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The effects of the size of the ionic and neutral partners on ion-neutral complex-mediated 
alkane eliminations from ionized aliphatic ethers were determined by obtaining metastable 
decomposition spectra and photoionization ionization efficiency curves. Increasing the size 
of the ionic partner decreases the competitiveness of alkane elimination with alkyl loss. This 
is attributed to decreasing attraction between the partners with increasing distance between 
the neutral partner and the center of charge in the associated ion. Increasing the size of the 
neutral partner lowers the threshold for alkane elimination relative to that for simple 
dissociation when the fnst threshold is above AH,(products). This is attributed to increas- 
ing attraction between the partners with increasing polarizability of the radical in the 
complex. Adding a CH, to the radical in a complex seems to increase the attraction between 
the partners by about 24 kJ mol-I. (1 Am Sot Muss Spectrum 1991, 2, 261-269) 

A lkane eliminations from ionized ketones in the 
gas phase seem to become less important with 
increasing size of the ionic product and more 

important with increasing size of the neutral fragment 
[l]. These eliminations involve hydrogen transfers in 
intermediate ion-neutral complexes [1,2], reactions 
which depend strongly on the energy content of the 
fragmenting ion [1,3]. Size effects on this dependence 
are of interest because they illuminate dynamics of 
ion-molecule reactions at very low energies. 

The partners in intermediate complexes are held in 
association by ion-dipole and ion-induced dipole at- 
tractions. When the neutral partner is nonpolar and 
the partners are far enough apart that valence forces 
are not important, the binding energy between the 
partners is approximated by the formula 

E = aq2/2r4 (1) 

where (Y is the polarizabllity of the neutral, q is the 
charge on the ion, and Y is the distance between the 
center of charge and the neutral. Increasing the size of 
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the ion in the complex should increase I, and there- 
fore decrease the attraction between the partners. 
This would in turn diminish the competitiveness of 
internal ion-molecule reactions with associated simple 
dissociations. On the other hand, the polarizability of 
alkyl radicals increases with increasing radical size, 
and therefore so should forces of attraction between 
them and nearby ions. 

The effects of the size of the two types of partners 
(charged and neutral) were not well separated in our 
studies of ionized ketones [l]. Therefore, we here 
investigate size effects more systematically by varying 
the sizes of the partners in intermediate complexes in 
decompositions of ionized ethers (Scheme I). lon-neu- 
tral compIexes are depicted by placing the partners 
within brackets. 

--.* 
R’OCWCH, + R’ 

Scheme I 
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Results and Discussion 

Size effects, potential energy surfaces, and photoioniuztion 
ionizution @iciency cumes. One determinant of the 
importance of alkane elimination relative to alkyl loss 
is the difference between the thresholds for the two 
processes. We obtained these differences by determin- 
ing photoionization appearance energies. The differ- 
ence AE(-R’) - AE(-R’H) is hereafter referred to as 
AAE. A substantial fraction of a complex-mediated 
alkane elimination often occurs below the threshold 
for alkyl loss [1,2c,3], so increasing AAE should en- 
hance alkane loss. Size effects will affect the contours 
of the potential surface in the regions on which R’H 
eliminations occur, and hence AAE. 

To understand what determines AAE, it is useful 
to assume that there are two local energy maxima in 
the pathway to alkane elimination, one at the transi- 
tion state for reorientation of the partners to the 
H-transfer configuration, and one during hydrogen 
transfer. However, the first transition state may be 
more an entropic minimum than an energy maximum 
[4]. A previous discussion of isotope effects suggests 
that either transition state may be rate determining 
[Zc]. Barriers to H-transfer may place the onset energy 
for R’H elimination above the energy required to form 
the complex [R+OCHCH, R’] and above AH,(ROCH 
= CH:) + AH,(R’H). The onset for R’H elimination 
would then be the energy at which tunneling through 
the barrier to H-transfer becomes appreciable (Figure 
1, top traces) [5]. [R+OCHCHs R’] and [R+OCH = 
CH;’ R’H] may both be accessible below AH, of the 
products of alkane elimination (Figure 1, middle 
traces). AAE will then be equal to the difference 
between the heats of formation of the products of the 
two decompositions. Finally, the threshold for form- 
ing [R+OCHCHs R’] can be above AH,(-R’H prod- 
ucts) (Figure 1, bottom traces). When this occurs, 
AAE might be estimable by eq 1. 

