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Shifts of frequencies (Av) of the O-H stretching modes in the IR spectra of 
phenol (acceptor) when hydrogen-bonded to acetylenides of Main group IV ele- 
ments, RaMCsCX and R3MeCM’R3 (M, M’ = C, Si, Ge, Sn; R = Alk; X = various 
substituents) have been measured. These shifts are a quantitative measure of the 
electron-donor ptofierties of the acetylenides. The Av parameter has been shown 
for R,MeCX compounds to correlate linearly with the o,-constants of the sub- 
stituents X. The o,-constants of some organometallic R3M substituents have 
been determined from this correlation. The electron-donor properties of acetylen- 
ides have been estimated by means of electronic absorption spectroscopy of 
charge-transfer (CT) complexes of RsMeCX (M = C, Si, Ge) compounds 
(donors) with iodine (acceptor). The charge-transfer frequencies (z+=) were a 
quantitative measure of these properties in the CT state. The correlation between 
Av and vcr has been analysed. The effects‘of d,-p, interaction and of 0;~ con- 
jugation have been shown to be practically unchanged while R,~T and p,?r conjuga- 
tions increase in the CT state. The significant role of direct resonance interaction 
was established in both the ground and CT states. 

Introduction 

Acetylenides of the R,MeCX type (M = Si, Ge, Sn; X = various substituents) 
have been studied by many workers using a variety of physical methods. In order 
to obtain information on the electronic effects of the organometallic substitu- 
ents MRs and the nature of the chemical bonding in the -M-CZ=C- fragment, IR 
spectroscopy (analysis of frequencies and intensities of v(eC), v(C-Hj, v(M-C) 
stretching modes and hydrogen bonding by acetylene hydrogen atoms) [l-lo], 
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NMR spectroscopy (analysis of ‘H, 13C, “F, *‘Si, “7*“gSn chemical shifts, and 
a variety of spin-spin coupling constants of individual compounds, as well as of 
their donor acceptor complexes) [5,11,15], MGssbauer spectroscopy [16,17], 
electronic absorption spectroscopy [ 18-221 and dipole moments analysis 
[22-24 J have been used. 

It has also been repeatedly claimed that as well as donor’ properties (+I 
effect), R3M groups (M = Si, Ge, Sn) in RsM-CZC-fragments may exhibit 
acceptor properties (c&--p, interaction). In addition, in a series of alkynes and 
their derivatives the role of a-,~-; p,~ conjugation effects was found to be sub- 
stantial [25]; organometallic acetylenides were not very well understood in 
this respect. The effects of the substituents in the transition from the ground to 
the excited state were also unknown. It was thus interesting to investigate these 
properties of acetylenides with the aim of obtaining new data on Hammett- 
Taft type o-constants, making allowance for the electronic effects of the orga- 
nometallic substituents. 

The aim of this work was to investigate trends in the electronic structure 
changes of organometallic acetylenides influenced by substituents, in order to 
obtain data on the poorly understood problems of electronic shift mechanisms. 

Results and discussion 

In this work we have studied the influence of substituents on the x-donating 
properties of acetylenides in the ground electronic state by IR spectroscopy. 
Frequency shifts (Av) of O-H stretching modes of phenol when hydrogen 

bonded (z---H-O-Ph) to acetylenes were measured. The parameter Av for a 
C 

wide range of electron-donors on the acetylenes were related to the enthalpy 
of formation of hydrogen bonds by an approximately linear relationship [27]. 
For a few compounds with similar structure the linear relationship between Av 
and AEJ was followed fairly precisely [ZS]. The Av parameter gives information 
about specific details of the influence of the suhstituents on the electron-donat- 
ing properties of the compounds. The influence of substituents on Av can be 
described in terms of Hammett-Taft c constants [29]_ 

Table 1 presents frequency shifts Av for phenol dissolved in the organo- 
metallic compounds. It should be noted that organometallic acetylenides are 
known to take part in donor-acceptor interaction with electron-donating com- 
pounds, of which phenol is an example. This interaction is most pronounced in 
tin derivatives, the Sn-C&, bond being cleaved in the presence of phenol. By 
virtue of the fact that the tin derivatives are stable under the conditions we 
have chosen (when the phenol concentration is significantly lower than the con- 
centration of the organometallic compound) it may be assumed that under these 
conditions the degree of association with the tin atom is small and its influence 
on the z-donor properties of the compounds studied may be ignored. This 
applies to a greater degree to acetylenides of silicon and germanium. 

