Terrihedime Nou 29 pp %41 0 %) Porgamon Prews 19°)

Prosted @ CGorvat Bevam

INDUCTIVE EFFECTS ON MOLECULAR
IONIZATION POTENTIALS-X

ALKYIL AND HYDROGEN HALIDES

LS levitrand B W Lavii
Chemistry Department. School of Scrence, The Univeruty of Texas at El Paso, El Paso, Texas 79968

(Received in the 1S4 30 June 1972, Received in the UK for publication 23 O tober 1972)

Abstract — The onization potentials of alkyl and hydrogen halides are found to be excellent incar
fracions of the polar and inductive substituent constants, indicating that the effect of alkyl substituents
on the clectron demuty of the halogen atoms 1s inductive The slopes of the four regression hnes vary
widely 1n the order RE > RCL - RBe - RI, which shows that the susceptibabity of the halogen atoms
to inductive effects vanes in the same order Values of . and o* for alkyl groups not previously

avalable arc cstimated

Recently we have shown that the wonization ener-
gpres of the akohols,' ethers! amines.’ thiols,*
thiocthers.! disulfides *alkenes,” alkynes,* ketones.®
and carboxyli acids'® are lincar functions of the
inductive substituent constants, «,, and the polar
substituent constants, «*. This allows onc to
calculate by means of a simple single-parameter
equation, to a good approximation, values of the
womzation potentals of compounds which yield a
low abundance of the pnmary radical cation, or
are difficult to obtain in a punfied state.

We now demoastrate that the onization energies
of alkyl halides, RX. (where R alkyl or H) are
likewise a linecar function of o, and o*®. The first
tonization cnergy of the alkyl halides corresponds
to the removal of an clectron from the highest
occupted MO, ' a non-bonding lone pair p-
clectron'® from the halogen atom. The gas-phase
expulson of an electron from the halogen lone pair
18 in accord with the following equation:

R X "ecc R X°
It 1s quite obvious that electrun releasing alkyl
groups should increase the electron density at the
halogen atom and thereby facilitate clectron
removal, whereas clectron-withdrawing groups
should increase the requisite ionization energy.*®
it is interesting that we are able to include the
hydrogen halides as the simplest “alkyl halides™
in the sencs presented.

Table | presents the o,'* and «*'" values to-
gether with new « values cakulated here, when

*The same effect should mandest dsell 1n a greater
basscity, the greater the clectroa denuty at the halogen
atom. unular to that demonstrated {or akcohols **

*Where the Pl values of Ref 14 were repeated by PES
on the same compounds, agreement within 002 eV was
nearly always obserned

no previous estimate was available. The expen-
mentally observed adiabatic photoionization (PI)"*
E, values for the hydrogen halides and vanous
alkyl fluonides, chlondes. bromides, and iodides
are given in Table 2. Data' ' has just become
available through the technique of photoclectron
spectroscopy (PESY' for several habdes whose
E,'s had not previously been obtained.! and these
adubatic values are also given in Table 2.

Good correlations are shown in Fig | where the
E, valucs are plotted vs .. The equation for the
regression hines s given by the following:

!':-‘ - ‘:.“x *dar.

The slopes. a,, are found from a lcast squares fit
to be 669, 318, 240 and 186, respectively, for
the fluondes, chlondes, bromides, and odsdes,

Table | Taft aliphatic substituent comtants used 1n the
cofrelations
Substituent a,* A
H 0 08y
Me 0 046 0
[ 3 004« 010
n-Pr 00¢s 012
»-Pr 0 064 019
n-Bu 0 O60r 013
1-Bu 0-064¢ (IR}
s-Bu 0 O6B8* 021
t-Bu 0074 0%
a-Am 0 064¢ o1&
neo-P1 0-06¢¢ 1016
t-Am 0078 0 1)
cy-Hz. 006 01%( o020y
*From Ref. 16
*From Ref. 17.
‘From Ref 1.