Photoionization ionization efficiency (PIE) curves 
for losses of R’ and R’H (Figures 2-4) provide AAE 
and other information on competition between the 
two processes. Appearance energies derived from 
such measurements are given in Table 1. The number 
of ions formed at an ion energy content correspond- 
ing to a value on the abscissa minus the ionization 
energy of the parent molecule is proportional to the 
slope of the corresponding PIE curve at that point [6]. 
That is, at energies at which a curve is rising steeply, 
the corresponding process is substantial, and at ener- 
gies where the curve is horizontal, no product con- 
taining the full energy hv - IE is formed. As with 
previously studied alkane eliminations [1,3], all of the 
curves for alkane eliminations reach plateaus not too 
far above the onset of R’ loss, confirming again that 
complex-mediated alkane eliminations are largely con- 
fmed to a narrow energy range near threshold. The 
decompositions of metastable ions provide reaction 
patterns very close to threshold. 

R’.+-CR,CH,R 

Figure 1. Sections through the potential energy surfaces for 
complex-mediated dissociations. The species present in each 
region of the curve is depicted above that section. R’ represents 
an alkyl radical, and R may be H, an alkyl radical, or some other 
moiety. The upper pair of traces represents a case in which the 
barrier to H-transfer is higher than the threshold for simple 
dissociation. In this case, the threshold for alkane elimination 
may be set by tunneling through this barrier [5]. In the middle 
pair of traces complex formation and H-transfer occur below the 
thermochemical threshold for alkane elimination, so AAE and 
AAH, will be identical. In the bottom pair of traces the transi- 
tion state for complex formation is above that for H-transfer, so 
the threshold for alkane elimination is set by the threshold for 
[R’ CR,CH,R]+’ formation. In this case, AAE will be substan- - 
tially smaller than A AHI. 

A problem in the data is that AAE is sometimes 
larger than the differences between published (see 
Appendix) heats of formation (AAH,) for the prod- 
ucts (Table 2), reflecting inconsistency between pub- 
lished and presently derived heats of formation of the 
vinyl ether products (see below). The following dis- 
cussion will assume that the AE measurements reflect 
the threshold differences, as these measurements were 
made under the same conditions. 

Product ion identity. To establish the validity of 
Scheme I, we confirmed the identity of the products 
of alkane elimination from the ionized ethers. Methane 
elimination from ionized isopropyl methyl ether forms 
the methyl vinyl ether ion [3a,7]. The collisionally 
activated dissociation (CAD) spectrum of the product 
of ethane elimination from the metastable set-butyl 
methyl ether ion matches closely that of ionized 
methyl vinyl ether (Table 3) and differs significantly 
from published CAD spectra of other CsHsO+ ions 
[S]. Ethane eliminated from the ionized set-butyl 
methyl ether ion is composed of the ethyl and a 
methyl H from the set-butyl group [9]. These results 
are consistent with ethane elimination from ionised 
set-butyl methyl ether forming CH,OCH = CH:‘, as 
depicted in Scheme I. Similarly, the CAD spectra of 
the products of metastable RH elimination from a 
series of ethyl see-alkyl ethers match well the CAD 
spectrum of CH,CH,OCH = CH:’ (Table 3). The 
CAD spectra of most C,HsO+’ ions [lo] contain large 
peaks at m/z 57, in contrast to the low abundance of 
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Table 1. Photoionization appearance energies and derived thermochemistry for ionized ethers 

