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which proceeds so rapidly that it cannot be followed even with
pulse radiolysis.?* If reaction 7 occurs prior to ejection of
HgCl,™ from the micelle, the back-reaction between Ru(III)
and HgCl- can compete effectively with the escape of the
neutral radical. It is apparent that construction of micelle-
based solar energy storage devices must consider processes
other than the primary electron-transfer reaction.
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The UV photoelectron spectra of various alkynylmercury(II) compounds of the type Hg(C=CR), (I), R"HgC=CR (1),
and R'HgC=CHgR’ (I1I) are reported and discussed with regard to structural implications. The spectra provide evidence
for significant dw—p interactions only for compounds in which a conjugation extended along the molecular axis between
the w-acetylenic orbitals and other = systems is possible, as is evident from ligand field effects on the 5d mercury orbitals.
This is substantiated by IR intensity measurements of the v stretching band of compounds I and II. From the comparison
of this information with NMR results, it appears that d=—p= interactions are weak in any case. In general, the trends
of Tomc ™, o}, and d! ionizations are in agreement with changes in the magnitude of various NMR parameters (5(:*C),

5(**Hg), J(Hg—C), J(C=C)).

Introduction

For many transition metals, dr—p~ interactions between d
metal orbitals and = systems of organyl ligands are in general
readily established by various methods.! This appears to be
more difficult, for obvious reasons, in the case of organo-
mercury compounds.

In a recent NMR study of alkynylmercury(II) compounds,?
it proved impossible to present unambiguous evidence for this
by 13C NMR spectroscopy although it appears that the nuclear
shielding of mercury is related to changes in the energy of the
mercury 5d orbitals.

As far as other spectroscopic methods are concerned, the
measurement of infrared (IR) intensities and, in particular,
UYV photoelectron spectroscopy (UPS) may help to assess the
existence and the extent of dr—p= interactions.

The infrared intensities of »c—¢ in alkynes are determined
by resonance interactions of the C=C triple bond with the
substituents,® and the IR intensities of yeen and vomg in
transition-metal compounds reflect metal-ligand d=—p~ in-
teractions.*

UPS enables observation of the shape and energy of the
ionization of valence orbitals, particularly of the 5d mercury
ionization, and of the bands related to 7! organyl ionizations.®

The alkynylmercury(II) compounds that this paper deals
with have been selected for several reasons: (i) extensive NMR
data are available for comparison,? (ii) most of the compounds
fulfill the criteria required for meaningful discussion of IR
intensity data,® and (iii) previous work® on UPS of some
bis(alkynyl)mercury(II) compounds shows that alkynyl ligands
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are suitable candidates to study d=—p~ interactions,

In order to establish criteria that could be ultimately used
to predict the extent of = interactions in organomercury
compounds and similar classes of molecules, we extended our
investigation to alkynylmercury(II) compounds of the types
Hg(C=CR), (I R = CHj, (a), n-C,H, (b), t-C,H, (c), C¢H;
(d), p-CH;0C¢H, (¢), C1 (f), Br (g)), R’HgC=CR (II: R
= H, R’ = CH; (a), C;H; (b), CH=CH, (¢), C¢H; (d); R
=R’ = CHj; (¢); R = C¢Hs, R = CH,; (f); R = R’ = CH;
(g)), and R"HgC=CHgR’ (III: R’ = CH; (a), C,H; (b),
C¢Hs ().

The NMR parameters (‘H, 3C, ¥”Hg) have been reported
for compounds I-TI1? with the exception of Ig and Ile (see
Experimental Section). IR intensities have been measured for
compounds I, except for Ic (in Ic the C=C stretching band
occurs as two peaks, which is a common feature of disubsti-
tuted 1-C4;H, alkynes and may be attributed to Fermi reso-
nance with various bands’), and for compounds II, except for

(1) (a) Furlani, C.; Cauletti, C. Struct. Bonding (Berlin) 1978, 35, 119. (b)
Kettle, S. F. A.; Paul, J. Adv. Organomet. Chem. 1972, 10. (c) Mann,
B. E. Ibid. 1974, 12.

(2) Sebald, A.; Wrackmeyer, B. Spectrochim. Acta, Part A 1982, 384, 163.

