~7.540 + 0.006 eV, which we take to be 

PO80 -I 1180 1280 1380 1480 1580 1680 

FIG. 1. The photoion yield curve 
of M33, presumed to be 
CDzOH+ (CD,OH), where 
CD,OH is a product of the 
F + CD,OH reaction. 

WAVELENGTH, ANGSTROMS 
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FIG. 2. The photoion yield curve 
of M34, presumed to be 
CD,O+(CD,O), whereCD,Ois 
a product of the F + CD,OH re- 
action. The smooth curve is a 
spline function fitted to the data 
points. 

the adiabatic I.P. of CD,OH. Dyke gives 7.55 f 0.01 eV for 
this quantity. In Dyke’s spectrum (and also in ours), there is 
a weak peak (background in ours) at - 7.4 eV. In order to 
distinguish between a still lower threshold and a hot band, 
we performed a simple quasidiatomic Franck-Condon cal- 
culation, assuming harmonic behavior and a frequency (pre- 
sumed to be C-O+) of 1610 cm-‘, taken from Dyke. From 
the relative peak intensities, we calculate a change in bond 
length of 0.12 A. Whangbo, Wolfe, and Bemardi4’ have 
computed a contraction of 0.13 A in the C-O bond length 
between CH,OH and CH*OH+, in excellent agreement. Al- 
ternatively, if we assign the 0 + 0 peak as 0 + 1, we can calcu- 
late the intensity expected at the 0 -+ 0 position. The intensity 
of the weak peak at - 7.4 eV is about a factor 5 lower than 
the predicted intensity and the overall fit for higher peaks 
becomes much poorer. Hence, this weak feature is attributed 
to a hot band. 

2. CDaO, M34 
The photoion yield curve of M34, presumed to be 

CD30+ (CD,O), is shown in Fig. 2. There is a broad under- 
lying “background,” but an abrupt increase in ion yield oc- 
curs at 1155.9 f 0.9 A= 10.726 * 0.008 eV. We take this to 
be the adiabatic I.P. of CD,O. The underlying background 
has the same shape as Fig. 1, CD,OH’ (CD,OH), but is 
about a factor 20 weaker. A possible source of this back- 
ground may be the F + CD,OH reaction itself, where some 
CD,OD may be formed. Beyond threshold, one can observe 
sloping, steplike features with intervals of - 2400 cm- ‘. The 
energy derivative of a spline fit to the data points appears in 
Fig. 3. If direct ionization dominates, this curve then simu- 
lates the photoelectron spectrum. 

The abrupt onset can be rationalized on the basis of the 
available information on the structures of CH,O and 
CH,O+, but the observed interval between peaks is more 

difficult to explain. Whangbo, Wolfe, and Bemardi4’ calcu- 
lated C-O bond lengths of 1.428 and 1.362 A for CH,O and 
CH30+, respectively, a diminution of 0.066 A upon ioniza- 
tion. More recently, the structure of CH,O has been deter- 
mined experimentally. Liu et al.” reported 1.37 f 0.02 A 
for the C-O bond length, while Momose et aL4’ obtained 
1.392 58(22) A, both significantly smaller than calculated 
by Whangbo, Wolfe, and Bemardi.4’ However, a more ex- 
tensive ab initio calculation by Curtiss, Kock, and Pople,3’ 
gives a C-O bond length of 1.386 A (close to current experi- 
mental values) for CH,O, and 1.309 A for CH,O+, a dimin- 
ution upon ionization of 0.076 A. Consequently, one might 
expect to see a Franck-Condon vibrational progression in 
the C-O stretching mode of D,CO+/H,CO+. The observed 
stretching frequencies (cm-‘) for the ground-state neutral 
species (CH30:CD30) are 1015:1010 (Inoue, Akimoto, 
andOkuda43) and 1047:1012(?) (FosteretaZ.“). However, 
the observed interval in Figs. 2 and 3 is about 2400 cm-‘. 
The stretching frequency in CH30+/CD30+ can be expect- 
ed to increase from that in the neutral, since r, is calculated 
to decrease. We shall estimate this frequency using Badger’s 
rule.44 As a test, we first compute the CO stretching frequen- 
cy in CH,O/CD,O in a quasidiatomic picture, i.e., 
p = 7.742/8.626 amu and r, = 1.386 A, and obtain 
o = 1076/1019 cm-‘, somewhat higher than the experi- 
mental values. The corresponding calculation for CH,O’/ 
CD,O+ gives w = 1279/1212 cm-‘. Thus, the C-O stretch- 
ing frequency in CD30f is predicted to be - 1200 cm-‘, 
about half the observed interval. This normal mode is totally 
symmetric, and hence is expected to appear in single, not 
double, quanta intervals. The large discrepancy suggests 
mixing with another a, mode, or conceivably a Fermi reso- 
nance. An obvious candidate is the C-H/C-D stretch, for 
which Jackels45 has calculated 3 118/2237 cm- *. Mixing 
was also invoked by Dyke36 to explain the anomalous behav- 
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FIG. 3. The energy derivative of 
the spline function in Fig. 2, 
which is intended to simulate a 
photoelectron spectrum. 

do.0 1100.0 1120.0 1140.0 1160.0 1160.0 1200.0 1220.0 , 

WAVELENGTH, ANGSTROMS 

ior of the CO stretching mode in the photoelectron spectra of 
CH,OH/CD,OH, where the deuterated species had a mea- 
sured interval of 18 10 f 30 cm-‘, while for the protonated 
species it was 1650 f 30 cm-‘. 

