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CHAPTER I 

INTRODUCTION 

The description of the mass spectra of polyatomic molecules 

in terms of competitive and successive decompositions from molecular 

ions was developed by Rosenstock, Wahrhaftig, and Eyring. 1 This 

statistical or quasi-equilibrium theory assumes that ionization by 

electron impact is a vertical (Franck-Condon) process yielding molec

ular ions which initially have a finite amount of electronic, vibrational, 

and/or rotational excitation energy. The time for decomposition of 

these molecular ions is assumed to be long compared to the time 

required for the nonradiative randomization of the excess energy over 

the accessible states. This mechanism requires a sufficient number 

of crossings of the hypersurfaces for these states. Since in the 

low-pressure limit the mean free path for collision is large compared 

to the ion source dimensions, intermolecular randomization of the 

excess energy is of no consequence. When a sufficient amount of 

energy is localized in the vibrational modes of a critical bond, 

decomposition will occur either by simple bond rupture or skeletal 

reorganization prior to bond cleavage. Thus, the observed mass 

spectrum is composed of stable molecular ions, fragment ions, and 



2 

metastable ions. For the unimolecular decomposition described by 

Equation 1, 

(1) 

the rate of formation of product ion, B+, is given by Equation 2. 

+ . + 
d r B 1 Id t = k r ac 1 (2) 

The rate constant k is given by Equation 3, 

k = j k(E) P(E) dE 
0 

(3) 

where k(E) is the rate constant for decomposition and P(E) is the 

probability of BC+ possessing internal energy between E and E+dE. 

Thus calculation of the mass spectrum requires knowledge of both 

k (E) and P(E). 

One approach to the calculation of the mass spectrum consists 

of (a) calculation of k(E), (b) construction of a breakdown graph from 

the k(E) values, the appropriate kinetic expressions describing the 

decomposition and the ion source residence time and (c) folding 

(b) into P(E) whose functional form has been either arbitrarily assumed 

or determined experimentally. This method has been used successfully 

to calculate the mass spectrum of simple and complex polyatomic 

molecules, e.g., propane2 and phenanthrene3 , respectively. An 

alternative approach4 consists of the experimental or numerical 

acquistion of the appropriate derivative of the ionization efficiency 
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curves for electron or photon impact. A normalized set of these deriv

ative curves can be used (a) to construct a breakdown graph which is 

compared with the calculated one or (b) to estimate P(E) which in 

conjunction with the theoretical breakdown graph is used to predict 

the mass spectrum. Application of the theory requires the explicit 

calculation of k(E), which is given in the simplest form by Equation 4, 

where vis the frequency factor, E: the activation energy, and s the 

number of internal degrees of freedom. Regardless of the functional 

form chosen for P(E) the rate constants obtained using Equation 4 have 

been found to give poor agreement between calculated and experimental 

mass spectra over a wide range of ionizing energy. 41 9 

k (E) = v {(E - E: ) /E } s - l (4) 

The principal reason for the inadequacies of Equation 4 is the use of 

the classical approximation in enumerating the states of a collection of 

harmonic oscillators. An improved rate expression given by Vestal, 

Wahrhaftig, and Johnston 7 uses a good continuous approximation to 

the exact quantum mechanical density of states. The application of 

this VWJ modification to complex polyatomic molecules is mathematic

ally complex. However for propane the breakdown graph using the k(E) 

values calculated by the VWJ equation and the experimental one are in 

good agreement. 2 An alternative approach has been to assume a P(E) 

function similar to the one deduced experimentally for propane and 

then to vary the number of effective oscillators in Equation 4 so as to 



obtain reasonable agreement between calculated and observed mass 

8 

4 

spectra. Since the energy distribution functions for complex systems 

are essentially unknown, the real significance of this method is open 

to question. 

The following constitute techniques which can be used to 

experimentally estimate ,P(E). Morrison9 showed that if the ionization 

probability for the excitation of a molecule in its ground state to a 

single electronic level of the ion is equal to a polynomial of degree j 

(a Heavyside function), the {j + 1) derivative of the ionization effi-

ciency gives the energy distribution of the ionizing beam, with its 

maximum value at V=Ec,where Ec is the vertical ionization potential, 

and the amplitude is proportional to the transition probability. The 

value of j depends upon the threshold law for ionization, which for 

electrons is a linear9 , 10, 11 {j = 1) and for photons a step function 12 

{j = 0) of the energy. Thus, P(E) may be determined experimentally 

from the appropriate derivative of the total ionization as a function 

of the excess energy, E. P(E) so determined is applicable to the pre-

diction of the spectra produced by electrons or photons having energy 

in excess of the IP+ Emax'wlnere Emax is the maximum internal energy. 

For beam energies less than IP + Emax,P(E) must be multiplied by the 

function (V - Emax), where V is the electron energy. Using this tech

nique, Chupka and Kaminsky 5 have determined P(E) for propane and 

n-butane and discussed the results within the framework of the 

Lennard-Jones and Hall1 3 treatment of orbital energies in these 
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molecules. The first derivatives of the photon-impact total-ionization-

efficiency curves for propylamine, propanol, and methyl ethyl ketone 

were obtained and used to investigate the variation of ion intensities 

as a function of photon energy. 4 14 
Berkowitz and co-workers deter-

mined P(E) for methane, ethane, propane, and butane directly by deter-

mining the intensity of the electrons ejected from the molecules when 

irradiated with 21. 21 eV photons (helium resonance line). McLafferty 

et al. 15 estimated the P(E) functions of several mono-ring substituted 

1, 2-diphenylethanes by summing the photoelectron spectra of toluene 

and the corresponding substituted toluene 16117 and convoluting this 

with the calculated thermal energy distribution of 1, 2-diphenylethane. 

For example the P(E) of 1-(4-nitrophenyl}-2-phenylethane was con-

structed by summing the photoelectron spectra of toluene and 4-nitro-

toluene followed by convolution with the calculated thermal energy 

18 
distribution. Meisels et al. calculated an energy loss function 

derived from the Bethe-Born treatment of collisions. P(E) values eval-

ua ted in this manner for methane, ethane, and ethylene when folded 

into the respective breakdown graphs yield mass spectra in good agree-

ment with those reported from analytical mass spectrometers. 

Lindholm and Pettersson19 estimate P(E) values applicable to the most 

intense ions in the mass spectrum of ethane by using the experimental 

ion intensities and the breakdown curves determined by charge trans-

fer. The P(E) function for a polyatomic molecule may be approximated 

from the mass spectra and a knowledge of the ionization and appearance 
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potentials. 2oa This method consists of a plot of the relative ion inten-

sities versus the ionization and appE!arance potentials and subsequent 

convolution of the resultant vertical lines with a step function of 1 to 2 

eV in width. For ethane the P(E) function so obtained is in reasonable 

20b 
agreement with the function obtained from the photoelectron spectrum. 

To circumvent the experimental difficulties, wide usage has been made 

of empirical P(E) functions. 21 Since knowledge of P(E) is necessary for 

the application of quasi-equilibrium theory it is surprising that very 

little attention has been devoted to the determination of P(E) for complex 

3,15 
organic molecules • 

Morrison• s differential method should provide (a) reasonable 

estimates of P(E) and (b) if the results are interpreted, with caution, ac

curate ionization and/or appearance potentials for atoms~b, 22 simple 

polyatomic molecules, 22 and generally reasonable estimates of these 

values for complex polyatomic systems. 3 In many instances the tech-

nique yields values of IP and AP in excellent agreement with those 

values obtained by non-electron impact methods, e.g. , photoioniza tion. 

However for some polyatomic systems ionization and appearance poten-

tials cannot be accurately determined using this technique. 22 For ver-

tical or adiabatic ionization occurring from a state of the neutral 

molecule to a state of the ion, the second derivative of the ionization 

efficiency (SDIE) curve constitutes a reversed Maxwellian energy dist-

. tribution, whose width at half height is proportional to the electron 

energy spread. For; monoatomic species which do not have closely 
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spaced electronic or autoionizing states the shape of the SDIE curve is 

taken to be the distribution of energies in the electron beam. However 

for large polyatomic molecules the SDIE curve will represent the effect 

of convolting the electron energy spread with the curve representing the 

transition probabilities to closely spaced vibrational, rotational and/or 

electronic states. 23 Other methods of measuring ionization and appear

ance potentials can be divided into three major groups: (a) linear 

extrapolation,24 (b) vanishing current,25 and (c) logarithmic tech

niques. 26 These methods may grossly overestimate ionization and 

appearance potentials owing to the population of closely spaced states 

in excess of the !owes t ionic state. 

Considerable attention has been devoted to the elucidation of 

the effect of substituents upon competitive and successive decomposi

tions of aromatic molecular ions. Bursey and McLafferty27 have attempt

ed to relate the rate of decomposition of meta- and para- substituted 

aromatic molecular ions to the aromatic substituent constants derived 

from solution kinetics. It is found that a correlation does exist if the 

system is carefully chosen.28 

In general, when a molecular ion M decomposes to a fragment 

ion A, the rate of change of concentration of A in the ion source is given 

by Equation 5, where the second term on the right includes terms forall 

decomposition modes of A, and the third includes terms for loss of A due 

to instrumental factors. Upon application of the steady state approxi

mation (d A/dt = 0), Equation 5 reduces to Equation 6. When A is formed 
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from a series of precursors, k in general will show a dependance upon 

the pre curs or. 

d l A 1 = kl [Ml -err I: k 2 l Al - I: k3 l Al (5) 

[ Al I [Ml = (6) 

If A is formed with the same energy distribution from each molecular 

. 29 
ion, I: Js. + I: kj will be independent of the mode of formation of 

A. Defining Z = l A 1 / [M 1 and Z = l A 1 / [ M 1 , where A is 
0 0 0 

formed from the molecular ion M of a standard, equation 7 allows the 

comparison of Z values from different precursors with that of a standard. 

=~ 
k 

0 

(7) 

The Z/Z O ratio is then correlated with the cr constants of the Hammett 

equation, 3 O Equation 8, by equating k 1/k to Z/Z • 
0 0 

log (Z/Z ) = cr ( cr +) 
0 

(8) 

Williams et al. 31 pointed out that factors which affect ionic 

abundances are (a) the effect of substitution upon the activation energy, 

(b) competitive fragmentation from the molecular ion, (c) sedondary 

decomposition of product ions and (d) internal energy of the molecular 

ion. Mclafferty and co-workers 15 agree that any effect on product ion 

formation should result from the effect of substitution upon P(E) and also 

the rate constants k(E) for all processes. 
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Clearly, knowledge of the variation of P(E) with substitution is 

essential to the understanding of competitive and successive decomposi-

tion. This thesis is primarily concerned with the determ.ination and 

investigation of substituent effects on the two competitive decomposi-

I + + : '+ • 
tions of the C-1--C-2 bond ([ R - RJ , -+ R + R vs R + R ) of 

a series of meta- and para- substituted benzils. The effect of molecular 

temperature on the P(E) function has been qualitatively investigated. 

The investigation was conducted using the following series of compounds: 

1-(4-methylphenyl}-2-phenylethane-l, 2-dione (I), 1-(4-methoxyphenyl)-

2-phenylethane-l, 2-dione (II), 1-(3-trifluoromethylphenyl}-2-phenyl-

ethane-1, 2-dione (III), l, 2-diphenylethane-l, 2-dione (IV), and 

l-(phenyl-d 5)-2-phenylethane-l, 2-dione (V). 



CHAPTER II 

RESULTS AND DISCUSSION 

The 70 eV mass spectra of I at ion source temperatures of 230° and 

310°, and of II and III at ion source temperatures of 250° q.nd 310°, are 

reproduced in Figures 1-3. The spectra have been corrected for naturally 

13 2 17 18 3 2 
occurring C, H, 0, and O. It is seen that the dominant 

fragmentation is cleavage of the C-1--C-2 bond. The mass spectra of 

I and II are characterized by five ions while the mass spectrum of III is 

characterized by six ions at 70 eV, as shewn in Tables I-HI. These ions 

account for approximately one hundred per cent of the total ion current 

produced from I, II, and III at electron energies below 20 eV. 

Figure 4 represents the basic fragmentation pattern for the molec-

ular ions of I, II, and III, neglecting trivial fragmentations which are 

not common to all three or which do not contribute appreciably to the 

total ion current. Figures 5-7 represent detailed fragmentation pathways 

for the molecular ions of I, II, and III (Ia, Ha, and IIIa). Cleavage of 

the central G-1--C-2 bond in Ia produces both m/e 105 (Ib) and m/e 119 - - - -

(Ic); these ions carry off 54. 0 and 58. 5 per cent of the ion current at 

310° and 230° respectively (Note: an .m/e value, when used as a sub-

stantive., is to be understood as referring to the ion having that value.). 

Loss of carbon monoxide from Ib and Ic yield ions as m/e 77 (Id) and 

m/e 91 (Ie). In terms of total ion current these ions undergo trivial frag-

mentations with loss of acetylene forming ions corresponding in mass to 
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Ion 
m/e 

51 

65 

77 

91 

105 

119 

224 

Total% 

TABLE I 

PERCENT IONIZATION IN THE MASS SPECTRA OF I 
AS A FUNCTION OF ELECTRON ENERGY 

AND SOURCE TEMPERATURE 

Percent Ioniza tiona 
230° 

Beam energy 
310° 

Beam energy 

17 

15 eV 20 eV 70 eV 15 eV 20 eV 70 eV 

o.o o.o 4.4 o.o o.o 5.0 

o.o 0.5 5.0 o.o 0.5 5.8 

0.4 2.4 7.9 0.3 2.7 8.6 

1. 7 9.2 11. 7 2.7 11. 0 12.4 

7.9 10.6 9.4 8.8 11.8 9.5 

84.3 73 .1 49.1 86.5 72.5 44.5 

4.3 3.1 1.8 1. 7 1.2 0.6 

98.6 98.9 89.3 100.0 99.7 86.4 

aEnergy calibrated 



Ion: 
m/e 

51 

77 

92 

105 

107 

135 

240 

Total % 

TABLE II 

PERCENT IONIZATION IN THE MASS SPECTRA OF II 
AS A FUNCTION OF ELECTRON ENERGY 

AND SOURCE TEMPERATURE 

Percent Ionizationa 
250° 310° 

Beam energy Beam energy 
16 eV 21 eV 70 eV 16 eV 21 eV 

o.o o.o 3.2 o.o 0.1 

0.1 4.0 13.4 0.5 5.5 

o.o 0.7 4.8 o.o 1.3 

1.5 3.3 4.7 1 .• 4 3.5 

0.9 4.3 3.8 1.8 5.2 

95.5 85.7 61.1 95.8 83.7 

1. 7 1. 2 a.a 0.5 0.3 

99.7 99.2 91.8 100.0 99.6 

aEnergy calibrated 

18 

70 eV 

3.4 

12.9 

5.1 

4.5 

3.5 

61. 2 

0.2 

90.8 



Ion 
m/e 

51 

77 

95 

105 

145 

173 

259 

278 

Total % 

TABLE III 

PERCENT IONIZATION IN THE MASS SPECTRA OF III 
AS A FUNCTION OF ELECTRON ENERGY 

AND SOURCE TEMPERATURE 

Percent Ionizationa 
250 ° 310° 

Beam energy Beam energy 
16 eV 21 eV 70 eV 16 eV 21 eV 

0.0 0.1 6.2 0.1 0.1 

0.8 11.1 20.8 0.9 9.8 

0.1 0.0 1.3 0.1 o.o 

95.1 81.4 55.3 95.4 83 .1 

0.1 1.4 6.0 0.1 1.1 

2 .1 4.4 4.8 1. 6 4.1 

0.0 0.0 1.0 0.1 0.4 

0.4 0.2 0.3 0.7 0.5 

98.6 98.6 95.7 99.0 99.l 

aEnergy calibrated 

19 

70 eV 

6.1 

21. 7 

1.4 

54.4 

6.2 

4.8 

1.0 

0.1 

95.7 
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m/e 51 and m/e 65. Loss of acetylene from Id and Ie is found to be a 

high-energy process accounting for 10. 8 per cent of the ion current at 

0 0 , 
310 and 9 .4 per cent at 230 , in the 70 eV spectra, but only O. 5 per cent 

of the ion current at 20 eV in both the 310° and 230° spectra. Because of 

the high energy requirements for the formation of m/e 51 and m/e 65 

these fragments were not investigated. Metastable ions were observed 

at (a) m/e 56. 47 and 69. 59 for loss of carbon monoxide from Ib and Ic 

respectively, and (b) at 33.78 and 46.43 for loss of c 2H2 from Id and Ie 

respectively. No metastable ions were observed for the fragmentations 

of Ia to Ib or to Ic. These processes may not be discounted for the fol-

lowing reasons. Metastable ions were observed for the loss of carbon 

monoxide from ions corresponding to Ib and Ic which can only be formed 

reasonably from central carbon carbon bond cleavage of Ia. Metastable 

ions will only be observed for those ions deconwos·ing with a rate which 

is consistent with decomposition .in the first field ... free region. 33 

The detailed fragmentation pathways of IIa are depicted in 

Figure 6. The scheme adheres to the general fragmentation pattern 

shown in Figure 4. Cleavage of the C-1--C-2 bond in IIa produces ions 

at m/e 105 (IIb) and m/e and m/e 135 (IIc). In the 21 eV mass spectrum - - - -· - -
these ions account for 88. 9 per cent at 310 ° and ninety per cent at 250 °. 

In the 70 eV spectrum at both ion source temperatures sixty-five per cent 

of the ion current is carried off by these two ions. Loss of carbon mono-

xide from IIb and IIc produces ions at .m/e 77 (IId) and m/e 107 (IIe). 

Trivial fragmentatbns of IId and IIe were observed giving rise to ions at 
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m/e 51 and m /e 92 and 79 respectively. At a source temperature of 250° 

these processes account for only O. 9 per cent of the total ion current at 

21 eV and 8.3 per cent of tptal ion current at 70 eV. Table IV gives the 

metastable peaks whicti were observed in the mass spectrum of II. A 

metastable peak was observed for the .loss of the elements of formalde

hyde from IIe giving an ion at m/e 77 (IId}. Consequently, formation of 

!Id occurs via fragmentation of IIb and IIe. The ions at m/e 51, 64, 79, 

and 92 were not investigated in this study and represent high-energy 

processes which carry off a negligible percentage of the ion current 

at electron energies less than 20 eV. 

Unimolecular decomposition of the molecular ion of III(IIIa) under 

electron impact proceeds in a similar manner to that of Ia and Ila as 

shown previously in Figure 4. Figure 7 indicates cleavage of the 

C-1--C-2 bond in IIIa produces ions at m/e 105 (IIIb) and m/e 273 (IIIc) 

corresponding to the benzoyl and 3-trifluoromethylbenzoyl ions respec

tively. Table V gives the metastable ions which were observed in the 

mass spectrum of III. It is important to note that the metastable ions 

appearing at 107. 66 and 107. 76, corresponding to formation of IIIc from 

IIIa and of m/e 125 from IIIe respectively, could not be resolved with 

the instrumental arrangement used. Loss of carbon monoxide is common 

to IIIb and IIIc and yields ions at m/e 77 (IIId) and m/e 145 (IIIe). The 

loss of the elements of acetylene from IIId produces an ion at m/e 51. 

The major fragment observed for the decomposition of IIIe is m/e 95. A 

minor process results in the production of m/g_ 125 from IIIe via the loss 
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TABLE IV 

METASTABLE IONS OBSERVED IN THE MASS SPECTRUM OF II 

Parent Daughter Metastable Peak 

IIb IId 56.47 

IIG IIe 84.81 

IId m/g 51 33.78 

IIe m/e 92 79.10 

He m/e 79 58.33 

He IId 55.41 

.m/e 92 m/e 64 44.52 
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TABLE V 

METASTABLE IONS OBSERVED IN THE MASS SPECTRUM OF III 

Parent Daughter Metastable Peak 

IIIb IIId 56.47 

IIIc IIIe 121. 53 

II Id m/e 51 33.78 

IIIe m/e 125 107.76a 

IIIe .m/e 95 62.24b 

m/e 126 m/e 125 124.01 

m/e 95 .m/e 75 59.21 

a 
This metastable ion was observed to be a broad peak. 

bThis metastable ion was of very low intensity extending 
over several mass units. 
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of hydrogen fluoride. Loss of hydrogen fluoride from m/e 95 produces an 

ion at m/e 75. At 70 eV m/e 51, 75, 95, and 125 account for 9. 7 per 

cent of the total ion current while at 20 eV these ions only account for 

. approximately O .1 per cent of the ion current. Loss of atomic fluorine 

from m/e 278 (IIIa) produces an ion at .m/e 259 (IIIf). Although this ion 

supplies only 1. 0 per cent of the ion current at 70 eV it was investigated 

since it is a primary fragmentation process. Further fragmentation of IIIf 

produces secondary and tertiary daughter ions at m/e 126 and m/e 125. -· - -· -
Third- and fourth- generation daughter ions were not included in this 

study. 

The detailed fragmentation patterns for IV and V depicted in 

figures 8a and 9a adhere to the general fragmentation pattern in Figure 4 

and to that proposed by others. 29134135 The 70 eV spectra for IV and V 

are reproduced in Figures 8b and 9b. The pertinent metastable ions 

observed in the spectrum of IV are shown in Table VI. Metastable ions 

for the transitions m/e 210 (!Va) to m/e .105 (!Vb) or to m/e 77 (!Ve) were 

not observed. Analogous to !Va similar metastable ions were observed 

in the mass spectrum of V, as shown in Table VI. 

The mass spectra of I, II, III, IV, and Vall exhibit ions corre-

sponding to loss of molecular oxygen from the parent molecule. Although 

these ions may conceivably be formed from the unimolecular loss of 

molecular oxygen from Ia, !Ia, IIIa, !Va, and Va this process seems 

unlikely for the following reason. The M-02 ions from II and III show 

a marked dependence upon filament area. For example when the area of 
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TABLE VI 

METASTABLE IONS OBSERVED IN THE MASS SPECTRUM OP IV AND V 

Parent Daughter Metastable Peak a 

!Vb !Ve 56.47 

!Ve m/e 51 33.78 

Vb Vd 56.47 

Ve Ve 61.13 

Vd m/e 51 33.78 

Ve m/e 54 35.56 

0 
aAt an ion source temperature of 250 • 
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the filament is defined by a 0.03-inch rhenium ribbon, the M-02 ions in 

the spectra of II and III are on the average 7. 2 times as abundant as 

those observed with a filament of O. 02 inches in width. This intensity 

dependence upon filament area is not consistent with electron-impact-

induced phenomena but provides evidence for the hot filament pyrolysis 

of II and III with loss of molecular oxygen prior to electron impact. Loss 

34,35 
of o2 from IVa has not previously been observed. 

Skeletal rearrangement processes of the type ABC+-+ AC++ B in 

the mass spectrum of IV have been reported by Bowie et al. 35 and are 

envisioned to proceed by the following route. 

+ 
m/e 210 (Iva) (9) 

+ + 
..._ __ ...,. m/e 181-----+m/e 152 

-GHO -CHO 

We observed ions at m/e 151 and 152 exhibiting relative abundances of 

0. 2 and O. 4 at 70 eV. However, no evidence could be found for loss of 

atomic oxygen from IVa. The corresponding skeletal rearrangement pro-

cesses for Ia, Ha and IIIa were observed to be minor, typically on the 

order of O .1 per cent of the base p~_c:lk. On the basis of these data and 

34,35 
the results of others, the principal features in the mass spectra of 

I, II, III, IV, and V are accounted for by the schemes in figures 4-7, 8a, 

and 9a. 
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The first differential ionization efficiency (FDIE), based on 

(dI/dE) data for ions Ia-Ie, IIa-IIe, IIIa-IIIf, IVa-IVc, and Va-Vear~ re-

produced in Appendix A. These average sets of experimental dI/dE val

ues were obtained by changing the electron energy by steps of O .1 ± 

• 002 eV and recording six to twenty dI/dE values at each O .1 eV interval. 

The FDIE curves obtained after smoothing the averaged experimental 

dI/dE values exhibited broad maxima, each r~maining at a constant val-

ue, within the limits of error, for approximately 3 eV. For purposes of 

numerical differentiation the average of these values was taken as the 

maximum in the FDIE curveo Figures 10 and 11 give representative twice 

numerically smoothed dI/dE curves (FDIE) of Ia and Ib, except at the 

maxima, which are normalized to the most intense ion in the set with its 

maximum value equal to 100. 

The shot noise contribution to the standard deviation ( £.) in 

dI/dE and the effects of the dI/dE sample size, the lock..,in-amplifier 

time constant, the integration time, and the sampling rate on the exper-

imental ~ have been considered analytically. The £. for all the dI/dE 

data in this study are estimated as those obtained from shot noise, calc-

ulations. The dI/dE points tabulated in Appendix A represent the numer-

ical average of a small number of experimental values. Owing to the 

lock-in-amplifier (LIA) time constant and the relatively small sampling 

interval successive dI/dE values along the curve will not be statistically 

independent. An attempt was made experimentally to estimate the stan-

0 
dard deviation of dI/dE for Ia-Ie, at an ion source temperature of 310 , 
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as a function of the electron energy. A large sampling of points was 

taken at three values of the electron voltage for each ion. The exper-

imental conditions such as sample pressure, LIA parameters, and integ-

ration time were brought into coincidence with the experimental 

parameters used to obtain the dI/dE data for Ia-Ie. The calculation of 

Q. was carried out by obtaining the experimental £. of an increasing num-

ber of dI/dE values until constancy of£. was attained. Clearly, calcu-

lation of£. from a limited number of dependent dI/dE values will tend to 

underestimate the true standard deviation. This is shown graphically in 

Figure 12, for Ia. For Ia-Ie a sufficient number of dI/dE values were 

taken to give a Q. which approached a more or less constant value. The 

experimental estimates of S!..true ( Q. exp) so obtained for Ia through Ie 

are given in Table VII. The mathematical treatment of the shot noise36 

predicts that er h t . ( er sn) should vary as the one-half power of -s o noise -

the absolute ion intensity. Calculation of Q. for Ia-Ie (see Appendix 
sn 

B) at each value of the electron voltage in Table VII is plotted in Figure 

13 as the solid lines. The points in Figure 13 represent the values of 

the £.exp deter!l].ined at the various electron voltages versus the absolute 

ion intensity. Although some random scatter in the experimental points 

about the appropriate calculated curves is observed, the fact that for a 

given ion Q. exp and S!.. sn differ by a factor of two or less indicates that 

shot noise contribution to the deviations observed in the dI/dE values is 

the major source of error. The agreement between er exp and er as a - -sn 

function of the absolute ion intensity indicates that a valid estimate of 
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TABLE VII 

EXPERIMENTAL PERCENT STANDARD DEVIATIONS 
IN THE FDIE AS A FUNCTION 

OF ELECTRON ENERGY 

40 

Percent 
b 

of dI/dE 
values 

8.65 5.68 
11. 25 3.21 
12.85 3.52 

9.85 5.00 
12.05 1. 96 
16.55 2. 11 

9.55 1.00 
11. 55 1.18 
13.55 0.617 

14.05 2.84 
17.05 2.59 

.19.55 1. 51 

13.05 3.78 
15.05 1. 61 
18.05 1. 69 

aEnergy calibrated 

bFor each ion the lock-in-amplifier time constant (sec.), 
integration time· (sec.),number of points taken to estimate 4 

cr, and the multiplier gain are: Ia: 100, 1, 180, 1. 20 x 10; 
Ib: 30, 1, 60, 1.35 x 10 4; Ic: 30, 1, 60, 1.31 x 104; Id: 

4 4 30, 10, 60, 1.50 x 10 ; Ie 30, 1, 60, 1.37 x 10 . The 
sampling interval was 11 seconds. 
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the deviation in dI/dE can be made from a shot noise calculation of £.sn· 

The standard deviations ( £. sn) associated with the experimental dI/dE 

values at three values of the electron voltage for the dI/dE data in Ap

pendix A are tabulated in Appendix B. 

