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Optical studies of polycrystalline linear-chain conductors are  of considerable current interest. However, these materials 
are  generally highly light-scattering and thus difficult to study by conventional optical transmission or reflection techniques. 
Photoacoustic spectroscopy offers a highly effective means for obtaining optical spectra on such materials, and we report 
here the first photoacoustic study of this class of materials in the 250-1000-nm range, in particular, of the compounds 
Ko.60Ir(C0)2C12.O.5H20, Ko.9&(C0)2C12,4~0.2CH3COCH3, (TTF)o,61Ir(C0)2C12 (TTF = tetrathiafulvalenium), and 
CSo,6oIr(C0)2Br2. These compounds contain conducting linear chains of square-planar c i ~ - [ I r ( C 0 ) 2 X 2 ] ~ . ~ -  (X = C1, Br) 
units. Their photoacoustic spectra show three absorption bands below 650 nm at  2.3, 2.9, and -3.4 eV, which are assigned 
as metal-to-ligand charge-transfer transitions from the a b z )  and b(xz) metal orbitals to the predominantly ligand C O  
b(n*, 6pJ orbital. Above 650 nm the spectrum rises strongly toward the infrared region. This rise is the high-energy end 
of a broad absorption band extending from -0.1 to 2 eV as  subsequently shown by conventional infrared transmission 
spectr.oscopy. I t  is assigned as  the transition from the 5d22 band to b(a*, 6pJ. The width and energy of this transition 
appear to depend upon chain length, exhibiting a significant broadening and shift to higher energy upon crushing of the 
sample. All of the observed linear-chain transitions are considerably red-shifted with respect to the corresponding transitions 
in nonchain [Ir(C0)2C12]-. The red shift is attributed to interactions along the chain which raise the energy of a b z ) ,  
b(xz), and a(z2) and lower the energy of b(.ir*, 6p,). 

Polycrystalline linear-chain conductors are generally highly 
light-scattering materials that are quite difficult to study in 
the optical region by conventional transmission or reflection 
spectroscopy. Since optical spectra of these materials are of 
considerable interest in providing information about their 
electronic structure, linear-chain conductors are excellent 
candidates for examination by the newly developed technique 
of photoacoustic spectroscopy. 1-3 In this paper we describe 
a photoacoustic study of the recently characterized compounds4 
K O , ~ O I ~ ( C O ) ~ C ~ ~ . O . ~ H ~ ~ ,  KO.~~I~(CO)~C~~.~~O.~CH~COCH~, 
(TTF)o 61Ir(CO)2C12 (TTF = tetrathiafulvalenium), and 
Cs0,60Ir(C0)2Br2. These compounds all contain conducting 
linear chains of square-planar ~ i s - [ I r ( C 0 ) 2 X 2 ] ~ . ~ -  (X = C1, 
Br) units, as illustrated in Figure 1. 

In photoacoustic spectroscopy of solids, light absorbed by 
a solid sample is detected as an acoustic signal. It has been 
possible with this technique to obtain optical absorption spectra 
of almost any type of material, irrespective of whether the 
sample is crystalline or amorphous, a powder or a gel. Since 
only the absorbed light is converted to sound, scattered light, 
which presents such a severe problem when dealing with many 
solid materials by conventional means, presents no major 
problem in photoacoustic spectroscopy. Our results for the 

C ~ S - [ I ~ ( C O ) ~ X ~ ] ~ . "  linear chains show several notable features. 
In particular, we find that the linear chains have a near-ir 
absorption of variable frequency, apparently dependent on the 
chain length and not present in cis-[Ir(C0)2C12]- in the 
absence of chain formation. Also, the uv-visible region ab- 
sorption of the chain complex is significantly red-shifted in 
comparison to nonchain [Ir(C0)2C12]-, contrary to what might 
be expected in view of the higher Ir oxidation state in the chain 
complex. These effects are attributed to metal-metal in- 
teraction along the chain axis which results in band formation 
and raises the energy of the d levels from which the observed 
transitions originate. 
Experimental Section 

