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The series of rotational isomers, derivable from ~-diketones, has been studied by a "molecules- 
in-molecules" technique, including several diexcited configurations. Correlations concerning ground 
state properties and the dependence of spectral features upon conformation, are presented. 

Die Reihe yon Rotationsisomeren, die sich yon a-Diketonen ableitet, wurde mittels des molecules- 
in-molecule Verfahrens untersucht, wobei zweifach angeregte Konfigurationen einbezogen wurden. 
Es interessierte besonders die Korrelation zwischen Eigenschaften des Grundzustandes und der 
,~nderung der Spektren mit der Konformation. 

On 6tudie les isombres rotationnels du systbme ~-dionique par une m6thode du type <<mol6cules 
dans les mol6cules>>. Des configurations ~ excitation double sont incluses. Les calculs permettent 
d'6tablir des corr61ations concernant l'6tat fondamental et la d6pendence des spectres sur la con- 
formation. 

1. Introduction 

In the  p reced ing  pape r s  of  this  series [1],  we ana lyzed  the e lect ronic  p roper t i e s  
of  some n o n - p l a n a r  m o n o k e t o n i c  sys tems in t e rms  of  n-e lec t ron  and  al l -valence-  
e lec t ron  schemes. Ex tens ion  of  the  analys is  to c o m p o u n d s  con ta in ing  two ca rbony l  
g roups  calls for a p r e l im ina ry  choice  be tween  the S C F - C I  and  M I M  ("molecules-  
in-molecules"  [2])  me thods ,  and  also for a decis ion as to  the n u m b e r  and  type  
of  conf igura t ions  to  be  inc luded.  W e  found  it therefore  des i rable  to deve lop  the 
m e t h o d  step by  step, increas ing  g radua l ly  the complex i ty  of  the model .  

In  the presen t  p a p e r  we shall  discuss the  in te rdependence  of  ro t a t i ona l  
i somer i sm and  e lect ronic  p rope r t i e s  in ~-d ike tones  on the basis  of  a M I M  con-  
s t ruct ion.  

CH 3 CH 3 \ /  

CH3 f C ~ c =  O 

o . . ,H  % cC.  
II II / - -  % 0 3', 0=o ">% o o 

CH 3 CH 3 C[--C~C--CI CH 3 O 

I II III IV V 

* For part IV, see Ref. [1]. 
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Table 1 

n 2m= (nm) and ~:a, b Separation (eV) 

5 c 508 (38) 280 (15) 1.987 
6 380 (11.1) 297.5 (28.9) 0.905 
7 337 (33.8) 299 (34.5) 0.467 
8 343 (21.4) 295.5 (43.2) 0.582 

18 384 (21.7) 296 (50.6) 0.960 

a T a k e n  f r o m  Ref. [6 ] ,  except  n = 5. 
b In  95 To e thano l ,  excep t  n = 5. 

c In  c y c l o h e x a n e ;  Ref. [-7]. 

We shall first consider the geometrical diversity of the e-diketones, in order 
to illustrate the need for a generalized treatment. Glyoxal (I) is known [3, 4] to 
adopt Czh-symmetry, while the two carbonyl groups in camphorquinone (II) and 
its analogs [-5] are necessarily cis to each other. The 3,3,n,n-tetramethyl-l,2- 
cyclanediones (III) show, in 95% ethanol, two n~rc* transition bands, whose 
position andintensity (Table 1) varies with n [6]. A logical assumption, corroborated 
by the spectral properties of other diones [8, 9], is that the change is related to 
modifications of the dihedral OCCO angle. In oxalyl chloride (IV), the dihedral 
angle is temperature-dependent. This follows [10] from the gas-phase spectrum 
which consists of a progression - with O-O band at 368 nm - superimposed on 
a continuum; the intensity of the former decreases, that of the latter increases 
with temperature. The 368 nm band is ascribed to the trans-, and the continuum 
- to a cis-rotamer. 

The spectrum of glyoxal itself (I) has been :measured both in the gas-phase [-11] 
and in solution [-12, 13]. The O-O band of the singlet n~rc* transition is found 
in the region 460-450 nm [3, 12, 14]. A progression at 320-230 nm, with a solution- 
maximum at 267.5 nm (e = 5.8) [12], has been ascribed - by elimination - to a 
second n ~r~* singlet [15]; however, the corresponding band of biacetyl (V) does 
not manifest the solvent-shifts expected for such a transition [16]. The next 
absorptions of glyoxal, at 205-185 nm (solution value 196 nm [12]) and at about 
167 nm, were assigned [15] as N ~ B  and re-+r:, respectively. 