The compounds we studied (Table 1) are represented by four series, i.e. car- 
bon, silicon, germanium and tin derivatives, each of them including fixed (R&, 
RsSi, RsGe, RsSn) and variable substituents bound to the triple bond. It should 
be noted, that the influence of R3M on the Av parameter depends much more on 
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the nature of M than on the a&y1 radical R (CH,, G,H,, n-C,&). Therefore, 
comparing AZJ values we used fixed Alk,M substituents and various AIk substitu- 
ents with unchanged M. 

The electronic effects of the variable substituents change over a sufficiently 
wide range and apart from an inductive component, they may include a reson- 
ance one. It is known that the influence of such substituents on spectral para- 
meters of derivatives of benzene [30 3, naphthalene 1311, furan and thiophene 
1321 and ethylene [33] is brought about both by inductive and resonance mech- 
anisms. 

Treatment of the data obtained by the least squares method disclosed that 
AV values of the compounds studied are connected with the Hammett or, con- 
stants of the varying substituents (Fig. 1) by a linear correlation for each series 
of organometa.IIic acetylenides, as well as for the carbon derivatives. 

Avo = -(167 -t 8) o, + (105 + 2) r = 0.988 n = 12 (1) 

(M = C, compounds 13,18,20,22,25,27,30,32,33,34,36) 

Avsi = -(148 + 5) (3, + (105 + 1) r = 0.992 n = 17 (2) 

(M= Si, compounds 

n = 17 

(M = Ge, compounds 13-15,18,20-23,25-27,30,32-34,29,36) 

Avsn = -(164 t 8) a, + (136 + 1) r = 0.985 n = 18 

(M = Sn, compounds 13-15,18-21,24-31,33,35,36) 

(3) 

(4) 

From correlation analysis data it follows that the r-donor properties of acetyl- 
enides in each series (M = Si, Ge, Sn) increase with increasing electron-donating 
properties of the substituents on the opposite positions of the triple bond, as 
well as on transition from silicon to germanium and further to tin derivatives. 
The latter agree with the increase of donor properties of organometahic substi- 
tuents in the series R$i < R,Ge < R,Sn. 

When allowance was made for the significally higher electronegativity (in 
brackets) of the carbon (2.55) and germanium (2.01) atoms compared to silicon 
(1.90) in the absence of d,-p, interaction [34], it was hoped that Av values for r 
silicon derivatives would be not lower than those for germanium derivatives, and i 
markedly higher than for carbon compounds. This was, however, not supported 
by the experimental results. Along with the donor properties of the AIk,M group 
these groups in acetylenides show acceptor properties, decreasing in the series 
RJSi > R,Ge > R,Sn, due to d,-p, interaction. 

Thus, Av values in the compounds RJM+C-X depend upon inductive and 
resonance effects of the X substituents, as well as upon inductive and resonance 
effects of the R,M groups (d,-p, interaction). Yet the influence of the substitu- 
ents on the ground state parameter Av is not exhausted by these electronic effects. 
Really, the analysis of Av has shown that the change in their values with varying ’ 

element M and with fixed substituent X depends on the character of X. So, 
for compounds 13 and 18 where, X is a typical electron donor, C(CH& (oP = 
-0.197) or CH, (cr, = O-17), Av values increase with changing M in the series I 



59 

180 - 

..Z- 

‘5 
5 
-3 

160 - 

120 - 

100 - 

60 

@-C 

8- Si 
0 - Ge 

l - sn 

I I 

- 0.3 0.0 

Fig. 1. Correlation Au (cm-‘) vs. op for acetylene derivatives <@-carbon. e-silicon, o-germ&UkiUm. e-tin) 

Si < C < Ge. The minimum value of 4v for M = Si corresponds to maximum 
d,-p, interaction in the ZSi-C=C fragment. 