KO 60Ir(C0)2C12-0.5H20, KO 98Ir(CO)2C12 42.0.2CH3COCH3, 
( T T F ) o . ~ ~ I ~ ( C O ) ~ C ~ ~ ,  and CSo,6oIr(CO)$r2 were prepared and 
characterized as  described previ~us ly .~  (C6H5)&S[Ir(Co)2cl2] was 
prepared by the method of Forster5 and characterized by its ir 
spectrum. Photoacoustic spectra in the range 250-1000 nm were 
obtained as described el~ewhere; '-~ the polycrystalline powders were 
studied both before and after grinding in an agate mortar. The 
absorption spectrum of 98Ir(C0)2C12 42 in the region 600-17 000 
nm was also determined with a Cary Model 14 R spectrophotometer 
(6OC-2500 nm) and a Perkin-Elmer Model 457 IR spectrophotometer 
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Table I. Photoacoustic Spectral Data 
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cm-’ eV cm- l eV cm- eV cm-’ eV cm- eV 

-27300 -3.38 -27300 -3.38 -27300 -3.38 -27300 -3.38 
28800 3.57 23200 2.88 23400 2.90 23000 2.85 -23500 -2.91 
27000 3.35 18800 2.33 18700 2.32 -19300 -2.39 -19000 -2.4 

5 000 
7 000 0.9-crushed sample 

1700 0.21-film 
0.6-“as made” sample a I 

a The high-energy end of this band is seen in the photoacoustic spectra of all of the chain complexes, but the maximum is outside the range 
of the spectrometer. The approximate maxima listed were determined by  conventional transmission spectroscopy. 
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Figure 1. Linear-chain structure of [Ir(CO),X, lo 
showing overlap of 5dzz orbitals. 

(2000-17 000 nm). Samples for these measurements were poly- 
crystalline films prepared by evaporation of acetone solutions on quartz 
or KC1 plates or mineral oil “mulls” prepared both with and without 
grinding. An equal thickness of substrate material was placed in the 
reference beam of the spectrophotometer for the optical absorption 
measurements. 

Results 
Figure 2 shows the photoacoustic spectra (250-1000 nm) 

of the linear-chain iridium carbonyl halides and also of the 
nonchain complex (C6Hs)&[Ir(C0)2C12]; the observed band 
energies are summarized in Table I. We note that the spectra 
of all four linear chain complexes have two distinct intense 
absorption regions. The high-energy visible and uv absorption 
clearly displays band structure, while the low-energy visible 
and near-ir region appears as a rather unstructured background 
that rises toward the infrared region. &.98Ir(CO)2C12.42 and 
Ko.6oIr(CO)~Clz.0.5H20 have essentially identical spectra in 
the 300-600-nm region: there are two partially resolved bands 
(2.3 and 2.9 eV) and a poorly defined shoulder (-3.4 eV). 
(TTF)o,61Ir(C0)2C12 appears to have a similar spectrum in 
this region, but the band pattern is distorted and increased in 
intensity by the presence of unresolved underlying TTF ab- 
sorption6 C S I J , ~ ~ I ~ ( C O ) ~ B ~ ~  has a uv-visible absorption pattern 
similar to the carbonyl chloride linear chains; however, in this 
sample, the high-energy band (-3.4 eV) is better resolved 
while the two low-energy bands (-2.9 and 2.4 eV) are 
partially obscured by the tail of the ir absorption. By contrast, 
( C ~ H ~ ) ~ A S [ I ~ ( C O ) ~ C ~ ~ ]  shows no evidence of absorption in 
the near-ir region while in the 300-600-nm region two bands 
(3.4 and 3.6 eV) are seen. 

Our present photoacoustic spectrometer does not cover the 
region of the ir band maximum; the entire band was, however, 
subsequently observed by conventional transmission spec- 
troscopy on samples of &.gsIr(C0)2Cl2.42 (Figure 3 and Table 
I). The position and width of this band is sensitive to the 
method of sample preparation. A film obtained by evaporating 

(X = C1, Br) 

I [ e ’  

0 400 600 800 +C 
nm 

an acetone solution of the compound has an ir absorption 
extending from -0.1 to -1.2 eV with a maximum at 0.21 
eV. With a mineral oil mull prepared without crushing the 
“as made” sample, the band is broader and the maximum has 
shifted to higher energy (0.6 eV). A further shift to higher 
energy (0.9 eV) and further broadening are observed if the 
sample is well crushed before preparing the mull. The effect 
of crushing in broadening the ir band and shifting it to higher 
energy is also demonstrated by the photoacoustic spectra of 
crushed samples shown in Figure 4. It is seen that in the 
crushed samples the tail of the ir band overlaps the uv-visible 
absorptions much more strongly than in the uncrushed 
samples. 