Htickel-type calculations [17] apart, we know of six previous studies of 
glyoxal. In Sidman's evaluation of SCF r~-orbitals [18], the oxygen non-bonding 
electrons were kept in the core. Other studies, with the n-orbital in the basis set, 
are the SCF-CI  [19] and MIM [20] treatments of Edwards and Grinter, SCF-CI  
by Jensen and.Skancke [21] and SCF by Leroy and Collab. 1-22]. All these 
calculations are limited, however, to C2h-glyoxal, and it is not clear whether the 
proposed methods can be applied to other geometries or to long-chain carbon 
structures containing two carbonyl groups. All-valence-electron calculations for 
the skew glyoxal molecule have been performed by Hug and Wagni6re 1-23] ; here, 
however, the stress is laid upon optical activity, rather than the geometrical effect 
on re-electron properties. 

We approach the geometrical problem by considering the unified e-diketone 
skeleton comprised of two carbonyl fragments, a and b (Fig. 1). The interatomic 
distances and bond angles are those of glyoxal [24], and the rotamers are identified 
24* 
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by the angle ~ between the planes OaCaC b and C, CbOb, such that ~ = 0 ~ cor- 
responds to the c i s - s t ruc ture .  Each fragment contributes three 2p-orbitals: Zc and 
Xo are n-orbitals and C and O, orthogonal to the lone-pair oxygen orbital, Z,. 

For each separate fragment, we begin with the three linear combinations 

= rZc + S Z o ,  

n = X n ,  

~ *  _~ S Z c  - -  r Z o  , 

where r and s have the SCF values [25] of 0.5649 and 0.8251, respectively. We 
then construct the ground configuration, 

G = (7~a~ana'naTgb~bnb-Hb) , 

E G - 0 (for each separate rotamer) 

and twelve others, which fall into three categories. 
1. Four local excitations (L): n~z*(L, a), n~*(L, b), zn*(L, a), zrn*(L, b), where 

a and b indicate the fragment, e.g., 

nTc*(L, a) = (1/l/~) (Tr, a~a[l"f,*a n a -Jr" n , ~ * ]  7r, b~bl'lb-~b) . 

2. Four  charge-transfer excitations (CT): ~ * ( C T ,  a), ~ * ( C T ,  b), mz*(CT, a), 
nTc*(CT, b), where a and b indicate the source of the transfer, e.g., 

zc rc*(CT, a) = (1/1,/2) ([zc*E a + rc~E*] nanaTrbZCbnbfib). 

3. Four  local diexcitations (D), 

zrzc*(D): rczc*(L, a) and ~rrc*(L, b), 

nzr*(D): nzr*(L, a) and nrc*(L, b), 

nrcrc*(D): nrc*(L, a) and rczr*(L, b), 

zcnrc*(D): rcrc*(L, a) and nTr*(L, b). 

Double excitations of the charge-transfer type were not included. 
Formulation of the interaction matrix, with elements expressed first as sums 

of molecular [26], then of atomic integrals, and evaluation of these for each 
and diagonalization furnish the desired state-energies and state-functions. 
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The evaluation of bicentric integrals over non-parallel atomic orbitals has 
been detailed elsewhere [1, 25, 27], and only an outline will be given here. An 
internal coordinate system is first constructed for each pair of orbitals, excepting 
pairs of parallel or perpendicular axes. Using the projections of the orbitals on 
the internal systems, one then reduces all bicentric integrals to sums of magnitudes 
which depend solely upon the interatomic distance. Coulomb repulsion integrals 
are obtained in terms of (aa, aa), (me, grc), 0m, r(zc'), (rcn, aa), (ford, ford) and (Tzo-, so-) 
(where ~ ' •  r 0, and these are computed from Roothaan's formulas [28], with the 
effective exponents [25] 0.927 for C, 1.283 for O. Monoelectronic integrals are 
expressed as 

where we put kcc = 10.14, kco = 15.07 and also derive k c = (1/2) kcc , k o = kco - k o 
koo = 2k o = 20. 

The necessary overlap integrals, developed in terms of S~ and S~, are computed 
according to Mulliken et al. [29], with the Slater exponents 1.625 for C, 2.275 
for O. Dipole moment integrals are evaluated as before [27]. 