For compounds 25-27 and 32-34 substituents X (&H,, SCH,, SC,H,, I, Cl, 
Br) represent acceptors relative to the (C!N,),M groups located on the opposite 
positions of the triple bond; their op constants change in the -0.01 to 0.23 
range. Values for these compounds increase with M in the series C < Si < Ge, in 
which the silicon atom position differs from that in the corresponding series for 
compounds 13 and 18. This results from the effect of direct resonance interac- 
tion between substituents located at the opposite positions of the triple bond 
Cl+> 

-P CT3 M-C=C-X. 

/ 
This effect increases firstly with increasing atomic num- 

CY 
b@of M in the series C < Si < Ge < Sn due to increasing pokwizability of 
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M-CH3 bonds in the series [35,36] and, secondly, with the increase of acceptor 
properties of the substituent X. In the event that the donor-acceptor proper- 
ties of the conjugated substituents (C&)JU and X are similar, as-2 the 
case for compounds 13 and 18, then direct resonance interaction is absent or is 
negligible_ With increasing difference in donor-acceptor properties between 
(CHs),M and X for compounds 25-27 and 32-34 the influence of this effect 
increases. Clearly, d,--p,-interaction and direct resonance interaction act in 
opposite directions; therefore an increase in the second effect masks the activity 
of the first one. It should be noted that the pronounced effect of resonance 
interaction even in the ground electronic state confirms the [25] finding on the 
role of conjugation effects in acetylene derivatives. This means that for the 
acetylene derivatives studied, the Au parameter depends also upon direct 
resonance interaction between the substituents (CH,)sM and X as well as the 
above quoted inductive and resonance effects. 

From the above it will be obvious that contributions from the resonance 
interaction are sltemating even for the series with the invariable M atom. There- 
fore, equations l-4 derived by assumption of the absence or constant contribu- 
tions to direct resonance interaction should be considered approximate rela- 
tions_ In general, in each of four series with an invariable substituent (CH&M 
(i.e. with constant +I effect and d,-p, interaction with M = Si, Ge, Sn), the 
dominating effect on A.v is influenced by electronic effects of the substituent X, 
characterized by the oP constant. In this case, as a first approximation, the influ- 
ence of the direct resonance interaction may be neglected, considering that the 
main manifestation of its influence on Au is the reduced accuracy of eqs. l-4 
in correlation analysis. Strictly speaking, the O, constants of one and the same 
substituent calculated from eqs_ 1-4 should depend on the extent of direct 
resonance interaction in the series used for calculation of cP values. We 
obtained evidence for this in calculations according to eqs. l-4 of a, constants for 
organometallicsubstituents in compounds l-12 (Table 1) of RsMeCM’Rs 
type, using Au values for these compounds. (The compounds given, containing 
two organometallic substituents, were not used for obtaining the correlation 
relationships of eqs. 1-4, since the data in the literature on their or, constants 
are not reliable.) 

As can be seen from Table 2, all the substituents MAlk3 bound to the triple 
bond exhibit an electron-donor effect, increasing in the series Alk$i < Alk3Ge < 
Alk,Sn, as well as on transition from methyl to ethyl derivatives. A characteristic 
property of cP constants of MAlk, substituents is their dependence on the 

TABLE 2 

CALCULATED aI, VALUES OF ORGANOMETALLIC SUBSTITUENTS MAlk3 IN tiNSYMMETRICAL 
ORGANOWETALLIC COMPOUNDS ~k,hlC=CM’Alk, 

hZAIk3 M’ = c M’ = Si M’ = Ge M’ = Sn 

Si(CH313 -0.16 -0.11 -0.08 -a.07 

GWX3)3 -0.29 -0.21 -0.18 -0.19 
Sn(CH313 -0.39 -0.29 -0.28 -0.26 
Si<CzHs>3 -0.18 -0.14 -0.10 --0.09 
Ge(C2H,), -0.30 -0.24 -0.20 -0.21 
3dCZH5)3 -0.40 a.34 a.29 -0.33 
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nature of the second M’_Alk, substituent in the molecule. oa constant values of 
MAlkz increase with the increasing atomic number of the element M. 

