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2-((l,l-2H2)ethyl)-3-oxohexanoate as a yellow oil (quantitative yield). 
The ester was hydrolyzed and decarboxylated [as in the synthesis of 
heptan-4-one (I), above] to give (2,2,6,6-2H4)heptan-4-one in 60% yield 
(2H4 > 99%). 

(l,l,l,7,7,7-2H6)Heptan-4-one (IX). This synthesis uses the same 
procedures as that of VII above, except that in both steps (2,2,2-2H3)-
iodoethane is used. The product (65 mg) was obtained as a colorless 
liquid (2H6 > 98%). 

(2,6-13C2)Heptan-4-one (ii). Preparation as for VII except that (1-
13C)iodoethane (13C = 91%) was used. Yield 53 mg. 

(2-13C)Heptan-4-one (HI) and (l-13C)Heptan-4-one (IV). Preparation 
as for VIII except that (l-13C)iodoethane (13C = 91%) and (2-13C)-
iodoethane (13C = 91%) were used for III and IV, respectively. Yields 
60 and 65 mg, respectively. 

The Formation of the a-2H1 and a-2H2 Enolate Ions of Heptan-4-one. 
The ions [MeCH2CHCOCD2CH2Me plus MeCH2CDCOCHDCH2Me] 

The bonding properties in silicon compounds have attracted 
considerable interest for many years, because some properties of 
these compounds differ strongly from those of analogous carbon 
or germanium derivatives. Among these properties are structural 
features such as experimental Si-X bond lengths (see Table I), 
which are always shorter than the sum of the respective covalent 
radii. If polar effects due to electronegativity differences are taken 
into account, as suggested by Schomaker-Stevenson,6 the pre­
diction for the Si-C bond is very close to the experimental value, 
but Si-X bonds with more electronegative atoms X are still 
predicted to be too long. The difference increases monotonically 
with increasing electronegativity of X and amounts to 0.16 A for 
the Si-F bond in SiF4. It has been suggested that (p-d) ir bonding 
would account for this difference, and this concept has been widely 
accepted.7 It has helped to rationalize structural features of many 
silicon compounds (e.g., (SiH3)3N2 and (SiH3)203). According 
to this concept the unoccupied Si 3d orbitals are contracted in 
the presence of electronegative ligands, and electron transfer from 
the lone pairs of N, O, or F into these empty orbitals results in 
effective (p-d) ir back bonding. On the other hand, a crude 
consideration of bond energies (Table I) makes it unlikely that 
(p-d) w bonding is responsible for the high bond energy of Si-F 
bonds (135 kcal/mol). As suggested by Pauling6 the a bond 
energy for an A-B bond can be estimated from the geometric 
mean of the bonds A-A and B-B. The differences A between 
these estimated values and the actual bond energies are due to 
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and [MeCH2CHCOCHDCHMe plus MeCH2CDCOCH2CH2Me] were 
produced by the reaction between DO" and the partially labeled com­
pounds produced by shaking heptan-4-one with a fourfold excess (by 
volume) of NaOD for 15 min at 20 0C. The DO'/NICI Spectrum 
showed the following incorporations for enolate ions: 2H0 = 5%, 2H1 = 
45%, 2H2 = 35%, and 2H3 = 15%. 
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Table I. Si-X Bonds Lengths (in A) and Bond Energies for X = C 
and F (in kcal/mol) 

Si' 
Si 
Si 
Si-

-C in Si(CHj)4 

-N in (SiHj)3N 
-O in (SiHj)2O 
-F in SiF4 

£„ (exptl/ 
a* 
A* 
polar contr. 

exptl 

1.875 (2)6 

1.734(3)' 
1.634(2)'' 
1.553 {!)' 

Si-C in Me4Si 

70 
60 
10 
10 

cov. radii S.S." 

1.94 1.88 
1.87 1.81 
1.83 1.77 
1.81 1.71 

Si-F in SiF4 

135 
40 
95 

100 

"Schomaker-Stevenson values. 'Reference 1. cReference 2. 
''References. 'Reference 4. -̂ Reference 5. ^Geometric mean of Si-Si 
and X-X (X = C or F) a bond energies. 4A = £(exptl) - a. 

polar or ir bonding contributions. In the case of the Si-C bond, 
the small difference of 10 kcal/mol can very well be due to a small 

(1) Beagley, B.; Monaghan, J. J.; Havitt, T. G. J. MoI. Struct. 1971, 8, 
401. 
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M. Acta Chem. Scand. 1963, 17, 2455. 