(3) (a) Grindley, T. B.; Johnson, K. F.; Katritzky, A. R.; Keogh, H. J.;
Thirkettle, C.; Brownlee, T. T. C.; Munday, J. A; Topsom, R. D. J.
Chem. Soc., Perkin Trans. 2 1974, 276. (b) Grindley, T. B.; Johson,
K. F.; Katritzky, A. R.; Keogh, H. J. Thirkettle, C.; Topsom, R. D. Ibid.
1974, 282.

(4) (a) Schlodder, R.; Vogler, S.; Beck, W. Z. Naturforsch. B: Anorg.
Chem., Org. Chem., Biochem., Biophys., Biol. 1972, 278, 463. (b)
Jones, L. H. Inorg. Chem. 1963, 2, 777. (c) van Rentergem, M.; van
der Kelen, G. P.; Claeys, E. C. J. Mol. Struct. 1982, 80, 317.

(5) Furlani, C.; Piancastelli, M. N.; Cauletti, C.; Faticanti, F.; Ortaggi, G.
J. Electron Spectrosc. Relat. Phenom. 1981, 22, 309.

(6) (a) Davies M. “Infrared Spectroscopy and Molecular Structure”; El-
sevier: Amsterdam, 1963. (b) Gans, P. “Vibrating Molecules™;
Chapman and Hall, London 1975.
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I1d,g in which the C=C stretching band does not occur well
separated from other vibrations. Raman spectra in the solid
state have been recorded for compounds III and If,g.

UP spectra of compounds Ia,c,f have been reported and
discussed previously.’ In this work we measured both He I
(21.22 eV) and He II (40.81 eV) gas-phase UP spectra of
compounds Id, ITa—d, and IIla,b. We also measured the UP
spectra of compounds Ig, IIg, and IIlc, but there was clear
evidence of decomposition under our experimental conditions,

Experimental Section

'H, '3C (50.3 MHz), and '**Hg (35.8 MHz) NMR spectra were
recorded on a Bruker WP 200 PFT NMR spectrometer. For data
and experimental conditions see ref 2.

IR intensities Ac— (¢m mol™!) were measured on a Perkin-Elmer
PE 599 double-beam infrared spectrometer. The ve=c band areas
were integrated numerically by using a PE data station. Samples were
measured as CHCl; solutions in variable path length cells with NaCl
windows in the extinction mode (5-7 different concentrations per
compound). The method of registration® and calculation® of 4 =
1/clfIn (I/1) dv was as described in literature (¢ in mol cm™; / in
cm; A in cm mot™). A Lambert-Beer’s law plot for every compound
measured served for quality control.

Raman spectra in the solid state were obtained with use of a Cary
82 Raman spectrometer, with an Ar* excitation line (514.5 nm) and
100-mW power.

The UP spectrometer was a Perkin-Eimer PS 18 modified with
a dual He I/He II hollow-cathode lamp (Helectros Development).
Calibration was performed by using as internal standards Ar, CH,l,
and self-ionized He*. The spectra were run at temperatures allowing
sufficient vapor concentration, varying for various compounds and
generally in the range 30-160 °C.

The compounds were prepared following literature methods;>%!!
NMR spectra served for purity control (*H, 3C, Hg). In the case
of compound IIf, the best yield was obtained by reaction of CH;Hgl
with HC=CCHj as described for Ile in ref 10. IIf was recrystallized
from ethanol.

NMR parameters relative to internal (CH,),Si for 8(*3C), and 6('H)
and external Hg(CHj), for 5('**Hg) are given; the + sign denotes
a shift to high frequency. Coupling constants are given in Hz.
Hg(C==CBr), (Ig): '""Hg NMR in Me,SO-d; 6 - 1040.4, in ace-
tone-ds 5 ~1073.9; *C NMR in acetone-dq 6(HgC=) = 114.25 ("Jyy; ¢
= 2773), 8(=CBr) = 61.25 (Mg, = 782.5). CH;HgC=CCH, (Il¢)
(CDCly): 'Hg NMR 5§ —448.3; °C NMR 8(CH;3Hg) = 6.85 (V¢
= 1126), 5(HgC=) = 131.47 (g = 1390), 5(HgC=C) = 103.01
(Jggc = 411), 6(=CCH;) = 4.08 (*Jyypc = 28.0); 'H NMR -
(CH;Hg) = 0.52 (Mg, q = 144.8, Uy, = 132.3), 5(=CCH,) = 1.78
(*Jugn) = 18.6, Ucy, = 130.9).