The xenon-132 molecular ion peak was used to calibrate the en

ergy axis. The second differential ionization efficiency (SDIE) curve for 

xenon was obtained by the numerical differentiation of the experimental 

dI/dE values. To determine the uniqueness of the calibration the dI/dE 

curve of argon was measured and numerically differentiated. A compar

ison of the maxima in the second derivative curves of xenon and argon 

yielded an ionization potential difference of 3. 60 eV. The argon-xenon 

ionization potential difference calculated from the respective literature 

values of 15.77 eVand 12.15 ev37 yields adlfference of 3.62 eV, which 

is in good agreement with the experimental difference. A representative 

xenon SDIE curve is reproduced in Figure 14. The xenon SDIE curve 

exhibited a second maximum at 12. 80 ± 0. 06 eV which results from the 

6d autoionizing state. 38 The full width at half maximum (FWHM) of the 

xenon SDIE curve was found to be dependent upon the filament dimen

sions. The FWHM values from the xenon SDIE curves used to calibrate 

the energy axis for ions Ia-Ie, IIa-IIe, IIIa-IIIf ,IVa-IVc, and Va-Ve at 

two values of the source temperature are shown in Table VIII. 

The FDIE curves in Figures 10 and 11 were numerically differen

tiated to obtain the ct2I/dE2 values. The per cent standard deviations 

associated with the d2I/dE2 values at three eV values and the method 
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TABLE VIII 

FWHM ENERGIES FOR XENON SDIE CURVES USED 
TO CALIBRATE ENERGY AXIS 

44 

12.15 eV Minus Filament 
Experimental I. P. , FWHM 1 Width, 

Ion(s) eV eV Inches 

Ia-Id 
a 

+1.05 0.70 0.03 

lea +l.20 0.50 0.02 

Ia, Ic, !db +0.75 0.58 0.02 

Ibb +l.20 0.50 0.02 

Ieb +0.75 0.60 0.02 

IIa-IIec +1.05 0.72 o.p2 

. a 
IIa-IIe +1.05 0.74 0.03 

IIIa-IIIf 
c 

+1.10 0.84 0.03 

a 
IIIa-IIIf +l. 05 0.65 0.03 

c 
0.74 0.03 IVa-IVc +0.75 

Va-Ve c +1.20 0.70 0.03 

aion source temperature 310°. 

bron source temperature 230°. 

cion source temperature 250°. 
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of calculation are given in Appendix B. The factors which influence the 

deviation in dI/dE, such as absolute ion intensity, also affect the accu-

racy with which d2I/dE2 may be determined. The deviation in d 2I/dE 2 

at low values of the ion intensity depends mainly on the accuracy with 

which the increment size may be determined and at high values of the 

ion intensity, this contribution is minimal compared to the shot noise 

contributiono The SDIE curves correspond to the line drawn through the 

points obtained from a single smoothing of these d2I/dE 2 values. 

Four separate measurements of dI/dE for the ions resulting from 

0 
the decomposition of Ia at 310 yields qualitative support to the calcu-

lated deviations. Deviations in the SDIE curves which are in excess of 

the predicted values may be explained in part by the differences in width 

at half height of the electron energy distribution, At low values of the 

electron voltage an increase (decrease) in the electron energy distribution 

will manifest itself in an increase (decrease) in an SDIE curve near th.res-

hold. Dual determinations of the FDIE curves for ions Ia-Ie at an ion 

0 
source temperature of 230 were made. The SDIE curves of IIa-IIe, 

IIIa-IIIf, IVa-IVc, and Va-Ve represent a single determination. 

The ionization potentials for the molecular ions of I, II, III, IV, 

and V are tabulated in Table IX along with the respective FWHM values. 

The ionization potentials of I, II, and III apparently depend upon the 

amount of thermal energy present in the molecule prior to ionization. The 

0 
experimental ionization potential of I at an ion source temperature of 310 

+ + 
and the corresponding value at 23a° are 9.05 - 0.10 and 9.30 - 0.15 
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eV respectively. The FWHM values were computed from the low-energy 

tail of the SDIE curves and correspond to twice the half width at half 

height. The FWHM values could not be determined from the full width 

at half height because of the non-Maxwellian shape of the SDIE curves. 

The FWHM values of 1.34 eV and 1.37 eV for Ta (Figure 15) at source 

0 0 
temperatures of 310 and 230 are approximately twice the magnitude 

which would be predicted from the FWHM values of the corresponding 

xenon SDIE curves (Table IX). The experimental ionization potentials of 

0 0 
II at source temperatures of 310 and 250 are 8.35 eVand 8.55 eV. The 

FWHM values of these SDIE curves (Figure 16) are 0. 74 eV and O. 72 eV, 

0 0 
corresponding to source temperatures of 310 and 250 respectively. 

These values of the FWHM are in good agreement with the corresponding 

ones for xenon. The SDIE curves for IIIa (Figure 17) give ionization 

0 
potentials of 9. 5 eV at a source temperature of 310 and 9. 5 eV at a 

0 
source temperature of 250 • The FWHM values of these SDIE curves 

are 1. 40 eV and 1. 62 eV at the high and low source temperatures respec-

tively. The FWHM values for IIIa is approximately twice that which 

would be predicted from the corresponding xenon SDIE curves. The ion

ization potentials of IV and V were experimentally determined to be 8. 86 '! 

0.15 eVand 9.20 eV respectively. The FWHM values of the SDIE curves 

of !Va and Va figures 18-19) were determined to be 1.10 eV and 1. 30 eV 

for Va. These values for the ionization potential of I, III, IV, and V may 

not represent the ionization potential corresponding to a vertical transi-

tion to the lowest ionic state of the ion for the following reason. The 
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Molecular 
Ion 

Ia 

Ha 

II Ia 

I Va 

Va 

TABLE IX 

IONIZATION POTENTIALS AND FWHM 
FOR MOLECULAR IONS 

Ion Source Experimental FWHM 
0 

Temp., C I. P., eV 

310 + 9.05 - 0.10 1.34 

230 + 9.30 - 0.15 1. 37 

310 8.35 0.72 

250 8.55 0.62 

310 9.5 1.40 

250 9.5 1. 62 

250 + 8.86 - 0.15 1.10 

250 9.20 1. 30 
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FWHM Energy 
for Xenon, eV 

0.64 

0.54 

0.74 

0.72 

0.65 

0.84 

0.74 

0.70 



0. 1 ij 

0.12 

cno.10 
I-...... 
z 
:::) o. 09 
IJ..I 

I > ...... 
1- o. 07 
a: 
_J 

IJ..I 
a: 
"'-J O. 05 

IJ..I 
1-1 

~ 0.03 

0.02 

o.oo -1.00 

Figure 16a. 

I .. ..... 

0.00 1. 00 
ENERGY 

.. 
.. .. .. 

.. 
.. 

.. 
.. 

.. 

2.00 3.00 1'.00 
(EV INTERNAL) 

.. 

.. 
.. 

0.00 = 8.35 eV 

.. .. 

.. 

.. 
5.00 

0 SDIE Curve for Ila, 310 Ion Source Temperature 
C/1 
0 



0.38 

00 o. 33 
I-
1--1 

z 
:::) o. 27 

w 
> 
1--1 

I- o. 22 
(I 
_J 

w 
a::. 
'-J0.16 

w 
1--1 

0 (1)0.11 

0.05 

.... 
.... 

.. 

o.oo....,-=--1--~~-'--~~-,.L~~--1~~~L.....,.~...a.u..w. 
-1. 00 0. 00 1. 00 2. 00 3. 00 I!. 00 

ENERGY (EV INTERNAL) 
0.00 = 8.55ev 

Figure 16b. 
0 SDIE Curve of Ila, 250 Ion Source 

Temperature 

51 



0.12 

0.11 

en o.o9 
I-

z 
::::> o. 08 

LLJ 
> 
t--4 

I- 0.06 
a: 
-' 
LLJ 
a: 
......, 0.05 

LLJ 
t--4 

~ 0.03 

0.02 

O" '!~. 00 -1 • 00 0. 00 1 . 00 2. 00 
ENERGY (EV I NTERNALJ 

0.00 = 9.50 eV 

.. 
3,.00 

Figure 17a. SDIE Curve of Illa, 310° Ion Source 
Temperature 

52 



0.21 

0.18 

00 o.1s 
r--z 
=> 0.13 

lJJ 
> -r- 0.10 
a: 
--' 
lJJ 

~ 0.08 

lJJ -~ o.os 

0.03 

.. 

o.oo -1.00 o.oo 1.00 2.00 3.oo q.oo 

ENERGY CEV INTERNAL) 
0.00 = 9.50 eV 

Figure 17b. 0 SDIE Curve of Illa, 250 Ion Source 
Temperature 

53 



3. 28 r 

2.a1 l 
({) 2.1!6 
I-
........ 
z 
::::::) 2. 05 

w 
> 
........ 
I- 1. 611 
cr: 
_J 

w 
a: 
~ 1.23 

w 
........ 
0 
(f) 0.82 

O. IH 

.. .. 

0.00 -1.00 0.00 1.00 2.00 3.00 l!.00 
I NTERNALJ 

Figure 18. 

ENERGY (EV 
0 SDIE Curve, 0.00 = 8.75 eV, of !Va, 250 

CJ1 
,i::,.. 



2. ijij A 

A 

2.13 

en 1. a3 
t- I .... 
1--1 

z 
:::::::> 1.52 

w 
> 
~ 1.221 1 A 

A 

cc 
_J 

w 
a: ......... o. 91 

w 
1--1 

D (/)0.61 

0.30 

o. 00 -1. 00 o. 00 1. 00 2. 00 3. 00 ij. 00 5. 00 
ENERGY (EV I NTERNALJ 

0.00 = 9.20 eV 

Figure 19. 
. 0 

SDIE Curve of Va, 250 Ion Source Temperature 
CJ1 
CJ1 



56 

FWHM values of the SDIE curves of Ia, IIIa, IVa, and Va, when compared 

with the corresponding ones from xenon SDIE curves are found to exceed 

the xenon Maxwellian half-height width by approximately a factor of two. 

This observation is consistent with populations of vibrational levels in 

excess of those found in the lowest ionic states, resulting in ionization 

potentials corresponding to the most probable transitions. The FWHM 

values of the SDIE curves of IIa at both temperatures are in good agree

ment with those of the xenon SDIE curves, indicating that the population 

of the lowest ionic state may be the most probable. The calculated 

values for the ionization potentials (Appendix C), 8. 61 ± 0 .17 eV and 

8.83 ± 0.61 eV for I and III respectively, when compared with the experi

mental values at 310 ° of 9. 05 't O .10 eV for I and 9. 5 eV for III, give 

reasonable agreement. The calculated value of 8 .10 ± 0 .11 eV for the 

ionization potential of II is in good agreement with the experimental 

value at 310° of 8.35 eV. The experimental ionization potential of 8.86 ± 

0 .15 eV for IV is in good agreement with the literature value of 8. 78 eV •34 

Although noJiterature value for the ionization potential of Vis given, 

deuterium substitution should have a negligible effect on the ionization 

potential. The experimental value of the ionization potential of 9. 2 eV 

for V is not in agreement with the literature value of 8. 78 eV for the ion

ization potential of IV. 

Although the ionization potential data obtained for II and III repre

sent single determinations, the data in Table IX indicate that these poten

tials of I, II, and III decrease with increasing source temperature. 
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The ionization potentials of I, _JI, IIl, IV, and V are of consider-

able interest. The configuration of benzil in both the solid and liquid 

phase at room temperature has been investi<;1ated by a number of work

ers39a-e using such techniques as UV, PMR, and phosphorescence. 

These J;;tudies lend to a skew (VI) configuration for IV rather than a 

coplanar ttans (VII) configuration. The trans configuration is preferred 

over the skew when there is extensive ortho substitution on the benzil 

moiety, 39b even though•the rings are skewed out of the plane defined 

by the OCGO linkage. 

. x O rr;x \\ _p ·c-c 
I . \\ 

<.§> VI O 

x'@ 0 
. \ lj c-c 

// ~ 
Q VII <[}) 

X::;:: H, P-CH3, P-OCH3, an¢l M-CF3 

(10) 

The electronic interaction between the ,benzoyl groups of I, II, III., IV, 

and V should vary with the angle of rotation (fa) of the two carbonyl 

groups. In accfrd with the skew structure, IV and some- of its corre

sponding deri,,vatives exhibit absorption spectra which resemble those of 

benzaldehyde arid its corresponding derivatives. This result would 

require that f1 must not be that angle whicb, gives maximum interaction. 

0 
For f1 equ~l to 90 the carbonyl interaction in VI should be minimal. In 

this skew conformation the lowest ionization potentials of I, II, III, IV, 

and V should correspond to the ionization potentials of their corresponding 

benzaldehyde and substituted benzaldehydes. Table X gives these 



Substituent 

H 

.2.-CH3 

.2.-0CH3 

m-CF - 3 

TABLE X 

IONIZATION POTENTIALS OF SUBSTITUTED 
BENZILS AND BENZALDEHYDES 

58 

Parent Moiety 

Benzil Benzaldehyde 
0 

Sour.ce Temp. , G I.P., eV I. p • I eV 

250 ° 8.86 9.5142-9.80 40 

0 
310 8.75 

0 
9.33 41 230 9.30 

310° 9.05 

230 ° 8.55 8.6041 

310° 8.35 

230 ° 9.5 not available 

310 ° 9.5 
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values. The S-trans configuration of VII and its molecular ions would 

allow interaction of the ,r -orbitals of the adjacent carbonyl groups 

and this conjugation would allow aromatic rr -orbital interaction. For 

planar ethane-I, 2-dione and near planar butane-2, 3-dione in the S-trans 

configuration the rr -orbital interaction is reflected in the n + ,r * 

transitions in the ultraviolet spectra. 39a This conjugation also produces 

a depression in the ionization potential of ethane-1, 2-dione (9. 48 ev41 ) 

and butane-1,2-dione (9.25 ev42) compared to formaldehyde (10. 78 ev42 ) 

and acetone (9. 69 ev42). These results :indicate that the energy on the 

potential energy hypersurface for benzil and substituted benzil as well as 

on the ground state of the corresponding molecular ions will be a function 

of 0, Although the high-temperature ultraviolet spectra of benzil and 

substituted benzils have not been reported, the average sample tempera-

0 0 
ture prior to electron impact, i.e., 150 -310 , should be sufficient to 

affect the rotamer distribution; the marked temperature dependence of 

the ultraviolet spectrum of oxalyl chloride has been discussed in such 

terms. The ionization potentials for I, II, and IV compared to the ones 

for benzaldehyde and its .2.-methyl and .2.-methoxy derivatives are qualita-

tively consistent with vertical transitions occurring from the planar 

conformation. Although the temperature prior to ionization is unknown, 

the samples will have achieved thermal equilibrium prior to introduction 

into the ion source. The most probable thermal distribution of molecules 

will lie between the values of the temperature of the thermally equili-

brated molecules prior to entrq.nce into the ion source and the ion source 
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temperature. Thus the most probable thermal distribution will be depen

dent upon ion source temperature only if the temperature of the thermally 

equilibrated molecules prior to ion source entrance remains at a constant 

value. The relative temperature dependence of the ionization potentials 

of I, II, III, and IV (Table IX) are qualitatively in agreement with differ

ent weighting factors for the band envelopes which describe the transi

tion probabilities and/or with vertical transitions from different rotamer 

distributions. The ionization potentials corresponding to the higher 

temperature distribution are consistent with increased conjugation result

ing in an ionization potential depression. Since the observed SDIE 

curves for Ia, IIIa, and IVa would correspond to vertical transitions from 

various conformations, this offers a plausible explanation for the doubl

ing of the FWHM values of the SDIE curves of Ia, IIIa, and IVa over 

those of the xenon SDIE curve. The SDIE curve of Ila yields a FWHM 

value which is in good agreement with the one for the xenon SDIE curve. 

The effect of ion source temperature on photoionization efficiency 

curves and their first derivatives has been investigated. 6144 The 

effect of thermal energy upon the dissociation of the parent ions of some 

alkanes is found to contribute almost fully toward the dissociation. This 

contribution is observed to produce a shift in the first derivative of the 

photoioniza tion efficiency curves toward lower energies. 44 It is difficult 

to make quantitative measurements of the effect ion source temperature 

has upon the SDIE curves of fragment ions produced from polyatomic mol

cules. The energy distribution of the electron beam would tend to mask 
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any thermal effect unless this effect was large. Although the energy 

distribution of the electron beam may be deconvoluted out of the SDIE 

curve it is analytically difficult to do so •45' 46Fragment ions may not have 

discrete maxima in the SDIE curves but consist of broad maxima, 23 so 

that a quantitative comparison of the thermal shift of either the half 

heights or the maxima cannot be made. Fragment ions produced via 

decomposition of the molecular ions of I, II, and III yield some evidence 

for the effectiveness of thermal energy in producing dissociation. In-

creasing the ion source temperature resulted in some broadening in the 

SDIE curves for most fragment ions resulting from dissociation of Ia, !Ia, 

and IIIa. No apparent broadening was observed in the SDIE curves of 

Ie, IIIc, and IIIf. Although the above results represent only qualitative 

evidence for a temperature effect upon the SDIE curves of fragment ions 

formed via electron impact, it is consistent with the photon impact 

results obtained for simple hydrocarbons. 5a' 44 

Rather than attempting to define exact values of the appearance 

potentials, the following thermodynamic discussion is directed toward 

elucidating the details of the lowest energy process. The calculated 

thermodynamic quantities for the mechanism in Figures 4 - 7, 8a, and 9a 

listed in Table XI were calculated (Appendix C} from heats of formation 

of ions, neutral radicals, and neutral molecules. 

Concerted rupture of the C-1--C-2 and c 6H5--C-l or the 

XC 6H4--C-2 bonds in Ia, !Ia, IIIa, !Va, and Va {Equations 11 and 12} 



TABLE XI 

CALCULATED IONIZATION AND APPEARANCE POTENTIALS FOR SUBSTITUTED BENZILS 

I.Po (A.Po), eV I.P.(AoP.), eV · 
Ion m/!E_ R = p-CH 

- 3 
m/!E_ R = p-OCH 

- 3 '!!I !E. 

m+ 224 8.61 ± 0.17 240 8.10 ± 0.11 278 . 

+ m - c7H5o 119 9.73 0.10 135 9.22 0.14 173 

+ - RC7H4o 105 10.02 0.17 105 10.05 0.18 105 m 

+ RC 7H4o - CO 91 11.37 0.52 107 13.14 0.35 145 

10.37 0.47 

+ c7H5o - CO 77 13.95 0.66 77 13.96 0.66 77 

LP. (A.P.) ,ev 
R = m-CF - 3 

8.83 ± 0.61 

9.96 0.60 

9. 77 0.75 

13 .87 0.88 

13.68 0.98 

0) 

N 
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represent an alternative to the one-bond-rupture mechanism given in 

Figure 4, vide supra, for formation of c 6H5+ artdXC 6H4+. 

+ . 
O O . 

x~11 n~ ~c-c-{1;~ 
X = H, p-CH3, p-OCH3, m-CF3 

+ . 

(11) 

(12) 

Table XII tabulates the calculated appearance potentials for the 

one- and two-bond-rupture mechanisms. Figures 20a-b, 2la-b, and 

22a-b are the SDIE curves for lb, IIb, IUb and !Vb at two values of the 

ion source temperature. Figures 23 and 24 are the SDIE curves for !Vb 

and Vb at one source temperature. These curves rise slowly with increas-

ing internal energy of the molecular ion and, hence, the appearance 

potentials are not well defined. Points of inflection occur in all the m/e 

105 SDIE curves below tl)e first local maxima. The first local maxima in 

these curves cannot reasonably be the appearance potentials since the 

estimated width at half height is from 4-6 eV. 

The SDIE curves for Ic, IIc, and IIIc at two values and Ve at one 

value of the ion source temperature are given in Figures 25a-b, 26a-b, 

27a-b and 28a. The first local maxima in Figures 25a--b for Ic may 



Ion 

Ib 

Ic 

IIb 

Ile 

IIIb 

IIIc 

TABLE XII 

CALCULATED APPEARANCE POTENTIALS FOR Ib, Ic, I!b, IIc, 
IIIb, AND IIIc CORRESPONDING TO ONE 

AND TWO-BOND RUPTURE 

One-Bond-Rupture Two-Bond-Rupture 
A.P., eV A.P., eV 

10. 02 ~ + 
0.17 10.86 - 0.22 

+ + 
9.73-0.18 10.58 - 0.23 

+ 10.05 - 0.18 + 10.89 - 0.23 

+ + 9.22 - 0.14 10.07 - 0.20 

+ 9.77 - 0.75 + 10.61-0.76 

+ 9.96 - 0.60 + 10. 80 - 0. 63 
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reasonq.bly represent the appearance potential. At source temperatures of 

0 0 · 
230 and 310 values of 10.15 and 9.84 respectively are obtained. The 

SDIE curves of IIc and IIIc have points of inflection prior to the first 

local maximum. The SDIE curve of Ve has no inflection point prior to the 

first maximum at 10. 6 eV. 

The appearance potential data for the benzoyl and substituted 

benzoyl ions seem at least in part consistent with the central C-1--C-2 

bond cleavage mechanism in Figure 4. For the SDIE curves for which an 

appearance potential could.rot be assigned there were points of inflection 

below the first local maxima which are in the range of the calculated 

appearance potentials for one-bond rupture. The results obtained by 

Franklin34 for IVb by a similar analysis offer further support for a one-

bond-rupture mechanism. 

The SDIE curves for IIIf (m/e 259) corresponding to loss of fluorine 

atom from IIIa are presented in Figures 28b-c. At both ion source temper-

0 0 · 
atures of 310 and 250' there is a maximum centered at 12. 65 - 12. 85 eV. 

Under these conditions a second maximum is located at 14. 9 - 15. 0 eV. 

It is interesting to note that these'maxima are resolved and separated by 

ca. 2. 25 eV. 

The SDIE curves of Ie, IIe, and lIIe (Figures 29-31) all exhibit 

low energy tails and then rise sharply to a maximum. The calculated 
I 

appearance potentipls in Table XII give values of 13 .14 eV for IIe and 

13. 87 eV for IIIe. Calculation of the appearance potential for Ie using 

AH(C7H7 +) from toluene ahd from the cycloheptratrienyl radical gave 
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values of 11.37 and 10.37 respectively. The SDIE curve for Ve, figure 

32) has an inflection point at 15.0 - 15.3 eV, which is in good agreement 

with the A.P. for m/e 77, from IVb, of 15.12 ev. 34 

Upon decomposition of the molecular ion excess energy present 

will be distributed between the fragment ions. In the case of the sub-

stituted benzil molecular ions undergoing C-1--C-2 bpnd rupture, the 

excess energy will be partitioned almost equally between the (substi-

tuted) benzoyl radicals and the (substituted) benzoyl ions. In order for 

the (substituted) benzoyl ions to fragment further, the necessary excess 

energy must be present in the molecular ion. Therefore, the long tail in 

the SDIE curves of Ie, IIe, IIIe and Ve are consistent with the sugges-

47 
tion that there are wide statistical fluctuations about the mean value 

of the excess energy partitioned upon ion decomposition. 

The loss of CO from the 4-.methylbenzoyl ion, Ic, is of mechan-

is tic interest since it may proceed via two possible mechanisms having 

different energy requirements. Assuming that the C7H7 + ion has the 

tropylium ion structure48 the fragmentation reaction requires ring expan-

s ion prior to, during, or after loss of CO. Although the heat of formation 

( IJ. Hf) of the 4-methylphenyl cation is unknown, IJ.Hf of C5H5+ is at 

least 50 kcal/mole in excess of that for the C7H7 cation formed from 

toluene. 49 The replacement of a para-hydrogen by a methyl should not 

decrease the IJ. Hf of the C5H5 cation by more than 15 kcal/mole. Thus 

the pathway which is most energetically favored would consist of ring 

expansion prior to or during dissociative loss of CO. Formation of the 
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tropylium ion structure from Ie would require insertion of the exocyclic 

carbon in the six-membered ring accompanied by the migration of two 

hyqrogens (Equation 13). The energy necessary for the rearrangement 

to occur must be derived from the excess energy initially present in the 

molecular ion. 

II IJ., · ,,---.. -... O Q . t @C=O ® 
@-c-c-<Q'rcH37 \_:'.:J H - ~:) +CO(l3) 

A. broad Gaussian me'tastable ion centered at 69. 6 was observed 

for the formation of Ie. Measurements on the LKB 9000 and on the CEC 

21-110-B both show provisional evidence for a broad flat-top peak super-

imposed on the high mass side of and having only 5-10 per cent of the 

intensity of the normal metastable ion. The metastable peak was intense 

enough to permit measurement of the SDIE curve. As seen in Figure 33 

the SDIE curve is qualitatively .consistent with the SDIE curve obtained 

for Ie (Figure 29a). The rc;1pJd decrease in the SDIE curve at high energy 

is a direct result of p.ermature termination of the FDIE curve due to exces-

sive noise. 

There is some evidence49 that the structure of He is not necessar-

ily that of a .2.-methoxyphenyl cation but is one that permits stabilization 

of the incipient charge during the fragmentation. This argument is based 

upon the deviation of the appearance potential of the .2.-methoxyphenyl 

cation, obtained from dissociq.tive ionization of.2.-chloroanisole, from 
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the line established by the appearance potentials of other RC5H4 + ions 

when these potentials are plotted versus their substituent constants. 

From the present data for IIe and IIIe it is not possible to infer the struc

ture of these ions . 

Harrison49 points out thafthe structure of the C5H5 cation formed 

via loss of CO fromthe benzoyl ion in the mass spectrum of benzaldehyde 

and acetophenone may be acyclic. The SDIE curves obtained for Id, !Id, 

IIId, IVc, and Vd resulting from loss. of CO from Ib, Ub, IIIb, !Vb, and 

Vb are given in Figures 34-38. Although the SDIE curves show no well 

defined appearance potential, these curves are not necessarily incon

sistent with the calculated A.P. values in Table XI for the following 

reasons. First, the FWHM values of the first local maxima in the SDIE 

curves of Id, IId, and IIId all are in the range of two to three eV. Sec

ond, there are points of inflection .in the SDIE curves of Id, IId, and IIId 

below the first local maximum. Therefore, these results indicate an 

appearance potential low:er than the first local maximum. The SDIE 

curves of !Ve and Vd (Figures 3 7 and. 3 8) both show a point of inflection 

at 14. 8 - 15. 2 eV and 15 .1 - 15. 4 eV respectively. These values are in 

good agreement with the reported A.P. of 15.12 ev.34 

The maxima in the SDIE curves of Ia (Figure 15),IIa (Figure 16), 

IIIa (Figure 17), IVa (Figure 18), and Va (Figure 19) are recorded in Table 

XIII. Au toioniz ing or long-lived excited states of Ia, Ila, Illa, !Va , and 

Va constitute alternative explanations for these maxima. Autoioniza tion 

could be reflected by the presence of maxima in the SDIE curves of the 
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parent ion and the primary fragment ions at the same electron voltage. 