Hyperconjugation effects (o,x-conjugation KxTp 0 
/ 

M-c=c- increase with the 
%i= 

increasing atomic number of M; in the series (CH&M’C=CMAlk, an 
increase in the cp constants of the MAlk, groups is seen. The latter is associ- 
ated with decreasing donor properties of MAlk, groups under the influence of 
M’(CH,), substituents. Due to hyperconjugation effects and d,-p, interaction, 

\f- --M--C-_C- ) 

/ 
acting in the opposite direction, the highest occupied molecu- 

lar orbital (HOMO) becomes more delocalized, while the n-system becomes 
more sensitive to the influence of substituents. Therefore, despite the relatively 
small difference in donor-acceptor properties of organometallic substituents in 
the studied Alk,MCECM’Alk, type compounds, these substituents, even in 
ground electronic state, interact efficiently with each other, and enter into direct 
resonance interaction_ This means that o, constants of organometallic substitu- 
ents for compounds l-12 are estimated. Such features of cr, constants of orga- 
nometallic substituents, noted earlier [35], are due to the high polar&ability of 
elements M of the silicon subgroup and of organometalhc compounds as a whole, 
as well as to the significant role of conjugation effects of o,n-; o,o-type involv- 
ing M-C bonds in these compounds 1361. 

The oP constants for symmetrical compounds RsMECMRB (where M is fixed 
and R are the same radicals) are fairly close to the true value, since direct resonance 
interaction effects are cancelled out in these compounds. The q, constants for 
MA&s substituents in symmetrical compounds, calculated from Au values, are 
given in Table 3. 

The aP constant is the sum of two components; q, = uI + OR_ The values of 
inductive or constants for organometallic substituents given in literature [39] 
allow estimation of (TR COIIStadS, characterizing the role of resonance interactions 
involving MAlks substituents. It follows from the ffa constants obtained, that in 
accordance with literature data [e.g., 2, 7,8], in the ground electronic state of 
substituted acetylenes, the Alk3Si group shows M type acceptor properties 
towards the triple bond, attributed to d,-p, interaction. It is known 1291 that 

TABLE 3 

CALCULATED up AND “R VALUES OF SUBSTITUENTS MAlk3 IN SYMMETRICAL ORGANO- 
METALLIC COMPOUNDS Alk3MC=CMAlk3 

Substituent OP =I 
ll 

=R 

CWH313 -a20 -0.05 4.15 
Si(CH& -0.11 -0.15 +0.04 
SW&$3 -0.14 -0.18 +0.04 
Ge(CH3)3 -0.18 -0.12 -0.06 
Ge<C2H5)3 -0.20 -0.13 AI.07 
Sn<CH3)3 -0.26 -0.13 -0.13 

n Ref. 39. 
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TABLE 4 

CALCULATED op VALUES OF SOME ORGANOMETALLIC SUBSTITUENTS 

Compounds Av(cm-1) 

<CH,,,SnW=CC(CH,),!, 152 

-(CH3)2SnC~Si(CH3)332 132 
(cH3),SnC~cSi(C,H~)332 128 CHpSn(~CSi(~H&13 114 

CH3Sn:C=CGe<C2H,),J3 129 

Substituent 

Sn(CH3)2CeCC(CH3)31 

Sn(CH3)2[C%ZSi(CH,),1 
Sn(CH3)2(eCSi(C2H,)31 Su(CH3)C~CSi(C2H,)312 

SnQCH3)IC-CGe<C2H5)31 2 

UP 

-0.28 

-0.18 
-0.16 -0.06 -; 