Ether IE AE(-F?J AE(--RHt AH,,,(--RP AH,,,I-RH)’ AH+-Rib AH&-RHlb 

CH,OCH(CH,I, 917 937 935 20 18 561 776 

CH30CH(CH,)C2H5 898 927 901 22 20 559 733 

CH,OCH(CH,IC,H, 896’ 924 5 89fid 24 22 560 zz 730 

CH,OCH(CH,)C,H, 895 928 5 895d 26 24 567 5 731 
CH,CH,OCH(CH,l, 898 900 _e 22 20 491 - 

CH,CH,OCH(CH,lC,H, 891 898 895 24 22 498 694 

CHJCH20CHlCH,)C,H, 886 916 894 26 24 519 695 

CH&H20CHICH,lC,Hg 885 916 895 28 26 522 698 

CH3CH,CH,0CH(CH,)C,H, 887 900 893 26 24 480 672 

(CH,),CHOCH(CH,)C,H, 871 891 881 28 26 462 652 

ICH&H&H(CH3)120 870 880 875 30 8 432 827 

All values are kJ mol _ I. 
Related published heats of formation are given in the Appendix. 

“A%, is a statistical mechanical correction factor for thermal energy content [15al; most AH,,. values were estimated based on 
computed reference values and normal increments per added CH2 group. 

‘The procedure whereby heats of formation of product ions were obtained from the AE measurements is described under Experimental. 
‘Measured onset uncertain. 
dValues are upper limits because AE equals the ionaation potential of the precursor compound. 
?on abundance too low to permit AE measurement. 

that species in the C,HsO+’ spectra obtained in the 
present study. Thus, the alkane eliminations we ex- 
amine here appear to form vinyl ether ions, in accord 
with Scheme I. 

Efect of the size of the i&c partner on alkane elimination. 
The size of the ion in the complex was increased by 
increasing the size of R in isopropyl and set-butyl 
ether ions. The importance of methane loss from 
metastable isopropyl ether ions decreases as the size 
of the ionic partner increases (Table 4). The patterns 
vary from negligible methyl loss from ionized iso- 
propyl methyl ether to negligible methane loss from 
ionized n-butyl isopropyl ether, a variation greater 
than 104 in the ratio of the abundances of the two 

products. Methane elimination from metastable feti- 
butyl ether ions also diminishes rapidly in importance 
with increasing size of the ionic partner (Table 5). 
Thus, alkane eliminations from metastable ions can 
vary dramatically with the size of the ionic partner in 
the-complex. However, m&a&able set-butyl ether ions 
Iose only ethane, presumably reflecting the effect of 
the larger neutral partner (see below). 

methyl set-butyl ether 

Competition between R’H elimination and R’ loss 
above the threshold for the latter may also influence 
the -R’H/-R’ ratio [3b]. In general, as R increased in 
size while I?’ was kept constant, the portion of the PIE 
curve for R’H elimination above that for R’ loss de- 
creased, demonstrating diminishing competition of 
the frrst process with the second (Figure 2). This 

Figure 2. Photoionization ioniza- 
tion efficiency curves for the losses 
of R’ and R’H from ROCH(CH&?+’ 
ions. These curves demonstrate that 
as the size of R increases, the com- 
petitiveness of R’H elimination with 

Photon Energy /eV loss of R’ decreases markedly. 
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methyl isopropyl ether 

9.4 96 9.8 10.0 10.2 

methyl set-pentyl ether _-’ 
I I 

9.2 9.4 9.5 9.8 10.0 10.2 10.4 

k&$--f-., 
9.2 9.4 9.6 9.8 10.0 10.2 10.4 

methyl set-hexyl ether 
. 

Photon Energy /eV 

ethyl see-butyl ether 

: ethyl set-pentyl ether : 
: 

c. 
-.’ 

*’ 
- , 

9.2 9.4 9.6 9.8 10.0 10.2 104 

ethyl set-hexyl ether 
, 

+ 

9.2 9.4 96 9.8 100 10.2 104 

Photon Energy /eV 

Figure 4. Photoionization ionization efficiency curves for the 

losses of R’ and R’H from C,HSOCH(CH,)R’*’ ions. In contrast 
to the methyl ethers, as the site of R’ increases, the competitive- 
ness of R’H elimination with loss of R’ seems to decrease. 