The effect of excited and long-lived ionic states on the fragment ion 

SDIE curves is more difficult to assess for the following reasons. First, 

since states which permit energy randomization may also be accessible, 

only a fraction of the molecular ions produced at an electron energy 

equal to or in excess of the ionization potentii;il of the excited state 

have to be formed.in such a state. Second, limited crossing of the po-

tential energy surfaces would allow the excited ionic molecular ion to 

undergo competitive fragmentation via partial energy randomization. 

Third, the molecular ion in excited states should fragment via cleavage 

of the C-1--C-2 bond upon deposition of sufficient internal energy. 

The first two phenomena would tend to moderate the rate of decrease 

(increase) in the fragment ion SDIE curves; the third would lead to a 

maximum in the SDIE curves for the fragment ions corresponding to the 

appearance potentials for formation of these ions from the excited mole-

cule ion. Qualitative comparison of the maxima in the SDIE curves of 

the parent ions (Table XIII) with the maxima in the SDIE curves of the 

primary daughter ions (Table XIV ) produces only tenuous evidence for 

autoioniza tion. Owing to the uncertainty in these maxima or points of 

inflection a quantitative comparison is not possible. 

The effect of ion source temperature upon the SDIE curves is 

clearly demonstrated in this study. One of the difficulties in the appli-

cation of QET theory to fragmentation processes is the determination of 

the minimum internal energy, E , necessary to pass through the 
0 . 



0 
Iaa 

310 

9.05 ± .10 

+ . 10 .16 - .11 

+ 11.16 - .12 

+ 12. 72 - .12 

TABLE XIII 

THE MAXIMA IN THE SDIE CURVES OF Ia, IIa, 
IIIa, IVa, AND Va 

IIab IIIab IVab 
0 

310° 250° 310°. 250° 250° 230 

9.35 8.35 8.85 9.50 9.9 8.75 

9.75 

10.95 10.75 10.45 10.70 10.70 10.75 

12.55 12.25 11.45 11.40 11. 70 11.45 

a 
· Based upon four determinations. 

bBa s ed upon a sing le determination. 
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vab 
250° 

9.20 

10.20 

11.10 

12.80 



TABLE XIV 

THE MAXIMA IN THE SDIE CURVES OF SUBSTITUTED AND UNSUBSTITUTED BENZOYL IONS 

lb le Ilb Ile. IIIb Ille I Vb Vb Ve 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

310 230 310 250 310 250 310 250 310 250 310 250 250 250 250 

eV eV eV eV eV eV eV eV eV 

12.05 12.15 9.85 10.35 10.55 12.15 9. 85 9.95 10.6 11.5 11. 6 10.75 10.7 

12.85 13.95 11.05 11.45 14.25 11.75 11.25 11.4 11.5 12.5 11.85 12.0 11.4 

12.45 14.75 12.15 13.05 12.65 12.85 12.3 12.7 13.8 13.8 12.8 12.5 

16.05 15.95 13.35 13.55 14.25 13.55 13.2 13.4 14.6 14.5 

16.75 14.85 14.15 15.7 

16.25 16.15 16.5 16.8 

17.45 17.7 17.7 

18.3 

..... 
0 
,i:,,. 
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activated complex which ultimately leads to products. An estimate of E 
0 

would be the ionization potential of the neutral molecule minus the ap-

pearance potential of the fragment ion but this may well be an overesti-

mate since the internal energy must be above E for k(E) to be in the 
0 

5 6 -1 4 region of 10 - 10 sec . The excess internal energy is defined as 

the kinetic shift. Since an increase in the ion source temperature pro-

duces molecular ions having higher internal energies than those produced 

at lower source temperatures, fragment ions will be observed at lower 

nominal beam energies. A comparison of the daughter fon SDIE curves at 

two source temperatures should be sufficient to show any partial kinetic 

shift. Table XV . presents the positive internal en.ergy shifts necessary 

to bring an ion's SDIE curves taken at two ion source temperatures into 

coincidence. This is accomplished by shifting the energy axis until the 

first local maximum and/or the low-energy tail are superimposed. 

-x 

m-CF3 

· TABLE XV 

PARTIAL KINETIC SHIFTS FROM TEMPERATURE 
DEPENDENCE STUDY 

105 104 + X 77 

0.0 o. 35 0.0 

0.3 0.25 0.8 

0.2 0.8 0.6 

m/e 
76 + X 

a.a 

0.7 

0.8 
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Since the k(E) for production of a metastable ion is less than k(E) 

for production of a normal fragment ion, subtraction of the appearance 

potential of the metastable ion from the appearance potential of the nor

mal ion should give an estimate of E . 4 The SDIE curve for the me ta
o 

stable ion .m/e 119 + .m./ .§. 91 (Figure 3 3) when compared to the SDIE 

curve for the normal .m,/,§. 91 (Figure 29a) yields no significant difference. 

This evidence that k(E) for decomposition of m/e 119 may rise very steep-

ly with internal energy, which causes a very small kinetic shift, and E 
0 

for the process is small. This result is also in agreement with the lack 

of q. partial kinetic shift for .m,/e 91 (see Table XV). The SDIE curves of 

the molecular ions of I, II, and III were shifted to higher beam energies 

at the lower ion source temperatures, typically O. 2-0. 3 eV. This may be 

due to thermal broadening of the transition probability curves. Sa· 44 

The breakdown graphs for I, II, III and V were constructed from 

the SDIE values for each ion normalized by their sum (see Equation 14), 

where n in Equation.14 is equal to the total number of parent and frag-

ment ions, j • Breakdown graphs constructed from Equation 14 with 

abscissa values equal to the internal energies of the molecular ions are 

presented in Figures 39-42. The extension of the energy axis to negative 

values represents the effect of the electron energy distribution and the 

internal thermal energy of I, II, III, and V. 

n 
Normalized SDIE(J) = SDIE(J)/ E SDIE(J) 

j= 1 
(14) 
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The ratio of rate constants for the general decomposition given by 

Equation 15 at the i-th value of the internal energy is given by Equation 

16. 

AB++ CD 

k1 
/ 

ABCD+-~--~-

k2 
AB+ CD+ 

(15) 

+ 
A + B 

en+-------~ C+ + D 

The rate constant ra ti.os for the decomposition of I, II, III, and V were 

calculated from Equations 17-20 respectively. Figures 43-:-46 give the 

rate constant ratio for formation of the ions resulting from central C-C 

bond rupture of I, II, III, and V as a function of the molecular ion internal 

(I) k 1 (E)/k 2 (E) = (SDIE(Ib) + SDIE(Id))/(SDIE(Ic) + SDIE(Ie)) (17) 

(II) k1(E)/k 2 (E) = (SDIE(IIb) + SDIE(IId))/(SDIE(IIc) + SDIE(Ile)) (18) 

(III) k1 (E)/kz(E) = (SDIE(IIIb) + SDIE(IIId))/(SDIE(IIIc) + SDIE(IIIe))(l9) 

(V) kl (E)/k 2 (E) = (SDIE(Vb) + SDIE(Vd))/(SDIE(Vc) + SDIE(Ve)) (20) 
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energy. In all cases. k1 (E) is the rate constant for formation of the unsub-

stituted benzoyl moiety and k2 (E) is the rate constant for formation of the 

substituted benzoyl moiety as a function of internal energy. 

0 
At 250 the SDIE curve for !Id which derives contributions from 

both IIb and IIe, vide supra, was corrected for the IIe contribution by 

determining the SDIE curves for ,!TI/e 77 and m/e 82 ions in the mass spec

tra of l-phenyl-d5-2-(4-methoxyphenyl)ethane-l,2-dione. 50 The SDIE 

0 
curve for !Id at 310 was corrected by assuming that the ratio of the meta-

stable peak intensities for these two processes was equal to the ratio of 

the SDIE curves . 

For I, at a source temperature of 310° the relative rates were cal-

culated for four sets of SDIE curves and the values were then averaged. 

The smoothed curve drawn through these values is reproduced in Figure 

43a. Since the presentation is unaffected by the number of points includ-

ed, average values are indicated at 0.3 eV intervals for visual clarity. 

Deviations are shown for points separated by O. 6 eV. In general, the 

average deviation in any given q.Verage relative rate is ca. 10 to 25% of 

its value. 

Figures 43b and 45-46 represent single determinations of the SDIE 

curves. In Figures 44a and b, both the corrected, vide supra, and uncor-

rected rate constant ratios are plotted. 

The breakdown graphs in Figures 39-42 qualitatively show little 

structural dependence and are similar to the ones deduced experiment-

4, 5, 6a, 19 . l,2,6d 
ally, and theoretically for hydrocarbons. 
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From Figure 39 it is clear that the probability of detecting Ia in 

I 

states corresponding to the maxima in the SDIE curve of Ia is quite low. 

Typically, stable Ia are collected containing only O. 1 to O. 2 eV of inter-

nal energy. A further slight increase in the internal energy produces a 

marked decrease in the probability of collecting stable Ia. As a result 

kz (E) must rise to a value of approximately 105 to 10 6 sec-1 and produce 

a corresponding increase in the probability of forming stable Ic. The 

probability of forming Ib is observed to be a slowly increasing function 

up to about 4. 8 eV of internal energy (see Figure 39). 

The breakdown graph for II (Figure 40) is similar to that for I in 

that only a minimal amount of internal energy is required to produce a 

rapid decrease in the half life of Ila, i.e., O. 2 to O. 4 eV. The rapid 

increase in the probability for formation of Ile parallels the decrease in 

the probability of forming stable Ila. The constant ratio, k 1(E)/k 2 (E), is 

a slowly increasing function up to about 5. 8 eV of internal energy (see 

Figure 44). 

The breakdown graph for III (Figure 41) reveals that the probability 

of forming stable !Ila decreases rapidly at internal energies O .1 to O. 2 eV 

above threshold. In contrast to the behavior of Ia and Ila, competitive 

decompositions of the C-1--C-2 bond of !Ila result in almost complete 

conversion to the benzoyl ion (m/e 105), as indicated by its relative 

probability of O. 95 to O. 98 over an internal energy range up to 4 eV. The 

probability of producing !Ile is a slowly increasing function over this 

same range of internal energies. The above would produce a rate 
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constant ratio k1(E)/k 2 (E) which decreases as a function of internal ener-

gy (see Figure 45). 

For molecular ions of I and II possessing in excess of 5. 6 eV (Fig-

ure 3 9a) and 6. 4 eV of internal energy the breakdown graphs (Figures 3 9 

and 40) indicate an increased probability of forming Ib and IIb. This 

increased probability occurring over the energy range from 4.8 to 5.6 for 

I and 5. 4 to 6. 4 for II is, as shown in Figures 43 and 44, paralleled by 

a discontinuous increase in k 1 (E)/k2 (E). Above 5. 6 eV for Ia the rate 

attains an average value of O. 55 at a source temperature of 310 and O. 65 

0 
at 230 . For Ila above 6.0 eV similar behavior is observed at an ion 

0 
source temperature of 310 . The average value is O. 50. This behavior is 

not observed for II at an ion source temperature of 250°. Under these 

conditions no clear average value is observed but the curve behaves in a 

nearly exponential manner, For III the energy dependence of the rate 

constant ratio (see Figure 45) behaves in an exponential manner. The 

rate constant ratio for competitive fragmentation of the l-phenyl-9.5-2-

phenylethane-1, 2-dione (V) molecular ion (see Figure 46) shows a random 

variation of ten to twenty per cent from 1 eV to 9 eV of excess energy. 

This result provides indirect evidence that the behavior of the rate con-

stant ratio of I and possibly II as a function of energy do not represent 

a systematic errbr. For V the value of 0.985 for the k 1(E)/k 2 (E) ratio is 

in good agreement with the predicted value of unity. Relative rates were 

not calculated for internal energies in excess of 8. 5 eV because at higher 

energies the SDIE functions for .m/e 77 and m/e 76 + X are decreasing to 
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zero and those for fragment ions m/e 51 and m/e 50 + X have finite -- - - -
values. 

Autoionization represents a possible explanation for the behavior 

of the rate constant ratio in those regions where discontinuities are ob-

s.erved but may not apply for the following reasons. For I and II the 

region of interest represents ionization produced by electrons possessing 

in e~cess of 14. 6 eV. Chupka and Kaminsky5 have commented that for 

electrons of moderate to high energies autoionization should contribute 

only a minor amount to the total ionj.zation. Because of the structural 

similarities of I, II, and V, if autoionization were affecting the rate con-

stant ratio this effect would have been expected for fragmentation of the 

molecular ion of V. 

A rationale for the behavior of the rate constant ratio of I can be 

made in terms of isolated but not long-lived electronic states in the mole-

cular ion. If the hypersurface for I at 5 eV of internal energy intersects 

the surface of the l-cyclohepta-2, 4, 6-trien-l-yl-2-phenylethane-l, 2-

dione molecular ions VIII and fx, competition occurs between ring expan-

sion of II to form VIII and IX and randomization of its energy over lower-

lying states. Thus at these internal energies some fraction, if not all, 

·o· o 
:1 II®-" c-c- + J 

H \. _.. 

VIII 
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of primary fragmentations will occur from states corresponding to VIII and 

IX. Because of charge localization, dissociation of the C-1--C-2 bond 

in VIII produces only .m./e 119 ion, Ic, and in IX only the .m./~. 105 ion, Ib, 

with rate constants k 2 (E) and k 1 (E) respectively (see Equations 22 and 23). 

VIII @ H 
co 

/ 

(22) 

IX (23) 

Hete m/e 119, Ic, possesses a ring-expahded structure rather than that 

of a substituted benzoyl iori. As shown above the discontinuity in the 

relative rate constant ratio for I may ifidicate a change in mechanism. 

The behavior of the relative rate constant ratio plots for II and III 

are believed to behave in a manner which would be predicted from QET 

theory. The theory would ;predict for the lowest energy process an expo-

nential increase (decrease) which is observed (see Figures 44a-b and 

45a-b) 

Substituent effects on the ionization potential of substituted 

aromatic rings have been investigated extensively. 4 , si--54 The corre

lation of ioniza tioh potential of a+ values implies that the description of 

solution processes in terms of electronic effects of substituents is real-

ized by the simplest processes in which solvent effects have been 
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removed. The ionization potentials obtained from a) experimental SDIE 

curves and b) calculated values are plotted versus o+ for the substituent 

in Figure 47. Although a least-squares line could be drawn through the 

points the values of the slope would have little significance owing to the 

errors associated with the experiment and conformational factors. How

ever a correlation exists between l for the substituent and the ionization 

potential of the molecule. 

The rate constant ratios ks(E)/kH(E) versus cr values for the sub

stituent at three values of the internal energy are plotted in Figures 48-49. 

The correlation becomes very poor above 5 eV of internal energy. This 

behavior may be due in part to the following: a). the errors associated 

with the SDIE values used to compute the relative rate constant increase 

with increasing internal energy, and b) the second derivative technique 

underestimates the P(E) function for higher-energy processes (see discus

sion of ion intensities and the P(E) function). Rho is found to decrease 

with increasing internal energy (see Table XVI). A decrease in Pis ex

pected since as the interhal energy of the molecular ions increase the 

differences in the activation energies for the competitive bond rupture are 

being overcome. In a recent publication by Munson and E;inol£55 the ratio 

of intensities of the substituted benzoyl to the unsubstituted benzoyl ions 

is correlated with the o constants. From a tablation of experimental and 

dalculated ion intensities, vide post, for I, II, and III these ratios were 

calculated and compared to the values obtained above. The values for 

the ratios for I and II at 70 eV are in good agreement with the values 
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TABLE XVI 

RELATIONSHIP OF p AND INTERNAL ENERGY 

I.E. I eV a b 
p p 

1. + -6.0 - .5 + -5. 9 - • 6 

3. + -3. 9 - • 3 + -4. 2 - .4 

5. + -2 .1 - .5 + 
-2.6 - .5 

aion source temperature 230°. 

b!on source temperature 310°. 

reported by Muns on. 5 5 For II there is a discrepancy of a factor of two at 

70 eV and a factor of about seven at 15 eV. For I and II the ratios at 15 

eV disagree by a factor of 1. 5 for I and 4 for III, The difference in ion 

ratios at low eV in this work and that of Munson55 may be due to the 

energy axis calibration or lack of calibration by the latter. For II the 

disagreement of ion ratios at 70 eV could be from an ion source temperature 

effect since Munson operated the source some 200° lower than in this work. 

The energy deposition functions, 5 ' 18 P(ED), applicable to the 70 

eV mass spectrum of I, II, III, and V are reproduced in Figures 50-53. 

Even if the second derivative technique yielded the exact P(ED) function 

the experimental P(ED) functions obtained from this study would be incom-

plete owing to neglect of processes occurring in excess of 20 - 22 eV. 

These P(ED) functions encompass wider range of internal energies than 
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the ones applicable to propane and butane, 5 but include approximately 

the same range of internal energies as those for 1, 2-diphenylethane. l 5 

The effect of lowering molecular energy upon the P(ED) function is to 

cause a decrease in the probability of producing molecular ions with high 

values of the internal energy. For comparison the to.ta! area under the 

P(ED) curves (Figures 50-53) are two values of the ion source temperature 

are tabulated in Table XVII. As preclictect44 the total electronic transition 

probability (which is proportional to the area under the P(ED) curve) does 

not appear to show a great dependence upon vibrational and rotational 

TABLE XVII 

TOTAL AREA UNDER THE P(E) CURVES, FIGURES 3 9-42, FOR I, 
II, AND III AS A FUNCTION OF TEMPERATURE 

Re6a tive Area a O Ratio A2500 /A310 o 
Compound 250 310 

I 138.6b 149.8 0.93 

II 119. 8 127.3 0.94 

III 148.7 137.5 1. 08 

asum of the integrated SDIE curves. 

bion source temperature of 230°. 

excitation. It is evident from the data (Figures 50-53) that an increase in 

molecular temperature results in a broadening of P(ED). The present data 
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suggest that thet'3 are many closely spaced low-lying electronic states 

of the ion and the band envelopes describing their formation overlap 

enough to cancel any broadening near threshold. However, at higher 

internal energies this is not the case, the net result being an increase 

in the cross section at higher internal energies. 

Tables XVIII -XX present calculated and experimental ion intensities 

as a function of ion source temperature and calibrated electron energy 

scale. Normalization of the intensities to the base peak was performed. 

For simplicity of comparison, if the base peak could not be calculated 

from the dI/dE data the next largest peak which could be calculated was 

normalized to a value of 100. In some instances the fDIE curve was 

extrapolated linearly pa st its maximum value in order to integrate up to 

the desired eV. The values so obtained are labeled as approximations. 

Because of the threshold law, calculation of the intensity of a given ion 

produced by low-eV electrons requires a double integration of the SDIE 

curve or a sing le integration of the FDIE curve. The integrations were 

performed using Simpson 1s rule. As seen in Tables XVIII-XX, good agree

ment is obtained between calculated and experimental low-eV ion inten

sities, Thus the experimental data (see Appendix A), correspond essen

tially to the first derivative of the ionization efficiency. 

The experimental ion intensities of the 70 eV spectra for I, II, and 

III and those obtained from a single integration of the SDIE curves are 

found to be in reasonable agreement. In all cases the largest discrepancy 

occurs for those ions whose SDIE curve extends to high energies or which 
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TABLE XVIII 

EXPERIMENTAL AND CALCULATED ION INTENSITIES FOR I 

70 eV 
Exp. Cale, 

1.3 1.3 

100.0 100,0 

20,2 16,8 

26,3 25,8 

15.7 5,9 

70 eV 
Ex.p, 

3.67 

100,0 

19,1 

23,8 

16.1 

a Extrapolated 

Source Temperature 310° c 

18 eV 15 eV 
Exp. Cale. Exp. Cale. 

100.0 100.0 

100.0 100.0 9.0 8 .1 

71.0 2.7 2.2 

10.7 0.3 0,2 

Source Temperature 230° c 

20 eV 
Cale. Exp. Cale. 

3.58 

100.0 

12,l 100,0 ~ 100.0a 

15,4 

7.5 22.6 19,8 

10 eV · 
Exp. Cale. 

4.3 4,2 

100.0 100.0 

3.2 5.1 

15 eV 
Exp, Cale, 

100.0 ~100.oa 

9.4 6,1 

2.1 1.6 

0,5 0 .1 
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TABLE XIX 

EXPERIMENTAL AND CALCULATED ION INTENSITIES FOR II 

70 eV 
Expo 

0.4 

100.0 

5.7 

7.4 

2Ll 

70 eV 
Expo 

1. 2 

100.0 

5.9 

7.4 

20o9 

a Extrapolated 

Source 0 Temperature 310 C 

21 eV 
Calco Exp. Cale. 

0.5 

100.0 

8.1 94.8 "' 81.8a 

5.4 64.3 "' 69.8a 

13.4 100.0 100.0 

Source Temperature 250° c 

21 eV 
Cale~ Exp. Cale. 

1.3 

100.0 

5.8 100.0 ,_ 100.0a 

3.5 76.8 "' 77 .4a 

9,4 94.0 98.3 

16 eV 
Exp. 

10000 "' 

1.8 

1.4 

0.5 

16 eV 
Exp. 

100.0 

1.0 

1.6 

O~l 
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Calco 

100.0a 

2.0 

2.1 

0.7 

Cale. 

100.0 

1.3 

L7 

0.4 
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TABLE XX 

EXPERIMENTAL AND CALCULATED ION INTENSITIES FOR III 

Source 0 temperature 310 C 

Ion 70 eV 20 eV 15 eV 
m/~ Exp. Cale. Exp. Cale. Exp. Cale. 

278 0.3 Oo3 

173 809 6.3 39.6 41.1 2.2 2.2 

145 11.4 6.5 12.8 11.0 0.1 0.1 

105 100.0 100.0 100.0 100.0 

77 39.8 24.4 100.0 100.0 0.8 1.8 

Source Temperature 250° c 

Ion 70 eV 20 eV 15 eV 
m/~ Exp. Cale. Exp. Cale. Exp. Cale. 

278 0.5 0.6 

173 8.7 7.2 41.4 53.2 1. 7 2.0 

145 10.9 9.1 11. 3 12.0 0 .1 0.1 

105 100.0 100.0 100.0 100.0 

77 37.5 31.6 100.0 100.0 0.9 0.9 
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are formed by high energy pathways. The low value for the calculated 

intensities of these ions does not represent experimental error since 

Simpson's rule integration of FDIE up to its experimental maximum recov

ers the experimental ion intensity. The observed discrepancy for ions 

produced by 70 eV electrons between the calculated and experimental ion 

intensities is indicative of a nonlinear threshold law for formation. 

This research shows that ionization potentials of complex organic 

molecules can be experimentally determined with reasonable precision 

using the s.econd differential technique. These values may be an upper 

limit due to the electron beam spread, which would mask lower maxima 

in the SDIE curves. The agreement is reasonable between the experimental 

and calculated ionization potentials for I-III but in all cases the experi

mental ionization potential is higher than the calculated value, For the 

molecules in this stupy we were unable to obtain meaningful appearance 

potentials for ions produced from the high energy primary pathway and for 

second generation fragment ions in general. The factors which affect the 

SDIE curve of fragment ibns, i.e., beam energy spread and closely spaced 

ionic states, result in broad curves with no well defined maximum corre

sponding to the appearance potential. In this work the inability to assess 

appearance potentials casts serious doubt upon other ,methods using ion

ization efficiency curves as their basis. The calculation of the appear

ance potentials for the primary and secondary daughter ions of Ia, Ila, and 

Illa from tabulated heats of formation and/or reasonable estimates of these 

values gave appearance potentials which were in coincidence with the 
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low-energy tail of the SDIE curves. This indicates these calculated 

values are not gross underestimates of the appearance potentials. Cor-

relation of the experimental or calculated ionization potentials with a+ 

was found which indicates that near threshold there is a relationship 

between electronic effects and the amount of energy necessary to produce 

ionization. The correlation of the relative rate constant ratios with o 

values is found to be dependent upon ion internal energy. Rho for the 

correlation is negative and decreases as a function of energy. This 

phenonmenon may be rationalized in terms of the activation energies for 

the competitive cleavage. The energy deposition functions obtained by 

the second derivative technique are a good approximation for all ions 

except Id and !Id as indicated from calculated ion intensities. · The effect 

of a temperature increase upon production of higher-energy molecular ions 

is demonstrated by the increased probability of the P(ED) function at 

higher energies. 

Suggestions for further work include a) the synthesis and analysis 

of other monosubstituted benzils in order to gain confidence in the Hammett 

correlations obtained in this study, b) further investigation of the effect 

of rotational and vibrational energy upon the energy deposition function, 
'. 

and c) a radical change (see Figure 54) in the method of obtaining the 

first derivative of the ionization. This method would allow rapid scanning 

of a given energy range using a voltage ramp generator and a multichannel 

analyzer for signal collection. The rapid scan of the voltage would elimi-

nate effects such as sample pressu~e drift and instrumental instability. 
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For purposes of data handling this system would be readily adaptable 

to either a mini-computer or a remote computer terminal. 
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CHAPTER III 

EXPERIMENTAL 

Synthes is of 1- (4-Methylphenyl)-2-phenylethane-1, 2-dione (I) 

Bis (4-methylphenyl)cadmium was prepared by first treating 32. 8 g 

(1. 3 5 moles) of magnesium turnings suspended in ether with 226. 7 g (1. 33 

moles) of 4-bromotoluene, dissolved in anhydrous ether, followed by 

addition of 123. 7 g (0. 67 5 mole) of anhydrous cadmium chloride. The 

ether was distilled out of the reaction flask and an equivalent amount of 

anhydrous benzene was added. Phenylacetylchloride56 (193.1 g, 0.125 

mole) was added dropwise and the reaction mixture was then hydrolyzed 

by addition of cold fifteen per cent sulfuric acid. The organic layer was 

separated, washed with water, neutralized (5% Na 2C03), dried (MgS04), 

filtered and concentrated. Recrystallization from ethanol gave 3 8. 7 g 

(0 .184 mole) of p-tolyl benzyl ketone. The product was dissolved in 

glacial acetic acid, selenium dioxide57 (20.4 g, 0.184 mole} added, and 

the suspension refluxed for three hours. The elementq.l selenium was 

removed by filtration and the filtrate extracted with ether, The ether 

extracts were neutralized (5% Na 2C03), washed with water, dried (MgS04), 

filtered and concentrated. A solution of the yellow oil in ethanol was 

refluxed for two hours with. 5 0 ml. of hydrochloric acid (2 0 %) and 2 . 0 g 

1 II Q 
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decolorizing charcoal and then filtered. Ether was added and the a,queous 

layer separated arrl extracted with ether. The combined ether portions 

were neutralized (5% Na 2co30), washed with water, dried (MgS04), 

filtered, and concentrated, giving 33. 5 g of crude I. Distillation gave 

I as the major fraction (b. p. 132. 5° - 133. 5 °@ 0. 27 mm) which crystal-

0 
lized from n-pentane at O • Five subsequent recrystallizations gave 

( 0 ) 
0 0 ( ' '°' 58 3 2 • 5 g 11. 9 Yo of I , m • p • 2 8 • 8 - 2 9 • 0 11 t. 3 1 ) . 