-0.05 

I 

with increasing atomic number of the silicon subgroup eIement, its tendency to ! 
d,--$2, interaction decreases. This is one of the reasons for decreasing (Ta con- 
stants on going from Nk,Si to Alk3Ge and further to Alk&-r. The second 
reason is apparently the strengthening of hyperconjugation (o,1r conjugation) in i 
the Alk,MeC fragment with increasing atomic number of M, leading to increas- + 
ing donor properties of this fragment. Simultaneously, values of on constants of ; 
organometallic substituents are higher than the (JR constant for the tert-butyl I 
group (-0.15) for any M. Taking into account the approximative values of a, 
and hence of on constants, this suggests that there is some acceptor effect of the 
tin atom towards the triple bond (d,--p, interaction). In the absence of this 
effect due to increasing hyperconjugation with increasing M atomic number 
increasing of negative values of -0s constants would be observed in the series 
C < Si < Ge < Sn, in contradiction with experiment. Equations l-4 allow for ’ 
the calculation of op constants of organometallic substituents with more corn- i 
plex structure, on the basis of AV values (Table 4). The ap constant values for Z 
organometahic substituents containing acetylene groups are appreciably higher t 
than the values of op constants of Alk3M-type substituents (Tables 2-4). This i 
points to pronounced acceptor properties of alkynyl fragments attached to the 5 
M atom. 

The Alk,MC%CH-type acetylenides investigated earlier [ 7,371 do not obey 1 
eqs. 1-4. For M = C, Si, Ge and Sn experimental Av values equal 92,84,99 and _ 
115-120 cm-r whereas Av values calculated on the basis of eqs. l-4 Cop(H) = 0 ] : 
equal 105, 105, 121 and 136 cm-‘, respectively. The lower observed Av values ’ 
compared to those calculated are probably a result of the lower r-donating 
properties of Alk3MeCH-type acetylenes due to self-association attributed to 

C 
the formation of hydrogen bonds of C-H~-~llC type. Thus, the Au parameter 

reflects the influence of the substituents on the ground electronic state of orga- 
nometallic derivatives of acetylene. 

We now consider the change of substituent electronic effects on transition 
of the compounds studied from the ground state to the charge-transfer (CT) state. 
For this purpose we analyse the relationship between Av and the frequencies of 
the CT bands (voT) in electronic absorption spectra of CT complexes of the 
studied compounds with iodine. Organotin compounds react with iodine, there- 
fore their CT complexes have not been studied. 

Acetyiene derivatives (x-donors, D) form CT complexes with iodine (o-accep- 
tor, A) of x,o type: a new CT band (vcT) appears in the electronic absorption spec- 
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trum. As this takes place eIectron transfer from D to A occurs, and a positive 
charge arises on molecule D, the presence of which may lead to a change in the 
interactiorr mechanism of substituents with the electron-deficient center 
[30,33]. It was found for derivatives of benzene [30], furan and thiophene [32], 
cyclopropane [40] and ethylene [33] that the frequency VcT decreases with the 
increasing donor properties of the substituents in the molecule. A linear correla- 
tion has been found between Vcr and 0; constants of substituents on the ring 
for benzene derivatives [41]. This demonstrated that the substituents exhibit an 
electronic +E effect in the CT state (positive chargk oh molecule D), while in the 
ground state they exhibit a mesomeric +M effect. Therefore the points corre- 
sponding to compounds with substituents of +M type devihte markedly from 
the Av vs. vcr correlations in the benzene and etbytefle ]38] series. 