The monocentric monoelectronic integral [1] follows immediately. The 
inclusion of a "re-inductive" correction for the pair O. . .C  [cf. 21] caused only 
negligible modifications of the computed results, in distinction from our former 
findings concerning the F.-. C pair. 

We adopt the ZDO approximation [30], which eliminates all bielectronic 
integrals except (##, ##), (ZoX,,)~,;(0) = (~z', ~z'r0o and (##, vv). For the partial 
re-introduction of differential overlap (see later), we use [31] 

(#v, ea) = (1/4) S,~So~ ~ (r c#~'), 
O~ = / / ,  ",; 

Since it is our aim to obtain general relationships for widely differing diketones, 
not computed quantities for individual molecules, no parameter-optimization 
[cf. 20], nor use of empirical data [cf. 32] have been made. 

2. Results and Discussion 

A. General 

Of the 78 interaction elements that occur in the 13 • 13 CI matrix, 46 vanish 
identically. Still, the matrix cannot be subdivided into independent blocks, as 
the other elements are in general interconnected. In particular, the diexcited 
configurations exert an a-dependent effect on the monoexcited levels, although 
only nn*(D) is energetically comparable with them. 

The ground-state, which contains about 97% of G at rotational extremes 1 
and more than 99 % mid-way, is depressed to the amount of 0.296 eV at 0 ~ 0.119 
at 90 ~ and 0.315 eV at 180 ~ These values, although suggestive, cannot be linked 
directly with the trans-geometry of glyoxal [3] as long as the compression- 
energies are not known [cf. 33]. Calculated ionization potentials exceed the 

1 Because of the need, dictated by the geometrical construction [27], for a special algorithm 
whenever sin c~ = 0, we have approximated 0 ~ and 180 ~ by 1' and 179~ ', respectively, 
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Table 2. Electronic states at et ~ 0 ~ 

State Eigenvalue Transit ion C2v f and Main 
(eV) Wavelength (nm) Representation a Polarization b Contributors 

13 -0 .2961 - -  A 1 - -  G 
12 3.5000 326 A2 2 . 1 0  -6  (z) nn*(L, - )  
11 3.6361 315 B 2 10 -7 (z) nn*(L, + )  
10 7.6006 157 A 1 0. nn*(D) 

9 7.6800 155 B1 0.186 (xy) nn*(L, - ; CT, - )  
8 7.9699 150 A a 0.553 (yx) nzc*(L, +)  
7 8.2700 144 Bz 5 . 1 0  -5 (z) nn*(CT, +)  
6 8.4125 142 A 2 10 -4  (z) nn*(CT, - )  
5 10.6194 113 A1 0.021 (xy) nn*(CT,  +)  
4 11.9382 101 B t 8 . 1 0  -4  (xy) nn*(L,  - ; CT, - )  

a C2=__y, a v = _ x y .  

b See text. 

Table 3. Electronic states at c~ = 90 ~ 

State Eigenvalue Transit ion C 2 f Main 
(eV) Wavelength (nrn) Representation a Contributors 

13 -0 .1188 - -  A - -  G 
12] 3.9056 308 B 10-  7 n n* (L, - )  
11f 3.9056 308 A 5 . 1 0  -7  nn*(L, + )  
10 7.2977 167 A 3 . 1 0  -3 nn*(D) 

9 7.7024 158 A 0.231 nn*(L,  +)  
8 8.3850 145 B 0.085 n n* (CT, - )  
7 8.6477 141 A 0.032 nn*(CT, + )  
6 9.5903 127 B 0.371 ~ n*(L, - )  
5] 10.7123 114 A 3 . 1 0  -5 ~n*(CT, + )  
4f 10.7124 114 B 2 . 1 0  -4  ~n*(CT, - )  

a C2 bissects OaCaCbO b. 