Synthesis of 1-(4-Methoxyphenyl)-2-phenylethane-l, 2-dione (II) 

P-anixyl benzyl ketone (4.5 g, .02 mole, Aldrich Chemical Co.) 

was added to a suspension of selenium dioxide57 (5. 5 g, . 05 mole) in 

50 ml. of anhydrous dioxane and the mixture refluxed for three hours. 

The selenium (1. 4 g, . 017 mole) was removed by filtration, After addition 

of 200 mL water the filtrate was refluxed (18 hours) with decolorizing 

charcoal (2 0. 0 g) and then extracted with ether three times. The com-

bined ether extracts were neutralized (5% Na 2co3), dried (MgS04), and 

concentrated under reduced pressure, yielding a yellow oil which crystal-

lized from carbon tetrachloride and gave after four recrystallizations 

1.69 g (35%) of II, m.p. 62.0°- 62.7°(1it. 61° - 62).59 

Synthesis of 1-(3-·Trifluoromethylphenyl)-2-phenyl
ethane-l, 2-dione (III) 

Meta-bromobenzotrifluoride 60 (25. 7 g, 0 .114 mole) was added 

dropwise to a suspension of magnesium turnings (3 .1 g, 0 .125 mole) in 
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anhydrous ether. The resultant solution was added dropwise to qn anhy-

drous ether solution of phenylacetaldehyde (12. 7 g, 0 .114 mole) over a 

period of one hour. The reaction mixture was hydrolyzed with a saturated 

rochelle salt solution, the ethereal layer was separated, and the aqueous 

layer was extracted with ether. The combined ether extracts were neutra-

1.ized (5% Na 2co3), dried (MgSO 4), filtered, and concentrated under 

reduced pressure. Oxidation 61 of the crude product with selenium dioxide 

(8.4 g, 0.076 mole) as before gave a viscous oil which gave upon dis-

,0 0 
tilla tion 2 . 5 g of a yellow oil, b. p. 12 5 - 17 0 @ 0. 7 5 mm. The crude 

product after treatment with decolorizing charcoal (see preparation of I) 

gave a yellow oil (1. 4 g) which consi.sted of 65. 8% of III by GLC analysis 

0 
(0. 25 inches x 20 feet, 5% SE-30 on 100/120 Chromosorb-W@ 230 ) . 

The neat oil crystallized after standing for several weeks. Recrystalliza

tion from carbon tetrachloride yielded III, m.p. 65.2 °- 66.0 °(1it. 65°). 62 

Synthesis of 1-(Phenyl-,.d5)-2-phenylethane-l,2-dione (V) 

Oxidation 61 of 1-(phenyl-d5)-2-phenylethanol (2.0 g, 0.01 mole), 

vide post, followed by treatment of the crude product with selenium di-

oxide (1.11 g, 0.01 mole), gave V (1.65 g, 77.5%). Recrystallization 

0 0 
three times from carbon tetrachloride yielded V melting at 93. 8 - 94 .1 

0 0 63 
(lit. 94 - 95 ) . 
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Ins trumen ta tion 

The mass spectra of I, II, III, IV, and V and the first derivative 

of the ionization efficiency curves for the various ions were determined 

using the LKB 9000 mass spectrometer. Xehon was introduced into the 

ion source via the direct probe as modified for gas analysis. To main

tain uniform sample pressure all compounds were introduced into the ion 

source via the gas chromatograph inlet and separator ~ystems. The rele

vant ion source parameters and inlet conditions for I - V are given in 

Appendix A. The trap current was maintained constant at 20 ·µA and the 

electron shield was at zero potential with respect to the filament. Except 

for spectra recorded at 70 eV both spectra and dI/dE data were obtained 

with the extraction plates near the block potential. To optimize peak 

shape and ion intensity the source slit was O .1 mm and the collector slit 

9. 7 5 - 0. 9 mm depending upon the compound being analyzed. First deriv

ative data were obtained by modifying38 the LKB 9000 (see Figure 55) to 

allow modulation of the ionizing voltage. The modulation frequency and 

voltage were 595 Hz (generated from a H-P 200B Audio Oscillator) and 

0.075 V peak to peak (measured on a Burr Brown 300 AC voltmeter) respec

tively. The dI/dE data were read from a Beckman .Model 5571/1 elec

tronic counter which was driven by the output from a Matrix Model 1612 

voltage-to-frequency converter. The electron energy was measured with 

a Science Metrics 1611 digital voltmeter and was manually increased in 

0 .100 ':!: 0. 003 eV steps. The lock-in amplifier was a Keithley Model 840. 
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1 PHENYl-2-14-METHYLPHENYL,-ETHAN-l,2-DIONE 

HASS SPECTRUM NO. 2675 GLC OVEN TEMP.• 135 

INTEGRATION TIME• 10 sec. TRAP CURRENT• 20 A 

MODULATION• 0.032 V RMS MODULATION FREO. • 595 HZ 

ACC. H.V. • 3.7 KV MULT. H.V. • 1.7 KV 

SOURCE TEMP.• 230 DEG. c SEPERATOR TEMP. • 150 DEG. c 

AVERAGED FIRST DERIVATIVE VALUES 

EV M/E 224 H/E 119 M/E 105 M/E CJ l fC/E 77 M/E 69 

7.45 5.00 o.oo o.oo o.oo o.oo o.Qo 
7.55 187.00 12.21 o.oo o.oo o.oo o.oo 
7.615 395.:n 34.00 o.oo o.oo o.oo o.oo 
7.75 431.67 43.66 o.oo o.oo o.oo o.oo 
7.85 415.00 57.66 o.oo o.oo o.oo o.oo 
7.95 601.17 88.83 o.oo o.oo o.oo o.oo 
e.o5 1078.60 115.00 o.oo o.oo o.oo o.oo 
B.15 1763.10 159. 83 . o.oo o.oo o.oo o.oo 
a.2s 2242.20 207.66 o.oo o.oo o.oo o.oo 
8.35 3332. 70 285.55 o.oo 20.00 o.oo o.oo 
8.45 4487.20 437.16 0~00 54.67 o.oo o.oo 
8.5.5 6001.80 667.83 o.oo 98.47 o.oo o.oo 
8.65 7797.io 912.16 81.38 ll5.47 o.oo o.oo 
8.75 9022.80 1300. 50 134.84 169.87 o.oo o.oo 
a.as 11303.00 1750.80 206.84 191.34 o.oo o.oo 
8.95 14707.00 2684.80 192 • 1 7 233.00 o.oo o.oo 
9.05 15389.00 3692.70 179.87 239.47 o.oo o.oo 
9.15 18463.00 4920.80 252.34 338.07 o.oo o.oo 
9.25 22176.00 6333.80 301.50 368.4 7 o.oo o.oo 
9.35 23547.00 7597.00 421.00 440.27 o.oo 0.00· 
9.45 24663.00 9996.50 416.67 478.00 o.oo o.oo 
9.55 26097.00 11797. 00 539.00 457.27 o.oo o.oo 
9.65 28965.00 14219.00 682.84 5t2.87 o.oo o.oo 
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9.75 31454.00 16183·00 738.34 456.00 o.oo o.oo 
9.85 31844.00 18666.00 923.00 519.07 o.oo o.oo 
9.95 34459.00 21282.00 995.67 428.50 o.oo o.oo 

10.05 35975.00 23697.00 1128. 50 445. 27 o.oo o.oo 
10.15 37491.00 21012.00 1411. 60 545.27 o.oo o.oo 
10.25 38495.00 30116.00 1606.80 487.67 o.oo o.oo 
10.35 41726.00 32 554. 00 1~23.80 403.27 o.oo o.oo 
10.45 44656.00 36519.00 2090.30 434.67 o.oo o.oo 
10.55 45976.00 38402.00 2291.80 464.87 o.oo o.oo 
10.65 46181.00 41032.00 2613. 30 443.6 7 o.oo o.oo 
10.,5 51265.00 43307.00 £714.60 452.47 o.oo o.oo 
10.85 54132.00 45882.00 3158.30 577. 07 o.oo o.oo 
10.95 56369.00 48278.00 3692.20 570.67 o.oo o.oo 
11.05 59451.00 50385.00 392 5. 50 469.07 o.oo 30.20 
ll.15 58856.00 51631.00 4205.80 449.4 7 o.oo 140.60 
11. 25 61294.00 52576.00 4636. 00 522.27 o.oo 8.92 
11.35 61439.00 54375.00 5174.00 594.07 o.oo 378.80 
11.45 66382.00 55473.00 5681.30 591.67 o.oo 790.10 
11. 55 67049.00 56787.00 6062.80 607 .67 o.oo 499.20 
11.65 68117.00 58522.00 6438.00 62 6. 2 7 o.oo 111.30 
11. 75 65339.00 59570.00 6958. 30 617.67 o.oo 361.30 
ll.85 69512.00 60715. 00 7404.50 592. 21 o.oo 621.70 
11.95 69462.00 62408.00 7865.30 709.67 o.oo 741. 60 
12.05 68703.00 62330.00 8472. 70 652.27 o.oo 771. 80 
12.15 71579.00 63569.00 9107.80 805.87 50.66 9'i4.70 
12.25 67273. 00 64027.00 9392.50 79 8. 8 4 l 73. 66 1296.40 
12.35 69775.00 66555.00 91,.2. ao 846.84 102. 66 1307.00 
12.45 71225.00 66502.00 10458.00 914.50 163.83 806.30 
12.55 71225. 00 66 089. 00 10860.00 952.27 188.83 308.40 
12.65 71225.00 67925.00 114 74. 00 1123.30 126.83 989.70 
12.75 71225.00 68950.00 11850.00 1150.30 2 78. 6 3 1205. 40 
12.85 71225. 00 6G750.00 12141.00 1362.50 197.58 877. 40 
12.95 71225.00 70023.00 12839.00 1482.30 319.03 160.70 
13.05 71225. 00 69908.00 13103.00 1729.90 339.03 587.00 
13.15 71225.00 70314.00 13853.00 1898. 70 3 78. 83 561. l O 
13. 25 71225 .oo 69524.00 14279.00 2055.50 498.33 1226.60 
13. 35 71225.00 70703.00 14479.00 2422.90 439. 33 1369.30 
13.45 71225.00 71452. 00 14727.00 2774.30 577.50 2821.70 
13. 55 71225.00 72230.00 15870.00 3189.70 666.83 3320.90 
13.65 71225.00 72085.00 14968.00 3446.70 848.66 3152.10 
13. 75 o.oo 71910.00 16129.00 3819.30 933. 00 4364.70 
13. 85 o.oo 7316 7. 00 16455.00 4424.20 1135.50 5884.10 
13.95 o.oo 73363.00 16767.00 4580.10 1216.70 5738.70 
14.05 o.oo 73363.00 17788.00 5 397. 50 1377.00 7184.50 
14.15 o.oo 73363 .oo 17541.00 5897.10 1425.80 7099.00 
14.25 o.oo 73363.00 17861.00 6393.30 1611. 80 9459.90 
14.35 o.oo 73363.00 18631.00 7316.90 2040.30 11853.00 
14.45 o.oo 73363.00 18417.00 7801.10 2395.70 12195.00 
14.55 o.oo 73363.00 18419.00 8627.10 2590.80 12754.00 
14.65 o.oo 73363.00 19868.00 9178.50 2921.40 16001.00 
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14.75 o.oo 73363.oo 20050.00 9640. 90 . 3176.60 15364.00 
14. 85 o.oo 73363. 00 20074.00 10381.00 3525.80 18028.00 
14.95 o.oo 73363.00 20168.00 10868.00. 343?.80 21255.00 
15.05 o.oo o.oo 20101.00 11939 .oo 4449.70 19306.00' 
15.15 o.oo o.oo 20768.00 12739.00 4930.80 199.36.00 
15.25 o.oo o.oo 21462.00 13009.00 4945.50 20862.00 
15.35 o.oo o.oo 21361.00 13835.00 5617. 50 21586.00 
15. 45 o.oo o.oo 21408.'00 13850.00 5895.60 27829.00 
15.55 o.oo o.oo 22215.00 15104.00 6268.60 25950.00 
15.65 o.oo o.oo 21918.00 15821.00 6728.40 28502.00 
15.75 o.oo o.oo 22612.00 16118.00 7236.00 29650.00 
15. 85 o.oo o.oo 22019.00 17894.00 7493.20 35790.00 
15. 95 o.oo o.oo 24355.00 17771.00 84.34.20 32285.00 
16.05 o.oo o.oo 23744.00 18974.00 8749.00 36981.00 
16.15 o.oo o.oo 23790.00 19863.00 8830.70 35598.00 
16.25 o.oo o.oo 24131.00 20325.00 10108.00 35024.00 
16.35 o.oo o.oo 24131.00 21278.00 10673.00 40426.00 
16.45 o.oo o.oo 24131.00 21798.00 11420.00 38739.00 
16.55 o.oo o.oo 24131.00 22166.00 12235.00 43723.00 
16.65 o.oo o.oo 24131.00 23140.00 12182.00 4111 a. oo 
16.75 o.oo o.oo 24131.00 23508.00 12615. 00 45 7,.9. 00 
16.85 o.oo o.oo 24131. 00 23807.00 13422.00 40756.00 
16.95 o.oo o.oo 24131.00 244 71 .oo 14624.00 48809.00 
17.05 o.oo o.oo 24131.00 25641.00 14224.00 48002.00 
17.15 o.oo o.oo 24131.00 25431.00 15597.00 50944.00 
17.25 o.oo o.oo 24131. 00 26172.00 15615.00 57347.00 
17.35 o.oo o.oo 24131.00 27687.00 16948.00 51249.00 
17.45 o.oo o.oo 24131.00 27502.00 17657.00 53655.00 
l 7. 55 o.oo o.oo o.oo 28417.00 18608.00 53655.00 
17.65 o.oo o.oo o.oo 29136.00 18154.00 53655.00 
17.75 o.oo o.oo o.oo 27853.00 19240.00 53655.00 
17.85 o.oo o.oo o.oo 28914.00 20104.00 53655.00 
17.95 o.oo o.oo o.oo 28287.00 21302.00 53655.00 
18.05 o.oo o.oo o.oo 29150.00 21743.00 53655.00 
18.15 o.oo o.oo o.oo 30520.00 22860.00 53655.00 
18.25 o.oo o.oo o.oo 30520.00 23401. 00 53655.00 
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PHENYL-2-14-METHYLPHENYLJ-ETHAN-1,2-DIONE 

MASS SPECTRUM NO. 2429 GLC OVEN TEMP. = 135 

INTEGRATION TIME z 1 sec. TRAP CURRENT"' 20 A 

MODULATION m 0.032 V RMS MODULATION FREQ. 2 620 HZ 

ACC. H.V. .,. 3. 7 KV MULT. H.V. ... 1. 7 KV 

SOURCE TEMP. .. 310 OEG. c SEPERATOR TEMP. .,. 150 OEG. c 

AVERAGED FIRST DERIVATIVE VALUES 

EV H/E 224 M/E 119 M/E 105 M/E 91 "1/E 17 

7.05 o.oo o.oo o.oo o.oo o.oo 
7.15 o.oo o.oo o.oo o.oo O.O() 
7.25 o.oo o.oo o.oo o.oo o.oo 
7.35 o.oo o.oo o.oo o.oo o.oo 
7.45 o.oo o.oo o.oo o.oo o.oo 
7.55 o.oo o.oo o.oo o.oo o.oo 
7.65 o.oo o.oo o.oo o.oo o.oo 
7.75 o.oo o.oo o.oo o.oo o.oo 
7.85 12.63 o.oo o.oo o.oo o.oo 
7.95 26.00 o.oo o.oo o.oo o.oo 
8.05 46.18 o.oo o.oo o.oo o.oo 
8 15 74. 76 o.oo o.oo o.oo o.oo 
8.25 113. 40 o.oo o.oo o.oo o.oo 
8.35 154.58 o.oo o.oo o.oo o.oo 
8.45 195.84 o.oo o.oo o.oo o.oo 
8.55 31 7 • 70 o.oo o.oo o.oo ·o.oo 
8.65 389.46 o.oo o.oo o.oo o.oo 
8.75 521. 22 o.oo o.oo o.oo o.oo 
8.85 593.16 o.oo o.oo o.oo o.oo 
8.95 698.85 8.88 o.oo o.oo o.oo 
9.05 807.62 14.00 o.oo o.oo o.oo 
9.15 890. 91 18.00 o.oo o.oo o.oo 
9.25 1048.20 25. 71 o.oo. o.oo o.oo 
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9.35 1138-50 i6· 93 o.oo o.oo o.oo 
9.45 1237.40 3.18 o.oo o.oo o.oo 
9.55 1318.40 73. 71 o.oo o.oo o.oo 
9.65 1339. 60 108.15 6.44 o.oo o.oo 
9.75 1384.50 158.00 0. 73 o.oo o.oo 
9.85 1447.40 210.00 13.22 o.oo o.oo 
9.95 1509.90 269.25 20.47 o.oo o.oo 

10.05 1538.40 392.08 27.90 o.oo o.oo 
10.15 1120.10 497.19 35.94 o.oo o.oo 
10.25 l 744. 70 590.36 50.00 o.oo o.oo 
10.35 1727.50 718. 94 55.80 1.50 o.oo 
10.45 l 799. 60 877. 00 80.27 8.oo o.oo 
10.55 1875.20 986. 82 96.81 14.50 o.oo 
10.65 1904.10 1133. 80 116 .94 21.00 o.oo 
10. 75 1949.80 1283.90 130. 78 27.50 o.oo 
10.85 1961.80 1425.90 147.88 34.10 o.oo 
1 o. 95 1992.80 1585.00 182.63 40.80 o.oo 
11.05 2026.90 1755.40 200.69 47.30 o.oo 
11.15 1941. 80. 1883.00 217.80 53.80 o.oo 
11.25 2248.90 2001.10 234.25 60.20 o.oo 
11.35 2348.50 2117.10 276.13 67.00 o.oo 
11~45 2245.60 2297.00 294.04 73.40 o.oo 
11. 55 2325.80 2346.70 322.75 ao.oo o.oo 
11.65 2199.70 2501.80 348.56 86.50 o.oo 
11. 75 2444.10 2606.00 395.65 106.70 o.oo 
11.85 2452.50 2655.20 413. 88 121.ao 66.33 
11.95 2478.40 2793.50 472.88 130.00 224.66 
12.05 2496.10 3047.80 489.94 135.00 334.83 
12.15 2428.00 3202.20 527.67 137. 60 278.50 
12.25 2578. 20 3327.40 556.45 138.50 208.33 
12.35 2533.80 3417.00 602.50 165.77 228.66 
12.45 2479.90 3549.50 655.33 224.10 322.33 
12.55 2578.90 3689.40 681.06 257.20 325.63 
12.65 2490.40 3874.80 740.00 265.80 396. 66 
12.75 2932.90 3933.60 641.88 298.80 255.66 
12.85 2760.80 4099.80 646.33 382.50 386.00 
12.95 2688.30 4289.60 869.66 421.60 492 .66 
13.05 2778.00 4339.50 962.53 527.40 691.00 
13.15 2790.40 4519.70 105~.60 576.69 617.66 
13.25 2755.80 4658.40 1091.80 680.13 884. 33 
13.35 2755. 80 4933.20 1084.20 710.53 882. 33 
13.45 2 755. 80 4962.20 1182.30 816.80 988.16 
13.55 2755.80 5077. 20 1295.40 938.83 979.00 
13.65 2755.60 5243.20 1236.90 1058. 70 1349.60 
13.75 2755.80 5255.00 1305.60 1183.40 1908. 80 
13. 85 2755.80 5261. 00 1421.50 1385.20 1706. 00 
13.95 2755. 80 5413.30 1471. 50 1527.40 1870.50 
14.05 2755.80 5659.80 1615.90 1673.90 2418.70 
14.15 2755. 80 5645.90 1612-60 1822.50 2593.70 
14.25 2755.80 5724.10 1669. 70 2044.30 2849.80 
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14.35 o.oo 5907·90 1709.10 2192.10 2864.20 
14.45 o.oo 5894.10 1752.40 2365.80 3429.20 
14.55 o.oo 6020.10 1877.60 2547.50 3903.20 
14.65 o.oo 6175.40 1880.70 2820.70 4125.30 
14.75 o.oo 6224.90 1974.60 3018.30 4903.50 
14. 85 o.oo 6368. 60 2022.90 3232.90 5152.30 
14.95 o.oo 6441.30 2051.70 3538.40 5724.80 
15.05 o.oo 6500.90 2162.30 3582.10 5936.30 
15.15 o.oo 6583.20 2211.10 3842.80 6635.00 
15.25 o.oo 6548.20 2221.90 4154.BO 7288.00 
15.35 o.oo 6559.50 23zq.10 4370.20 7311. 50 
15.45 o.oo 6563.90 2377.10 4479.80 8211.00 
15.55 o.oo 6563.90 254R.20 4726. 60 9176.20 
15.65 o.oo 6563.90 2500.40 4935.10 ~712. 70 
15. 75 o.oo 6563.90 2490.10 5155.70 9951.70 
15.85 o.oo 6563.90 2641!.60 5296.BO 10201.00 
15.95 o.oo 6563.90 2112. 80 5468.70 11188. 00 
16.05 o.oo 6563.90 2706.20 5833.90 11771. 00 
16.15 o.oo 6563.90 2746.10 5963.40 12176.00 
16.25 o.oo o.oo 2880.50 6246.10 12329.00 
16.35 o.oo o.oo 2932.90 6286.30 13543.00 
16.45 o.oo o.oo 2897.50 6481.30 14862.00 
16.55 o.oo o.oo 2864.10 6680. 70 14872.00 
16.65 o.oo o.oo 3067.00 7018.50 16175.00 
16.75 o.oo o.oo 2865.00 7142. 40 16099.00 
16.85 o.oo o.oo 3019.00 7350.00 17276.00 
16.95 o.oo o.oo 3077. 70 7945.60 17751.00 
17.05 o.oo . o.oo 3200.00 8072.50 18106.00 
17.15 o.oo o.oo 312 5.oo 8369.20 18634.00 
17.25 o.oo o.oo 3250.00 8487.60 20635.00 
17.35 o.oo o.oo 3310.00 8662.60 21270.00 
17.45 o.oo o.oo 3355.00 8715.90 21946. 00 
17.55 o.oo o.oo 3140.00 9384.40 23504.00 
17.65 o.oo o.oo 3450.00 9650.60 22242.00 
17. 75 o.oo o.oo 3480.00 9424.30 24407.00 
17.85 o.oo o.oo 3515.00 9402.30 25283.00 
17.95 o.oo o.oo 3550.00 9610.00 25794.00 
18.05 o.oo o.oo 3650.00 9809.00 26445.00 
18.15 o.oo o.oo 3605.00 9960.00 26480.00 
18.25 o.oo o.oo 3630.00 10125.00 28523.00 
18.35 o.oo o.oo 3645.00 10340.00 28648.00 
18.45 o.oo o.oo 3650.00 10686.00 28654.00 
18.55 o.oo o.oo 3665.00 10920.00 30501.00 
18.65 o.oo o.oo 3670.00 11080.00 30928.00 
18.75 o.oo o.oo 3670.00 11190.00 32392.00 
18.85 o.oo o.oo 3670.00 11290.00 31192.00 
18.95 o.oo o.oo 3670.00 11290.00 32832.00 
19.05 o.oo o.oo 3670.00 11290.00 32203.00 
19.15 o.oo o.oo 3670.00 11290.00 32909.00 
19.25 o.oo o.oo 3670.00 11290.00 33407.00 
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19.35 o.oo o.oo 3670.00 11290.00 35113.00 
19.45 o.oo o.oo 3670.00 11290.00 33006.00 
19.55 o.oo o.oo 3670.00 11290.00 37492.00 
19.65 o.oo o.oo 3670.00 11290 .oo 35818.00 
19.75 o.oo o.oo 3670.00 11290.00 36984.00 
19.85 o.oo o.oo 3670.00 11290. 00 34666.00 
19.95 o.oo o.oo o.oo 11290. 00 35311.00 
20.05 o.oo o.oo o.oo 11290.00 .36946. 00 
20.15 o.oo o.oo o.oo o.oo 36667.00 
20.25 o.oo o.oo o.oo o.oo 37536.00 
20.35 o.oo o.oo o.oo o.oo 35,;1a.oo 
20.45 o. 00 o.oo o.oo o.oo 36231.00 
20.55 o.oo o.oo o.oo o.oo 36231.00 
20.65 o. 00 o.oo o.oo o.oo 36231.00 
20.75 o.oo o.oo o.oo o.oo 36231.00 
20.65 o.oo o.oo o.oo o.oo 36231.00 
20.95 o.oo o.oo o.oo o.oo 36231.00 
21.05 o.oo o.oo o.oo o.oo 36231.00 
21.15 o.oo o.oo o.oo o.oo 36231.00 
21.25 o.oo o.oo o.oo o.oo 36231.00 
21.35 o.oo o.oo o.oo o.oo 36231.00 
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l-PHENYL-2-(4-METHOXYPHENYLI-ETHAN-l,2-DIONE 