(4) Hagen, K; Hedberg, K. J. Chem. Phys. 1973, 59, 1549. 
(5) Ebsworth, E. A. V. Volatile Silicon Compounds; Pergamon: Oxford, 

1963. 
(6) Pauling, L. The Nature of Chemical Bond; Cornell University: Ithaca, 

NY, 1960. 

© 1986 American Chemical Society 
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Abstract: The gas-phase structures (rg values) of the methylfluorosilanes (CH3)4.„SiF„ with n = 1-3 and of di-rerf-butyl-
difluorosilane, J-Bu2SiF2, have been determined by electron diffraction. In the case of CH3SiF3 the microwave rotational constant 
was included in the structure analysis. In the methylfluorosilane series a steady decrease of Si-F and Si-C bond lengths is 
observed with increasing fluorination: Si-F = 1.600 (2), 1.586 (2), and 1.570 (2) A and Si-C = 1.848 (2), 1.836 (2), and 
1.828 (4) A for (CH3)3SiF, (CHj)2SiF2, and CH3SiF3, respectively. These trends are rationalized by increasing polar contributions 
and contraction of the silicon valence shell. Ab initio calculations for SiF4 indicate that (p-d) IT bonding is negligible. Substitution 
of the methyl groups in (CH3)2SiF2 by tert-butyl groups leads to lengthening of Si-F and Si-C bonds and strong variations 
in the silicon bond angles: S i -F= 1.586(2), 1.606 (4) A; Si-C = 1.836(2), 1.869 (3) A; CSiC = 116.7 (6)°, 125.5(11)°; 
and FSiF = 104.6 (4)°, 97.7 (8)° in (CHj)2SiF2 and J-Bu2SiF2, respectively. 
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Figure 1. Experimental (•••) and calculated (—) modified molecular intensities sM (s). (a) CH3SiF3, (b) (CH3)2SiF2, (c) (CH3J3SiF, (d) J-Bu2SiF2. 

polar contribution. For the Si-F bond (p-d) ir contributions will 
certainly be less than 40 kcal/mol {a bond energy) and can never 
make up for the large difference of 95 kcal/mol. Polar effects, 
however, can make large contributions to the bond energy. A quite 
realistic assumption of charge distribution in SiF4 (Si+ 1 6-F^4) 
would contribute about 100 kcal/mol, i.e., close to the lacking 
95 kcal/mol. The Schomaker-Stevenson concept for predicting 
bond lengths from covalent radii and atomic electronegativities 
does not consider the effects from other substituents and is strictly 
valid only for diatomic molecules. In larger molecules the polarity 
of a particular bond depends not only on the electronegativity 
difference between the two atoms involved but also on the elec­
tronegativity of other substituents. Thus, it is more likely that 
the failure of the Schomaker-Stevenson rule to predict correct 
Si-X bond lengths for electronegative X atoms is due to under­
estimation of polar effects and not only due to neglect of (p-d) 
ir bonding. 

The effects of various substituents (F or CH3) on the Si-F and 
Si-C bond lengths can be studied systematically in the series 
(CH3)4.„SiF„ with n = 0-4. Trends in these bond lengths can 
provide information on the bonding properties of these compounds 
and possibly give information about the importance of polar effects 
and/or Si 3d participation. 

For the two tetrahedral compounds (CH3)4Si' and SiF4,4 ac­
curate structure determinations by gas electron diffraction are 
known in the literature. CH3SiF3 has previously been studied by 
gas electron diffraction8 and microwave spectroscopy,9 but the 
uncertainties for the Si-C bond length are rather large in both 
cases (Si-C = 1.841 (15) A from electron diffraction and Si-C 
= 1.812 (14) A from microwave spectroscopy). From the B0 

rotational constant of the parent isotopic species of (CH3)3SiF,10 

(7) Cruickshank, D. W. J. J. Chem. Soc. 1961, 5486. Burger, H. Top. 
Curr. Chem. 1967, 9, 1. 

(8) Schwendeman, R. H. Ph.D. Thesis, University of Michigan, 1956; Diss. 
Abstr. 1958, 18, 1645. 

(9) Durig, J. R.; Li, Y. S.; Tong, C. C. J. MoI. Struct. 1972, 14, 255. 

an Si-F bond length of 1.55 A is estimated assuming all other 
geometric parameters (Si-C = 1.87 A). No structural study for 
(CH3J2SiF2 is known in the literature. 