The relationship between Av and vcr for acetylenes is also of a complicated 
nature (Fig. 2). Yet for the group of points corresponding to compounds S-7, 
lO-15,18,20,29 and 30 the values of Av and VcT a& connected by the linear 
equation 

Av = ---(0.022 + 0.002) Vcr + (918 t 67) r = 0.935, n = 22 (5) 

For the compounds that obey eq. 5, a decrease in values (i.e. decrease of 
n-donor properties while forming a hydrogen bond with phenol in the ground 
state) is accompanied by a regular increase in vcr v&es (i.& with decreitse of 
Ir-donor properties of the compounds formation of C* cbtipiex with iodine). 
The decrease of Av and the increase of v CT is due to an increase of acceptor 
properties of the substituents bound to the triple bond. Equation 5 denotes 
that both in the ground and in CT state the influence of substituents either 

7 
E 

o-c 
A - Si 

P ‘EJ3- 17A Cl-Ge 

16A 

Fig. 2. Correlation AV (cm-‘) vs. “CT (cn~‘) for acetvlene derivatives (o-carbon. Asilicon. o-germanium) 
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remains invariable or is connected by a linear relationship. It is characteristic 
that the point corresponding to compound 15 obeys eq. 5. This indicates that 
the effect of G,‘IT conjugation of the (CH&SiCH, fragment with the triple bond 

; 
d 

in m-i51,s51-~Ce-Gem13), does not change appreciably on transition 

of the molecule from the ground state to the CT state. An analogous pheno- i 

menon is observed [33] for ally1 derivatives of silicon subgroup elements. How- 
ever, for benzene derivatives a significant increase of the (3,~ conjugation 

; 
3 

effect on transition of the molecule to the CT state is observed [30]. Apparently, i 
electronic effects in a conjugated system of bonds do not increase sufficiently 
in acetylene derivatives in the CT state. The compounds that obey eq. 5 do not 

{ 
L 

contain substituents of +M type bound to the triple bond_ It is probably the 
main reason for the fact that electronic effects of substituents in the ground and i 
CT states of these compounds differ slightly. 

Points corresponding to compounds containing substituents of +Mtype (OCH,,: 
SAlk, Cl, Br, I) deviate drastically from the correlation eq. 5 to lower vcr 
values. The deviations are given iri Table 5, AvcT = vgcd - vgs-, where v@‘~- 

i 
. 

iSV, calculated according to eq. 5 on the basis of Au values in IR spectra. The ; 

analysis of Aver values demonstrates that the conjugation effect of +M-type . 

substituents with the triple bond is similar to the conjugation effect of these : 

substituents with a benzene ring and a double bond. Actually, much as is ob- 

served for benzene derivatives [30], p,~ conjugation effects in -8--‘-?- and 

-c'-?~sc- fragments already appearing in the ground state, sharply increase 

in the CT state. Therefore, for compounds 16,17, 26 and 27 high AU,, 
values are observed (Table 5). As with benzene derivatives, higher Av~T 

16 
17 
26 
26 
26 
27 
27 
27 
25 

25 
25 
34 
34 
34 
33 
33 
33 
32 
32 

Number compounds obs. 
“CT x 10-3 <cm-I) 

calcd. 
“CT x 10-S (Cm-I) AvCT X lo-’ (cm-‘) 

33-7 
33.4 
35.4 
35.3 
34.4 

35.3 
35.2 
34.3 
35.6 

35.3 
34.7 
37.4 
36.9 
36.5 
37.1 
36.7 
36.3 
36.5 
36.5 

(CH&SiC~COCHS 
(CHS)5Si~COC2H5 
<CH,I,CC=CSCH, 
(CH-&Si~CSCH3 
<CH3)3GeC=CSCH3 
<CH&ZC=CSC2HS 
<CH&SiCZCSC2H5 
<CH313G&==CSCZH5 
(CH&C=CPh 