MASS SPECTRUM NO. 2813 GLC OVEN TEMP. • 152 

INTEGRATION TIME= 10 SEC. TRAP CURRENT• 20 A 

MODULATION• 0.032 V RMS MODULATION FREQ. • 595 HZ 

ACC. H.V. • 3. 7 KV MULT. H.V. • 1.1 KV 

SOURCE TEMP. ,. 250 DEG. c SEPER.ATOR TEMP. z: 155 DEG. c 

AVERAGED FiRST DERIVATIVE VALUES 

EV M/E 240 H/E 135 H/E 107 M/E 105 M/E 77 

6.55 o.oo o.oo o.oo o.oo o.oo 
6.65 o.oo o.oo o.oo o.oo o.oo 
6.75 o.oo o.oo o.oo o.oo o.oo 
6.85 o.oo o.oo o.oo o.oo o.oo 
6.95 o.oo o.oo o.oo o.oo o.oo 
7.05 o.oo o.oo o.oo o.oo o.oo 
7.15 o.oo o.oo o.oo o.oo o.oo 
7.25 o.oo o.oo o.oo o.oo o.oo 
7.35 o.oo o.oo o.oo o.oo o.oo 
7.45 o.oo o.oo o.oo o.oo o.oo 
7.55 o.oo o.oo o.oo o.oo o.oo 
7.65 58.07 13 •. 66 o.oo o.oo o.oo 
7.75 237.07 24.66 o.oo o.oo o.oo 
7.85 516.57 31. 33 o.oo o.oo o.oo 
7.95 703. 57 47.83 o.oo o.oo o.oo 
a.as 1151.20 56.83 o.oo o.oo ·o.oo 
8.15 2040.50 84.00 o.oo o.oo o.oo 
8.25 2 784. 70 127. 66 o.oo o.oo o.oo 
8.35 3662. 90 198.66 o.oo o.oo o.oo 
8.45 5340.60 285.66 o.oo o.oo o.oo 
8.55 6712.20 423.66 o.oo o.oo o.oo 
8.65 9971.10 613.00 o.oo o.oo o.oo 
s.15 12278.00 890. 83 o.oo o.oo o.oo 
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a.as 13765.00 1196. 90 o.oo o.oo o.oo 
8.95 16584.00 1642.00 o.oo o.oo o.oo 
9.05 193.16·. 00 2097.80 o.oo o.oo o.oo 
9.15 20498.00 2632.70 o.oo o.oo o.oo 
9.25 23500.00 3282.00 o.oo o.oo o.oo 
9.35 24847.00 3840.70 o.oo . o.oo o.oo 
9.45 26138. 00 4580.80 o.oo 114.51 o.oo 
9.55 31433.00 5387.50 8. 71 160.22 o.oo 
9.65 31280.00 6401.50 41.64 329.?5 o.oo 
9.75 35692 • 00 7234.30 83.82 302.39 o.oo 
9.85 35011. 00 9390.80 85. 72 327.79 o.oo 
9.95 3557<1.00 9430.60 147.98 608.22 o.oo 

10.05 36547.00 10516. 00 128.44 585.39 o.oo 
10.15 38990.00 ll 708. 00 148.98 633. 55 o.oo 
10.25 41 776. 00 12697.00 254.15 756.72 o.oo 
10.35 41449.00 14068.00 201.98 1133.20 26.03 
10.45 44055.00 15143.00 239.48 . 1452.10 94.8b 
10.55 44681.00 16595.00 304.98 1432.10 114.69 
10.65 47 333. 00 17740. 00 37&.32 1719.90 109.69 
10.75 47025.00 19147.00 352.32 .2260.90 59.36 
10. 85 50959.00 20382.00 355.98 2118 .40 124. 19 
10.95 50236.00 21652. 00 351.82 2698.60 157.86 
11.os 51006.00 23017.00 411. 86 2867.20 116. 19 
11.15 53264.00 24583. 00 540.98 3786.40 275.69 
11.25 51513. 00 26355.00 656.48 3744. 90 160.86 
11. 35 54176.00 28103.00 . 581.32 4600.40 211. 53 
ll.45 57177.00 29192.00 504.48 5146.70 30A.69 
ll. 55 58740.00 30606.00 709.15 5857.10 390.86 
11.65 58458.00 31950.00 672.65 6033.10 281.36 
11.75 58748.00 33049.00 661.90 7738.60 380.36 
11.85 63484.00 34105.00 768.72 8020.20 337. 69 
11.95 66884.00 35120.00 726.98 8069.20 406.29 
12.05 61686.00 35928.00 700.58 10194.00 350. 86 
12.15 &3623.00 37102. 00 872.98 11826.00 426.36 
12.25 b7l38.00 37911.00 718.15 . 12073.00 344.26 
12.35 61573.00 38345.00 624.82 12125.00 348.53 
12.45 63623.00 38885.00 750.15 13171.00 312.53 
12.55 63623.00 39543.00 . 748. 32 13920.00 389.66 
12.65 63623.00 40034.00 846.32 15187.00 334.53 
12.75 63623.00 41140. 00 845.00 15321.00 324.36 
12.85 63623.00 41740.00 1051.20 16 760. 00 273. 36 
12.95 63623.00 42527.00 1389.80 19466.00 453.69 
13.05 63623.00 42743.00 1092 • 00 18686.00 460.66 
13.15 o.oo 43366. 00 1307.20 19680.00 303.53 
13.25 o.oo 44315.00 1327.20 20617.00 273.61 
13.35 o.oo 44431.00 1811.60 22729.00 340.03 
13.45 o.oo 45091.00 1576.30 21830.00 259.06 
13.55 o.oo 46264.00 2092.00 25010.00 420.15 
13.65 o.oo 46798.00 2139.80 26754.00 348.19 
13.75 o.oo 47560.00 2648.30 26277.00 211. 53 
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13-85 0·00 47p2· 00 28!12.50 26703.00 533.24 
13.95 o.oo 48 00.00 3440.20 29%9.00 499. 53 
14.05 o.oo 48354.00 4214.00 29000.00 425.53 
14.15 o.oo 49481.00 4488.70 33898.00 497.53 
14.25 o.oo 4-)840.00 5091. 00 34839.00 568.15 
14.35 o.oo 51039.00 5859.70 34025.00 642.86 
14.45 o.oo 50638.00 6676.80 35714. 00 843.53 
14.55 o.oo 51463.00 7318.80 37265.00 853.69 
14.65 o.oo 51132.00 8018.70 40377.00 958.53 
14.75 o.oo 51463.00 9104.20 39511.00 1163.40 
14.85 o.oo 51903.00 9837.20 42654.00 1374.20 
14.95 o.oo 51463.00 10855.00 41621.00 1823.00 
15.05 o.oo 51463.00 12116.00 42700.00 2138.50 
15.15 o.oo 51463.00 13085.00 43990.00 2214.20 
15.25 o.oo 51463.00 13780.00 47482.00 2503.70 
15.35 o.oo o.oo 15435.00 •45958.00 2785.70 
15.45 o.oo o.oo 15750.00 48207.00 3305.70 
15.55 o.oo o.oo 11202.00 47344.00 3574.70 
15.65 o.oo o.oo 17564.00 48714.00 4091.00 
15.75 o.oo o.oo 18930.00 50130.00 4863.20 
15.85 o.oo o.oo 19665.00 47038.00 5442.50 
15.95 o.oo o.oo 20309.00 49337.00 5<il76.40 
16.05 o.oo o.oo 21718. 00 49659.00 6500.50 
16.15 o.oo o.oo 20970.00 53143.00 7498. 20 
16.25 o.oo o.oo 23015.00 52474.00 8227.00 
16.35 o.oo o.oo 23629.00 50027.00 9045.90 
16.45 o.oo o.oo 24652.00 52641.00 9614.40 
16.55 o.oo o.oo 25176.00 53939.00 10595.00 
16.65 o.oo o.oo 26415.00 53597.00 11261.00 
16.75 o.oo o.oo 26296.00 53415.00 12057.00 
16.85 o.oo o.oo 26067.00 55215.00 13626.00 
16.95 o.oo o.oo 26704.00 55199.00 14483.00 
17.05 o.oo o.oo 27787.00 55688.00 16182.00 
17.15 o.oo o.oo 29047.00 55688.00 16856.00 
17.25 o.oo o.oo 29013.00 55686.00 17648.00 
17.35 o.oo o.oo 30001.00 55668.00 18912.00 
17.45 o.oo o.oo 29160.00 55688.00 20596.00 
17.55 o.oo o.oo 29254.00 55688.00 20733.00 
17.65 o.oo o.oo 29905.00 55688.00 22084.00 
17.75 o.oo o.oo 29905.00 55688.00 23516.00 
17.85 o.oo o.oo 29905.00 o.oo 24439.00 
17.95 o.oo o.oo 29905.00 o.oo 25089.00 
18.05 o.oo o.oo 29905.00 o.oo 25452.00 
16.15 o.oo o.oo 29905.00 o.oo 28157.00 
18. 25 o.oo o.oo 29905.00 o.oo 28498.00 
18.35 o.oo o.oo 29905.00 o.oo 29973.00 
18.45 o.oo o.oo 29905.00 o.oo 31770.00 
18.55 o.oo o.oo 29905.00 o.oo 31021.00 
18.65 o.oo o.oo 29905.00 o.oo 32391.00 
18.75 o.oo o.oo o.oo o.oo 32845.00 
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18.85 o.oo o.oo o.oo o.oo 34877.00 
18. 95 o.oo o.oo o.oo o.oo 35333.00 
19.05 o.oo o.oo o.oo o.oo 36460.00 
19.15 o.oo o.oo o.oo o.oo 3 7fl 70. 00 
19.25 o.oo o.oo o.oo o.oo 38526.00 
19.35 o.oo o.oo o.oo o.oo 40325.00 
19.45 o.oo o.oo o.oo o.oo 41 706. 00 
19.55 o.oo o.oo o.oo o.oo 42551.00 
19.65 o.oo o.oo o.oo o.oo 43291.00 
19.75 o.oo o.oo o.oo o.oo 43765.00 
19.85 o.oo o.oo o.oo o.oo 45030.00 
19.95 o.oo o.oo o.oo o.oo 44817.00 
20. 05 o.oo o.oo o.oo o.oo 45500.00 
20.15 o.oo o.oo o.oo o.oo 46810.00 
20.25 o.oo o.oo o.oo o.oo 47443.00 
20.35 o.oo o.oo o.oo o.oo 47002.00 
20.45 o.oo o.oo o.oo o.oo 48013.00 
20.55 o.oo o.oo o.oo o.oo 4 7620.00 
20.65 o.oo o.oo o.oo o.oo 51108.00 
20.75 o.oo o.oo o.oo o.oo 48900.00 
20.85 o.oo o.oo o.oo o.oo 48410.00 
20.95 o.oo o.oo o.oo o.oo 51178.00 
21.05 o.oo o.oo o.oo o.oo 51477.00 
21.15 o.oo o.oo o.oo o.oo 51158.00 
21.25 o.oo o.oo o.oo o.oo 52004.00 
21.35 o.oo o.oo o.oo o.oo 52004.00 
21.45 o.oo o.oo o.oo o.oo 52004.00 
21.55 o.oo o.oo o.oo o.oo 52004. 00 
21.65 o.oo o •. oo o.oo o.oo 52004.00 
21.75 o.oo o.oo o.oo o.oo 52004.00 
21.85 o.oo o.oo o.oo o.oo 52004.00 
21.95 o.oo o.oo o.oo o.oo 52004.00 
22.05 o.oo o.oo o.oo o.oo 52004.00 
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l-PHENYL-2-(4-METHOXYPHENYLI-ETHAN-1~2-0IONE 

MASS SPECTRUM NO. 2890 GLC OVEN TEMP • .. 155 

INTEGRATION TIME• 10 SEC. TRAP CURRENT• 20 A 

MODULATION • 0.030 V RHS MODULATION FREQ. z 595 HZ 

ACC. H.V. • 3. 7 KV MULT. H.V. = 1.7 KV 

SOURCE TEMP. = 310 DEG. c SEPERATOR TEMP.• 162 DEG. c 

AVERAGED FIRST OERIVATIVE,VALUES. 

EV M/E 240 M/E 135 M/E 107 M/E 105 M/E 71 

6.55 o.oo o.oo o.oo o.oo o.oo 
6.65 o.oo o.oo o.oo o.oo o.oo 
6.75 o.oo o.oo o.oo o.oo o.oo 
6.85 o.oo o.oo o.oo o.oo o.oo 
6.95 o.oo o.oo o.oo o.oo o.oo 
7.05 o.oo o.oo o.oo o.oo o.oo 
7.15 145.30 o.oo o.oo o.oo o.oo 
7.25 290.60 34.67 o.oo . o.oo o.oo 
7.35 435.90 11. 67 o.oo o.oo o.oo 
7.45 581.30 56.17 o.oo o.oo o.oo 
7.55 726.62 70.17 o.oo o.oo o.oo 
7.65 871. 95 02.11 o.oo o.oo o.oo 
7.75 1017.30 108.34 o.oo o.oo o.oo. 
7.85 1162.60 142.34 o.oo o.oo o.oo 
7.95 1418.60 212.34 o.oo o.oo o.oo 
a.o5 1728.30 ·376.34 o.oo o.oo ·o.oo 
8.15 2482. 50 517 • 00 . o.oo o.oo o.oo 
8.25 2155.80 715. 00 o.oo o.oo o.oo 
a.35 3962.10 1015.70 o.oo o.oo o.oo 
8.45 4560.60 1327.70 o.oo o.oo o.oo 
8.55 6720.10 1677.70 o.oo o.oo o.oo 
8.65 5638.60 2114.00 o.oo o.oo o.oo 
0.15 7069.80 2491.20 o.oo o.oo o.oo 
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8.85 7155.80 2620.70 o.oo o.oo o.oo 
8.95 7240. 00 3612.80 26.84 129.96 o.oo 
<1.05 8958.10 4314.50 66.34 aa.5o o.oo 
9.15 8570.80 5147.00 153.00 169.00 o.oo 
9.25 10140.00 6191.30 37.34 106.34 o.oo 
9.35 8023.00 7501.30 205.84 501.34 o.oo 
9.45 12 514. 00 8531.50 161. 84 170.00 o.oo 
9.55 10853.00 9452.20 141.67 443.34 o.oo 
9.65 11262.00 10505.00 183.84 584.84 o.oo 
9.75 11420.00 11962.00 294.67 708.50 o.oo 
9.85 13804.00 13173.00 204.00 964.17 o.oo 
9.95 17048.00 14102.00 495.00 880.50 o.oo 

10.05 13628. 00 15093.00 398.00 1211.20 o.oo 
10.15 13812.00 16331.00 262.50 1292.70 o.oo 
10.25 14919.00 17569.00 568. 50 1559.50 o.oo 
10.35 15985.00 18833.00 655.34 1912.60 o.oo 
10.45 18135.00 19728.00 371.00 2123.00 o.oo 
10.55 17425.00 21252.00 670.84 2323. 70 o.oo 
10.65 18123.00 22279.00 435.50 2876.20 o.oo 
10.75 18068.00 23081.00 423.67 2679. 20 o.oo 
1 o. 85 20463.00 24917.00 698.34 2739.80 o.oo 
10.95 20075.00 26023.00 55 7. 34 3272.80 o.oo 
11.05 23288.00 27602.JO 381.17 3686.70 o.oo 
11.15 23660.00 28178. 00 712. 50 4188.00 o.oo 
11.25 21308.00 30788.00 613. 50 .4339. 80 o.oo 
11.35 22690.00 32044.00 684.50 5201.70 o.oo 
11.45 19796.00 33116. 00 730.67 5613.50 o.oo 
11.55 ~3404.00 35098.00 765.67 6302. 70 o.oo 
11.65 20963. 00 35938.00 947.00 60,52.20 o.oo 
11. 7'.: 22664.00 37607.00 1236.20 7109. 80 o.oo 
11. 85 21287.00 39879. 00 992. 00 7388.20 o.oo 
11. 95 23296.00 40961. 00 974.17 7368.50 o.oo 
12.05 20349.00 41713. 00 926.17 9218.30 o.oo 
12.15 20073.00 43527.00 1332.20 <)247.50 o.oo 
12.25 25120.00 44621.00 ll27. 70 9472.70 o.oo 
12.35 28353.00 46293.00 1505.30 10164.00 o.oo 
12.45 24384.00 47276.00 1528.20 10939.00 57. 5 7 
12.55 22 405. 00 48741.00 2101.30 12308.00 26.14 
12.65 273A8. 00 50663.00 2471.00 13562.00 88. 71 
12.75 29538.00 51360.00 2786.00 13157.00 120.57 
12.85 25359.00 53766.00 3643.00 14853.00 141.07 
12.95 26048.00 54867.00 3519.50 14359.00 101.86 
13. 05 30202.00 55936.00 3712. 00 16452.00 202.57 
13.15 25849.00 56942.00 4951.30 17005.00 203. 71 
13. 25 26486.00 58033.00 5143.00 18068.00 210.57 
13.35 30202.00 59706.00 5644.20 17973. 00 252.57 
13.45 30202.00 60346.00 7381.80 19573.00 341.14 
13.55 30202.00 61750.00 7801 .. 20 20246.00 425.57 
13.65 30202.00 62793.00 8854.20 20364.00 502 .90 
13. 75 30202. 00 64138.00 9457.00 21754.00 395.74 
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13.85 30202.00 64631.00 10562.00 21335.00 661•07 
13.95 30202.00 65693.00 12386.00 21691.00 ,889 .-75 
14.05 30202.00 65531.00 14532.00 23691.00 854.40 
14.15 30202. 00 66 786. 00 15623.00 24980.00 1125.20 
14.25 o.oo 66968. 00 16936.00 23986 .oo 1305.40 
14.35 o.oo 67231. 00 17670.00 25366.00 1388. 00 
14.45 o.oo 66992.00 18774.00 25499.00 15ll.90 
14.55 o.oo 67231.00 21933.00 26580.00 1856.90 
14.65 o.oo 67231.00 21906.00 25929.00 2121.70 
14.75 o.oo 67231.00 23760.00 26649.00 2348.70 
14.85. o.oo 67231.00 25132.00 29587.00 2728.40 
14.95 o.oo 67231.00 27186.00 287Rl.OO 3179.20 
15.05 o.oo 672 31. 00 27672.00 29606.00 3214.70 
15.15 o.oo 67231.00 ·29233.00 29317.00 3912.50 
15.25 o.oo 67231.00 31228.00 30163.00 43118.60 
15.35 o.oo 67231.00 32462. 00 29641.00 4503.40 
15.45 o.oo 67231.00 32577.00 30081.00 5004.60 
15. 55 o.oo 67231.00 33577.00 30452.00 5663.50 
15.65 o.oo 67231.00 34331.00 30996.00 5960.10 
15.75 o.oo o.oo 36212.00 32791.00 6577.90 
15.85 o.oo o.oo 36450.00 3P39.oo 7317.60 
15~95 o.oo o.oo 38715.00 30849.00 7623.60 
16.05 o.oo o.oo 39820.00 32197.00 84<;7.40 
16.15 o.oo o.oo 39214.00 32595.00 9208.10 
16.25 o.oo o.oo 41928. 00 35494.00 9909.60 
16.35 o.oo o.oo 42672.00 32873.00 10725.00 
16.45 o.oo o.oo 44611.00 32778.00 10585.00 
16.55 o.oo o.oo 45633.00 35881.00 11627.00 
16.65 o.oo o.oo 44347.00 34066.00 12598.00 
16.75 o.oo o.oo' 48498.00 34492.00 13484.00 
16.85 o.oo o.oo, 50416.00 35466.00 13711.00 
16.95 o.oo o.oo 48382.00 35844.00 143 73.00 
17.05 o.oo o.oo 50072.00 34472.00 14903.00 
17.15 o.oo o.oo 53100.00 36669.00 15580.00, 
17.25 o.oo o.oo 49828.00 34280.00 16653.00 
17.35 o.oo o.oo 48795.00 36629.00 17437.00 
17.45 o.oo o.oo 51672.00 36629.00 17697.00 
17.55 o.oo o.oo 50432.00 36629.00 18395.00 
17.65 o.oo o.oo 53148.00 36629.00 18325.00 
17. 75 o.oo o.oo 53869.00 36629.00 20125.00 
17.85 o.oo o.oo 54418.00 36629.00 20262 • 00 
17.95 o.oo o.oo 54418.00 36629.00 21869.00 
18.05 o.oo o.oo 50795.00 36629.00 21643.00 
18.15 o.oo o.oo 54418.00 36629.00 22153.00 
18.25 o.oo o.oo 53284.00 .36629 ~00 22498.00 
18.35 o.oo o.oo 54418.00 36629.00 24046.00 
18.45 o.oo o.oo 54418.00 36629.00 23c;sa.oo 
18.55 o.oo o.oo 54418.00 o.oo 23365.00 
18.65 o.oo o.oo 54418.00 o.oo 24848.00 
18. 75 o.oo o.oo 54418.00 o.oo 25327.00 
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18.85 o.oo o.oo 54418.00 o.oo 25625-00 18.95 o.oo o.oo 544B.OO o.oo 26026.00 
19.05 o.oo o.oo 54418.00 o.oo 26499.00 
19.15 o.oo o.oo 54416.00 o.oo 27931.00 
19.25 o.oo o.oo 54418.00 o.oo 27725.00 
19.35 o.oo o.oo 54418.00 o.oo . 2 7Cl07. 00 
19.45 o.oo o.oo 54418 .• 00 o.oo 2f!042.00 
19.55 o.oo o.oo 54418.00 o.oo 27273.00 
19.65 o.oo o.oo o.oo o.oo 28715. 00 
19. 75 o.oo o.oo o.oo o.oo 26714. 00 
19.85 o.oo o.oo o.oo o.oo 2f'832.00 
19.95 o.oo o.oo o.oo o.oo 27963.00 
20.05 o.oo o.oo o.oo o.oo 28811.00 
20.15 o.oo o.oo o.oo o.oo 28787.00 
20.25 o.oo o.oo o.oo o.oo 28776.00 
20.35 o.oo o.oo o.oo o.oo 28380.00 
20.45 o.oo o.oo o.oo o.oo 29360.00 
20.55 o.oo o.oo o.oo o.oo 28508.00 
20.65 o.oo o.oo o.oo o.oo 2c;2a1.oo 
20.75 o.oo o.oo o.oo o.oo 29499.00 
20.85 o.oo o.oo o.oo o.oo 29083. 00 
20.95 o.oo o.oo o.oo o.oo 30129.00 
21.05 o.oo o.oo o.oo o.oo 28999.00 
21.15 o.oo o.oo o.oo o.oo 29354. 00 
21.25 o.oo o.oo o.oo o.oo 30170.00 
21.35 o.oo o.oo o.oo o.oo 30170.00 
21.45 o.oo o.oo o.oo o.oo 30170.00 
21.55 o.oo o.oo o.oo o.oo 30170.00 
21.65 o.oo o.oo o.oo o.oo 30170.00 
21.75 o.oo o.oo o.oo o.oo 30170.00 
21.85 o.oo o.oo o.oo o.oo 30170.00 
21.95 o.oo o.oo o.oo o.oo 30170.00 
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PHENYL-2-(3-TRIFLOROMETHYLI-ETHAN-l,2-DIONE 

MASS SPECTRUM NOc 2908 GLC OVEN TEMP. = 113 

INTEGRATION TIME z 10 SEC. TRAP CURRENT"' 20 A 

MODULATION= 0.032 V RMS MODULATION FREQ. = 595 HZ. 

ACC. H.V. • 3. 7 KV MULT. H.V. = 1.1 KV 

SOURCE TEMP.= 250 DEG. C SEPERATOR TEMP. = 150 DEG. c 

AVERAGED FIRST DERIVAiIVE VALUES 

EV M/E 278 M/E 259 M/E l 73 M/E 105 M/E 145 M/E 71 

7.80 -317.90 o.oo o.oo o.oo o.oo o.oo 
7.90 - 230. 20 o.oo o.oo o.oo o.oo o.oo 
e.oo -127.40 o.oo o.oo o.oo o.oo o.oo 
a.10 155.33 o.oo o.oo o.oo o.oo o.oo 
a.20 161.17 o.oo o.oo 8.17 o.oo o.oo 
8.30 136.1 7 o.oo o.oo 31.84 o.oo o.oo. 
8.40 271.83 o.oo o.oo 34.03 o.oo o.oo 
a.so 699.50 o.oo o.oo 54·.oo o.oo . o.oo 
8.60 708.07 o.oo o.oo 72 .31 o.oo o.oo 
8.70 1250.80 o.oo o.oo 101.74 o.oo o.oo 
8.80 1529.20 o.oo o.oo 164.30 o.oo o.oo 
8.90 2526.60 o.oo o.oo 252.80 0~00 o.oo 
9.00 2791.20 o.oo o.oo 308.67 o.oo o.oo 
9ol0 3228.80 o.oo o.oo 521.00 o.oo o.oo 
9.20 3483.70 o.oo o.oo 690.17 o.oo o.oo 
9.30 5625.80 o.oo 13.33 916.17 o.oo o.oo 
9.40 4822. 70 o.oo 58.83 1272.80 o.oo o.oo 
9.50 6418.60 o.oo 81.00 1766.70 o.oo o.oo 
9.60 9377.60 o.oo 93.33 2286.80 o.oo o.oo 
9.70 8 349. 10 o.oo 119. 33 3042~70 o.oo o.oo 
9.80 8795.50 o.oo 122.00 4101.50 o.oo o.oo 
9.90 10 790. 00 o.oo 145.00 5119.60 o.oo· o.oo 

10.00 12736.00 o.oo 176.00 6245.80 o.oo o.oo 
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10.10 13222.00 o.oo 568.67 7719.80 o.oo o.oo 
10.20 17225. 00 o.oo 178.50 9149.50 o.oo o.oo 
10.30 15313.00 o.oo 585.17 10680.00 o.oo o.oo 
10.40 16616.00 o.oo 749.00 12249.00 o.oo o.oo 
10.50 l81CJl.OO o.oo 651.33 14638.00 o.oo o.oo 
10.60 18525.00 o.oo 757. 83 16318.00 o.oo o.oo 
10.70 21924.00 o.oo 1075.30 18712.00 o.oo o.oo 
10.80 25192.00 o.oo 1260.30 21156.00 o.oo o.oo 
10.90 24560.00 o.oo 1459.80 23644.00 o.oo o.oo 
11.00 25206.00 o.oo 1330.50 25816.00 -17.17 o.oo 
11.10 25207.00 o.oo 1912.30 28398.00 -6.17 o.oo 
11.20 29630.00 o.oo 1819.20 30810.00 188.83 o.oo 
11.30 28745.00 o.oo 2517.80 33413.00 68.83 o.oo 
11.40 29475.00 o.oo 2632.30 36329.00 115. 00 o.oo 
11. 50 31338. 00 o.oo 2643.00 38959.00 251.67 o.oo 
11.60 34523.00 o.oo 2848.50 41799.00 148.50 10.00 
11.70 32731.00 o.oo 3468.70 43316.00 143.67 87.54 
11. 80 41051.00 o.oo 3969. 40 45396.00 209.50 120.57 
11.90 35526.00 o.oo 3553.90 48256.00 183.17 125. 38 
12.00 38909.00 o.oo 4418.80 49746.00 198.83 102. 71 
12.10 41104.00 o.oo 4303.20 51271.00 406.17 129.21 
1i.20 43325. 00 o.oo 4946.40 53772.00 113.67 110. 54 
12.30 36555. 00 o.oo 5865.80 55185.00 516.67 74.21 
12.40 44094.00 o.oo 6509.50 56535.00 407.14 132. 04 
12.50 40205.00 o.oo 7044.00 59454.00 389.67 196.54 
12.60 44084.00 o.oo 7664.60 61183.00 456.33 123.38 
12.70 44964.00 o.oo 7837.30 63357.00 3 92. 50 145. 71 
12.80 44964.00 521.16 8372.70 65003.00 285.67 205. 71 
12.90 44964. 00 546.03 9573.20 66163.00 437.00 225.54 
13.00 44964. 00 606.33 9832. 80 68032.00 465.83 385.38 
13.10 44964.00 764. 73 11230.00 69386.00 650.17 489.88 
13.20 44964.00 374.69 11701.00 72109.00 658.00 570.38 
13.30 44964.00 989.80 11793.00 74000.00 587. 33 755.21 
13.40 44964.00 655.48 13121.00 75841.00 429.83 1035.70 
13.50 44964.00 994.97 13599.00 77077.00 708.83 1237. 20 
13.60 44964.00 1285.10 15676.00 79864.00 425.00 1576.90 
13. 70 44964. 00 1292. 50 15763.00 80024.00 544.00 1794.70 
13.80 44964.00 710.61 16954.00 83533.00 484. 3.3 2115.20 
13. 90 44964.00 2199.10 17947.00 83863.00 710.67 2745.70 
14.00 44964.00 2690.40 18189.00 84937.00 624.17 3230.70 
14.10 44964. 00 3315.70 19162.00 86261.00 756 • 00 3648.20 
14.20 44964. 00 3403.90 21608.00 87565.00 741.67 4484.00 
14.30 44964.00 5364.60 2002 5. 00 88934.00 899.00 5206.80 
14.40 o.oo 5507.70 23697.00 88934.00 820.00 5 836. 20 
14.50 o.oo 6794.40 23349.00 88934.00 854. 33 6837.50 
14.60 o.oo 9544.20 25838.00 88935.00 1042.30 7410.00 
14.70 o •. oo 10144. 00 26658.00 88934.00 940.00 8483.00 
14.80 o.oo 13407.00 28545.00 88934.00 · 1420.00 9682.40 
14.90 o.oo 15150.0Q 27424.00 88934.00 1122.ao 10397.00 
15.00 o.oo 6436.00 29627.00 88934.00 1545.80 11 775.00 