We are aware that [Pt(NH3)4] [PtC14], which contains 
linear chains of weakly interacting platinum atoms, appears 
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Figure 3. Near-ir absorption of Ko.981r(CO)zC12.4z as determined 
by conventional transmission spectroscopy. 
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Figure 4. Photoacoustic spectra of crushed samples of (a) 
Ir(CO)zClz,4z, (b) (TTF),.,, Ir(CO)zC12, and (c) C ~ 0 . 6 1 1 r ( ~ 0 ) 2 B ~ 2 .  

to have a strong, broad absorption band in the near-ir region 
centered at -6000 cm-I (0.7 eV) when studied in a mull or 
KC1 disk and that this band has been shown to be a spurious 
effect arising from differences in light scattering between the 
sample and r e fe ren~e .~  Conventional light scattering cannot 
however strongly affect a photoacoustic spectrum, particularly 
in a region where there is no real absorption, since such light 
scattering is solely equivalent to an increase, by a factor of 
2 or 3 at the most, of the sample thickness. Only in the 
presence of a strong absorption does light scattering have to 
be taken into account, since then it will result in a somewhat 
stronger photoacoustic signal. Since our photoacoustic spectra 
clearly show a strong signal increasing in intensity toward the 
infrared region, we conclude that the near-ir band must be real 
and is probably the result of electronic transitions in the 
linear-chain iridium complexes. 
Discussion 

(C6Hs)qAs[Ir(C0)2C12] contains 5ds Ir(I) in cis square- 
planar c~ord ina t ion ,~  point group symmetry C2". In Figure 
5 we show two simplified schematic molecular orbital energy 

Figure 5. Schematic molecular orbital energy level diagrams for 
square-planar C,, [Ir(CO),Cl,]- and their relation to the D,h case: 
(a) based on the Pt(CN),'- MO diagram of ref 8; (b) based on the 
F't(CN),'- MO diagram determined by an SCF-XCY-SW calcula- 
tion. 

level diagrams in terms of which the optical absorption of 
[Ir(C0)2C12]- may be described. The symmetry assignments 
refer to a right-handed coordinate system with the x axis along 
the C2 axis of CzU and the z axis perpendicular to the molecular 
plane. Figure 5a shows the level scheme derived from the 
Pt(CN)42- (D4h) MO diagram of Piepho, Schatz, and 
McCafferys and used to interpret the spectrum of cis-Pt- 
(NH3)2(CN)2 and related  compound^.^ Figure 5b shows the 
level ordering expected on the basis of the MO diagram re- 
cently determinedlo by an SCF-Xa-SW calculation for 
Pt(CN)42-. The two level schemes differ in interchanging the 
positions of ai(z2) and al(x2 - y2). For Figure 5a the highest 
occupied level of [Ir(C0)2C12]- is a1(z2) while for Figure 5b 
it is al(x2 - y2). In either case the ground state is 
(a12b~2a22a12) 'AI. 