Figure 3. Photoionization ioniza- 
tion efficiency curves demonstrating 
the effect of increasing the size of R’ 
on the losses of R’ and R’H from 
CH ,OCH(CH #‘+ ions. These 
curves’ indicate that as the size of R’ 
increases from methyl to ethyl, the 
competitiveness of R’H elimination 
with loss of R’ increases markedly. 

parallels previous observations on ionized ketones [I]. 
Competition above the threshold for simple dissocia- 
tion was assessed in a qualitative way by subtracting 
AE(R+OCHCH3) from the energies at which the PIE 
curves for loss of IX’ and R’H elimination crossed, that 
is, the photon energies at which the formation of the 
two species are equal. These crossover energies de- 
creased rapidly as R increased in size (Table 4). Thus, 
increasing the size of the ion in the complex reduces 
the direct competitiveness of R’H elimination with R’ 
loss. 

AAE decreases dramatically on going from methyl 
to ethyl set-butyl ether ions, but varies erratically 
between 5 and 10 kJ mol-’ in the larger see-butyl 
ether ions. Branching in R would weaken the C-C 
bond cleaved, so the values from ions with such 
branching may not be comparable to the others. 

As AH,(CH,OCH = CH;‘) derived from the AE of 

Table 2. Differences AE(--R’) - AE(-R’HI and 
AH,(-R') - AH,&-R'H) 

CH,OCHlCHs)R CIH,OCHW,IR’ 

Ether AAEB AAHfb AAEC AAHfd 

ROCHICH,) 2 2 26 - 32 

ROCHICH,)C,H, 26 8 3 14 

ROCH(CH,K,H, 2 28e 7 22 13 

ROCHfCH,)C,Hs ? 3T 6 21 12 

All values are kJ mol-‘. 
=AElCH;OCHCH,) - AE(CH,OCH = CH:.,. 
bAHf(CH:OCHCH,) + AH,(R”) - [AH,(CH,OCH = CH;) + 

AH,IR’H)I from published values. 
=AEWf,CH;OCHCH,) ~ AE(CH,CH,OCH = CH:‘). 

dAH,ICH,CH:OCHCH,) + AH,lR”I - [AH,(CH3CH20CH = 
CH;‘) + AH,(R’H)I. 

‘Values are given as 2 because the lower AE values are maxi- 
mum values (Table 1 I. The individual heats of formation from which 
the AAH, values are derived we given in the Appendix. 
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Table 4. Effect of size of R on R'H elimination from ROCH(CH,)R’ ethers 

ROCH(CH,)CH, ROCH(CH,)C,H, 

R -CH,/-CH,a -C2H,/-C,Hea AAE Crossoverb 

CH, < 0.01 < 0.01 26 69 

Cd+, 1.9 0.02 3 38 

CHJH,CH, 100 c 7 14 

(CH,l,CH c < 0.01 10 3 

CH&H&H&H, > 500 c c c 

CH,CH,CH(CH,) > 100 < 0.02 5 -0 

AAE and crossover values are kJ mol-‘. 
‘Ratios of the heights of peaks representing metastable decompositions. 
‘Photon energy at which the two fragmentations are equal minus AE(RO+CHCHJI (see text]. 
‘Data not obtained. 

that ion formed from set-butyl methyl ether was as 
low as any obtained, this ion is probably formed close 
to its thermochemical threshold, that is, the onsets of 
complex formation and H-transfer between the part- 
ners are below the combined heats of formation of the 
-R’H products. In this situation, the middle traces of 
Figure 1 represent the potential surface for decompo- 
sition. The decrease in AAE on going from R = CH, 
to larger alkyl groups suggests that as the ionic part- 
ner increases in size, the threshold becomes deter- 
mined by the onset of bond dissociation rather than 
product stability. This is the behavior depicted by the 
bottom traces in Figure 1. 

