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Summary 

Absorption spectra of some arenechromiumtricarbonyl derivatives have been 
studied. The linear dependence of the extinction coefficient of the longer wave- 
length absorption band on 0,’ constants of substituents in a benzene ring has 
been established and it has been shown that a longer wavelength band is a band 
of intramolecular charge transfer from the central chromium atom to x-bonded 
arene. 

Introduction 

Some studies of the electronic spectra of arenechromiumtricarbonyls have al- 
ready been reported [l-6]. They have described the main features and given a 
partial interpretation of the UV spectra [l-3] of these compounds. Certain 
peculiarities of the electronic structure of benzenechromiumtricarbonyl substi- 
tuted derivatives have been found by the spectroscopic study of their photode- 
composition [ 4-61. 

The spectra of the compounds studied consist of three absorption bands; two 
shorter wavelength bands (X - 220 and 250 nm) have been associated with elec- 
tronic transitions in the x-bonded arene l&and, and the longer wavelength band 
(X - 320 run) is a band of intramolecular charge transfer, characterizing an elec- 
tronic transition in the metal-aromatic ring. However the authors suggest that 
the band (X - 250 nm) is also a band of intramoIecuIar charge transfer, These 
conclusions have been drawn after the investigation of a small number of substi- 
tuted arenechromiumtricarbony~. Therefore it was of interest to study the ef- 
fect-of substitaients in the aromatic ring of these compounds upon the frequency 
of $he absorption~btids in the electronic spectra as well as to try to give a simple 
expkmation of the assmment made by other authors. 
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The formation of a ligand-metal bond is accompanied by an electron density 
transfer from the occupied ligand onto vacant orbitals of the metal and by a 
back donation from occupied orbit& of the metal onto antibonding z-orbit& 
of benzene [ 7-9]_ As a result a partial transfer of electron density from bonding 
orbitals of the benzene ligand onto antibonding orbitals takes place, i.e. the 
process is analogous to transitions in benzene derivatives (to the excited state) 
[7-111. The extent of the back donation (metal-ligand) of electron density 
depends on both the nature of other ligands bonded to the chromium atom and 
on the substituents in the benzene ring [9]. Since a longer wavelength absorp- 
tion band in the electronic spectra of arenechromiumtricarbonyls has been as- 
signed to the electronic transition of central chromium atom-arene, i.e. intra- 
molecular charge transfer, we set out to obtain additional evidence for the as- 
signment of this band by investigation of a sufficient number of benzenechro- 
miumtricarbonyl substituted derivatives. 

Results and discussion 

The bands of intramolecular charge transfer (ICT) are distinguished by a num- 
ber of special features, For some benzene derivatives it has been shown [8,9] 
that the oscillator strength of a longer wavelength absorption band, which is an 
ICT band, correlates with u constants of Hammett substituents in a benzene 
ring. Also 112-131, a shift of electronic transition frequency Ae is related to 
the molecule dipole moments in the ground (rz,) and excited (p,) states by the 
relationship: 

hcAvO, = 
2 CL&T - Pe cos 9) F = COF 

? 
1 (1) 

where F is a function, characterizing the solvent properties; G is a value, ex- 
pressing the dependence of the substituent effect on the difference of the ground 
and excited state energies from the nature of distribution of the electron den- 
sity in a molecule; @ is the angle between the direction of the dipole moments 
of a molecule in its ground and excited states. For ICT bands the difference of 
the dipole moments in the ground and excited states approximately equals the 
value of the transition dipole moment, i.e. 

From eqn_ 1 as well as on the basis of the spectroscopic data for the compounds 
with intramolecular charge transfer 111,121 it follows that 

(3) 
Dipole moments of arenechromiumtricarbonyls 114-171 in the ground state are 
chiefly determined by a charge transfer inthe direction perpendicular to .the 
benzene ring plane_ Change of the dipole moments of these compounds occurs 
probably via “back don&ion” from the central &romium at&to the aren.e 
[ 3,6,7], i.e. in the same (or o@pbs&) direction a& the.ground s+e. en the, 
basis of this it ~y-~~~ppo~:~~~l~os~~I,~_~,~~~~~~;:i~~3~~~~:_ .-. .--:,_ : ‘-: .f__ 

.-= 
_ .- _: _.. ; __ 
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It is known [lS] that the oscillator strength (f) is connected with the value 5 
by the relation - 

When comparing (4) and (5), taking into consideration that o constants express 
the substituents’ effect on the value of the electron density in a molecule, linear 
correlation between c constants of substituents and the oscillator strength should 
be expected. The relationships (2) and (3) should also be met, i-e_ the absorption 
band should be an ICT band, and also the same solvent should be used. For the 
bands of equal half-band-width the oscillator strength is related to the extinc- 
tion coefficient (E) [IS], that is, only linear correlation between e and (I may 
also be expected. 

Earlier it has been shown [ 191 that on formation of intermolecular charge 
transfer complexes by benzene derivatives as well as by other aromatic com- 
pounds the influence of substituents in the aromatic ring is described by Brown- 
Okamoto a/ co+.ants of these substituents. It is known [20] that ICT may be 
considered as a transition between two local states inside a molecule_ Formally 
the same features as for intermolecular charge transfer are typical for this transi- 
tion [21]. Therefore on the basis of the above, linear correlation between the 
extinction coefficients (E) of a longer wavelength band in the spectra of benzene- 
chromiumtricarbonyl derivatives and a,,+ constants of substituents in a benzene 
ring may be expected. 