(CH3)$icCPh 
<CH3)5GeC=CPh 
<CH,),CC=CCI 
<CH3)+Si~CCl 

(CH&GeC=CCI 
(CHS)3CC!=CSr 

<CH&Si~CBr 
<CH313GeC=CBr 
<CH&CC=CJ 
(CH3),SieCJ 

31.8 
32.3 
28.6 
29.2 
28.6 
28.6 
29-l 
28.7 
34.5 

34.5 
34.5 
34.5 
85.7 
36.0 
34.0 
35.0 
35.7 
33.9 
34.5 

1.9 
1.1 
6.8 
6.1 

5.6 
6.7 
6.1 

5.6 

1.1 

0.8 

0.2 
2.9 
1.2 
0.5 

3.1 
1.7 
0.6 
2.6 
2.0 

TABLE 5 

VALUES OF “CT AND Au CT IN THE ELECTRONIC 4BSORPTION SPECTRA OF THE CT COMPLEX 
COMPLEXES STUDIED 
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values are observed for sulphur compounds (16 and 26,17 and 27). The sulphur 
atom possesses higher polarizability compared to oxygen. It is likely that this is 
the main reason for the fact that in the CT state donor properties (electromeric 
+E effect) of AlkS groups increase to a greater degree than of CH,O group. So 
the differences between values of eP constant and 0; constant (characterizing 
the influence of substituents in the CT state) for substituents SMe and OMe are 
equal to 0.6 and 0.5, respectively. 

Halides are also substituents of +A:! type, therefore the points corresponding 
to halogen derivatives (compounds 32-34) deviate from the linear correlation 
(eq. 5) (Fig. 2, Table 5). The deviation AvcT is increased in the order Cl < Br < I. 
Thus, an additional donation of electron density from the halides to the triple 
bond in the CT state (an increase of p,r conjugation in this state) increases with 
rising polarizabihty of the halide atom with increasing atomic number. A similar 
phenomenon is also observed for ethylene derivatives, but practicaJly does not 
show up in the CT state of benzene derivatives [30,33]. Increase of K,T conjuga- 
tion in phenyl acetylenes (25) in the CT state takes place, manifesting itself in 
a deviation of corresponding points from the linear correlation eq. 5. 

There are other peculiarities in the change of substituent influence on transi- 
tion of acetylene derivatives from the ground state to the CT state. It is worth- 
while considering these features after comparing general trends in the influence 
of the substituent in the CT state of benzene, ethylene and acetylene derivatives. 
This has been partly considered [33]. The change of substituent influence is a 
result from perturbation of the r-electronic system in the transition to the CT 
state. This perturbation varies for benzene, ethylene and acetylene derivatives. 
Actually, in the electronically excited state produced due to electron transfer 
from the rr HOMO to the lowest unoccupied molecular orbital (LUMO) of r* 
type one of the six bonding electrons is transferred in benzene derivatives, one 
of two in ethylene derivatives and one of four in acetylene derivatives. As a con- 
sequence, perturbation is a maximum for ethylene and a minimum for benzene. 
When the x electron transfers from the HOMO of the donor to o* LUMO of 
acceptor (iodine), the amount of perturbation decreases compared to that in the 
electronically excited state, but their relative role in the series of benzene, acetyl- 
ene and ethylene derivatives remains constant. Therefore, the positive charge 
arises on the aromatic ring or on the multiple bond in the CT state and simul- 
taneously the conjugation system breaks (partially). These factors cause dissimi- 
lar effects in the three series of compounds studied. In benzene derivatives the 
positive charge is delocalized along the ring, and aromatic@ in the CT state is 
reduced to a small degree. Therefore, in the CT state conjugation effects in the 
conjugated system of bonds remain: the presence of the positive charge increases 
conjugation with substituents of +M type moderately. 