Table 4. Electronic states at c~ ~ 180 ~ 

State Eigenvalue Transit ion C2~ f and Main 
(eV) Wavelength (rim) Representat ion a Polarization b Contributors 

13 -0 .3148 - -  Ag - -  G 
5- 10 -7 (z) nrc*(L, a) 12 3.6109 316 Au 

11 3.6263 314 10- 6 (z) n n(L, b) 
10 7.5756 157 A o 0. nzc*(D) 
9 7.7123 154 A o 0.022 (xy) rcn*(L, + )  
8 7.9607 149 B~ 0.623 (yx) zc~*(L, - ; CT, - )  

10 -4  (Z) nn*(CT, b) 7 8.5754 139 Au 
6 8.6652 138 4- 10 -2 (z) nn*(CT, a) 
5 10.7832 111 Ag 0.016 (xy) gn*(CT,  + )  

a z ~ A , ;  x , y , ~ B , .  
b See text. 
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experimental glyoxal values [34], but the difference I s - I , ,  3.59 eV at 180 ~ is 
exactly the same; at 0 ~ and 90 ~ one calculates 3.53 and 2.62eV, respectively. 
Computed electroaffinities (depression included) are -1 .98 at 0 ~ -0.93 at 90 ~ 
-2 .02eV at 180 ~ thus negative and close to the parameter-fitting value of 
- 2.2 eV [ 2 0 ] .  

The properties of higher levels, and of transitions from the ground-state, are 
displayed in Tables 2-4  for the three rotational angles, 1', 90 ~ and 179~ '. Dis- 
regarding non-equal weighting, we denote symmetric and antisymmetric combi- 
nations by the (+) and ( - )  sign, respectively. Obviously, the symmetry connotation 
in Tables2 and 4 refers to planar conformations, not to 1' and 179~ this 
explains the non-vanishing oscillator-strengths (f)  for formally forbidden transi- 
tions, as well as the replacement, in some cases, of axis-, by plane-polarization. 
On the other hand, "overlap-forbidenness" [18, 35] may weaken symmetry- 
allowed transitions, as is the case for nrc*(L)-excitations at 90 ~ and A o ~ A  . 

transitions at about 180 ~ . 
The excited levels may be grouped in five bands: The first, identifiable as 

n~r~*(L), includes also the diexcitation disregarded in former studies. The 
relation of the second, strong ~ ~n*(L),  to the third, weak n~rc*(CT), illustrates 
interchange of electronic levels, predictive of change in the outward appearance 
of the spectrum. These are followed by rc ~ 7z* charge transfer and by the diexcita- 
tion band (not included in the tables) which comprises rcn*(D) (eigenvalue 
17.36-17.90, dependent on ~), as well as nrt~*(D) and rcnrc*(D) (12.29-13.08). 

The effect of geometry upon the first two bands is analyzed in the next sections. 

B. n ~ ~z* Trans i t ions  

The experimental data of Table 1 permit two generalizations [6, 36]. The first 
concerns the separation of the two bands, seen to be maximal at small and large 
dihedral angles, minimal mid-way; the second refers to the wavelength of the 
low-frequency absorption, which shows a similar behaviour. Naturally, these 
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relationships, derived from spectra of ethanol solutions, cannot be more than 
qualitative, because of the levelling effect [37] exerted on the shifted bands [38] 
in this hydroxylic solvent. A more fundamental reason to refrain from quantitative 
statements is that the numerical quantities depend strongly on the family of 
compounds, e.g., five-membered [36] and bicyclo-c~-diketones [5] differ signifi- 
cantly from medium-ring [6] compounds. 

Fig. 2 summarizes the angle-dependence computed for the two local n--*rc* 
transitions (curves 1,2) and the corresponding diexcited state (curve 3); oscillator- 
strengths are shown in Fig. 3. The diexcitation, strictly forbidden at rotational 
extremes, has, at 90 ~ M x = 0.028, My-- -0.039, M= = -0.045 (axes as in Fig. 1). 
The monoexcitations, weak but permitted throughout, are polarized as z: for 
the lower-energy band, M= = 0.0024 at ~ = 0 ~ M= = -  0.0012 at 180 ~ the values 
for the other being - 0.0006 and - 0.0021. 

Suzuki has published [39] a schematic analysis, in terms of interacting mo- 
lecular orbitals, both of the energy and of the separation of the two levels. It is 
of some interest to present the alternative MIM interpretation, supported by 
numerical quantities. 