Results and Discussion

IR Intensity Measurements. Although both frequencies and
intensities depend, in principle, in a complex way on the
electronic structure of a bond, the former is determined by
the second derivative of energy with respect to the coordinate
(d*£/dQ?) while the latter is a function of the dipole moment
gradient (du/dQ). So, it becomes evident that frequencies and
intensities must not necessarily show the same trends.*¢ Since
it is known that variations in intensities are often relatively
larger than variations in the corresponding frequencies,® the
integral intensities A of ve—¢ of some of compounds I and 11
were determined. Due to the complex nature of 4 and due
to the expected complicated bonding situation in the com-
pounds under consideration, it is also clear that trends are only
to be discussed qualitatively.

Relevant IR and Raman data as well as the vo—c integrated
intensities 4 for compounds I-I1I are given in Table I. The

(7) Hittern, W.; Zeil, W. Z. Naturforsch., A 1970, 254, 1281.
(8) Weitkamp, H.; Barth, R. “Einfithrung in die quantitative Infrarot
Spektrometrie™; Georg Thieme Verlag: Stuttgart, 1976.
(9) Makarova, L. G.; Nesmeyanov, A. N. “The Organic Compounds of
Mercury”; North-Holland Publishing Co.: Amsterdam, 1976.
(10) Kraut, M.; Leitch, L. C. Can. J. Chem. 1953, 41, 549.
(11) Imai, Y.; Aida, K. Bull. Chem. Soc. Jpn. 1979, 52, 2875.
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Table I. IR% and Raman Data and IR Intensities (vo=¢) for
Alkynylmercury (II) Compounds Hg(C=CR), (I),
R'HgC=CR (II), and R"HgC=CHgR' (III)

10°4,
v=c—H, Yo=¢, ve=c¢'’, cm
compd (R, R") cm™! cm™! cm? mol™!
Ia (R=CH,) 2169 18 38.2
Ib (R = n-C H,) 2158 18 45.5
Ic (R=1-C,H,) 2172,
2137,
2175,
2140°
1d (R=CH;) 2147 14 45.7
le (R = C H,-p-OCH,) 2145 15 74.4
If (R =CI%) 2138, 16 96.2
21340
Ig (R = Br9) 2118, 18 68.0
2115%
Ila (R = H, R'=CH,) 3277 2008 12 3.83
IIb (R=H, R'=C,H,) 3278 2001 13 3.81
Ilc (R=H,R' =CH=CH,) 3285 2017 12 4.16
IId (R=H, R =CH,) 3275 1997
Ile (R=R'=CH,) 2152 14 16.5
IIf (R=C,H,, R"=CH,) 2133 14 126
g (R =R =CH,) 2140 14
Illa (R'=CH,) 20360
UIb (R'=C,H,) 2033°
Illc (R'=C H,) 2053

¢ IR spectra in CHCI, solution. b Raman spectra; in the solid
state. € Further Raman bands: 342 (s), 253 (w), 171 cm™ (m).
9 Further Raman bands: 314 (s), 181 (w), 151 cm™ (m).

frequencies ¥cec O vc—y do not require further discussion. '2

The monosubstituted ethynes (Ila—c) have to be discussed
separately.’ There are no appreciable differences in the A4
values for the monoalkynyl derivatives Ila—c, just a slight
increase in case of the vinyl derivative IIc with respect to the
methyl and ethyl compounds IIa,b (due to the better o-donor
ability of alkyl groups, the reverse would be expected in case
of significant dm—pm interaction). The comparison of these
A values with those for other organometallic-substituted eth-
ynes* (e.g., (C,Hs);SnC=CH, 4 = 4.3 X 10% (C,H,),Ge-

=CH, 4 = 4.65 X 10% (n-C4H,);GeC=CH, 4 = 3.91 X
10%), for which the resonance interactions are expected to be
very weak, classifies the CH;Hg, C,HsHg, and CH,~=~CHHg
groups into the same category.

Since there can be seen from other spectroscopic data (UPS,
NMR) that there is no reason to anticipate a different bonding
situation for the remaining compounds II, a comparison of the
A value for ITe with that for Ia and, likewise, of the 4 value
for IIf with that of Id can give information about.the bonding
situation in compounds I. In the case of dw—pw interactions,
those are expected to be more important for R = C,H; (Id)
than for R = CH;, (Ia). As can be seen from Table I, the
relative increase in intensity is larger going from IIf to Id (R
= C.H;) than going from Ile to Ia (R = CHj), which is in
accord with increased resonance interactions between mercury
and the C==C triple bond in 1d as compared with the case for
Ia. Furthermore, this also supports the view that, in fact, for
bis(alkynyl)mercury(I1) compounds I such dr—p interactions
are of importance. Otherwise no such differences in increase
in intensity between the pairs Ia/Ile and 1d/IIf should be
observed.