Alkane eliminations were too weak to permit mea- 
suring appearance energies for loss of methane from 
ionized isopropyl ethers larger than the methyl or any 
of the ionized terf-butyl ethers, further evidence that 
increasing the size of the ion in the complex decreases 
alkane elimination. 

There has been disagreement about whether there 
is a metastable loss of methyl from ionized isopropyl 
methyl ether [3a,7]. The resolution of the conflicting 
reports is that metastable methyl loss from the unla- 
beled ion is undetectable (present experiments, ref 7), 
but there is metastable loss of CH, when one CDS is 
placed in the i-propyl group, as reported in ref 3a. 

We attribute the generally decreased competitive- 
ness of R’H elimination with R’ loss with increasing 
size of R to the effect of increasing r predicted by eq 1. 

E~)%ct of fhe size of the neutral purfner on alkme elimina- 
tion. The dependence of R’H elimination on the size 
of the neutral radical in the intermediate complex was 
examined by varying R’ from CH, to rz-C,H, in 

Table 5. Metastabk decompositions of ionized fert-butyl 
ethers 

Ether -CH, /-CH, 

CH,-O-tert-Bu 0.75 

C,H,-0-tert-Bu 50 

C,H,-0-tert-Bu > 300 

CH, and CH, come from the telt-butyl groups (unpublished ob- 
servations on deuterated fert-butyl ether ions). 

-CH, abundances were too low to permit AE measurements. 

methyl and ethyl ether ions. The loss of R’H from 
metastable ethyl ether ions becomes more important 
relative to loss of R’ as the size of R’ increases from 
CH, to C,H, (Table 6). The methyl ether ions lose 
R’H to the exclusion of R’ in metastable decomposi- 
tions, preventing comparison of -R’ and -R’H abun- 
dances in that series. The dominance of these alkane 
losses is attributable to the smaller size of the ionic 
partner. 

AAE for the methyl ethers increases as R’ became 
larger, with a large jump between the -CH, and 
T,H, partners (Table 2). The products of methane 
elimination are 26 k] mol-’ more stable than those of 
methyl loss from ionized isopropyl methyl ether, 
whereas the corresponding AAE = 2kJ mol-‘. These 
results indicate a significant reverse activation energy 
for this methane elimination. This is confirmed by 
translational energy releases, ca. 4 kJ mol-’ for ion- 
ized isopropyl methyl ether versus ca. 1 kJ mol-* for 
xc-butyl methyl ether. (Energy releases were derived 
from the widths at half maximum height of peaks 
representing metastable decompositions using the for- 
mula TO.5 = V(Am)‘/16m,m, [ll].) The PIE curves 
(Figure 3) demonstrate that methane loss from ionized 
isopropyl methy ether is the least competitive alkane 
elimination in the methyl ether series, despite its 
being the most thermochemically favored. We suggest 
the threshold-determining barrier in this reaction is 
the one to movement of methyl to the conhguration 
for H-transfer, the situation represented by the bot- 
tom traces in Figure 1. The presence of substantial 
secondary isotope effects [3a] supports a relatively 

Table 6. Effect of size of R’ on R’H elimination from 
ROCH(CH,)R’+‘ions 

CH,OCH(CH,)R C,H,OCH(CH,)R 

R’ -R’/-R’H’ Crossover -R’/-R’H’ Crossover 

CH, < 0.01 0 1.9 _ 

C,H, 4 0.01 69 0.02 38 

C,H, < 0.5 62 < 0.01 18 

C,H, < 0.05 55 < 0.01 11 

Crossover values are kJ mole ‘. 
“Ratios of the heights of peaks representing metastable decom- 

positions. 
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high energy for the transition state for bond cleavage 
relative to that for subsequent H-transfer. Because 
methyl is very weakly bound, the threshold for 
methane elimination is close to the energy needed for 
simple dissociation and substantially above the com- 
bined heats of formation of the products of methane 
elimination, A portion of this excess energy becomes 
translational energy during decomposition. 