In summary, a quasidiatomic picture cannot explain the 
2400 cm-’ interval in the spectrum of CD,O+. A more- 
involved normal-coordinate analysis may shed some light on 
this behavior, but the abrupt onset, favoring the O-O transi- 
tion, is a plausible inference from the calculated geometric 
structures of CH,O and CH,O+. 

IV. DISCUSSION OF RESULTS 
A. CH20H-CH20H + 

In Sec. I (Introduction), we concluded that 
AHyo (CH,OH+ ) was known to better accuracy than 
AHTo (CH,O), but that their difference should be (7.57- 
7.66) f 0.08 eV. Both the photoelectron spectroscopic val- 
ue35*36 (7.56 f 0.01 eV) and the current photoionization 
value for CD,OH, 7.540 f 0.006 eV, fall slightly below these 
bounds. Taking AHyo (CH,OH+ ) < 172.0 + 0.7 kcal/mol, 
and adding 0.01 eV to the presently determined I.P. 
for CD,OH, to convert it to I.P.(CH,OH), we can de- 
duce AHyo (CH,OH) < - 2.1 f 0.7 kcal/mol [or 
AH&, (CH,OH) < - 3.7 rt: 0.7 kcal/mol], which is at 
the upper end of the range given in Sec. I. 

B. CH30-CH30’ 
The situation regarding CH,O and CH,O+ is far more 

controversial. From the difference in these heats of forma- 
tion given in Sec. I, we predicted an adiabatic I.P. of 
10.5 f 0.25 eV, whereas Dyke36 reported 7.37 + 0.03 eV. 
Our measured value for CD,0 is 10.726 * 0.008 eV. Since 
we had concluded that AHTo (CH,O) = 5.8 f 1 kcal/mol 
was known to better accuracy than its cation, we can now 
infer that AH& (CH,O+) = 253.1 k 1.0 kcal/mol. We can 

also estimate AH&a (CH,O+ ) = 25 1.2 f 1 .O kcal/mol, 
which if applicable, is at the upper end of the experimental 
determinations of Burgers and Holmes33 (247 f 5 
kcal/mol) and Ferguson, Roncin, and Bonazzola34 
(245 + 6 kcal/mol) . 

The ab inirio calculations of Bouma, Nobes, and Ra- 
dom46 have been cited by Burgers and Holmes, and Fergu- 
son, Roncin, and Bonazzola as yielding AHy(CH30C) 
= 260 kcal/mol. This value is not given explicitly by 

Bouma, Nobes, and Radom. They state that AHT(CH30C) 
exceeds AHj(CH,OH+) by 387 kJ/mol=92.5 kcal/mol, 
and they make passing reference to an experimental value of 
AH; ( CHzOH + ) = 707 kJ/mol = 169 kcal/mol, from 
which one can deduce AHT(CH,O‘+) = 261.5 kcal/mol. 
Alternatively, they calculate that the reaction 

CH,OCH,+ +CH,OH+ + CH, 

is endothermic by 36 kJ/mol= 8.6 kcal/mol. By taking 
AHjo (CH,OCH,f ) = 191.5 kcal/mol and AH:, (CH,) 
= 35.6 kcal/mol from Lias et aZ.,16 we obtain 

AH:, (CH,OH+ ) = 164.5 kcal/mol (significantly lower 
than our recommended value, < 172.0 + 0.7 kcal/mol) and 
hence AH;0 (CH,O”) = 257.0 kcal/mol, still about 4 
kcal/mol higher than our deduced value. 

The photoelectron spectrum attributed to CH,O by 
Dyke requires further discussion. In Sec. I we noted that 
Batt and McCulloch” obtained a reasonable value for 
AHy(CH,O) from the pyrolysis of dimethyl peroxide. 
Hence, it is plausible to assume (as Dyke evidently did) that 
pyrolysis of dimethyl peroxide should yield CH,O radicals. 
However, his photoelectron spectrum looks roughly like a 
blurred CH,OH spectrum. Perhaps some of the CH,O radi- 
cals have relaxed to the more-stable CH,OH isomer before 
leaving the pyrolysis cell. His spectrum ends at an energy 
< 9.5 eV, in both the F + CD,OH reaction and the pyrolysis 
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of dimethyl peroxide. Hence, we are not privy to the region 
around 10.7-10.8 eV, where our results show that CH,O’/ 
CD30’ should appear. Even the F + CH,OH results are 
not shown beyond - 10.0 eV. He would probably have had 
difficulty in the F + CH,OH/CD,OH experiments, since 
I.P.(CH,OH) = 10.85 eV.16 This reactant species would 
very likely contribute a large peak to the photoelectron spec- 
trum, and could overwhelm a small peak at - 10.73 eV. Di- 
methyl peroxide has a rich photoelectron spectrum,47 begin- 
ning at -9.1 eV. It may have been difficult to identify a 
small peak within this spectrum. 