Another hint to interactions of this type is the fact that the
A value for If (R = Cl) is larger than for Ig (R = Br). The
increase in the A4 values for the compounds If,g as compared
with those for Ia,B should also arise from increased dn—pw
interactions between mercury and the ethyne unit but may be
partly attributed to resonance interactions between the halogen

(12) Maslowsky, E. Jr. “Vibrational Spectra of Organometallic Compounds”;
Wiley: New York, 1977.



Alkynylmercury(II) Compounds

lone-pair electrons and the C=C triple bond.

Compound Ie is an individual case due to the resonance
effects of the para-methoxy group.

Comparison of IR Data with NMR Results.? It is remark-
able that the average nuclear shielding of 1*C is not affected
by these dm—pr interactions: the !3C resonance of the 8-carbon
atoms in the fragment -Hg—C*==C#- and that of the para-
carbon atoms in the phenyl groups linked to the ethyne unit
are practically the same in compounds of type IT and I. Itis
particularly noteworthy that the *C resonances of the ipso-
and of the para-carbon atoms in compounds Id and IIf are
almost identical with those of phenylethyne itself, and the same
applies to compound Ie and (p-methoxyphenyl)ethyne. In
contrast, we observed appreciable effects upon the shielding
of these carbon atoms in the square-planar compounds
trans-[(PR;),M(C=CCHj),] (M = Nij, Pd, Pt), consistent
with dr—pr interactions.'* Therefore, it appears that 1*C
NMR spectroscopy, in the case of the alkynylmercury com-
pounds, is not a sufficently sensitive probe.

Although the stretching band intensities present clear evi-
dence for dm—p~ interaction between the Sd mercury orbitals
and the ethyne unit, at least in case of compounds 1, the failure
of *C NMR to corroborate this leads to the conclusion that
this interaction must be very weak. Since UPS has proved
to be a sensitive tool in this context,’ the comparison of UP
spectra for compounds II and III with those for I should
substantiate the results from the IR intensity measurements.

UP Spectra. The UP spectra for compounds Ila—d, Illa,b,
and Id,g are shown in Figures 1-7, respectively, and the ion-
ization energies are listed in Table II. They are reported with
two decimals and an accuracy of 0.05 eV whenever the cor-
responding bands are narrow and with one decimal when the
bands are broad and without well-defined maxima.

A possible involvement of the 5d mercury orbitals in bonding
should be revealed by the presence of up to five separate
components in the UP spectrum due to a ligand field per-
turbation added to the spin—orbit coupling (always present as
the main effect in 5d mercury orbitals) and especially by a
considerable splitting between the A (nonbonding) and the II
components. In particular, one expects stabilization of the II
states with respect to the A and X ones as already observed
in other cases.>!*

RHgC=CH (IIa—d). As a starting point we discuss possibly
the simplest cases of dr—p= interaction, that is those of
CH,;HgC=CH (1la) and C,H;HgC==CH (IIb), whose elec-
tronic structures can be viewed as resulting from two partial
7 systems (one belonging to Hg and the other one to the C=C
triple bond). Consistent with the sp hybridization of mercury,
the CHgC=CH skeleton is assumed to be linear in these
molecules.

As is evident from Figures 1 and 2, in the He II spectra only
three distinct d bands can be detected and just a slight sta-
bilization of the 7! states occurs in these cases, not giving rise
to five separate components. In agreement with the greater
electron-withdrawing ability of the ethynyl group with respect
to alkyl groups, the electron density on mercury seems to be
lower than in (CH,),Hg and (C,H;),Hg, as judged from the
IE value of the nonbonding A components of 5d ionization in
IIa,b, (CH,),Hg, and (C,Hs),Hg.!* The less intense bands
falling in the same spectral region (ca. 17 ¢V) arise from o-type
ionizations of the organyl moieties (see Table II).

The 7 orbitals of the acetylenic triple bond are degenerate
in Ila, transforming as an irreducible representation in the C;,

(13) Sebald, A.; Wrackmeyer, B.; Beck, W. Z. Naturforsch., B: Anorg.
Chem., Org. Chem., Biochem. Biophys., Biol. 1983, 388, 45.