Since information on bonding properties requires highly ac­
curate geometric structures, we report electron diffraction studies 
of the mixed methylfluorosilanes, n = 1-3, and of di-tert-butyl-
difluorosilane in this paper. 

Experiment Section 
(CHj)2SiF2 and (CHj)3SiF were purchased from PCR Research 

Chemicals, Inc., Gainesville, FL. These samples were used without 
further purification. 

CH3SiF3 has been prepared by fluorination of CH3SiCl3 with ZnF2 
in a sealed tube (100 °C/24 h). The pure compound (bp -30 °C/mp 
-73 0C) was isolated in 90% yield by trap-to-trap condensation at 10"3 

torr. 
T-Bu2SiF2 has been synthesized from J-Bu2SiCl2 using ZnF2 in sulfo-

lane as the fluorinating reagent (90 °C/4 days). The pure product was 
obtained by distillation under reduced pressure in ca. 90% yield. The 
identity of the moisture-sensitive compound was proved by spectroscopic 
measurements." The starting compound /-Bu2SiCl2 was prepared by 
a slightly modified literature procedure.12 

The electron diffraction intensities were recorded with the Balzers gas 
diffractograph KD-G213 at two camera distances (50 and 25 cm) and 
accelerating voltage of approximately 60 kV. The electron wavelength 
was determined from ZnO diffraction patterns. This calibration was 
checked by CO2 diffraction patterns in the case of CH3SiF3. ZnO and 
CO2 values for the wavelengths agreed within their standard deviations. 
(AX/X is smaller than 3 x 10"4 in all cases.) The samples were kept at 
-80 0C (CH3SiF3), -50 0C ((CH3)2SiF2), -40 0C ((CHj)3SiF), and 20 
0C (J-Bu2SiF2), and inlet system and nozzle were at room temperature 

(10) Gunton, R. C; Ollom, J. F.; Rexroad, H. N. J. Chem. Phys. 1954, 
22, 1942. 

(11) Auner, N., unpublished results. 
(12) Tyler, L. T.; Sommer, L. H.; Whitmore, F. C. J. Am. Chem. Soc. 

1948, 70, 2876. 
(13) Oberhammer, H. Molecular Structures by Diffraction Methods; The 

Chemical Society: London, 1976; Vol. 4, p 24. 
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Figure 2. Experimental radial distribution functions and difference curves, (a) CH3SiF3, (b) (CH3)2SiF2, (c) (CH3)3SiF, (d) J-Bu2SiF2. 

in all cases. The camera pressure never exceeded 2.5 X 10"5 torr during 
the experiments. Exposure times were 8-12 and 17-30 s for the long and 
short camera distances, respectively. Two plates were selected for each 
compound and camera distance and were analyzed by the usual proce­
dures.14 Extraneous scattering, which was recorded without gas, was 
subtracted from the 25-cm data. The averaged molecular intensities for 
the 5 ranges 1.4-17 and 8-35 A"1 are presented in intervals of As = 0.2 
A"1 in Figure 1. 

Structure Analysis 
All three bond distances in the methylfluorosilanes, C-H, Si-F, 

and Si-C, are well resolved in the radial distribution functions 
(Figure 2a-2c) which allows accurate determination of these bond 
lengths from electron diffraction data. In the case of J-Bu2SiF2 

the C-C and Si-F bonds overlap in the strong peak at about 1.53 
A (Figure 2d). Preliminary geometric parameters derived from 
the radial distribution functions were refined in least-squares 
analyses based on the modified molecular intensities. A diagonal 
weight matrix was applied to the intensities with full weight for 
the s ranges 4-15 and 10-30 A"1, respectively. The scattering 
amplitudes and phases of J. Haase15 were used. C30 symmetry 
for the CH3 groups with the C3 axis along the Si-C or C-C bonds, 
respectively (no tilt angle), was assumed for all compounds. The 
final results for the geometric parameters of the methylfluoro­
silanes are summarized in Table II. For the sake of consistency 
the ra° bond distances for CH3SiF3 and the ra distances for all 
other compounds were converted irfto rg values. (rg = ra° + K1 

Table II. Geometric Parameters for (CH3)4_„SiF„, n = 0-4, with 3tr 
Uncertainties 

Si-C 
Si-F 
C-H 
CSiC 
FSiF 
HCH 
Rm' 
Rv,' 

(CH3)4Si°» 

1.875 (2) 

1.115(7) 
109.5 

109.8 (8) 