In ethylene derivatives the positive charge is localized on the C=C bond, the 
n-character of which is partially disturbed in the CT state. Therefore, in the CT 
state the conjugation effects in the conjugated system of bonds are weakening. 
The positive charge stimulates an increase in conjugation with +M -type substitu- 
ents possessing lone electron pairs.* 

Acetylene derivatives in the CT state exhibit properties of intermediate charac- 
ter between benzene and ethylene derivatives. This conclusion is most likely true 
only in general view. Detailed investigations are essential to study the properties 
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of particular substitueuts in the CT state. 
k characteristic feature of acetylene derivatives, that does not obey eq. 5, i 

is the decrea$e of deviation tralu& AY, in the series C > Si > Ge with the X sub- f 
stituent remaining fixed. This follows from a comparison of Aver values in corn- i 

pounds 25-27 and 32-94 (Table 5, Fig. 2). It was demonstrated above, that in ! 
the ground state the direct resonance interaction takes place for these compound4 

“‘c$-L~GT!_.x_ i 
in accordance wfth the scheme v I> 

H;C 

p 

This effect is stieiigthenfrig (i.e. dtlnor properties of the (CH,)M group increase) 2 
with the incr~&ti the atomic number of M. In the CT state this effect is prob- 
ably, as in the @ound &ate, most prominent for organometahic compounds. At 
the same time aS op&o&d to the ground state, in the CT state the influence of 
p,n or z,h conjti&ion of Ion _’ 6lectron pairs or n-electrons of X substituents 
with thk m&&k? bond increase; due to appearance on the latter of the positive 

. . !J’c 
‘&Y:~:&. charge in CT stat& H,C 

Y + w,= - 
_ - 

The tivo i;es&&&e effects, i-e: direct resonance interaction and p,n conjuga- 
tion incre‘ased’ih the CT state, have opposite effects. Therefore, the total effect is 
not an additive S&n of the t*b individual effects, but may be substantially wea- 
ker-.-So-called “@&ifiatibfi? of th‘e influence of the acceptor fragment, if this 
fragment is bon&.-to ttriro doni5t‘gkoups conjugated with it is a well known fact 
[e.gl43]. The WsSipation” r$5k&?nts a decrease of acceptor fragment infiu- 
ence on donor &n@s iii cornpwon With the influence it could exert on each 
group in the abil%ceof &oth& jri our case the acceptor fragment is the multi- 
ple bond fith ~hicl’i (Cf&M &Id X groups come into conjugation. 

With the X substittieht remaining unchanged, the weakening of conjugation 
of both donor groups $$b the_multiple bond wiII be larger, the more donating 
the group (CH&M is. H&we, the %&kening of conjugation must increase in the 
series Ge > Si > C, which i%~e@$ the series of increasing susceptibility of the 
(CH&M groups to direct resonance interaction. As far as the conjugation weak- 
ening considered must lead to loizrering Au cr values, with -X unchanged the 
lowest Au,, values may be ex@ected for organogermanium compounds; for sili- 
con and carbon derivatives AvcT 6alues must increase. Such a nature of the 
dependence of Aii cr values on the nature of substituent X is the case for com- 
pounds 25-27 and 32-34. 

Experimental 

The IR spectra were recorded on a Zeiss UR-20 spectrometer, in the 3 000- : 
3 600 cm-’ regiicin (LiF prism) using O-1 cm thick CaF, cells. In studies of hydra- . 
gen bonding with phenol, the concentration of the phenol in CCI, (spectral i 
grade) &as 0.02 mbl/l, tho& of the organometallic compounds was 0.5-1.5 
mol/l. Some organotin compounds reacted with the phenol. In this case for 

i 
, 

studies of the hydrogen bonding pyrrole Was used. Concentration of pyrrole in . i _i 
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CC& was 0.02 mol/l and those of organometallic compounds were 0.5-1.0 
mol/l. The frequency shift Ov(N-H) was recalculated in &(0-H) values for 
phenol. All measurements were referred to solutions of organometailic com- 
pounds in CCL+ 

The electronic absorption spectra of CT complexes of the studied compounds 
with iodine in CCl, were recorded on a Perkin-Elmer 402 spectrophotometer in 
the 25 000-40 000 cm-’ region. The cells were 1 cm thick. Donor concentra- 
tions were about 0.02 mol/l; that of iodine was about 0.002 mol/l. All measure- 
ments were referred to iodine solutions in Ccl,. CT complexes of organotin com- 
pounds were not studied, as these compounds reacted with iodine. 
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