Finally, we should like to pose the possibility that 
CD,O’ may actually be formed from CD,OH. In earlier 
work, one of us4* examined the photoion yield curves of M34 
(assumed to be CD,O+) and M33 (assumed to be 
CD,OH+ ) from CD,OH. The abundance of M34 was about 
l/10 that of M33. Both ions had about the same appearance 
potential, but M34 displayed a sign&ant increase in intensi- 
ty between - 14.5 and 16 eV which M33 did not. Thederiva- 
tives of these curves (Fig. 6 in Ref. 48) emphasized these 
differences, showing that M34 had a much larger contribu- 
tion in the vicinity of the second excited state of CD,OH+ 
than did M33. With the currently deduced AHyo ( CD30+ ), 
the appearance potential of CD,O+ from CD,OH is 15.2 eV. 
Hence, a significant portion of the second excited state of 
CD,OH could decompose into CD,O+ + H. [The M34 sig- 
nal at lower energy presumably arises from rearrangement 
in the decomposition process, giving CD,OD+ + H. The 
amount of CD,OD impurity (ca. 1% ) is too small to ac- 
count for the M34 intensity at lower energy.] The calcula- 
tion of Bouma, Nobes, and Radom46 indicates that the 
CH30+, and therefore CD30+, is a triplet. It could have 
difllculty decomposing into DCOf + D,, which represents 
a singlet surface. Burgers and Holmes find that CD30f 
from charge reversal gives rise to a metastable peak 
(DCO+) which is virtually identical to that obtained by 
electron impact on CD,OH at 15.1 eV. This could be 
CD,O+ being formed, instead of the transition state postu- 
lated by these authors. Dill, Fischer, and McLafferty49 have 
performed collisional activation studies on COH,+ ions 
from CH,OH at 20 and 70 eV, and find no difference. Hence, 
they attribute all of these ions to the CH,OH+ structure. 
However, a m ixture of CH30+ and CH,OH+, with a small 
contribution of CH30, may have escaped detection. Burgers 
and Holmes have generated a “pure” CD,O+ collisional ac- 
tivation spectrum, and show how it differs from the CA spec- 
trum of COD,+ from dissociative ionization of deuterometh- 
anol, but again, it seems possible that a m ixture of the two 
could conceivably be 
present. 

lO,us, whereas our flight times are several tens ofps. Hence, 
we would expect to lose many more CD,O+ ions. In fact, our 
CD30f intensity is, within a factor - 3, about as intense as 
CDzOH+. The expectation from the kinetics experiments” 
is that CD,0 and CD,OH are formed in comparable 
amounts, and their photoionization cross sections also 
should be comparable. Our inference is that CD,O+ in its 
Y’ = 0 state probably has a longer lifetime. Burgers and 
Holmes are forming their CD,O+ by charge reversal from 
CD,O-, which could give rise to CD,O+ with more average 
vibrational energy, and hence a shorter lifetime. 

CD,0 is one of the rare molecules whose adiabatic ioni- 
zation potential ( 10.726 f 0.008 eV) is higher than the cal- 
culated appearance potential of its fragments [ DCOf + H,, 
8.30 eV (Ref. 16) 1. Other examples include HNO, (Ref. 
16) [I.P. = 11.95 eV, A.P.(NO+ + HO*) = 11.64 eV] and 
the recently studied CH,OF.” 

Note added to proof: After the completion of this work, we 
examined the photoionization spectra of CD30 and CH,O, 
generated by reacting F atoms with CH,OH, CH,OD, and 
CD,OD. Although CD30f was observed, CH,O+ was not. 
Instead, the HCO+ decomposition product was detected, 
indicating that CH30+ has a significantly shorter lifetime 
than CD,O+. A complete account of these studies is being 
prepared for publication. 
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The lifetime of 3 [ CD,O+ ] comes into question here. 
Burgers and Holmes find that “some 20% of the initially 
formed 3 [D&O] + ions” undergo unimolecular dissocia- 
tion in the ,us timeframe. Although they do not specify this 
time more precisely, the acceleration voltages in a magnetic 
mass spectrometer are typically 4-8 kV, whereas those in 
our quadrupole mass spectrometric apparatus are -25 V. 
Hence, their flight time in the field free region where unimo- 
lecular dissociation occurs is of order 1 pus, certainly less than 
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