(CH3)3SiF« 

1.848 (2) 
1.600(2) 
1.110(3) 
111.5 (2) 

108.2 (4) 
0.032 
0.062 

(CH3)2SiF2» 

1.836 (2) 
1.586 (2) 
1.132(6) 
116.7 (6) 
104.6 (4) 
111.2 (10) 
0.037 
0.040 

CH3SiF3' 

1.828 (4) 
1.570(2) 
1.139 (5) 

106.8 (5) 
108.6(10) 
0.031 
0.058 

SiF4"''' 

1.553 (2) 

109.5 

, angles. 'Reference 1. cr, distances and r„ angles. 
''Reference 4. 'R = [ E w A V E W ^ e x p t l ) * ] 1 / 2 ; A, = j,A/,(exptl) -
SiMiicalcd); w, = weight. 

+ 3 /2 a ( 'T 2 ~ 'o2); ^ T = perpendicular amplitudes at T (K), a = 
2 A"1, and rt = ra + /T

2/ra.) The vibrational amplitudes are listed 
in Table III. 

Methyltrifluorosilane. In a first step the five geometric pa­
rameters required to define the geometry and eight vibrational 
amplitudes were fitted to the molecular intensities. In the final 
analysis the rotational constant for the parent isotopic species (B0 

= 3.715 64 GHz)9 was included in the refinement. The harmonic 
vibrational corrections Ar - rg - ra°

 16 (Table III) and AB = B0 

- Bj17 were calculated from the valence force field of Clark et 
al.18 The torsional force constant (0.027 mdyn A) was derived 

(14) Oberhammer, H.; Willner, H.; Gombler, W. J. MoI. Struct. 1981, 70, 
273. 

(15) Haase, J. Z. Naturforsch., A 1970, 25, 936. 

(16) Oberhammer, H. J. Chem. Phys. 1978, 69, 468. 
(17) Kuchitsu, K.; Fukuyama, T.; Morino, Y. /. MoI. Struct. 1968, /, 463. 
(18) Clark, A. J. F.; Drake, J. E. Spectrochim. Acta, Part A 1981, 37, 391. 
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Table III. Vibrational Amplitudes for (CHj)4-^iFn, 
Harmonic Vibrational Corrections for CH3SiF3" 

-3, and 

CH3SiF3 

/(ed)» /(sp)c Ar4 
(CH3)2SiF2 (CH3)3SiF 

/(ed)* /(ed)* 

C-H 
Si-F 
Si-C 
Si-"H 
F--
C-. 
C-. 
F--
F--
C-. 
C-. 
F--
C-

-F 
-F 
-C 
-H8 
-H8' 
-H8 
-H8' 
•H, 
•H, 

0.069 (16) 
0.043 (2) 
0.048 (5) 
0.124 (50) 
0.073 (4) 
0.083 (7) 

0.078 
0.042 
0.050 
0.120 
0.073 
0.087 

0.0140 
0.0027 
0.0035 
0.0078 
0.0020 
0.0017 

0.49 (22) 0.210 0.0201 

0.29(24) 0.116 0.0178 

0.120(12) 
0.047 (2) 
0.057 (3) 
0.150(15) 
0.067 (4) 
0.093 (3) 
0.095 (15) 
0.31 (5)' 
0.31 (5)' 
0.31 (5)' 

0.13 (2)* 
0.13 (2)< 

0.083 (6) 
0.048 (3) 
0.056 (2) 
0.119 (5) 

0.085 (3) 
0.098 (6) 
0.28 (2/ 

0.28 (2/ 
0.28 (2/ 
0.10 (2)* 
0.10 (2)* 

"Without values for H---H distances. Error limits are 3cr values. 
6 From electron diffraction experiment. c From spectroscopic data. d Ar 
= rt-rc° *-*' * Amplitudes with the same subscript were set equal. 

from the microwave value for the torsional frequency (114 cm"19). 
Contributions of the torsional vibration to perpendicular ampli­
tudes for torsion-independent distances were neglected.16 The 
relative weight between molecular intensities and the rotational 
constant was adjusted until the experimental B2 value (3.7132 (4) 
GHz) was reproduced within its uncertainty. This uncertainty 
was estimated to be 15% of the harmonic correction AB. 

Dimethyldifluorosilane. Assuming C111 overall symmetry, six 
geometric parameters and nine vibrational amplitudes were refined 
simultaneously in the least-squares analysis. Assumptions for 
vibrational amplitudes are evident from Table III. Only one 
correlation coefficient had a value larger than |0.6|: FSiF//(Si-H) 
= -0.80. 