178 

15.10 o.oo 20827.00 31231.00 88934.00 22n.50 13086•00 
15.20 o.oo 22005.00 30073. 00 88934.00 2123.80 13499 .oo 
15.30 o.oo 21684.00 33034.00 88934.00 2370.20 15006.00 
15.40 o.oo 21625.00 34404.00 o.oo 2661.70 16281.00 
15.50 o.oo 269q9.00 32562.00 o.oo 2810.70 17515.00 
15.60 o.oo 30088.00 35202.00 o.oo 31 76.80 18431. 00 
15.70 o.oo 30131.00 36q84.00 o.oo 3212.70 20493.00 
15.80 o.oo 31849.00 36687.00 o.oo 3836.20 20912.00 
15.90 o.oo 34 717. 00 36335.00 o.oo 3880.30 22087.00 
16.00 o.oo 35130.00 38639.00 o.oo 4699. 30 23413.00 
16.10 o.oo 37331.00 40567.00 o.oo 4414.00 25C95.00 
16.20 o.oo 35486.00 40641.00 o.oo 5350.70 26 3i:l l. 00 
16.30 o.oo 33133.00 4071 7. 00 o.oo 5944.80 27375.00 
16.40 o.oo 39194.00 42317.00 o.oo 5912.70 29555.00 
16.50 o.oo 41151.00 43236.00 o.oo 7223.80 30574.00 
16.60 o.oo 39452.00 42276.00 o.oo 6614.50 32262.00 
16 .• 70 o.oo 40622.00 44810.00 o.oo 8387.30 33826.00 
16.80 o.oo 44022.00 48410.00 o.oo 8310.20 35072 .oo 
16.90 o.oo 43473.00 46434.00 o.oo 8518.50 36485. 00 
11.00 o.oo 41263.00 47602.00 o.oo 9211.00 37678.00 
11.10 o .. oo 41676.00 48130.00 o.oo gq53. 30 39022.00 
11.20 o.oo 44812.00 45916.00 o.oo 9880.80 39808.00 
17.30 o.oo 47201.00 48759.00 o.oo 10987.00 42025.00 
17.40 o.oo 45032.00 48432.00 o.oo 11121. 00 44578.00 
J. 7.50 o.oo 48757.00 47597.00 o.oo 12583.00 44774.00 
1 7.60 o.oo 44337.00 51141.00 o.oo l3'H7.00 44573.00 
17.70 o.oo 46816.00 51047.00 o.oo 14711.00 46632.00 
17. 80 o.oo 46816.00 51016.00 o.oo 15456.00 49249.00 
17.90 o.oo 46816.00 49361.00 o.oo 15887.00 5144 7.00 
18.00 o.oo 46816. 00 51480.00 o.oo 16554.00 51342.00 
18.10 o.oo 46816. 00 49026.00 o.oo 17224.00 54111.00 
18.20 o.oo 46816.00 53195.00 o.oo 18618.00 53712.00 
18.30 o.oo 46816.00 55452.00 o.oo 19845.00 56915.00 
18.40 o.oo 46816.00 53874.00 o.oo 20678.00 58021.00 
18.50 o.oo 46816.00 54952.00 o.oo 23419.00 58011.00 
18.60 o.oo 46816. 00 54608.00 o.oo 23043.00 '5897.0.00 
lR.70 o.oo o.oo 55562.00 o.oo 23837.00 617A9.00 
18.80 o.oo o.oo 55562.00 o.oo 24257.00 62529.00 
18.90 o.oo o.oo 55'562. 00 o.oo 26291.00 62663.00 
19.00 o.oo o.oo 55562. 00 o.oo 26215.00 65726.00 
19.10 o.oo o.oo 55562.00 o.oo 28002.0J 65100.00 
19.20 o.oo o.oo 55562.00 o.oo 28171.00 67401.00 
19.30 o.oo o.oo 55562.00 o.oo 30694.00 6 7 028. 00 
19.40 o.oo o.oo 55562.00 o.oo 31039.00 67310.00 
19.50 o.oo o.oo 55562.00 o.oo 30780.00 71064.0'0 
19.60 o.oo o.oo o.oo o.oo 34385.00 69838.00 
19.70 o.oo o.oo o.oo o.oo 32759.00 11001.00 
19.80 o.oo o.oo o.oo o.oo 33242.00 71609.00 
19.90 o.oo o.oo o.oo o.oo 35893.00 74380.00 
20.00 o.oo o.oo o.oo o.oo 36474.00 75125.00 
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20.10 o.oo o.oo o.oo o.oo 39247·00 75237•00 
20.20 o.oo o.oo o.oo o.oo 36247.00 74791.00 
20.30 o.oo o.oo o.oo o.oo 37665.00 76 502. 00 
20.40 o.oo o.oo o.oo o.oo 38124.00 77425.00 
20.50 o.oo o.oo o.oo o.oo 41361.00 76846.00 
20.60 o.oo o.oo o.oo o.oo 44208.00 77102.00 
20.70 o.oo o.oo o.oo o.oo 44293.00 791313.00 
20.00 o.oo o.oo o.oo o.oo 41463.00 79289.00 
20.90 o.oo o.oo o.oo o.oo 44771.00 79677.00 
21.00 o.oo o.oo o.oo o.oo 46413.00 79558.00 
21.10 o.oo o.oo o.oo o.oo 4 7593. 00 80686.00 
21.20 o.oo o.oo o.oo o.oo 47843.00 81864.00 
21.30 o.oo o.oo o.oo o.oo 49485.00 82915.00 
21.40 o.oo o.oo o.oo o.oo 50543.00 81477.00 
21.50 o.oo o.oo o.oo o.oo 52088.00 84014.00 
21. 60 o.oo o.oo o.oo o.oo 51818.00 85655.00 
21.70 o.oo o.oo o.oo o.oo 53117.00 87575.00 
21.00 o.oo o.oo o.oo o.oo 52906.00 84604.00 
21.90 o. 00 . o.oo o.oo o.oo 52330. 00 85616.00 
22.00 o.oo o.oo o.oo o.oo 56040.00 85133.00 
22.10 o.oo o.oo o.oo o.oo 57112.00 85598.00 
22.20 o.oo o.oo o.oo o.oo 59510.00 85114.00 
22.30 o.oo o.oo o.oo o.oo 5 8630.00 85522.00 
22.40 o.oo o.oo o.oo o.oo 60342.00 85522.00 
22.50 o.oo o.oo o.oo o.oo 59371.00 85522.00 
22.60 o.oo o.oo o.oo o.oo 60494.00 85522.00 
22.70 o.oo o.oo o.oo o.oo 5CJ857.00 85522.00 
22.80 o.oo o.oo o.oo o.oo 61969.00 85522.00 
22.90 o.oo o.oo o .• oo o.oo 61393.00 85522.00 
23.00 o.oo o.oo o.oo o.oo 64074.00 85522.00 
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PHENYL-Z-(3-TRIFLOROMETHYLI-ETHAN-1,2-DIONE 

MASS SPECTRUM.NO. 2909 GLC OVEN TEMP. = 113 

INTEGRATION TIME• 10 SEC. TRAP CURRENT= 20 A 

MODULATION• 0.032 V RMS MODULATION FREQ. = 595 HZ 

ACC. H.V. = 3.7 KV HULT. H.V. -= 1. 7 KV 

SOURCE TEMP.= 310 DEG. C SEPERATOR TEMP. = ISO DEG. c 

AVERAGED FIRST DERIVATIVE VALUES 

EV M/E 278 M/E 259 M/E 173 M/E 105 M/E 145 M/E 77 

1.20 o.oo o.oo o.oo o.oo o.oo o.oo 
7.30 o.oo o.oo o.oo o.oo o.oo o.oo 
7.40 o.oo o.oo o.oo o.oo o.oo o.oo 
7.50 o.oo o.oo o.oo o.oo o.oo o.oo 
7.60 204.00 o.oo o.oo o.oo o.oo o.oo 
1.10 120. 00 o.oo o.oo 0.35 o.oo o.oo 
1.ao 37.43 o.oo o.oo o.1a o.oo o.oo 
7.90 361.00 o.oo o.oo 1.85 o.oo o.oo 
a.oo 583 • 5 7 o.oo O.OO· Z.78 o.oo o.oo 
a.10 1008.30 o.oo o.oo 3.58 . o.oo o.oo 
s.20 1363. 60 o.oo o.oo 5.93 o.oo o.oo 
8.30 1607.50 o.oo o.oo 7.45 o.oo o.oo 
B.40 1616.70 o.oo o.oo 11.41 o.oo o.oo 
a.so 1588.20 o.oo o.oo 14.43 o.oo o.oo 
8.60 3116.60 o.oo o.oo 22.sa o.oo o.oo 
8.70 3586.30 o.oo o.oo 31.45 o.oo o.oo 
a.so 3255.70 o.oo o.oo 46.60 o.oo o.oo 
8.90 4122.50 o.oo o.oo 69~22 o.oo o.oo 
9.00 4834.00 o.oo o.oo 100.03 o.oo o.oo 
9.10 4975.80 o.oo o.oo 131.45 o.oo o.oo 
9.20 1101. 30 o.oo 10.70 "186.13 o.oo o.oo 
9.30 6925.20 o.oo 6.87 240.20 o.oo o.oo 
9.40 7342. 70 o.oo 68.ZO 303.83 o.oo o.oo 
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9.50 9()92·80 0•00 149.70 Hl.06 o.oo o.oo 
9.60 12144.00 o.oo 141.30 502.86 o.oo o.oo 
9.70 11()29.00 o.oo 213.01 607.03 o.oo o.oo 
9.80 12451.00 o.oo 427. 20 737.67 o.oo o.oo 
9.90 13787.00 o.oo 398.20 876.42 o.oo o.oo 

10.00 12 747. 00 o.oo 277. 70 1073.80 o.oo o.oo 
10.10 16199.00 o.oo 533. 04 1234.40 o.oo o.oo 
10.20 16023.00 o.oo 669.20 1436.70 o.oo o.oo 
10.30 17597.00 o.oo 608.04 1662.70 o.oo o.oo 
l0.40 17762.00 o.oo 939.20 18 74.10 o.oo o.oo 
10.50 19004.00 o.oo 853.04 2133.50 o.oo o.oo 
10.60 21348.00 o.oo 1107.70 2395.70 o.oo o.oo 
10.70 20579.00 o.oo 1363.90 2672.10 o.oo o.oo 
10.80 25%5. 00 o.oo 1797.70 2929.40 230. 79 o.oo 
l 0.90 26708.00 o.oo 1896.30 3178.90 324.17 o.oo 
11.00 30233. 00 o.oo 2120.40 3401.90 211.00 o.oo 
11.10 30010.00 o.oo 2519.00 3674.70 't09.62 o.oo 
11.20 28969.00 o.oo 2607.70 3978.10 415.46 o.oo 
11. 30 30230.00 o.oo 2888.40 4362.90 21'10.15 o.oo 
11.40 32238.00 o.oo 3248.00 4617.60 440.96 24.67 
11. 50 31980.00 o.oo 3859.90 4876.70 519.00 44.00 
11.60 35718.00 o.oo 4613.40 5244.20 396.00 20.so 
11.10 36730. 00 o.oo 4•no.5o 5559.60 535.96 16.17 
11. 80 38417.00 o.oo 4931.50 5808.60 367.60 49.17 
11.90 34816.00 o.oo 6496.30 6134.20 520.29 44.84 
12.00 35325.00 o.oo 6062.70 6254.60 762.79 51.00 
12.10 35325.00 o.oo 6223.<)0 6644.00 567.12 52.8'• 
12.20 35325.00 o.oo 6952.00 6936.50 729.62 85.17 
12.30 35325.00 o.oo 8741.90 7484.90 6 52. 96 111.11 
12.40 35325.00 o.oo 8213. 50 7746.80 834.62 146.00 
12.50 35325.00 o.oo 8765.00 8013.30 963.79 180.50 
12.60 35325.00 6 73. 34 10747.00 8267.40 839. 29 187 .11 
12. 70 35325.00 1010.30 l l3lt3.00 8530.10 765.46 248.00 
12.80 35325.00 1423.50 11393.00 8831.60 826.96 356.67 
12.90 35325.00 574.17 12499.00 9074.10 R8B.12 389.67 
13.00 35325.00 765.84 13848.00 9267.60 915.29 543.17 
13.10 o.oo 795 .11 15348.00 9677 .so 854.62 654.34 
13. 20 o.oo 1110. 70 16691.00 9771.90 1059.70 757.00 
13.30 o.oo 830.50 18119.00 10246.00 1073.20 860.50 
13.40 o.oo 965. 50 18470.00 10556.00 1408.60 1040.50 
13.50 o.oo 1038.70 200-n.oo 10723.00 122<).20 1211.00 
13.60 o.oo 1092. 70 2164 7. 00 10925 .oo 1249. 90 1544.80 
13. 70 o.oo 1668.00 22427.00 11141.CiO 1273.30 1732.70 
13.80 o.oo 1367.30 23276.00 11385.00 1617.60 2033. 20 
13.90 o.oo 2240.00 25223.00 11266.00 1506.70 2338.AO 
14.00 o.oo 3521.00 28196.00 11779.00 1990.10 2613.80 
14.10 o.oo 3282.80 29429.00 11781.00 1942.10 3025.70 
14.20 o.oo 4773.00 29501.00 11938.00 2084.60 B08.20 
14.30 o.oo 4585.50 31238.00 11905.00 2180.50 3738.20 
14.40 o.oo 7427. 20 33404.00 11692 .oo 2676.80 4240.70 
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14·50 OoOO 7410.00 35523.00 12143.00 3072.30 4664.00 
14.60 o.oo 10055.00 34805.00 12263.00 2868.50 5051.30 
14.70 o.oo 12288.00 36398.00 12080.00 3411.60 5444.00 
14.80 o.oo 13644.00 38545.00 12243.00 29<H. 80 5799.50 
14.90 o.oo 16039. 00 41231.00 12243.00 4038.20 6411.50 
15.00 o.oo 17552.00 40680.00 12243.00 4531.20 68137.30 
15.10 o.oo 20524.00 42893.00 12243.00 4821.90 7477.50 
15.20 o.oo 21471.00 43125.00 12243.00 5738.70 8016.00 
15.30 o.oo 23178.00 46592.00 12243.00 5706.80 8 707. 00 
15.40 o.oo 24585.00 49648.00 12243.00 6758.00 8990.80 
15.50 o.oo 23779. 00 46492.00 l22Lt3.00 6683.10 9393.50 
15.60 o.oo 28194.00 491,92. 00 12243.00 eo40.60 10104.00 
15.70 o.oo 27740. 00 50411. 00 12243.00 8412.60 10639.00 
15.80 o.oo 33692.00 50139.00 12243.00 8453.60 10945.00 
15.90 o.oo 30605.00 55059 •. 00 o.oo 10129.00 11609.00 
16.00 o.oo 32571.00 55973.00 o.oo 8991.60 12148.00 
16.10 o.oo 32897.00 54688.00 o.oo 10672.00 12623.00 
16.20 o.oo 34637.00 56710.00 o.oo 11913.00 13410.00 
16.30 o.oo 36035.00 58400.00 o.oo ll i 96.00 13628 .oo 
16.40 o.oo 33264.00 58831.00 o.oo 12867.00 14021.00 
16.50 o.oo 40865. 00 59240.00 o.oo 13869.00 14423.00 
16.60 o.oo 37490.00 60847.00 o.oo 15178.00 15294.00 
16.70 o.oo 37811.00 61492.00 o.oo 16585.00 15884.00 
16.80 o.oo 38681.00 62409.00 o.oo 18454.00 15798.00 
16.90 o.oo 38409.00 64132.00 o.oo 18505.00 16527.00 
17.00 o.oo 38307.00 67852.00 o.oo 19908.00 17434.00 
17.10 o.oo 39708. 00 66362.00 o.oo 21420.00 1740ft.OO 
17.20 o.oo 41159.00 65971.00 o.oo 21519.00 17 990. 00 
17.30 o.oo 43499.00 68'+6 7. 00 o.oo 27.534.00 18311.00 
17.40 o.oo 40155.00 66734.00 o.oo 24592.00 18879.00 
17.50 o.oo 45530.00 70038.00 o.oo 24486.00 19006.00 
l 7. 60 o.oo 45511.00 67594.00 o.oo 26 772. 00 19502.00 
17.70 o.oo .41562. 00 67008.00 o.oo 27388.00 19776.00 
17.80 o.oo 40533.00 66979.00 o.oo 27801.00 20229.00 
17.90 o.oo 43694.00 705'll.OO o.oo 29817.00 20692.00 
18.00 o.oo 46454.00 72867.00 o.oo 30572.00 20544.00 
18.10 o.oo 45454.00 71666.00 o.oo 3238Q.OO 21183.00 
18.20 o.oo 51462.00 72372.00 o.oo 35107.00 21224.00 
18.30 o.oo 42468.00 70182.00 o.oo 35561.00 21389.00 
18.40 o.oo 49022.00 72871.00 o.oo 37143.00 21470.00 
18.50 o.oo 51294.00 72871.00 o.oo 39258.00 22507.00 
18.60 o.oo 48562.00 72871.00 o.oo 38232.00 22430.00 
18.70 o.oo 48562. 00 72871.00 o.oo 38331.00 22637.00 
18.80 o.oo 48562.00 72871.00 o.oo 39449.00 22574.00 
18.90 o.oo 48562. 00 72871.00 o.oo 41677.00 23319.00 
19.00 o.oo 48562.00 72871.00 o.oo 42316.00 23234.00 
19.10 o.oo 48562. 00 72871.00 o.oo 44249.00 23353.00 
19.20 o.oo 48562.00 72871.00 o.oo 44642.00 24648.00 
19.30 o.oo 48562.00 72871.00 o.oo 48880.00 23952.00 
19.40 o.oo 48562.00 o.oo o.oo 47111.00 24001.00 
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19·50 0•00 . 8:88 o.oo. o.oo 50303.00 24307.0c;> 
9.60 o.oo o.oo o.oo 52951.00 24600.00 

19.70 o.oo o.oo o.oo o.oo 4'.l983.00 24 720. 00 
19.80 o.oo o.oo o.oo o.oo 52968.00 25090.00· 
19.QO o.oo o.oo o.oo o.oo so6n.oo 24607.00 
20.00 o.oo o.oo o.oo o.oo 54166.00 24817.00 
20.10 o.oo o.oo o.oo. o.oo 53249.00 24782.00 
20.20 o.oo o.oo o.oo o.oo 57561.00 25092.00 
20.30 o.oo o.oo 0~00 o.oo 57Q49.00 25092.00 
20.40 o.oo o.oo o.oo o.oo 574 n.oo 25092.00 
20.50 o.oo o.oo o.oo o.oo 607.27 .oo 25092.00 
20.60 o.oo o.oo o.oo o.oo 58897. 00 25092.00 
20. 70 o.oo o.oo ·o.oo o.oo 5%58.00 · 25092.00 
20.ao o.oo o.oo o.oo o.oo 6.1399.00 25092.00 
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l,2-DIPHENYLETHAN-1,2-DIONE 

MASS SPECTRUM NO. 2865 GLC OVEN TEMP. ,. 125 

INTEGRATION TIME= 10 SEC. TRAP CURRENT z 20 A 

MODULATIO~ = 0.032 V RMS MODULATION FREQ. "' 595 HZ 

ACC. H.V. "' 3. 7 KV MUL T. H. V. "' 1. 7 KV 

SOURCE TEMP.= 250 DEG. C SEPERATOR TEMP. : 150 DEG .. c 

AVERAGED FIRST DERIVATIVE VALUES 

EV HIE 210 M/E 105 HIE 77 

7.15 o.oo o.oo o.oo 
7.25 o.oo o.oo o.oo 
7.35 o.oo o.oo o.oo 
7.45 175.30 o.oo o.oo 
7.55 204.00 19.20 o.oo 
7.65 230.20 27.60 o.oo 
7.75 644.50 35.60 o.oo 
7.85 752.00 57.20 o.oo 
7.95 967.30 85.40 o.oo 
s.os 1357.70 115. 40 o.oo 
8.15 2110.20 176.20 o.oo 
8.25 3302.00 257.20 o.oo 
8.35 4253.00 376.20 o.oo 
8.45 6208.70 530.00 o.oo 
8.55 7884.80 744.00 o.oo 
8.65 10131.00 1092.00 o.oo 
8.75 12251.00 1495.60 o.oo 
a.as 14458.00 2062.80 o.oo 
8.95 16921.00 2730.60 o.oo 
9.05 18562.00 3520.20 o.oo 
9.15 20557.00 4420.10 a.co 
9.25 21493.00 5418.90 o.oo 
9.35 24187.00 6546.90 o.oo 
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9.45 26317.00 7683.30 o.oo 
9.55 27006.00 8813.80 o.oo 
9.65 29617.00 10030.00 o.oo 
9.75 29591.00 11178.00 o.oo 
9.85 32577.00 12420.00 o.oo 
9.95 32767.00 14044.00 o.oo 

10.05 34921. 00 15071.00 o.oo 
" 10.15 37458.00 16648.00 o.oo 

10.25 39163.00 17970.00 o.oo 
10.35 41637.00 19266. 00 o.oo 
10.·45 41740.00 20641.00 o.oo 
10.55 43307.00 22346.00 o. 00 · 
10.65 44974.00 23964.00 o.oo 
10.75 49206.00 25714. 00 o.oo 
10.85 52318.00 27095.00 o.oo 
10.95 55143.00 28920.00 o.oo 
11.05 55236.00 30016.00 o.oo 
11.15 58568.00 31983.00 o.oo 
11.25 59126.00 33437. 00 o.oo 
11.35 60844.00 35059.00 o.oo 
11.45 64689.00 36609.00 o.oo 
11. 55 64141.00 38677.00 .20.60 
11.65 68292.00 40665.00 17.60 
11.75 68173.00 42398.00 38.30 
11. 85 71364.00 44952.00 14.40 
11.95 73405 .oo 47066.00 68.80 
12.05 73290.00 48606.00 49.90 
12.15 73948.00 50363.00 69.00 
12.25 75388.00 52200.00 129.00 
12.35 75557.00 53966. 00 146. 40 
12.45 77986. 00 55822.00 130.90 
12.55 78072.00 56821.00 181.'30 
12.65 80200.00 58421.00 284.60 
12.75 83838.00 60243.00 384.60 
12.85 76871.00 61596.00 451.60 
12.95 82886.00 63140.00 62 5. 90 
13.05 83535.00 64449.00 791.40 
13.15 83672.00 65403.00 950.40 
13.25 83672.00 67002.00 1315.60 
13.35 83672.00 68313.00 1671.80 
13.45 83672.00 69427.00 1937.60 
13.55 83672.00 69089.00 2275.40 
1.3. 6 5 83672.00 69810.00 2763.80 
13.75 o.oo 698.09. 00 3445.80 

.. 
\ 

13.85 o.oo 71234.00 3890.60 
13. 95 o.oo 71367.00 4448.30 
14.05 o.oo 72280.00 5238.10 
14.15 o.oo 72340.00 5880.90 
14.25 o.oo 72398.00 6 736. 70 
14.35 o.oo 72498.00 7433.20 
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14.45 o.oo 73102.00 8470.60 
14.55 o.oo 73033.00 9347.60 
14.65 o.oo 73 761. 00 10148.00 
14.75 o.oo 72831. 00 11102.00 
14.85 o.oo 72831.00 12016.00 
14.95 o.oo 72831.00 13290.00 
15.05 o.oo 72831.00 14010.00 
15.15 o.oo 72831.00 15049.00 
15.25 o.oo 72831. 00 15862.00 
15.35 o.oo 72831.00 16756.00 
15.45 o.oo 72831.00 17763.00 
15.55 o.oo 72831.00 18674.00 
15.65 o.oo 72831.00 20114.00 
15.75 o.oo 72831.00 20815.00 
15.85 o.oo 72831.00 22158.00 
15.95 o.oo 72831.00 23165.00 
16.05 o.oo o.oo 24735. 00 
16.15 o.oo o.oo 25238.00 
16.25· o.oo o.oo 25980.00 
16.35 o.oo o.oo 27462.00 
16.45 o.oo o.oo 28203.00 
16.55 o.oo o.oo 29984.00 
16.65 o.oo o.oo 30466.00 
16.75 o.oo o.oo 31069.00 
16.85 o.oo o.oo 32391.00 
16.95 o.oo o.oo 33031.00 
17.05 o.oo o.oo 34469.00 
17.15 o.oo o.oo 35316.00 
17.25 o.oo o.oo 36681.00 
17.35 o.oo o.oo 37353.00 
17.45 o.oo o.oo 38023.00 
17.55 o.oo o. o·o 38580.00 
17.65 o.oo o.oo 39292.00 
17.75 o.oo o.oo 40949.00 
17. 85 o.oo o.oo 41682.00 
17.95 o.oo o.oo 42318.00 
18.05 o.oo o.oo 43359.00 
18.15 o.oo o.oo 44073.00 
18.25 o.oo o.oo 44684.00 
18.35 o.oo o.oo 44880.00 
18.45 o.oo o.oo 46737. 00 
18.55 o.oo o.oo 46202.00 
18.65 o.oo o.oo 48687.00 
18.75 o.oo o.oo 48872.00 
18.85 o.oo o.oo 48994.00 
18.95 o.oo o.oo 49652.00 
19.05 o.oo o.oo 50399.00 
19.15 o.oo o.oo 51448.00 
19.25 o.oo o.oo 51449.00 
19.35 o.oo o.oo 51172.00 
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19.45 o.oo o.oo 52195·00 
19.55 o.oo o.oo 52032.00 
19.65 o.oo o.oo 53351.00 
19.75 o.oo o.oo 53886.00 
19.85 o.oo o.oo 52105.00 
19.95 o.oo o.oo 52819.00 
20.05 o.oo o.oo 53660.00 
20.15 o.oo o.oo 53875.00 
20.25 o.oo o.oo 53755.00 
20.35 o.oo o.oo 52057.00 
20.45 o.oo o.oo 53880.00 
20.55 o.oo o.oo 53412.00 
20.65 o.oo o.oo 53412.00 
20.75 o.oo o.oo 53412.00 
20.85 o.oo o.oo 53412.00 
20.95 o.oo o.oo 53412.00 
21.05 o.oo o.oo 53412.00 
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l-PHENYL-2-(PHENYL-D51-ETHAN-l,2-DIONE 