Under the limitations of the ZDO assumption, there can be no direct inter- 
action between n~*(L, a) and n~*(L, b), nor between them and G. Indirect inter- 
action exists, however, through the intermediary of the corresponding charge 
transfers, nrc*(CT, a) and nrc*(CT, b). True, ng*(L, a) interacts with rcrc*(CT, b) 
and n~rc*(D), as does n~*(L, b) with rcrc*(CT, a) and rcnrc*(D), but this permits 
no "bridging", because 

<[n~z rc*(D)] ~ [~ nrc*(D)] > =- O, 

<[~ rc*(CT, a)] ~o [~ n*(CT, b)]> - O. 
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The situation may be represented as 

j nrc*(CT, b ) ~ x ~  

n rc*(L, a) n~*(L, b) 

\ / 
nrc*(CT, a) 

Element A, which links transitions of equal destination, depends essentially on 
the deviation of the molecule from planarity; symmetrically disposed about 

= 90 ~ it is highly negative ( -  1.15 eV) at 0 ~ and 180 ~ zero at 90 ~ Element B, 
connecting transitions of equal source, is related mainly to the O...  O distance; 
0.16 eV at rotation 0 ~ it falls to 0.02 at 90 ~ diminishing further as one approaches 
the trans-rotamer. These relationships are shown in Fig. 4. 

The separation of the two transitions is governed by the behaviour of A and B. 
In the first branch (0-90~ the separation is highest at 0 ~ (A and B large in absolute 
value), nil at 90 ~ (A = 0); going through the second (90-180~ it rises somewhat 
(A augments, but B diminishes), to fall again and vanish at 180 ~ (B ~ 0). 

The actual location of the n ~ *  band is determined, first, by the energy of 
the nrc*(L) configurations before mixing, second, by the magnitude of the inter- 
action-elements that push this energy down, towards the ground level. A third 
factor, namely, the ground-state depression, is numerically less important. 

Before mixing, the n~rc* configurations are degenerate, with three energy- 
maxima, at 0 ~ and 90 ~ and 180 ~ Upon mixing, the two states separate and their 
average energy, in respect to the ground-state, is lowered. The magnitude of this 
lowering has also three maxima, at 0 ~ 90 ~ and 180 ~ One can then identify the 
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diexcited configurations nnn*(D) and nnn*(D) as responsible for this change, as 
their interaction-element with nzc*(L, b) and nn*(L, a), respectively (curve C in 
Fig. 4), shows again the three maxima. 

The importance of diexcited configurations, in calculations of this type, cannot 
be disregarded. In addition to the proximity of nn*(D) and nn*(L), noted above, 
we observe now that the lowering ofn n* (L), over-estimated before CI as 3.4-4.2 eV, 
is the numerical consequence of interaction with nnn*(D) and rcnn*(D). The 
reduced values fall in the range 3.2-3.9 eV, still somewhat higher than some of 
the experimental data (see Sect. 1). Possibly, inclusion of additional D-type 
configurations, e.g., the "crossed" n ~ n* charge-transfer, would have pushed the 
transition-energy even lower. This conclusion is independent of the ZDO as- 
sumption: partial re-introduction of differential overlap, rendering the element 
between nn*(L, a) and nn*(L, b) non-nul, was not found to influence the results 
significantly. 

Turning next to the data of Table 1, a conformational analysis of the 3,3,n,n- 
tetramethyl-l,2-cyclanediones (III) can be attempted. Molecular models indicate 
[6] that, at n = 5, the two carbonyl groups are confined to the cis-disposition, 
whereas an opening of the dihedral angle is possible for rings with larger n, and 
may amount  to 100-180 ~ at n =  18. Obviously, the tendency to alleviate non- 
bonded interactions [6] is not the sole motivation for the dihedral opening, for 
glyoxal itself prefers trans-geometry. Assuming now that ~ augments with n, the 
level-separation data (Table 1), together with the trend of the first n ~ n* absorption 
(Fig. 2), indicate ~ < 90 ~ for n = 6, ~ > 90 ~ for n = 8 and 18, ~ intermediate at n = 7. 

In order to narrow down the limits, we inspect the second n~n* transition. 
Its wavelength is fairly constant in 95 To ethanol; the molar extinction, on the 
other hand, is found to augment with n. Indeed, the data of Fig. 3 indicate that 
this quantity should increase with the dihedral angle, except in the intervals 
60-100 ~ and 140-180 ~ A possible interpretation is that ~ < 60 ~ for n = 6 and 7, 

between 100 and 140 ~  for n = 8 and 18. A more precise analysis, however, 
cannot be based upon the reported data, because of the variety of effects [40] 
that determine solvent-shifts, and the ambiguity in the relation of theoretical f 
with era, ~ and with [41] the experimental oscillator-strength. 