Trimethylfluorosilane. When C3c symmetry was assumed and 
the constraints for the vibrational amplitudes (see Table III) were 
used, five geometric parameters and eight vibrational amplitudes 
were refined. No correlation coefficient had a value larger than 
|0.6|. 

Di-ferf-butyldifluorosilane. The radial distribution function 
is shown in Figure 2d. C31, symmetry was assumed for the tert-
butyl groups, with the methyl groups in staggered positions. 
Several least-squares analyses demonstrate that the twist angle 
T for the fez-f-butyl groups about the Si-C bonds (C2 overall 
symmetry) is zero or very small, T = 0 corresponds to C711 sym­
metry, with the C-C bonds staggering the Si-F bonds. The fit 
between experimental and calculated intensities is unchanged for 
T < 5° and becomes worse for r > 5°. In the final least-squares 
analysis, T = 0 was assumed and 9 geometric parameters including 
a tilt angle between the C3 axes of the tert-buty\ groups and the 
Si-C bond directions, together with 11 vibrational amplitudes were 
refined simultaneously. Assumptions for the vibrational ampli­
tudes are evident from Table IV. The following correlation 
coefficients had values larger than |0.6|: CC/CCC = 0.70, 
CSiC/tilt = -0.76, CC//(CC) = 0.88, SiF//(CC) = -0.77, and 
CCC//(CC) = 0.62. The final results are summarized in Table 
IV. 

Discussion 
The most striking results of this study is the monotonous and 

similar shortening of the Si-F and Si-C bond lengths with in­
creasing fluorination in (CH3)^nSiFn (see Figure 3). The only 
exception from this very regular behavior is the Si-C bond length 
in Me4Si. 

Two major effects can rationalize this very similar behavior 
of both bonds: (1) polar contributions and (2) contraction of the 
silicon valence shell. Minor effects on the bond lengths may also 
be due to slightly different hybridization, as indicated by the bond 
angle variations in Table II. The importance of attractive polar 
contributions and their increase with increasing fluorination is 
obvious. These contributions will certainly be smaller for Si-C 
bonds (the methyl carbon atom is assumed to carry a negative 
net charge) than for the Si-F bonds. Since the force constant 

Table IV. Results of Electron Diffraction Analysis for J-Bu2SiF2" for 
(a) Geometric Parameters (rg Distances in A, ra Angles in deg), (b) 
Vibrational Amplitudes (A) (without Nonbonded Distances involving 
Hydrogens), and (c) Agreement Factors' 

Si-F 
Si-C 
C-C 
C-H 

C-H 
C-C ) 
Si-F J 
Si-C 
F---F ) 
C2---C3 f 
C 1 - F ( 
C 1 - C 1 ' ' 
Si-- -C2 

^ 5 0 

1.606 (4) 
1.869(3) 
1.529 (4) 
1.102(4) 

0.076 (4) 

0.047 (5) 

0.059 (4) 

0.067 (5) 

0.133 (11) 

0.042 

a 
FSiF4 

CSiC 
CCC 
HCH 
CSiF 
tilt' 

b 
C2- - F I 
C3---F I 
C3-- -C3' 
C 1 - C 3 ' 
C4--- F 
C 3 - C 4 ' 
C1-- -C2' 
C 2 - C 3 ' 
C2-- -C2' 

C 

*25 

97.7 (8) 
125.5 (11) 
110.7 (4) 
107.4 (8) 
107.5 (4) 

0.5 (5) 

0.16 (2) 

0.11 (4) 
0.18 (4) 
0.10(1) 
0.17 (6) 
0.12' 
0.16 (3) 
0.14'' 

0.071 

"Error limits are 3<r values. 'Dependent parameter. cAngle be­
tween C3 axes of tert-buiy\ groups and Si-C bond directions. rfNot 
refined. cFor definition, see Table II. 

r in A 

S i - C 

1.62 -

S i - F 

1 . S O - -

Figure 3. Variation of Si-F and Si-C bond lengths in the series 
(CH3)4_„SiF„, n = 0-4. 

for Si-C bonds (~3 mdyn A"1)5 is considerably smaller than that 
for Si-F bonds (~6 mdyn A"1),5 the effect on the bond shortening 
will be similar. The importance of valence shell contraction for 
silicon has been demonstrated by 29Si NMR shifts in methyl-
fluorosilanes.19 A consistent interpretation of these data results 

(19) Roelandt, F. F.; Van de Vondel, D. F.; Van den Berghe, E. V. /. 
Organomet. Chem. 1975, 94, 377. 
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in a simultaneous increase of the positive silicon net charge (from 
+0.5 in Me4Si to +1.6 in SiF4) and the Slater exponent for the 
valence orbitals 3s and 3p (from 1.44 in Me4Si to 1.57 in SiF4). 
This increase of the Slater exponent implies a decrease of the mean 
radius <r> of the valence orbitals from 0.73 A in Me4Si to 0.69 
A in SiF4. This contraction of the silicon valence shell leads to 
a simultaneous shortening of both Si-C and Si-F bonds. 