For higher members of the methyl ether series, 
AAE = 26 - 33 kJ mol-l, even though AAH, is only 
about 6-8 kJ mol-’ (Table 2). This reffeds a discrep- 
ancy between published heats of formation of the 
vinyl ether ions and the AHfs derived from our 
AE(CH,OCH = CH:‘) values (see below). 
AH,(CH$OCHCH,) values derived from the mea- 
sured AE values are fairly constant and agree well 
with previous values [3a,12], so the increasing AAE 
values are due to decreasing AE(CH,OCH = CH;? 
values relative to expected ones. AAE does not con- 
tinue to become larger for the larger methyl ethers 
because the appearance energies of the alkane elimi- 
nations become equal to the ionization energies of the 
ethers, the lower limit for an AE. This could prevent 
A AE for the losses of C 3H s and D,H 10 from reflecting 
the threshold for hydrogen transfer. However, the 
AEs in question are probably not much too low, as 
they give the lowest values for AH,(CH,OCH = 
CH:), which, as already noted, seem too low. The 
observation of molecular ions also implies that the 
measured AEs are not much too low. The larger 
forces of attraction with increasing size and therefore 
polarizability of R’ (Table 7) should stabilize 
([RO+CHCH, R’]) relative to ROCH = CH:+ R’H. 
Therefore, AAE could become equal to AAH, with 
inaeasing size of R’ in the methyl ether ions, the 
situation depicted by the middle traces in Figure 1. 
The low AE (-R’H) values suggest that this condition 
is reached in the eliminations of the larger alkanes 
from ionized set-a&y1 methyl ethers. 

The crossover energies are fairly constant from 
Z-butyl to Z-hexyl methyl ether. This suggests that 
increasing the size of R’ does not make -R’H more 
competitive than -R’ above the threshold for the 
latter process. 

Ion-induced dipole attractions should increase sub- 
stantially with each increment in size of the radical in 
the complex due to corresponding increases in the 
polarizability of alkyl radicals. This accounts for the 

Table 7. Polar&abilities 

CH, 2.60 CH, 2.7 

CzH, 4.44 CzH, 4.54 

C,H, 6.29 n-CJH, 6.39 

+-C,H,o 8.14 l7--C,H~ 9.24 

Values are in A’. Values for the alkanes are from ref 16; the value 
for the methyl radical is from Klots 1171, and the values for the 
remaining radicals are estimated by adding the differences between 
the corresponding alkane values and the value for methane to the 
value for methyl. 

large increase in AAE on going from R’ = CH, to 
R’ = C,H, in the ionized methyl ethers. This change 
in AAE is large because it occurs in the window 
between AH,(CH30tCHCHJ) + AH,( R’) and 
AH,(CH,OCH = CH:> + AHf(R’H). The 24 kJ mol-’ 
change in AAE between R’ = CH, and R’ = C,H, 
provides an estimate of the change in the energy 
needed to form a [CHgOCHCH,’ R’] complex per 
methyjene added in R’, although tunneling [5] may 
blur this estimate. 

AAE for the alkane eliminations from the ionized 
ethyl ethers increases substantially as R’ goes from 
ethyl to propyl but not from propyl to butyl. In 
contrast to observations on the methyl ether ions, 
AE(C,HsOCH = CH:3 remains close to its thermo- 
chemical threshold, and AE(C,HiOCHCH,) rises 
with increasing size of R’ in the ionized ethyl ethers. 
Because AE(CH&H,OCH = CH:‘) formed from ion- 
ized set-butyl ethyl ether is at its thermochemical 
threshold, AE(ROCH = CH:‘) cannot decrease rela- 
tive to its predicted value with increasing size of R’. 
The rise in AE(CH,CH;OCHCH,) relative to its ther- 
mochemical threshold with increasing size of R’ could 
be attributed to increasing competition from R’H elim- 
ination near threshold. However, in contrast to the 
changes in AAE, the crossover energies decrease 
steadily as the size of R’ increases in the ethyl ether 
ions (Table 6). This decrease occurs despite the up- 
ward shifts in the AE(-R’) values. The small areas 
between the PIE curves (Figure 4) also do not seem to 
indicate increasing R’H elimination from the ethyl 
ethers as R’ increases in size from propyl to butyl. We 
do not have a clear explanation for this behavior. 