C. ~z-~n* Transitions 

Although less accessible to the practising organic chemist, it turns out that 
the T C ~ *  transitions should be even more revealing than the n ~ n *  bands. 
The two configurations, nn*(L, a) and 7r n*(L, b), lend themselves to two combina- 
tions, with angle-dependence as shown in Fig. 5. It is evident that, in distinction 
from the n-~n* bands, the two n-~n* absorptions have opposite trends, the one 
diminishing as the other augments. Disregarding edge-phenomena, there are 
two points of crossing, 74 ~ and 107 ~ in the vicinity of which we find a double 
branching and four transitions, identifiable as ~z-~ n*. 

The difference from n--*n* is based on the fact that ~zn*(L, a) and ~zn*(L, b) 
interact to a considerable extent, the interaction term changing sign at 10 ~ ( - to +), 
74 ~ (+  to - ) ,  107 ~ ( -  to + )  and 163 ~ (+  to - ) .  Thus, the level separation, which 
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amounts roughly to twice their interaction, vanishes twice along the rotational 
path (disregarding the edges), whereupon the crossing occurs. 

It is in this context that the importance of the fourth diexcitation, ~zc*(D), 
becomes clear. The interaction ( [ ~ * ( L ) ] J g [ ~ * ( D ) ] ) ,  which amounts to 
- 1.151 eV at 0 ~ decreases monotonously to - 1.371 at 180 ~ thus conveying to 
~lr*(L) the effect of augmenting the O..-O distance. 

High oscillator-strengths, shown in Fig. 5, are the rule for local ~ ~ ~* transi- 
tions. In the coordinate-system of Fig. 1, one has 

M; =-o.513, M; =o.o55~ 
M+=0.119, Mr+=_0.866 | at 0 ~ 

M~+ =0.133, Mr+ =-0 .398 ,  M~+ =-0 .401~ 
M~-=-0.331,  My-=0.403, M7 -0.4061 at 90 ~ , 

M~ + =0.163, Mr + = - 0 . 0 7 5 [  
M~ =-0 .486 ,  My-=0.790! at 180 ~ . 

The high absorption coefficients, thus predicted, should be helpful in identifying 
rc ~ ~z* transitions, especially as they may be separated (Tables 2-4, Figs. 2 and 5) 
by nlz*(D) and the two nzc*(CT) combinations. 

3. S u m m a r y  

The interaction between two carbonyl groups, placed as in ~-diketones, and 
the ensuing consequences for their properties, have been studied by a CI-model. 
As usual in such approaches, locally excited and charge-transfer configurations 
were included; in addition, it was shown that diexcitations are essential for 
reproducing the finer details. 
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T h e  c a l c u l a t i o n s  lead  to r a t i o n a l i z a t i o n  of  e x p e r i m e n t a l  ~ -d ike tone  proper t ies ,  
a n d  also p r o v i d e  g e n e r a l i z a t i o n s  c o n c e r n i n g  the  d e p e n d e n c e  of  the i r  spec t ra  
u p o n  c o n f o r m a t i o n .  Yet, because  of  e n v i r o n m e n t a l  effects, the  theore t ica l ly -  
de r ived  r e l a t i onsh ips  s h o u l d  o n l y  be  ap p l i ed  w i th in  series of  re la ted  c o m p o u n d s .  

T h e  m o s t  r e m a r k a b l e  cha rac te r i s t i c  of  e - d i k e t o n e s  is the  s e p a r a t i o n  of  the i r  
two n ~ r c *  a b s o r p t i o n s .  Th i s  is s h o w n  to be m i n i m a l  in  p l a n a r  a n d  p e r p e n d i c u l a r  
c o n f o r m a t i o n s ,  wi th  a w i d e n i n g  in -be tween .  Regula r i t i e s  in  the  a n g l e - d e p e n d e n c e  
of  w a v e l e n g t h  a n d  a b s o r p t i v i t y  were also fo rmu la t ed ,  a n d  the i r  u t i l i ty  was 
i l lus t ra ted .  

The  rc ~ re* a b s o r p t i o n s ,  a l t h o u g h  less access ible  in  r o u t i n e  work,  are  p red ic t ed  
to be even  m o r e  ind i ca t ive  of  s teric  r e l a t ionsh ips ,  because  of  m a r k e d  s e p a r a t i o n  
a n d  h igh  osc i l l a to r - s t reng th .  Th e  cha rge - t r ans fe r  b a n d s  a n d  diexci ted  levels, o n  
the  o the r  hand ,  seem to be m o r e  useful  as a t echn ica l  too l  t h a n  as a s t e reochemica l  
p robe .  
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