Since (p-d) ir bonding would cause shortening of the Si-F bonds 
only, it cannot explain the very similar behavior of Si-F and Si-C 
bonds. There is no evidence for major d-orbital involvement. This 
conclusion is supported by the interpretation of UPS20 and XPS21 

spectra of fluorosilanes. The interpretation of ab initio calculations 
for fluorosilanes is ambiguous. Experimental quantities, such as 
bond lengths or dipole moments, are reproduced better if d 
functions are included in the Si basis set. It is not obvious, 
however, whether such functions just compensate for an inadequate 
s,p basis set or whether they imply actual participation of Si 3d 
orbitals. Breeze et al.22 interpret these functions as polarization 
functions, while Roelandt et al.23 conclude from the population 
of d functions in the series SiH4, SiH3F, and SiH2F2 (0.151,0.235, 
and 0.318 au) that Si 3d orbital involvement in bonding increases 
with increasing fluorination. On the other hand, such an increasing 
population of d functions with increasing fluorination has also been 
reported for the fluoromethane series.24 Ab initio calculations 

(20) Cradock, S.; Ebsworth, E. A. V.; Whiteford, R. A. J. Chem. Soc., 
Dalton Trans. 1973, 2401. 

(21) Perry, W. B.; Jolly, W. L. Inorg. Chem. 1974, 13, 1211. 
(22) Breeze, A.; Collins, G. A. D.; Cruickshank, D. W. J. /. Chem. Soc, 

Chem. Commun. 1971, 445. 
(23) Roelandt, F. F.; Van de Vondel, D. F.; Van der Kelen, G. P. /. MoI. 

Struct. 1978, 50, 147. 

Temperature effects in EI, CI, and FI/FD mass spectrometry 
have been the subject of investigation for approximately the past 
15 years,1"3 and work continues to the present.4"10 In general 

(1) For electron ionization: Spiteller-Friedman, M.; Spiteller, G. Justus 
Liebigs Ann. Chem. 1968, 712, 179. 

(2) For chemical ionization: Field, F. H. J. Am. Chem. Soc. 1969, 91, 
2827. 

(3) For field ionization: Knoppel, H.; Beckey, H. D. Z. Naturforsch., A: 
Astrophys., Phys. Pkys. Chem. 1966, 21 A, 1930. See also: Beckey, H. D. 
Principles of Field Ionization and Field Desorption Mass Spectrometry; 
Pergamon: Oxford, 1977; pp 223-230. 

(4) Eadon, G.; Valente, H. J. Am. Chem. Soc. 1984,106, 3521 (electron 
ionization). 

(5) Bowen, R. D.; Maccoll, A. Org. Mass Spectrom. 1983, 18, 576 
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Abstract: The spectra produced by methanol when bombarded with a mixed beam of argon ions and atoms with a nominal 
energy of 8 keV have been obtained at temperatures between 179 and 100 K. The spectrum of liquid methanol at 179 K consists 
primarily of clusters of methanol around the proton, H(CH3OH)n

+, where the maximum value of n observed is 18. The spectrum 
of solid methanol at 169 K is very similar to that of liquid methanol. Mixed methanol-water clusters produced as a result 
of water impurity are also observed. The spectrum of solid methanol at 100 K is quite different, for the H(CH3OH)n

+ ions 
lose their prominance, and the high mass spectrum (above m/z 60) is without character, consisting of ions at more or less 
every mass. The change in the spectrum is reversible. At an intermediate temperature (137 K) the spectrum is a mixture 
of the features observed at 169 and 100 K. This change in the character of the spectrum can be represented by plotting 
£nH(CH3OH)„+/TIC (TIC = total ion current) as a function of T, and such a plot shows a sharp decrease between approximately 
150 and 130 K. Evidence is presented that the phenomenon is not caused by surface melting produced by the particle bombardment 
or by surface charging. 
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