In view of the intense nature of the 3.35- and 3.57-eV 
bands' of ( C ~ H ~ ) ~ A S [ I ~ ( C O ) ~ C ~ ~ ]  and by analogy with the 
assignments that have been made for the lowest energy intense 
bands of the 5d8 complexes Pt(CN)42-,s-10 cis-Pt(NH3)2(CN)2 
and related c ~ m p o u n d s , ~ ~ ~ ~  and ML2+ (M = Rh(I), Ir(1); L 
= di(tertiary pho~phine))'~ we assign these bands as the lowest 
energy-allowed metal-to-ligand charge-transfer (MLCT) 
transitions from the d or "d-like"lo levels to the bl(r*,  6pz) 
orbital. The latter orbital is assumed to be mainly an anti- 
bonding CO r orbital with some admixed Ir 6pz, which also 
has bl symmetry; the 6pz orbital itself lies above bz(xy). In 
the absence of spin-orbit coupling the two fully allowed MLCT 
transitions of lowest energy are a1(z2) (or al(x2 - y2))'A1 - 
bl(r*, 6pz)'B1 and a2(yz)lA1 - bl(r*, 6pz)'B2. Spin-orbit 
coupling cannot, however, be neglected for Ir(1) ({ = 3000 
cm-l); its effect on the symmetry representations of the excited 
states arising from one-electron excitations to the configu- 
rations a1(z2) (or al(x2 - y2))bl(r*, 6pz) and a20.'z)bl(r*, 6p,) 
is as follows: (a1bl)lBI - B1; (albl)-'B1 - A2, A] ,  B2; 
(a2bl)lBz - B2; (azb1)~B2 - 8 2 ,  B1, AI. Transitions from 
the 'A1 ground state to A2 excited states are not dipole allowed 
under Ch symmetry, while transitions to the low-lying A I ( ~ B ~ )  
state will be very weak since there is no nearby A1 state of 
singlet origin to enhance its intensity. Transitions to B z ( ~ B ~ )  
should, however, have enhanced intensity because of admixture 
with the nearby B2('B2) state. We therefore suggest the 
assignment a1(z2) (or al(x2 - y2))'A1 - bi(r*, 6~,)B2(~Bi),  
probably overlapped with a2bz)'Al - bl(r*, 6p,)B1(~B2), 
for the 3.35-eV band of [Ir(C0)2C12]-; this is analogous to 
Isci and Mason's9 assignment for the lowest energy MLCT 
band in Pt(en)(CN)2 and cis-Pt(NH3)2(CN)2. The 3.57-eV 
band is then assigned as predominantly a1(z2) (or al(x2 - 
y2))'A1 - bl(r*, 6pZ)Bi('B1), analogous to Isci and Mason's9 
assignment for the next to the lowest energy MLCT band of 
Pt (en) (CN)2 and cis-Pt(NH3) 2(CN)2. 
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In [Ir(CO)2X2] o.6- linear chains the cis square-planar units 
are linked by strong metal-metal bonds14 formed principally 
by overlap of Ir 5d2 orbitals along the chain axis (Figure 1); 
the iridium is partially oxidized over Ir(1) to give an effective 
oxidation state of 1.4. The strong metal-metal interaction 
presumably drastically raises the energy of the dZ2 band of 
states, as has been suggested for the platinum cyanide chain 
complexes,'O and we propose that in [Ir(CO)zX2lo 6- chains 
the d,2 band has been raised to a sufficiently high energy that 
transitions from it to bl(r*, 6pz) give rise to the broad ab- 
sorption observed between 0.1 and 2 eV. A possible expla- 
nation for the shift of this absorption to higher energy when 
the sample is crushed is illustrated in Figure 6; this shows the 
tight binding band theory energy of the highest filled level of 
the d2  band as a function of chain length. These energies were 
calculated from the relationI5 

En = a + 2p cos (nn/(N + 1)) 

where a = sql*Hvi d7, /3 = Jq*Hq+1 d7 (cpi is the 5d22 wave 
function of the ith atom in the chain), N is the number of 
atoms in the chain, and n = 1, 2, ..., N, the highest filled level 
has n = 0.8N. It is seen that, for short chains (below about 
100 atoms in length), this model predicts a significant decrease 
in the energy of the highest occupied level with decreasing 
chain length. If crushing the sample in a mortar and pestle 
causes extensive chain breakage, as one would expect, then 
this model predicts a shift in the near-ir band edge to higher 
energy. This prediction is in qualitative agreement with our 
results. However the tight binding band theory model is unable 
to account for the shift to higher energy of the centroid of the 
ir band and for the increased width of this band upon sample 
crushing. This is not surprising in light of the approximations 
present in the model. Moreover, both the centroid shift and 
the increased line width may be due, in part, to a broader 
distribution of chain lengths in the crushed samples. That 
chain length distribution might play a significant role is in- 
dicated by the fact that the film which was obtained by 
evaporation of a solution of the sample and which presumably 
contained the narrowest distribution and the longest chain 
lengths gave rise to the narrowest and lowest energy near-ir 
band. 

The above interpretation of the effect of crushing on the 
near-ir absorption is consistent with the observation16 that after 
grinding in a mortar and pestle the resistivity p of a sample 
of Ko.98Ir(C0)2C12.42 still followed the relation 

P = P O  ex~(To/T)"' 

with essentially the same value of the parameter To as before 
grinding (To = 8.6 X lo3 K before grinding4 and 1.1 X lo4 
K after grinding), but its resistivity had increased by a factor 
of -3. A recent analysis of hopping conductivity in "one- 
dimensional" compounds indicates that TO should be essentially 
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independent of chain length.17 Chain breakage by sample 
crushing would therefore not be expected to affect To. Chain 
breakage does, however, decrease the number of low-resistance 
pathways for conduction and must therefore increase the total 
resistance. 