AI-$ of ianized methyl vinyl ether. AH,(C,H,O+‘) ob- 
tained from AE values from the larger methyl ethers 
are in the range 730-733 kJ mol-’ (Table l), whereas 
AH,(CH,OCH = CH;‘) = 754 kJ mol-’ [3a]. This 
discrepancy indicates errors in the published heats of 
formation,. our measured thresholds, or in the as- 
sumed identity of the products. Good agreement be- 
tween the AH, values for CHgOCHCH, in Table 1 
and the published value suggest that most of the 
reference heats of formation are accurate. Ab initio 
calculations (Gaussian 86, HF/6-31G, ZPVE/3-21G 
1131) compared with the experimental 
AH,(CH,COCH$‘) give AH,(CH,OCH = CH:‘) = 
755.6 kJ mol-‘. The agreement between theoretical 
and the published value suggests that the latter is not 
too high. Its heat of formation (719 kJ molpl) [12] 
makes the acetone ion a candidate product of alkane 
elimination. However, its form&ion is inconsistent 
with the CAD spectra and is hard to rationalize on 
mechanistic grounds. It is also highly unlikely that a 
more stable product would be formed at threshold in 
the ion source than upon metastable decomposition. 
AH&H,CH,OCH = CH;‘) from the literature is also 
higher (NJ-14 kJ mol-‘) than the values derived from 
our measurements (Table 1). 
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Appendix. Pertinent heats of formation 

CHsOCHfCH,), - 25Za CH,OCH(CH,K,H, - 272.6s 

CHsCCH(CH&,H, - 293.2= CH,OCHICH,lC,H, -313.8d 

C,H,OCH(CH,f, - 286.7” C,H,OCH(CHsK,H, - 307.3’ 

C2H,0CHPCH,lCsH, - 327.9s C,H,OCHKHsK,H, - 348.Q 

CsH,OCH(CHslC,Hs - 329.1’ (CHs)&HOCHVCHslC,H, - 339.8’ 

IC,H,CHICH,~I,O - 360.4” 
CH;OCHCHe 561’ CHaOCH = CH:’ 754’ 

CH,CH;OCHCH, 521m CHsCHsOCH = CH;’ 708” 

CH3 144” CH, -7P 

C,Hs 117” CzHs - 84m 

n-&H, 95” CsHs -105” 

n-C,H, 73O n-C,H,, -126m 

‘Ref 18. 
‘From ’ assuming a group equivalent of - 20.6 kJ mol ’ for adding CH,. 
‘From s assuming a group equivalent of - 20.6 kJ mol - ’ for adding CH,. 
dFrom ’ assuming a group equivalent of -20.6 kJ mol-’ for adding CH,. 
eFrom ’ assuming a group equivalent for replacing CH,0 with C,H,O of - 34.7 kJ mol _ ‘. 
‘From ’ assuming a group equivalent for replacing CH,0 with CZHsO of -34.7 kJ mol-‘. 
eFrom e sssuming a group equivalent of 20.6 kJ mol-’ for adding CH,. 
hFrom s assuming a group equivalent of 20.6 kJ mal- ’ for adding CH,. 
‘From ‘ assuming - 21.8 kJ mol-’ for replacing ethoxy with n-propoxy based on ethyl 
methyl ether = - 2 16.4 kJ mol - ’ and n-propyl methyl ether = - 238.2 kJ mol - ’ [181. 
‘From di-isopropyl ether = -319.2 kJ mol-’ f181 and -20.6 kJ mol-’ for adding a CH,. 
‘From i assuming a group equivalent of 20.6 kJ mol-’ for adding a CH,. 

‘Ref 3a. 
%ef 12. 
“Ref 19. 
‘Estimated by extrapolation of the values for the lower members of the series. 