“Values cakculated in the present paper.
‘From Ref 22
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Table 2 Expenmental and cakulated wnizatiwn potentiab of vanous alkyl and
hydrogen habdes
E,* ¥, | ¥,
Compound  (Exptl)  (Cak..Eq.2) Compound (Eaptl)  (Cak .Eq 2
HEF [ 1€ n-BuBr 1013 1012
McF 12 %0 1270 s+ BuBr 9 9% 998
EtF 12 00 1208 1-BuBr 1009 10 08
1 PrF ‘ 1149 t-BuBr 9 ®Y 9 R4
t-BuF ‘ 10 82 n-AmBr 1010 10 08
HC(C1 1274 1274 neo- PtBr 10 0V¢ 10 06
Me() 112 12 cyc-HxBe 10 02 10 01
F1( 10 98 10 99 H1 10 38 10 38
n-PrCl 10 82 10 RY Mel 9 44 9\
1-PrCl 10 "8 10 Y0 Ful 9 9
n-BuC'l 1067 10 83 n-Prl 926 930
3. BuCl 10 6¢ 10 <8 +Pri 91" 919
1 BuC’l 10 66 10 70 n-Bul 92 926
1-BuC’) 10-61 10 38 s Bul 9 911
HBr 162 e + Bul 918 919
MeBe 10 €3 10 <2 t-Bul 902 9 00
EtBr 1029 10 W n-Aml 919 919
n-PrBr 10 18 1023 nco-Ptl 921 917
»PrBr 10 07 10 08 t Aml 89V %93
*From Ref 14
‘Ref. 18pves this Foas 16 08 eV
‘Fxpenmental value not avalable
‘From Ref 19
‘From Ref 18
‘From Ref 20
and therefore we have: E, data are also available for other organic
Eor = Bo o aar = 1877 s 66 8 5., halides such as ¢X and ¢C'H, X, but these have not
L A o i (28)°  peen included in the present study. because the
Enci Byertapgry = 1274+ 3] 805, (2b)  electron loss occurs from the =-system in these
Fune Eppo t aqry ~ 1162+ 28:00r, (2c) <ompounds. and not from the halogen lone pair.
Ew Foytapr, — 1038 - 18 607, Qd

In terms of the polar substituent constants, o*,
the correlation equations are:

Eay FEuwca®o® 12806294 (3a)
Encv = Eur ma®s® 11286 29 a* (3b)
Eane * Fogne ©a®r® 10832284 (3¢)
Fay Foo = ad®a® =984+ ] 78 o* 3d)

These corrclations® indicate that the effect of
alky! substituents on the electron density at the
halogen atoms 1s pnmanly an inductive one.

In the last column of Table 2 we show a com-
panson between the expenmentally obtaned
wnization encrgics and those values of F, cal-
culated using Eqs. (2) The agreement 1s seen (o be
cxcellent. A cakulated value 1s also given for
Me,CHF and Me,CF for which Pl or PES
values have not yet been obtained.

*The corresponding correlation cocficrents for Eqs 2
are, respectively, 0 999, 0 988, 0 998 and 0 998

*A recent correlation, for R1 only, was reported as
F.— 9™ | Klag* (Ref 1K)

13Cu

Fig 1 Plots of the expenmental onzation encrpes. K.,

of vanous alkyl and hydrogen halides s the corre-

sponding inductive substitucnt constants, o, for the
alkyl groups
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Although the g, constant has units of cnergy
(eV), it 1s analogous to the reaction constant, p,
and constitutes a measure of the susceptibility of
the reaction site, the halogen atom, to substituent
eflects. The a, values obtained here (Eqs. 2) may
be compared to those observed in the correlation
of Ey's of akcohols! (37:9), cthens! (28-0), amincs’
(13 8), thiols* (22-2), thiocthers® (18 8), and di-
sulfides®(11-6).

It is seen that the ¢, values for the alkyl halides
vary widely with the halogen atom: a,,, > 4y (4.
dymer - . This effect s also observed with the
alcohols and thiols, and with the ethers and thio-
cthers, where 1in both cases a,, > dyy.. The
explanation for this probably hes 1n the magnitude
of the clectronegativity and atomic radius of the
atom in question.

Reliable values for the inductive substituent
constants for i-Bu, s-Bu, n-Am, nco-Pt, t-Am and
cyc-Hx do not appear to be available. Good and
consistant cstimates for these can, however, be
readily made directly from the plots in Fig 1, from
which we find the following best values for the

groups in question (Table 1) 1-Bu 0-064,
s-Bu - 0068, n-Am 0 064, nco-Pt —
0-06%, t-Am 0078, and cyc-Hx - 0067

We also recommend the following values for
polar constants not previously available (Table 1):
t-Am 0-33, and cyc-Hx — 020, (replacing
the value  0-1¢ which is obviously in error).
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