In terms of the level scheme in Figure 5a, the near-ir band 
of the linear chains corresponds to the 3.57- and 3.35-eV bands 
of [Ir(CO)2Ch]-, strongly red-shifted by the metal-metal 
interaction. The high-energy optical absorptions of the linear 
chains can now be assigned as MLCT transitions from a(yz> 
and b(xz) to b(r*, 6pz) (the subscripts on the symmetry 
designations have been dropped on the assumption that the 
only overall symmetry element retained by the chain is a c2(x) 
axis). By analogy with assignments made for Pt(en)(CN)z 
and ci~-Pt(NH3)2(CN)2~ we suggest a(yz)IA - b(r*, 
~ P ~ ) B ( ~ B )  for the 2.3-2.4-eV band, a(yz)'A - b(r*, 6 ~ 2 ) -  
B('B) for the 2.9-eV band, and b(xz)IA - b(r*, ~ P , ) B ( ~ A I )  
for the 3.4-eV band. These absorptions are considerably 
red-shifted with respect to the corresponding transitions in 
nonchain [Ir(C0)2C12]-. This is contrary to the expected 
increase in energy of MLCT transitions with increasing ox- 
idation state of the metal. We attribute the red shift to in- 
creased energy of the a b z )  and b(xz) orbitals, caused by 
antibonding metal-metal interaction,18 combined with a 
decrease in the energy of b(r*, 6p,) caused by weak bonding 
interaction between these orbitals in the chain. It seems likely 
that a b z )  and b(xz) will be above a(x2 - y2) in the chain 
complexes even if the level scheme of Figure 5b is appropriate 
for [ Ir (C0)2CL] -. 

We have also considered two alternative assignments to the 
one made above for the near-ir band. An obvious possibility 
is to assign the band as an Ir(1)-Ir(I1) or Ir(1)-Ir(II1) in- 
tervalence transition. We believe this to be inappropriate 
because there is good evidence4 that the charges (holes) arising 
from partial oxidation of Ir(CO)2C12- units are delocalized 
over a segment of the iridium chain. The corresponding 
assignment for a delocalized system is as an intraband 
transition between levels of the 5d,2 band; this allows the 
dependence on chain length to be interpreted as before. 
However, the difficulty arises that the next highest energy 
absorption (2.3 eV) must now be assigned as a transition from 
the 5dz2 band to bl(r*, 6~2) .  The 2.3-eV band would then be 
expected to show a chain length dependence similar to that 
of the near-ir band. Since this is not observed, we believe that 
assignment of the near-ir absorption as an intraband transition 
is untenable. 
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The H e  I photoelectron spectra of a series of dialkylmercury compounds, symmetrical (R2Hg) as well as unsymmetrical 
(RHgR’), have been obtained. These compounds differ significantly from homologous series previously studied by PES 
in that ionization proceeds from a bonding orbital as opposed to a nonbonding orbital. Consequently, alkyl substituent 
effects on the first ionization potential along the series of RHgR’ (R’ = methyl, ethyl, isopropyl, tert-butyl) exhibit a marked 
“saturation” effect, in contrast to the “additive” relationship observed in the other species. The origin of this effect is discussed. 
In contrast, ionization of the 5d electrons, which are not involved in bonding, shows the usual additive dependence on alkyl 
substitution. Mercury atom charges and electronegativities of the alkyl groups are  estimated, based on the shift in the 
5d band in R:Hg from Hg. The sensitivity of the ionization potential to substituent effects in the series of dialkylmercury 
compounds is found to decrease in the order RHgMe > RHgEt > RHg-i-Pr > RMg-t-Bu. 