MASS SPECTRUM NO. 2906 GLC OVEN TEMP. = 123 

INTEGRATION TIME• 10 sec. TRAP CURRENT"' 20 A 

MODULATION= 0.030 V PMS MODULATION FREQ ... 595 HZ 

ACC. Ho V. • 3. 7 KV MULT. H.V. = 1.1 KV 

SOURCE TEMP.• 250 DEG. C SEPEPATOR TEMP. .. 155 DEG. c 

AVERAGED FIRST DERIVATIVE VALUES 

EV M/E 215 M/E 110 M/E 105 M/E 82 M/E 17 

7.50 o.oo o.oo o.oo o.oo o.oo 
7.60 o.oo o.oo o.oo o.oo o.oo 
1.10 o.oo o.oo o.oo o.oo o.oo 
7.80 o.oo o.oo o.oo o.oo o.oo 
7.90 o.oo o.oo o. 00 . o.oo o.oo 
a.oo 32.64 12.57 16.83 o.oo o.oo 
a.10 18.67 24.57 28.83 o.oo o.oo 
a.20 81. 83 33.83 ~2. 83 o.oo o.oo 
8.30 21q.53 39.00 43.50 o.oo o.oo 
8.40 484.50 66.00 65.67 o.oo o.oo 
a.so 721l.33 60.17 9g.67 o.oo o.oo 
0.60 989. 50 117. 00 148.00 o.oo o.oo 
a.10 1487.50 152.00 215.67 o.oo o.oo 
8.80 2014.50 278.83 320.86 o.oo o.oo 
8.90 2380.80 406.50 431.83 o.oo o.oo 
9.00 2855.50 572.00 592.00 o.oo ·o.oo 
9.10 36'H. 50 790.67 897.50 o.oo o.oo 
9.20 4367.50 1198.10 1224.80 o.oo o.oo 
9.30 5353.00 1 717. 30 1666.50 o.oo o.oo 
9.40 6805.50 2111. 80 2160.80 c.ob o.oo 
9.50 7293.80 2 743. 20 2705. 30 o.oo o.oo 
9.60 8366.80 3321.30 3343.20 o.oo o.oo 
9.70 7720.50 4152.70 4000.20 o.oo o.oo 
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9.RO 8567.00 5084.00 49613.00 o.oo 0·00 
9.90 9056.30 602 2. 80 5982.00 o.oo o.oo 

10.00 10046. 00 7099.20 6923.50 o.oo 2.90 
10.10 10732. 00 8064.70 8005.10 30.04 30.24 
10.20 12477.00 9122.00 8%4. 60 ~39.86 46.74 
10.30 13466.00 10256.00 9939.30 228.15 14. 71 
10.40 14608.00 11369.00 11208 .• 00 224.92 25.00 
10.50 16517.00 12577. 00 12352.00 433.43 44.14 
10.60 16787.00 l3961.00 13648.00 407.58 76.07 
10.70 16781.00 14958.00 14704.00 275.58 85.57 
10.80 17499.00 15895.00 15738.00 468.67 27.14 
10.90 18977.00 l6g4o.oo 16910.00 411.46 42.71 
11.00 19774. 00 18296.00 18323.00 804058 27.45 
11.10 21262.00 19597.00 19976.00 737.29 46. 57 
11.20 2106g.oo 20821.00 20754.00 637.86 56.43 
11. 30 22786. 00 21875.00 21957.00 974.79 47.43 
11.40 23942.00 23842.00 23302.00 907.58 7.43 
11. 50 24773.00 24304.00 24627.00 809.72 6.28 
11.60 24377.00 25504.00 26314.00 952.79 95. 71 
11.70 25077.00 27249.00 27174.00 1316.60 110.00 
11.80 28121.00 28759. 00 28586.00 1406.10 52.28 
11.90 26999.00 29420.00 29552.00 1313.30 26. 71 
12.00 27545.00 30602.00 31368.00 1505.50 72.14 
12.10 28314.00 31698.00 32612.00 1859.90 43.86 
12.20 28971.00 34184.00 34047.00 1788. 50 58. 71 
12.30 28391.00 34520.00 35472.00 1770.50 58.57 
12.40 29896.00 35698.00 36775. 00 1687.10 64.28 
12.50 28680.00 38002.00 37514.bo 1674.70 99.14 
12.60 30262. 00 39106.00 38862.00 2082.90 117.57 
12.70 29933.00 40423.00 40585.00 2 704. 00 225.14 
12.80 31031.00 41332.00 42008.00 2895.20 210.11 
12.90 32029.00 42105.00 43563.00 2035. 80 265.14 
13.00 31554.00 44058.00 43937.00 3138.60 309.00 
13.10 32382. 00 45052.00 45811.00 2748.80 367.14 
13.20 33589.00 46529.00 47582.00 2995.30 50·2.oo 
13.30 35136.00 47202.00 48360.00 3314.30 637.00 
13.40 32 886. 00 47886.00 49142.00 3752.50 745.86 
13.50 32224.00· 48453. 00 49510.00 4652.80 914.14 
13.60 33 564. 00 49866.00 49952.00 5112.10 1105. 70 
13. 70 32836.00 50028.00 51439.00 5351.50 1310. 60 
13.80 32145.00 52023.00 51830.00 · 5781.30 1626.60 
1:3. 90 33524.00 52558.00 52189.00 6281.70 1948.30 
14.00 33524.00 52472.00 53427.00 8153.60 2265.10 
14.10 33524. 00 52731.00 53677.00 7643.90 24 78. 60 
14.20 33524. 00 53252.00 55212.00 9373.40 2884.60 
14.30 33 524. 00 53870.00 54465.00 11468.00 32 57.10 
14.40 33524.00 55146.00 55083.00 11922.00 3676.90 
14.50 33524~00 54615.00 55438. 00 12847.00 4115.60 
14.60 33524.00 54758.00 55701.00 13923.00 4574.90 
14.70 33524. 00 55205.00 55924.00 14966.00 !H30.40 
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14.80 o.oo 55205.00 55924.00 17345.00 5833·90 
14.90 o.oo 55205.00 55924.00 174 75. 00 6172.40 
15.00 o.oo 55205.00 55924. 00 19310.00 l:998.60 
15.10 o.oo 55205.00 55924.00 21278.00 7171.90 
15.20 o.oo 55205.00 55924.00 23466.00 82 79. 70 
15.30 o.oo o.oo o.oo 22761.00 8980.20 
15.40 o.oo o.oo o.oo 24194.00 9108.20 
15.50 o.oo o.oo o.oo 26948.00 9995.70 
15.60 o.oo o.oo o·.oo 28836.00 10246.00 
15. 70 o.oo o.oo o.oo 29736.00 10722.00 
15.80 o.oo o.oo o.oo 31474.00 12012.00 
15.90 o.oo 0.-00 o.oo 33095.00 12790.00 
16.00 0~00 o.oo o.oo 35755.00 13387.00 
16.10 o.oo o.oo o.oo 37579.00 14101.00 
16.20 o.oo o.oo o.oo 39935.00 14349.00 
16.30 o.oo o.oo o.oo 39070.00 15555.00 
16.40 o.oo o.oo o.oo 42084.00 15798.00 
16.50 o.oo o.oo o.oo 42378.00 16131.00 
16.60 o.oo o.oo o.oo 45512.00 17415.00 
16.70 o.oo o.oo o.oo 48098.00 18405.00 
16.80 o.oo o.oo o.oo 49476.00 18229.00 
16.90 o.oo . o.oo o.oo 5'1946.00 20049.00 
11.00 o.oo o.oo o.oo 52959.00 20652.00 
17.10 o.oo o.oo o.oo 54738.00 20744.00 
17.20 o.oo o.oo o.oo 55505.00 21281.00 
17.30 o.oo o.oo o.oo 58518.00 21832.00 
17.40 o.oo o.oo o.oo 58854.00 22192.00 
17.50 o.oo o.oo o.oo 59465.00 226C8.00 
17.60 o.oo o.oo o.oo 61788.00 23516.00 
11 .• 10 o.oo o.oo" o.oo 66455.00 24208.00 
17. 80 o.oo o.oo o.oo 68761.00 24660.00 
17.90 o.oo o.oo o.oo 70103.00 25878.00 
18.00 o.oo o.oo o.oo 70520.00 26338.00 
18.10 o.oo o.oo o.oo 72902.00 26622.00 
18.20 o.oo o.oo o.oo 71636.00 27497.00 
18.30 o.oo o.oo o.oo 76395.00 28271.00 
18.40 o.oo o.oo o.oo 73243.00 2'8497.00 
18.50 o.oo o.oo o.oo 78191.00 30292 .oo 
18.60 o.oo o.oo. o.oo 79039.00 28187.00 
18.70 o.oo o.oo o.oo 79689.00 29805.00 
18.80 o.oo o.oo o.oo 79879.00 30206.00 
18.90 o.oo o.oo o.oo 81090.00 30759.00 
19.00 o.oo o.oo o.oo 81795.00 31375.00 
19.10 o.oo o.oo o.oo 84891.00 31322.00 
19.20. o.oo o.oo o.oo 84891.00 31461.00 
19.30 o.oo o.oo o.oo 84891.00 32760.00 
19.40 o.oo o.oo o.oo 84891.00 33028.00 
19.50 o.oo o.oo o.oo 84891.00 34823.00 
19.60 o.oo o.oo o.oo 84891.00 32978.00 
19.70 o.oo o.oo o.oo 84891.00 32483.00 
19.80 o.oo o.oo o.oo 8489lo00 33860·00 
19.90 o.oo o.oo o.oo 84891.00 33328.00 
20.00 o.oo o.oo o.oo o.oo 33323.00 
20.10 o.oo o.oo o.oo o.oo 33383.00 
20.20 o.oo o.oo o.oo o.oo 33383.00 
20.30 o.oo o.oo o.oo o.oo 33383.00 
20.40 o.oo o.oo o.oo o.oo 33383.00 
20.so o.oo o.oo o.oo o.oo 33383.00 
20.60 o.oo o.oo o.oo o.oo 33383.00 
20.10 o.oo o.oo o.oo o.oo . 33383.00 
20.so o.oo o.oo o.oo o.oo 33383.00 
Z0.90 o.oo o.oo o.oo o.oo 33383.00 
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APPENDIX B 

NUMERICAL TREATMENT Of dI/dE DATA 

The experimental dI/dE values for each ion were numerically 

smoothed twice using subroutine SE-15. 64 For each ion the ct2I/dE2 

value at the i-th voltage Vi was computed, using the doubly smoothed 

dI/dE values y(ds)i+k, where k = ±"1, ±2, and ±3, Equation 24 where h 

equals the energy interval O. 100 eV . 

. , . l [3 y(ds)i+l - y(ds)i-1 J-3[ y{ds1+2 - y{dsh-21 
F. (Vi) = h { . 4 2 0 

(24) 

+ {y{ds)1+3 - y{ds)i-3 J 
} 

60 

Equation 24 can be derived by differentiating the polynomial of degree six 

which is fitted to seven consecutive points and solving for the coeffi-

ci.ents in Equation 25. The F 11 (Vi) values were then smoothed once to 

obtain the SDIE curves . 

+ C [ y(ds)i+3 - y{dsh-3 J 
6h 

192 

(2 5) 
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The standard deviation in dI/dE was calculated at three energies 

for each ion ihvestigated in the spectrum of I, TI, III, IV, and V. The 

predicted per cent deviation in dI/dE may be computed from Equation 2 6 

by dividing by the dI/dE value. 

-(Ti/RC) 
exp } } (2 6) 

Values of the quantities used in equation 26 are K = 1. 030, Rb= 1.1 x 

10 8 ohms,.>..= 1.5921 x 10-19c, w/2 1r = 660Hz, wm/21r = 600Hz , 

(1 + g:iii/ n2 ) = 1. 92, n = experimental multiplier gain, (Ti) = integra-

tion time, RC= lock-in-arrplifer time constant, and I is the integrated 

dI/dE value. 

The standard deviation in d 2I/dE2 values for each ion was com-

puted in the following manner. Let yi and y(s\ represent the E:lXperi

mental and once smoothed dI/dE values for a given ion at the i--th eV, 

The smoothing routine performs a moving five-point average, The y(s)i 

values are given in terms of the Yi values by Equation 27. Except for the 

ehd point regions the coefficients in Equation 27 have the value 1/5. 

(2 7) 

Zeros values were added below onset and the average maximum was 

extended to eliminate the end-point effects in SE-15. The y(ds)i are 

obtained from y(ds)i by application of Equation 27 to y(sh. Clearly, the 
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y{dsh can be expressed in terms of the Yi. The expression so obtained 

is given in Equation 28. Thus two five-point smoothes of dI/dE are 

equivalent to one nine-point smooth where the coefficients of the latter 

are determined by those of the former. 

where 

y{ds)i = 

s - I kl 
25 

k=+4 
E bkYi+k 

k=-4 

I k = 0 I ± 1, o o • o± ·4 

(28) 

Similary, the y(ds) i in Equati\m 24 can be expressed in terms of 

the Yi. The desired function F11 {Vi) can be obtained by convoluting the 

coefficients of Equation 28 into those Equation 27. An antisymmetric set 

of fifteen coefficients is obtained whose values are 

-c_7 = c 7 = 1/1soo, -c_ 6 = 0 6 = 1/1soo, -c_5 = c 5 = 30/1soo, 

-0_4::::: 04 = 67 /1500, -0_3 = 03 = 59/1500, -C-2 - 02 = 58/100, 

-c_1 = c 1 = 74/1500, c 0 = 0. Therefore d2I/dE2 at the i-th eV is for-

mally given by Equation 29 .. The contribution to £. 2 in F11 {Vi) from the 

i + j value of dI/dE is Cf sf+j /k 2 • 65 The contribution is 

2 j=+7 · 2 · 
(1/k ) E Cf£.i+j. For ease of calculation the standard deviation in 

j=-7 . 
dI/dE assumad constant over the range of dI/dE values required to calcu-

late d 2I/dE2 value. The contribution to£. 2 due to the uncertainty in the 

energy interval h is given by evaluation of fr 11 (Vi)/ ahJ2 £. ~. Owing to 

possible variations in the mean electron energy resulting from variations 

in the filament temperature the uncertainty in h was increased from O. 003 
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to O. 005 eV. The standard deviation in a2r/dE2 ii:\ thus given by Equation 

3 0 , where -.2,.(y i) is the per cent standard deviation in dI/dE. 

(30) 

The q.ata in the following tables were computed from Equations 

26 and 30·. To obtain the 16\-i current at the lock-in amplifier input the 

integrated first derivative values must be multiplied by M/ 12. times 

the frequency response of the electron mu! ti plier,. where M is the RMS 

modulation. For the instrumental arrangement used the frequency re~ 

sponse was 0.74 and the RMS modulation w.as 0.032 volt. All calcula-

tions using either ion intensity or derivative values were converted from 

counts per unit time to volts input to the lock-in amplifier. 



l-PHENYL-2-(4-METHYLPHENYLt-ETHAN-1,2-DIONE,I.S. TEMP~• 230 DEG. C · 

JON EV FD I SIGMA FD so I SIG"4A SD 

224 7.85 319.65 11.47 3955.80 5.13 

224 9.05- 11863. 00 2.68 21934.00 5.32 

224 ll.15 55554.00 2.22 16992.00 10.42 

119 9.05 3064.70 l.32 15166.0_0 5.01 

119 10.05 21545.00 0.68 2818-2.00 5.04 

119 12.05 61682.00 0.10 8871.80 7.88 

105 9.95 916.37 3.57 1987.30 5.41 

105 11.65 6053.60 1.87 4818.60 5. 81 

105 15.05 20353.00 i.70 2558.30 17. 72 

91 13.05 1.546.40 5.05 2693.20 6. lCJ 

91 15.75 15776.00 1.46 7744.50 6.25 

91 17.55 27558.00 1. 38 2'139.10 17.06 

77 14.25 1587.30 6.14 2728.30 6.72 

77 17.25 15417.QO 2.88 6754.20 9.66 

77 20.35 34885. 00 2.66 3710.90 31.80 

..... 
~ 
O'l 



l-PHENYL-2-(4-METHYLPHENYU-ETHAN-1,2-DIONE,I.S. TEMP. • 310 DEG. C 

ION EV FD I SIGMA fD SD 

224 8.65 389.46 4.43 902.08 

224 11.25 2248. 90 4.16 599. 73 

224 12. 85 2760. 80 4.80 235.26 

119 9.55 986. 82 1.10 1369.00 

119 11.55 3689.40 0.97 1340.90 

119 13.55 6020.10 1.01 922.33 

105 9.85 147.88 5.40 208.91 

105 12.05 962.53 3.24 580.43 

105 16.55 3139. 60 3.10 4 76.10 

91 13.05 421.60 5.62 632.99 

91 15.05 3538.40 2.22 2153.70 

91 18.05 11267.00 1. 77 1327 •. 20 

77 14.05 1870. 50 . 6.00 2417.40 

77 17.05 17751.00 2.73 7019.90 

77 19.55 33006.00 2.12 5153.90 

I SIGMA SD 

5.55 

20.21 

11.02 

.5.10 

6.01 

9.67 

6.93 

8.40 

26.16 

6.86 

6.79 

19.55 

7.68 
.•• 

10.00 

22.44 

,_. 
c..o 
",J 



l-PHENVL-2-14-METHOXYPHENYL)-ETHAN-l,2-DIONE, I.S. TEMP.= 250 DEG. C 

ION EV FD I SIGMA FD so I SIGMA SD 

240 8.05 1595.90 10.47 6629.90 5.92 

240 9.15 20895. 00 4.17 22085.00 7.04 

240 11.55 57898.00 4.72 14335.00 24.49 

135 9.35 3365.20 1.49 6483.10 5.09 

135 ll.25. 24782.00 0.88 14616.00 5.34 

135 13. 35 44165.00 0.97 6202.00 10.os 

107 13.15 1246. 70 14.60 1138.40 20. 71 

107 15.25 13035.00 3.79 9996. 70 7.97 

107 16.55 24402.00 3.44 7181.60 15.53 

105 ll.05 2746.80 6.72 3 734. 70 7.97 

105 14.25 32269.00 3.31 13853.00 l 0.91 

105 15.85 48833.00 3.35 4939.10 41.91 

77 15.05 1757. 30 1.21 2543.90 a.01 

77 17.05 14651.00 2.47 10768.00 6.54 

77 20.65 lt8556. 00 2.20 4853.90 28.08 

...... 
l.O 
co 



l-PHENYL-2-(4-METHOXYPHENYL)-ETHAN-l,2-DIONE, t.s. TEMP.= 310 DEG. C 

ION EV FD i SIGMA FD SD i SIGMA SO 

240 7.85 1295.90 26.33 2668.50 16.83 

240 8.35 3892.60 15.50 7057.70 11.85 

240 10.75 19148.00 12.99 7869.10 40.02 

135 8.95 3112. 70 2.83 6060.30 5.32 

135 11.35 30469.00 1.56 14401.00 6.49 

135 13. 75 62546.00 1.50 981'3.60 13.02 

107 13.15 4212.10 11. 27 5403.90 12.12 

107 14·. 75 22288.00 5.27 14306.00 11.46 

107 17.15 49804.00 s.20 4933.80 66.14 

105 10.85 2809.10 11. 73 2662.70 16.34 

105 13. 05 15210.00 1.01 8065.40 17.49 

105 15.35 29730.00 1.02 3215.50 81. 71 

17 14.35 1275.60 9.66 1768.80 10.00 

17 17.05 14414.00 4.43 6604.90 13.13 

11 18.95 25623.00 4.39 5010.00 28.62 

I-' 
c..o 
c..o 



l-PHENYL-2-(3-TRIFLOROHETHYLI-ETHAN-l,2-DIONE, I.S. TEMP.: 250 DEG. C 

ION EV FD :C SIGMA FD SD f SIGl'AA SD 

278 9.10 3453.30 14.64 6597.60 10.85 

278 10.80 23116.00 9.15 14737.00 18.72 

278 12.10 39879.00 8.97 8517. 70 53.02 

259 14.00 2172.90 20.18 4949.60 12.20 

259 15.00 15231.00 7.80 1%29.00 9.10 

259 16.50 38236.00 7.62 9534.60 38. 71 

173 11.30 2047.10 12.16 2332.20 14.31 

173 14.50 22978.00 5.61 12294.00 14.09 

173 11.20 45118. 00 5.26 10422.00 29.03 

105 9.80 3273.50 2.37 8277.80 5.14 

105 11.40 33685.00 1.15 26910.00 5.32 

105 13.80 81121.00 1.20 15903.00 9.17 

145 15.00 1594.20 20.33 1989.00 21.08 

145 18.00 16085.00 6.97 7905. 80 18.50 

145 23.00 62737. 00 5.57 9423.90 46.83 

11 13.80 1951.10 6.91 3614.50 6.85 

71 17.80 47549.00 2.82 15073.00 12.25 t,..) 

0 

11 20.50 11011.00 3.02 5226.80 56.06 
0 



l~PHENYL-2-(3-TRIFLORDMETHYL)-ETHAN-1,2-DlONE, I.S. TEMP.= 310 DEG. C 

ION EV FD l SIGMA FD so t SIG,-A SO 

278 8.60 2744.30 2.12 4696.60 5.24 

278 9.50 9703.10 1.45 11458.00 5.23 

278 11.40 32280.00 1.18 17778.00 5.68 

259 13.50 1040.20 35.23 1162620 39.93 

259 14.90 13978.00 8.32 18706.00 9.27 

259 18.00 44420.00 9.70 6607.80 82.11 

173 11.so 6289.30 8.19 4419.10 15.47 

173 13.80 27238.00 4.88 15660.00 11.77 

173 16.80 65419.00 4.56 7315.00 Sl.45 

105 9.50 3670.80 2.34 8196. 70 5.17 

105 12.30 66098.00 1.06 30668.00 5.76 

105 13.80 101412.00 1.08 18053 .. 00 9.14 

145 14.90 3650.00 11.65 3530.10 15.94 

145 16.80 16525.00 6.26 12228.00 11. 74 

145 21.20 64299.00 5.14 7496.90 55.60 

11 13.20 662.10 6.38 1226.30 6.61 

11 15.30 8006.50 2.n 5330.90 1.21 

77 18.70 22371.00 2.79 2414.20 32.81 N 
0 .... 



l.2-DIPHENYLETHAN-1,2-DIONE ,t.S. TEMP.= 250 DEG. C 

I ON EV FD I SIGMA FD 

210 7.65 423.46 2.89 

210 8.55 8329.40 1.62 

210 11.15 57641.00 1.33 

105 8.45 665. 89 2.74 

105 11.45 36844.00 0.80 

105 13.45 68314.00 0.79 

77 12.90 3988.10 0.86 

77 15. 50 17797.00 1.92 

11 18.40 45300.00 1.85 

so 
5308.50 

20035.00 

18536.00 

5073.50 

19387.00 

5349.90 

2510.50 

10122.00 

7250.30 

I SlGMA SD 

5.01 

5.07 

1.20 

5.02 

5.35 

13.62 

5.29 

6.41 

15.33 

N 
0 
N 



1-PHENYL-2-(PHENYL-05)-ETHAN-1,2-DIONE, I.S. TEMP. s 250 DEG. C 

ION EV FD I SIGMA FD SD 

215 a.so 850.73 11.18 2978.20 

215 10.20 12395.00 5.94 11191.00 

215 12.30 28860.00 5.98 32 84. 90 

110 9.40 1792.30 3.17 4697.70 

110 12.10 30866.00 l.60 12795.00 

110 13. 70 49698.00 1.61 8329.60 

105 9.40 2295.80 2.97 5364.60 

105 12.10 32633.00 1.57 13350.00 

105 13. 70 51103.00 1.61 7224.60 

82 13.90 6122.90 10.75 6608.70 

82 15.80 30034.00 5.30 17473.00 

82 18.60 77074.00 4.61 12714. 00 

77 13.90 4632.40 s.12 7598.90 

11 15.80 31021.00 2.76 18906.00 

11 18.60 80613.00 2.56 11538.00 

I SIGMA SD 

6.41 

9.66 

66.23 

5.23 

6.97 

13.06 

5.25 

6.95 

1i;.14 

13.48 

12.49 

35.47 

6.35 

7.57 

22.99 

N 
0 
w 
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APPENDIX C 

THERMODYNAMICS OF FRAGMENTATION 

The deviations in the calculated data for I, II, and III were com

puted 65 assuming, unless uncertainties were specifically given, either 

an arbitrary five per cent error or the average deviation in each quantity 

used in the calculation. 

1-(Methylphenyl)-2-phenylethane-1, 2-dione (I) 

The A Hf(I) was estimated as follows: The A Hf of IV is -21. 8 

kcal/mole. 66 The group equivalents 67 value for A Hf of 4-methylbenzal

dehyde (-10. 5 kcal/mole), 68 and the group equivalents value for A Hf of 

4-methylbenzop,henone (3. 3 kcal/mole) 68 compared to the experimental 

AHf for benzophenone (12.5 kcal/mole) 68 , yield values of -10.5 and 

-9. 2 kcal/mole respectively for M Hf for replacement of a para hydrogen 

by methyl. These results together with the value of AH/IV) (-21.8 

kcal/mole) give estimates for AHf(I) of -31. 0 and .... 3 2. 3 kcal/mole. The 

group equivalents value for A Hf(I) is -28.3 kcal/mole. The three values 

give an average of -30. 54 ± 1.48 kcal/mole for A Hf(I). 

The experimental ionization potential of IV of 8. 86 "'!: 0 .14 eV and 

the AHf (IV) gives via Equation 31 a value of 183 . 5 ± 3 . 6 for A Hf(IVa) 
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which is in good agreement with a previously reported value of 180 kcal/ 

34 
mole. 

(31) 

The .6..6.Hf for replacement of a .2.-hydrogen by methyl was esti

mated to be -14.50 ± . 72 kcal/mole from .6.Hf of the molecular ions of 

4-methylbenzophenone (214 kcal/mole) and benzophenon.e (228 kcal/mole) 

and 4-methylbenzaldehyde (194 kcal/mole) and benzaldehyde (209 kcal/ 

mole). 68 The .6. Hf of Ia was then estimated to be 168. 0 ± 3. 7 kcal/mole 

and the ionization potential of I calculated to be 8. 61 ± 0 . 17 eV. 