Fig. 1 shows typical absorption spectra of arenetricarbonyl complexes of 
chromium. 

The spectra of alI compounds studied have three absorption bands. 
The position of the maximum of the two shorter wavelength absorption bands 

in arenechromiumtricarbonyls spectra and their mercurycontaining analogs does 
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not reveal clearly pronounced dependence upon donoracceptor properties of 
substituents in a benzene ring. The extinction coefficients of these absorption 
bands also change irregularly on varying the substituents and in free ligands 
[ 22,231. 

TABLE 1 

WAVE LENGTHS. EXTINCTION COEFFICIENTS OF ABSORPTION BANDS AND +*-CONSTANTS 
OFSUBSTITUENTSFORTHECOMPOUNDSSTUDIED 

3 

4 

5 

6 

8 

16 

222 
317 
224 
256 
323 
222 
322 
222 
316 
221 
314 
220 
253 
317 
220 
253 
317 
222 
254 
314 
213 
256 
317 
222 
256 
317 
222 
266 
323 
223 
255 
323 
400 
221 
326 
221 
326 
374 
223 
263 
325 
222 
266 
323 
222 
270 

23200 
7180 

30000 
15900 
7100 

23600 
8680 

19800 
8470 

25000 
9060 

20400 
6940 
9060 

17400 
7580 
9470 

22900 
10300 
10300 
30009 
7450 

10600 
21700 
7120 

10300 
21200 
8210 
10200 
22300 
8230 

10600 
20400 
53100 
18900 
44490 
16590 
20300 
46900 
15800 
20100 
60290 
16300 
19700 
40800 
17600 

4.37 
3.86 
4.48 
4-20 
3.85 
4.37 
3.94 
4.30 
3.93 
4.40 
3.96 
4.31 
3.84 
3.96 
4.24 
3.88 
3.98 
4.36 
4.01 
4.01 
4.48 
3.87 
4.03 
4.34 
3.85 
4.01 
4.33 
3.91 
4.01 
4.35 
3.92 
4.03 
4.31 
4-73 
628 
4.65 
422 
4.31 
4_66 
4.20 
4.30 
4.70 
4.18 
4.29 
4.61 
4.a 
4.28 

-1.80 

-1.70 

-1.20 

-0.90 

-0.80 

-U-60 

-0.30 

-alO 

0.00 

--o-o4 

0.10 

0.50 

-0.31 

-0.17 

-0.08 

-0.08 
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Similar features of arenechromiumtricarbonyl spectra are noted in [4]. In- 
creasing of the extinction coefficients in the spectra of the compounds XIII- 
XVII to approximately double is caused by the presence of two aromatic rings 
in these compounds_ 

On considering the dependence of the wavelength and extinction coefficients 
of absorption bands upon the nature of the substituents in the compounds 
studied it is seen that on increasing electron-attracting properties of the substi- 
tuents the absorption maximum of the longer wavelength band reveals the ten- 
dency to a bathochromic shift but there is no sharp dependence upon the elec- 
tronic effects of the substituents. From the above-mentioned (eqn. 5 and its dis- 
cussion) it may be concluded that variation of the extinction coefficient of a 
longer wavelength absorption band is related to variation of the transition dipole 
moment. It was also shown that for the ICT band a correlation between the ex- 
tinction coefficient of this band and o,* constants of the substituents in a ben- 
zene ring may be expected. The data of Table 1 show that in a series of the com- 
pounds I-XII and XIII-XVII the E value increases regularly. Electron-attracting 
properties of substituents in an aromatic ligand increase in the same sequence, 
which is characterized by an increase in the sum (Co,*) of the substituents, 0,’ 
constants. Analysing the results by the least squares method shows that values - 
E and Co,’ are linearly dependent. 

E = 1400 co,* + 10100 (r = 0.92) (6) 

The values of substituent aP* constants in the compounds X, XIII-XVII have 
been calculated by the method of 1193 on the basis of the data on electronic ab- 
sorption spectra of the charge transfer complexes of the free ligands. An insuf- 
ficiently high coefficient of correlation for VI is probably connected with both 
the inaccuracy of the substituent up* constants values and the approximate char- 
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acter of eqns_ l-4_ The fact that there is a linear dependence for VI testifies, 
firstly, to the fact that a longer-wavelength absorption band in the spectra of 
benzenechromiumtricarbonyl derivatives is a band of intramolecular charge traua- 
fer, and secondly, that positive gradient of the straight line for VI confirms the 
conclusions [8] that ICT occurs from a central chromium atom to a r-bonded 
aromatic ligand. Actually, on increasing the electron-attracting properties of the 
substituents, the dipole moment of the transition for chromium atom-ring also 
increases. It leads to the increase of electron density on a z-bonded ligand. Ac- 
cording to the literature [S-11] it may be concluded that back donation occurs 
from occupied chromium orb&& onto lowest antibonding arene orbitals. That 
is, only on increasing the electron-attracting properties of the substituents in a 
benzene ring should the probability of back donation increase. It is observed ex- 
perimentally as an increase in the extinction coefficient of the ICT band. Since 
the electronic structure of free arene at the lrcomplex formation process varies 
greatly we have not apparently obserGed luminescence of benzenechromiumcar- 
bony1 derivatives I-XVII, 

E!xperimentaI 

The absorption spectra were measured at 20°C in dichloromethane (concen- 
tration lo4 mol lmt) using a Specord UV-VIS spectrophotometer. The purity of 
the solvent was controlled by the UV spectroscopy method. The compounds in- 
vestigated were prepared using methods previously described [24,25]. 
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