~ r n ~ ~ ~ ~ ~ ~ t ~ Q ~  
The uv photoe1e::trnn spectra (PES) of some divalent 

compounds of the group 2B metals, including the ionization 
from an inner-shell d orbital, have been reported r e ~ e n t l y . ~ - ~  
Only one of these papers2a deals with alkyl derivatives of 
mercury, and then only briefly. We have examined the PES 
of an exterisive series of niercury dialkyls by systematically 
varying the structure of the alkyl group from methyl through 
tert-butyl and neopcnkyl, in order to probe the effect of alkyl 
substituents. The series of dialkylmercury compounds differs 
from that of otlier alkyl-substituted compounds examined 
previously, in that no high-lying nonbonding electrons are 
present and the first ionization potential must result from 
removal of electrons from bonding orbitals. The study of 
dialkylmercury compounds also allows a direct comparison to 
be made of alkyl substituent effects on the highest occupied 
bonding orbital (HOMO), with substituent effects on the 
ionization from an orbital not directly involved in bonding, viz., 
the mercury 5d orbitals. 
Experimental Section 

The photoelectron spectrometer used in these studies has been 
previously described.6 The dialkylmercury compounds were prepared 
in pure form by the general method of Singh and  redd^,^ and they 
all gave appropriate NMR, mass spectral, gas chromatographic, and 
elemental analyses. All of the compounds were sufficiently volatile 
a t  room temperature to be admitted directly into the ionization 
chamber in the gas phase. A xenon-argon mixture was used as an 
internal calibration standard for each spectrum. 

Results and Discussion 
The He  I photoelectron spectra of dialkylmercury com- 

pounds show two principal bands of interest to us. The first 
ionization potential, occurring in a range between 7.57 eV 
(di-tert-butylmercury) and 9.33 eV (dimethylmercury) is 
included in a fairly broad, unsymmetrical band. A second, 
weaker band occurs between 14.4 and 15.0 eV and has been 
attributed to ionization from the mercury 5dLo shell.2a The 
ionization energies for these two bands are tabulated in Table 
1. Representative spectra are reproduced in Figure 1 for one 
series of alkyl(methy1)mercury compounds, Le., R-Hg-CH?. 
The internal consistency of the data is illustrated in Figure 
2 by a comparison of the ionization potentials of the meth- 

Table 1. The First and 5d”Vertical Ionization Potentials (eV) of 
Uialkylmercury Compounds 

1st 5dI0 1st 5d1° 
Comod IP IP Comod IP IP 

(CH ,),I% 9.33 14.93 (iC,H,),Hg 8.03 14.46 
(CH,)!C,W,)Hg 8.84 14.85 (C,H,)(tC,H,)Hg 8.06 a 
(C,H,),HK 8.45 14.71 (iC,H,)(tC,H,)Hg 7.73 a 
(CI13)(i-C3H,)Hg 8.48 14.86 (nC,Hg),Hg 8.35 a 
(C€I&(i-C4Ho)Hg 8.75 14.74 (iC,H9),Hg 8.30 14.47 
(CH,)(tC,H,)Hg 8.31 a (tC,H,),Hg 7.57 a 
(C,I-l,)(i-C3H7)Hg 8.18 14.61 (i-C,H,)(neo- 8.33 14.49 
(nC,H,),Hg 8.29 14.63 C,H,,)Hg 

(neoC,H,,),Hg 8.30 14.41 

a The intensity of this band was too low to observe it above the 
noise level of the spectrum. 

ylmercury alkyls with those of the ethylmercury analogues. 
The effect of alkyl substitution on the first ionization po- 

tential of a series of alkyl derivatives is attributed primarily 
to polarization effects in the molecular ion final I t  
has been recognized that such electronic effects are additive 
along the series Me, Et, i-Pr, and t-Bu.’O Thus the energy 
effect of replacing Me by Et is expected to equal that of 
replacing Et by i-Pr or of replacing i-Pr by t-Bu. In each case, 
01 hydrogens in CH3 are being sequentially replaced by methyl 
groups. Such a relationship is observed in chemical equilibria 
and reaction rates,I0 as well as in ionization potentials de- 
termined by PES.’ 1,12 

A recent relevant example of this additivity relationship 
involves the proton affinities (PA) of alcohols which were found 
to increase by increments of 6 * 1 eV along this series.13 The 
equal increments in proton affinities, A(PA), are particularly 
noteworthy, since Martin and Shirley have shown9 that the 
variation in proton affinities of this series of alcohols should 
be equal to the variation in the Q( 1s) binding energy of the 
same cornpounds. Indeed a plot of the proton affinities of 
alcohols against their ionization potentials is linear with a unit 
slope. This correlation suggests that both effects arise from 
the polarization of the alkyl group in response to a unit positive 
charge on oxygen. 

Such additive energy effects have been used by TaftIo as 
a criterion for identifying polar effects as denoted by the 
empirical substituent constant g* (Me:Et:i-Pr:t-Br = 