Equation 32a is applicable to the formation of Ic via C-1--C-2 

bond rupture. Taking a recent value of 2 6. 1 ± · 2. 0 kcal/mole for .6. Hf 

AP(Ic) = {.6. Hf(Ic) + .6. Hf.(C7I;l50) - .6. Hf(I)} /23. 06 (32a) 

of the benzoyl radica169 and a value of 167. 7 ± 3. 2 kcal/mole for .6. Hf 

of Ic, vide post, leads to a value of 9.73 ± 0.18 eV for the appearance 

potential of Ic. Equation 32bis valid for formation of Ic via two-bond 

rupture. Values68 of 72.0 and 26.42 kcal/mole for .6.Hf of 

C6Hs and CO lead to a value of 10. 58 ± 0. 23 eV for the appearance po

tential of Ic. The .6.Hf (Ic), i.e. , 16 7 • 7 :!.: 3 • 2 kcal/mole, was calculated 

from .6. Hf-(Ib), vide post, with the assumption that .6..6.H;'f between Ic 

and Ib equals -14. 5 kcal/mole. 
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The appearance potentials for formation of Ib via one- and two-

bond-rupture mechanisms were calculated using Equations 33 and 34 

respectively. The appearance potential of the benzoyl ion in the 

+ 
mass spectrum of I was found to be 9. 98 - 0 .12 eV and leads to a t:,. Hf 

(Ib) of 182. 2 ± 3 .1 kcal/mole. These values are close to the previously 

reported values of 9. 7 eV and 186 kcal/mole. 34 The 11 Hf(C8H70) was 

estimated to be 18.2 ± 2.0 kcal/mole from the t:,.Hf of the benzoyl radi-

cal and the difference ( 7. 9 kcal/mole) in the heats of formation of the 

4-methylbenzyl and benzyl radicals. 68 Likewise it was necessary to use 

the value -7. 9 kcal/mole and I:,. Hf of the c 6H5 radical (72 kcal/mole) to 

estimate the heat of formation of the 4-methylphenyl radical (64 .1 ± 3. 6 

kcal/mole). Equations 33 and 34 lead to values of 10. 02 ± 0 .17 and 

10. 86 ± 0. 22 eV respectively for the appearance potential of Ib. 

The appearance potential of Ie from Ic was calculated using 

equation 35. Values of 232 kcal/mole from the ionization-dissociation 

of toluene 68 and 209 kcal/mole from the ionization of cycloheptatrienyl 

radical 68 for the 1:,. Hf (Ie) lead to values of 11 . 3 7 ± 0. 4 7 eV for the 

appearance potential of Ie. 
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Equation 36 is applicable to the formation of Id from Ib. A value 

of 299 kcal/mole is obtained for t.Hf of the C 6H5 ions in the mass 

spectra of benzaldehyde and acetophenone. 34 Thus a value of 13. 95 ±: 

0. 66 eV is calculated for the appearance potential of Id. 

1-(4-Methylphenyl)-2-phenylethane-1, 2-dione (II) 

The t. Hf of II was estimated from tte t:,. Hf(IV) and the difference 

in the Af!f of 4-methoxyacetophenone (-57. 0 kcal/mole) and acetophen

one (-23. 0 kcal/mole), 4-methoxybenzophenone (-23. 9 kcal/mole) and 

benzophenone (+ 12. 5 kcal/mole), and 4-methoxybenzaldehyde (-48. 1 

kcal/mole) and benzaldehyde (-10. 5 kcal/mole). 68 The t. Hf(IV) com

bined with these differences yields an average value of -57.8 ± 1.21 

kcal/mole, which is in good agreement with the value of -55. 52 kcal/ 

mole calculated by group equi va len ts method. 

The t. Hf of Ila was estimated from the t. Hf of IVa and M~. Hf 

between the molecular ions of 4-methoxyacetophenone (142 kcal/mole) 

and acetophenone (191 kcal/mole), 4-methoxybenzaldehyde (150 kcal/ 

mole) and benzaldehyde (209 kcal/mole), 4-methoxybenzophenone (178 

kcal/mole) and benzophenone (228 kcal/mole), and the 4-methoxybenzyl 

cation (160 kcal/mole) and the benzyl cation (216 kcal/mole) produced 

from their corresponding radicals. 68 The average t:.t. Hf together with 

t. Hf(IV) give an averq,ge v9 lue of 129. 01 ± 2. 25 for t.Hf(IIa). From the 
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A Hf of II and the A Hf of Ila the ionization potential of II is calculated 

to be 8 .10 ± 0, 11 eV. 

Equation 37 is valid for the calculation of the appearance poten

tial of IIc via C-1--C-2 bond rupture. A value of 2 6 .1 ± 2, O kcal/mole 

for A Hf(C7H50) and 128. 7 ± 2. 0 kcal/mole for A Hf(IIc) yields a value 

of 9. 22 ± 0 .14 kcal/mole for the appearance potential of IIc. Equation 

38 applies to the formation of Ile via a two-bond-rupture mechanism. 

Values of 72.0 and 26,42 kcal/mole for A Hf of C5H5 and CO lead to a 

value of 10. 07 ± 0. 20 kcal/mole for A. P. (IIc). The A Hf of IIc was 

estimated from A Hf(C7H5o+) (182. 2 ± 3 .1 kcal/mole) and the AA Hf 

between a para-methoxy group and hydrogen as calculated Ha. 

The appearance potentials .for formation of IIb via one- and two-

bond-rupture mechanisms were calculated using Equations 3 9 and 40 

respectively. The AHf(C8H702) was estimated to be -8. 4 ± 2. 6 kcal/ 

mole from the A Hf(C7H50) and the AA Hf between the 4-methoxybenzyl 

radical (3. O kcal/mole) and the benzyl radical (3 7. 5 kcal/mole). 68 Like

wise the A Hf(C 6H5) of 72 ± 3. 6 kcal/mole and the A Hf(C7H70) of 
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37 .5 ± 4.0 kcal/mole. Equations 39 and 40 lead to values of 10.05 ± 

0 .18 and 19. 89 ± 0. 23 eV respectively for the appearance potential of 

IIb. 

Equation 41 describes the calculation of the appearance potential 

of Ile. The tHf(IIe) was estimated from the ~ Hf(C5H5 +) 68 (299 ± 14. 9 

kcal/mole) and the t Hf(IV) for .12.-methoxy substitution of hydrogen used 

AP(Ile) = {tHf(IIe) + t Hf(C7H50) + ~ Hf(CO) - ~ Hf{II» /23. 07 (41) 

in the calculation of mf of II. The average value determined from the 

above is 245. 5 ± 7. 6 kcal/mole and yields a value of 13 .14 ± 0 · 35 ev 

for the appearance potential of Ile. 

The formation of !Id proceeds via two pathways, one cnnsisting 

of loss of CO from IIb while the other involves loss of the elements of 

formaldehyde from Ile. The appearance potentials leading to these path-

ways are given by Equations 42 and 43. Equation yields a value of 

+ 13. 96 - 0. 66 eV for the appearance potentials of IId while Equation 43, 

using a value of -28. 0 ± 1. 4 kcal/mole for ~ Hf(CH20) 68 , gives a value 

of 14.25 ± 0.66 eV for the appearance potential of !Id. 



AP(IId) =. {A Hf(I!d) + A Hf(C7H50) + t.Hf(CO) + t. Hf(CH20) 

- A Hf(II)}/23.06 

1- (3 -trifluoromethylphenyl)-2-phenyletha ne-1, 2-dione (III) 
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(43) 

The t.Hf(III) was estimated from both the group equivalence 

value of IIl of -154.7 kcal/mole and from the A Hf(IV) (-21.8 kcal/mole) 

plus the A Hf of benzene (19. 8 kcal/mole) and benzotrifluoride (-138. 87 

kcal/mole) 68 yielding A Hf(III) of -180.47 kcal/mole. These two esti

mates give an average value of A Hf(III) of -163.29 ± 11.66 kcal/mole. 

The t.Hf(IIIa) was estimated from the A Hf of IV and the MHf 

(-149. 0 kcal/mole) between the benzotrifluoride molecular ion (84 kcal/ 

mole) and the benzene molecular ion (233 kcal/mole). The M Hf calcu-

lated from the group equivalents method gives -13 5. 2 kcal/mole. The 

average of these two values of AA Hf when combined with the A Hf of 

IV gives an average value of AHf(IIa) of 40.41 ± 7 .8 kcal/mole. The 

difference in this result and the A Hf(IIIa) gives an ionization potential 

of 8.83 ± 0.61 eV for IIIa. 

The t.Hf(CF3C7H40) and (OF305H4) were estimated from the 

group equivalence value of A Hf of -135.2 kcal/mole for substitution of 

a trifluoromethyl group for a hydrogen and from the experimental AHf 

calculated from benzene and benzotrifluoride. The average A Hf of 

-146. 4 ± 12. 2 kcal/mole when combined with the A Hf(C7H50) and 

(C5H5) yield values for t. Hf(CF3C7H40) and (CF3C5H4) of -120. 3 ± 
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12. 4 kcal/mole and -74. 4 :!: 12. 7 kcal/mole respectively. 

The AHf of IIc and IIIe were estimated from average MHf for 

replacement of hydrogen by a trifluoromethyl group (-142 .1 kcal/mole) 

as in IIa and the t:.Hf of the m/e 105 and 77 ions. These values yield 

40. 24 ± 7. 56 kcal/mole for Li Hf(IIc) and 156. 9 ± 16. 5 kcal/mole for 

Li Hf(IIIc). 

Equations 44 and 45 are appropriate for the calculation of the 

appearance potentials of IIIb and I!Ic resulting from C-1--C-2 bond 

rupture in IIIa. Using 26 .1 ± 2. 0 kcal/mole for Li Hf(C 7H50) 69 and 

182 .2 ± 3 .1 kcal/mole for Li Hf(IIIb), Equations 44 and 45 yield values 

for the appearance potentials of IIIb and IIIc of 9. 77 ± 0. 75 eV and 9. 96:!: 

0. 60 eV respectively. 

The appearance potentials of IIIb and IIIc assuming a two-bond-

rupture mechanism are calculated from Equations 46 and 47. Using a 

+ 68 . value of 73. 0 - 3. 6 kcal/mole for t:.Hf(C5H5), Equations 46 and 4 7 

yield values of 10.61 :!: 0.76 eVand 10.80 ± 0.63 eV for LiHf of IIIb 

and IIIc respectively. 
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The appearance potentials of IIId and IIIe were calculated from 

Equations 48 and 49 using a value of 299. O ± 17 • 9 kcal/mole for tHf(IIId) 

AP(TIId) = {t,. Hf(Il!d) + fl Hf(CF3C7H40) + b. Hf(CO) - b.Hf(III) }/23. 06€18) 

AP(IIIe) = {t,. Hf(IIIe) + b. Hf(C7H50) + b.Hf(CO) - b. Hf(III) }/23. 06 (49) 

and 2 6 .1 ! 2. 0 kcal/mole for b.Hf(CO), 68 and the previously described 

values for the other quantities. Equations 48 and 49 yield values of 

13. 68 ± 0. 98 eV and 13. 87 ± 0. 88 eV for the appearance potentials of 

IIId and IIIe respectively. 
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APPENDIX D 

COMPUTER PROGRAM FOR THE PROCESSING OF LOW 

RESOLUTION MASS SPECTRAL DATA 

A computer program (HACP) was written to facilitate the routine 

reduction of low resolution mass spectra. 32 The program will correct ion 

intensities for naturally occurring heavy isotopes of carbon, hydrogen, 

nitrogen, and oxygen. 70 The following discussion details the programs 

usage and utility for both heavy isotope corrections and data reductioh. 

The program, written in Fortran IV, contains 311 source cards 

with maximum utilization of 168 K bytes of core in the compile step and 

12 8 K bytes of core in the execution step. Up to ten spectra (j) can be 

averaged. The ma:x:imum number of .m!_e values and their corresponding 

intensities is 500 per spectrum. 

A logic flow diagram is shown in Figure 56. Each m/e value and 

the corresponding intensity in the j spectra are assigned array positions 

m(i) and PT(i,j) respectively. The program is separated into subroutines, 

each of which is outlined below: 

a) Subroutine INIT sets the initial array values to zero. 

b) Subroutine READ performs all input operations. 

c) Subroutine CORREC corrects spectra for naturally occurring 
13 C , 2 H , 15 N , and 18 0 . 



.END 

START 

CALCULATE CONSTANTS 

FOR m + I a m + 2 

CORRECTIONS 

CALL 
REAO 

,--READ--7 
\ HEADER I 
' '~ .J:Af.D. _./ 
\ 'N1 r----, <•~ Ll•I ,01 L..: __ .J 

, .... _lN~--, 
' READ I 

\ ... .J)AT~_j 
r .. :i: ... , 
I .. ~ l• ... O_J 

i iN1T.iALIZEi 
L RA, Pl .J' --r-

, \ r:---------, 
{1../) YES~CALCULATE A• I I 

\T 1 ~Q_R_!!~T.!._~_!A_E!!)!!_1 

NO 

CALL INIT 

["""TNifiALIZE- i 
L .. _Al!~'!.L --' 
SELECT LARGEST 
PEAK FOR NORM. 

Figure 56. Logic flow diagram - solid figures 
represent flow through main program, 
dashed figures represent flow through 
subroutines. 

216 



217 

d) Subroutine PERCNT calculates the per cent ionization for each 
of the j spectra. If j > 1 the average per cent ionization and 
the associated average and standard deviations are calculated. 

e) Subroutine RABUN normalizes each of the j spectra. If j > 1 the 
average relative abundance and the associated standard and 
average deviations are calculated. The subroutine can select 
the base peak for normalization. 

f) Subroutine BLCK prints the per cent ionizations or relative 
abundances, average values if j > 1, in the form of a re91angu
lar array of width 14 m/e values beginning with m/e 3, 

The following is a detailed description for the compilation of a 

data deck. The header card, first card, contains the integer number of 

data cards in columns 1-3, the integer number of spectra in columns 6-7, 

and any identifying comments in columns 9-72. Additional information 

may be entered on cards two and three if desired; all comments will appear 

on the computer output. The fourth card is a control card which controls 

subroutine implementation. The control card has seven entries, Table XX!. 

The data card(s) contain eight entries, Table XXII. The last card, trailer 

card, of the set has two entries. The first entry, column 4, corresponds 

to entry one of the control card. If zero I the next data set will be read 

but if a m(i) value (array position), the previous data set will be normal-

ized to the ion intensity corresponding to this array position. The second 

entry, column 7, corresponds to the second entry in the control card. 

All other control functions during this operation are implemented by the 

control card. The program terminates normally when entry one of the 

header card is zero. 



Entry 

1 

2 

3 

4 

5 

6 

7c 

a) 

TABLE XXI 

CONTROL OF SUBROUTINE IMPLEMENTATION 

Value Type a Column Function 

0 I 4 Spectrum normalized with respect to most intense ion. 

m(i) I 4 Spectrum normalized with respect to m/!t.. value corre~ 
sponding. to this array position. 

0 I 7 Percent ionization is not calculated. 

l I 7 Percent ionization is calculated. 

0 I 10 Heavy atom correction subroutine is not called. 

l I 10 Heavy atom correction subroutine is called. 

0 I 13 Relative abundance is not printed in form of block array. 

l I 13 Relative abundance is printed in form of block array.b 

0 I 16 Percent ionization is not printed in form of block array. 

l I 16 Percent ionization is printed in form of block array.b 

0 I 17-19 Block array printing is deleted. 

Highest TIJi ~ value I 17-19 Regulates length of block array, if 4 and/or 5 are 1. 

I.D. number FP 20-24 Places identification number at the lower left of the 
bar graph. 

o. FP 20-24 Plot is deleted. 

Integer or floating point, b) If j>l average values printed, c) Applies only to HACP/BG. 
t'v 
I-' 
00 



Entry 

1 

2 

3 

4 

5 

6 

7 

8 

• 

Column(s) Type a 

1-3 I 

4-9, • · •• 58-63 F 

65-66 I 

68-69 I 

71-72 I 

74-75 I 

79 A 

80 A 

TABLE XXII 

FORMAT FOR DATA CARD(S) 

Value of Entry 

~~ value. 

The peak intensity in arbitrary units, up to 10 entries. 

Number of carbons in elemental composition. 

Number of hydrogens in elemental composition. 

Number of nitrogens in elemental composition. 

Number of oxygens in elemental composition. 

AT in column 79 results in the correction of the intensity at 
m/1:..(A) for heavy isotope contributions from11/,.g(A-l),b,c 

AT in column 80 results in the correction of the in15egsity of 
m./.e.(A) of the heavy atom contribution from,m/_g(A-2). ' 

a) Integer, floating or alphanumeric, 

b) If no heavy atom corrections are made columns 65-80 are blank, 

c) It is necessary to have an elemental composition for .!!!;l.£(A-l), 

d) It is necessary to have an elemental composition for }!!lf=.(A-2), 
l'v 
...... 
I.O 



220 

Program HACP/BG, heavy atom computer program with bar graph 

generation, consists of HACP modified by subroutine BARPLT. Subroutine 

BARPLT plots the experimental or corrected mass spectra in bar graph form. 

The computer software must include and be compatible with the basic 

Calcomp software. Subroutine BARPLT may be called from HACP/BG by 

entry seven on the control card, Table XXL If BARPLT is not called the 

program will do the same numerical operations as HACP. 
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APPENDIX E 

Synthesis of 2-Phenylacetophenone·-l' ,1' ,i' ,.§.' ,.§.1 -d5 

Phenylacetaldehyde (7. 6 g, 0. 6 mole} dissolved in 50 ml. of ether 

(distilled from lithium aluminum hydride} was added dropwise to phenyl

magnesium bromide-d5 which was prepared from bromobenzene-d5 72 

(10, 5 g I O, 65 mole} and magnesium turnings (1. 6 g I O, 65 mole} in 25 ml. 

of anhydrous ether. The reaction mixture was hydrolyzed by pouring it 

onto 50 g of crushed ice follqwed by the additii.on of 20 ml. of 2. 2 M.. sul

phuric acid. The crude 1-(phenyl-d5}-2-phenylethanol was extracted 

with ether and the combined ether extracts were neutralized (5% Na 2co3}, 

dried (MgS04}, and filtered. Removal of the ether under reduced pressure 

yielded a yellow oil (10. 2 g}. Column chromatography (2. 5 cm x 75 cm, 

60-200 mesh silica gel, 50:50 cc14/CHC13} gave 1. 22 g of l-(phenyl-.s!s)-

2-phenylethanol. Oxidation61 of this material at 0° followed by sublima

tion (55 °@ 0. 25 mm} gave O. 78 g, 7. 5% • of 2-phenylacetophenone-2', 3 1 , 

3 I / 5 I t 6 I -d 5 / m , p • 5 2 , 7 Q - 5 3 o 5 °, 

Synthesis of 2-Phenylacetophenone-l-:Q2 

2-Phenylacetophenone (10.0 g, 0.051 mole) and deuterium oxide 

in .E,-dioxane (distilled from lithium aluminum hydride} containing a small 

??? 
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amount of dried potassium carbonate! were refluxed for nine hours. The 

solution was then concentrated under reduced pressure, ether was added, 

and the aqueous phase extracted with ether. The ether extracts were 

combined, dried (MgS04), and filten:~d, and the ether removed under 

reduced pressure, This exchange and workup was repeated five times, 

monitoring the percentage deuterium incorporation (see Table XXIII), in 

0 
each exchange by NMR. Purification by sublimation at 50 and O. 25 mm 

0 0 
gave 6. 5 g (65. 2%) of 2-phenylacetophenone-2-d2 , m. p. 54. 6 - 55. I • 

Exchange 
Number 

1 

2 

3 

4 

5 

TABLE XXIII 

PERCENTAGE OF DEUTERIUM INCORPORATION 
IN 2-PHENYLACETOPHENONE 

Molar Excess Incorporation of D 
D20 % 

2 92. 

4 92. 

6 97. 

10 94. 

3 97.2 

Synthesis of 2-(Phenyl-d 5)ethanol 

Ethylene oxide (21.0 g, 0.478 mole) dissolved in 100 ml. anhy-

drous ether was added dropwise to phenylmagnesium bromide-d 5 which 
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was prepared from 5.0 g (0.208 mole) of magnesium turnings and 26.4 g 

0 
(0 .163 mole) of bromobenzene-d5 in 25 ml. of anhydrous ether at O over 

a period of one hour. The reaction mixture was hydrolyzed with a satur-

ated ammonium chloride solution. The ether layer was separated, washed 

(staurated with NaCl solution), dride {MgS04), filtered, and concentrated 

0 0 
under reduced pressure. Distillation of the crude product (b. p. 58 - 59 

@ 0.48 mm) yielded 15.85 g, 78 per cent of 2-(phenyl'"'.'d5)ethanol. 

Synthesis of 2-(Phenyl-d5)acetophenone 

Diphenylcadmium was prepared from phenylmagnesium bromide 

(prepared from bromobenzene _(11. 4 g, 0. 073 mole) dissolved in anhydrous 

ether and 2. 5 g (0 .103 mole) magnesium turnings suspended in ether) and 

6. 8 g (0. 03 7 mole) of anhydrous cadmium chloride. The ether was dis-

tilled out of the reaction flask and an equivalent volume of anhydrous 

benzene (distilled from sodium) added. Phenyl'"'.'d5-acetyl chloride (5. 8 g, 

0. 03 64 mole) dissolved in 20 ml. anhydrous benzene was added dropwise 

over a period of one hour. The reaction mixture was hydrolyzed with a 

saturated Rochelle salt solution (sodium potassium tartrate). The organic 

layer was separated and the aqueous layer extracted with ether. The 

benzene layer and the ether extracts were combined and neutralized 

(5% Na 2co3), dried {MgS04), filtered, and concentrated under reduced 

pressure. Recrystallization twice from methanol-Skelly F solvent gave 

0 0 
1. 90 g, (26%) of 2-(phenyl-d5)-acetophenone, m. p. 54. 2 - 55 • 
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Synthesis of 2~Phenylacetophenone Azine 

2-Phenylacetophenone (0.5 g, 0.0026 mole, Eastman Kodak Co.) 

and ninety-five per cent hydrazine hydrate (0.075 g, 0.00125 mole) were 

refluxed 5.0 ml. absolute ethanol containing two drops of glacial acetic 

acid for 3. 5 hours. Filtration followeq by recrystallization once from 

ethanol yielded 0.10 g (38%) of the azine, m.p. 159.9° - 160.6° (lit. 161°, 

164°).73 

Synthesis of 2-(Phenyl-d5)acetophenone Azine 

2-(Phenyl-d5)acetophenone (1. 3 8 g, O. 0068 mole) was converted 

to the azine by the above procedure. Recrystallization twice from ace

tone gave 0.083 g (61%) of azine, m.p. 163.t - 164.6 ~ 

Synthesis of 2-Phenylacetophenone-1' ,1' ,i', 51 ,.§..'-d5 Azine 

2-Phenylacetophenone--l' ,1' ,i' ,i' ,.§.1-9..5 (0. 68 g, 0. 0034 mole) 

was converted to the azine by the above procedure. Recrystallization 

twice from ethanol-acetone (80:20) gave O .15 g (22%) of 2-phenylaceto

phenone'."'i' ,j' ,i' ,i' ,.§.1-d5 azine, m.p. 163.6 °- 164.6°. 

Synthesis of l, 2-Diphenylethanol-i-d2 

2-Phenylacetophenone-.£-d 2 (1. 5 g, 0. 00765 mole) dissolved in 

15 ml. of anhydrous ether was added dropwise to a stirred suspension of 

lithium aluminum hydride (0 .145 g, 0. 0038 mole) in 15 ml. anhydrous 
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ether at O over a period of O. 5 hour. The reaction mixture was warmed 

to 25 and stirred for two hours followed by hydrolysis with a saturated 

Rochelle sat! solution (sodium potassium tartra te). The ether layer was 

separated and the aqueous layer extracted with ether. The combined 

ether extracts were washed with water, dried {Mg SO 4), filtered, and 

0 

concentrated under reduced pressure. Sublimation at 50 and 0.125 mm 

0 0 
yielded 1.45 g (93.8%) of l,2-diphenylethanol-2-d2 , m.p. 66 -67. 

Synthesis of 2-Phenylacetophenone-1,1-d2 Azine 

2-Phenylacetophenone-1,1-d2 (1. 0 g, . 00505 mole) and hydrazine 

hydrate-d6 (0 .1412 g, • 0027 mole, Merck Sharpe and Dohme) were reflux-

ed in 15 ml. glacid acetic acid-0-d for forty-five minutes. The resultant 

yellow crystalHne suspension was filtered and the solid washed with 

deuterium oxide. Recrystallization twice from acetone yielded O. 063 5 g 

. 0 0 
(64%) of 2-phenylacetophenone-1,1-d2 azrne, m.p. 163 .1 - 164 . 

Synthesis of 1-Phenyl-2-(phenyl"""d5)-ethanol 

2-(phenyl-d 5)acetophenone (0.52 g, 0.0026 mole) was converted 

to the corresponding alcohol by the previous procedure. Recrystallization 

from ethanol-water solvent yielded O. 33 g (63 %) of 2-(phenyl-d5)-ethanol, 

0 ... o 
m.p.66 - 66. ~:. 



Synthesis of the Trimethylsilyl (TMS) Ethers 

Trimethylsilyl derivatives. of l-(phenyl-d 5)-2-phenylethanol, 

l-phenyl-2-(phenyl-d5)entanol, and 1, 2-diphenylethanol-1-d2 were 

prepared by reacting 2 mg of the alcohol with trimethylsilylimidazole 

1 
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(Applied Science TMSIM - 1805) for five minutes. The reaction product 

was purfied, by preparative GLC (0.25" x 20' , 5% SE-30 on 100/120 

0 
Chromosorb-W @ 200 ) and immediately sealed in a capillary tube. 

Mass Spectral Determination of the % D 

Spectra were recorded using the LKB 9000 and the CEC 21-llOB 

mass spectrometers. Spectra taken with the CEC 21-llOB instrument 

0 
were obtained with an all-glass probe at 130 . The source temperature 

0 . 
was 160 and the trap current was 7 5 µ A. Low-voltage spectra were 

recorded with the repeller plates near the block potential. Spectra taken 

with the LKB were obtained using either the direct probe or the all-glass 

heated-inlet system. The ion source temperature was 2 50° and the trap 

current 65 µA. Low-voltage spectra were recorded with the extraction 

plates near the block potential. 

All spectra were corrected for natural abundance32 13c, 2H, and 

15 N using an IBM 360-65 computer. The molecular ion region of the law-

· voltage spectra taken on the LKB and the CEC yield an average atom %D 

of 99.422 2: 0.036 for 2-phenylacetophenone-1' ,1' ,i' ,.§_' ,.§.,-d5 azine and 

99.256 ± 0.014 for 2-(phenyl-d5)-acetophenone azine. The values are in 
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reasonable agreement with the %D label found in 1-(phenyl-d5)-2-phenyl

ethanol TMS ether (98. 99 atom %D) and 1-phenyl-2-(phenyl-d5)ethanol 

TMS ether (89 .15 atom %D). 

The %D label determined from the M-93 region of 2-phenylaceto

phenone-l,,l,-d2 azine was found to vary with ion source temperature. A 

plot of the ratio of m/e 298/299 versus ion source temperature is present

ed in Figure 57. The calculated %D also showed considerable day-to-day 

variation under the same operating conditions. The TMS ether of l, 2-di

phenylethanol-l,-d2 contained 97. 43 atom %D by MS analysis, which is 

in reasonable agreement with the NMR result. 
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