(14) Burroughs, P.; Evans, S.; Hammett, A.; Orchard, A.; Richardson, N.
V. J. Chem. Soc., Chem. Commun. 1974, 921.

(15) Creber, D. K; Bancroft, G. M. Inorg. Chem. 1980, 19, 643.
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Figure 1. Gas-phase UP spectra of CH;HgC=CH (Ila).
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Figure 2. Gas-phase UP spectra of C,H;HgC=CH (IIb).

point group, to which the molecule belongs; their ionizations
are therefore expected to give rise to only one double band.
In fact, the low-energy region of the spectrum shows a band
peaked at 10.05 eV, which clearly accounts for such an ion-
ization (7! band in propyne falls at 10.37 eV!%), the shift to

(16) Brogli, F.; Heilbronner, E.; Hornung, V.; Kloster-Jensen, E. Helv. Chim.
Acta 1973, 56, 2171.
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Figure 4. Gas-phase UP spectra of C4H;HgC=CH (I1d).

In the spectral region around 10 eV the three 7! ionizations,
two arising from the triple bond, in principle not degenerate
in the C, point group, and one from the double bond (the
corresponding band in ethylene UP spectrum falls at 10.51
eV17) are coalesced into one broad band centered at 10.42 eV.
It accounts also for the lowest oy, ionization, the highest
one giving rise to the band at 12.72 eV, which clearly increases
in relative intensity on passing from He I to He II.

A different behavior is displayed by C;HsHgC=CH (11d)
(molecular symmetry C,,). In fact, the region between 14 and
18 eV in the He II spectrum of IId (see Figure 4 and Table
IT) is richer in bands than in the preceding cases and strictly
resembles the spectral features of compounds in which a sig-
nificant mixing of d mercury orbitals with = systems of the
ligands occurs, such as Ia,c,f,5 mercury dicyanide,'4 etc. The
two weak bands at 14.84 and 16.71 eV are atomic mercury
impurity structures (due to partial decomposition); the band,
also weak, at 17.04 eV, detected in all the compounds of the
series, is related to a 0! ionization of the ethynyl groups. The
five sharp bands at 15.30, 15.53, 15.99, 17.18, and 17.88 eV
are the resolved components of the d™! ionizations split by
combined spin—orbit and ligand field effects; by analogy with
the previously mentioned cases the sequence of state energies
should be

205y > 2210 > My > 2y, >

The assignment of the peaks at 15.99 and 17.88 eV to the
ionization of the = components of the d set is supported by
the observation that similar bands are absent in the corre-
sponding region of the spectrum of diphenylmercury;® this rules
out the possibility that these ionizations are associated with
phenyl group orbitals.

The A-II splitting (0.7 eV) is smaller than in dipropynyl-
mercury (Ia) (1.1 eV); the participation of the metal d orbitals
of = symmetry to the bonding with the organic moieties is
therefore less important in I1d, while being more important

(17) Turner, D. W.; Baker, C.; Baker, A. D.; Brundle, C. R. “Molecular
Photoelectron Spectroscopy™; Wiley-Interscience: New York, 1970.
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Figure 5. Gas-phase UP spectra of CH;HgC=CHgCH, (IIla).

than in the other members of the series RHgC=CH.

The d™! ionization energies are actually comparable with
those in dipropynylmercury(Ia) (average value for d compo-
nents in IId is 16.24 eV vs. 16.31 €V in Ia), suggesting similar
electron density on the metal. Other experimental findings
for these two molecules can be compared, such as the energy
difference between the two oy, ¢! ionizations, whose UP
bands fall at 10.89 and 12.58 eV (6 = 1.69 eV) in IId and at
11.88 and 12.76 eV (6 = 0.88 V) in (CH,C=C),Hg(Ia),
indicating a lower degree of interaction between the oy, ¢
orbitals in the latter compound.

The region between 9 and 10.5 eV yields significant in-
formation regarding the ionizations of the = orbitals of the
organyl groups and their interactions. In C,, symmetry the
three filled = levels of the phenyl ring (e, and a,, in benzene)
transform as A, + B, (¢;,) and B, (a,,), while the ethynyl =
orbitals transform as B; + B,. No Degenerate = states are
therefore expected in the ground state. The spectra are con-
sistent with these considerations showing two doublets, the first
one with peaks at 9.13 and 9.24 eV, the second one with peaks
at 10.20 and 10.34 eV; the former is clearly related to ioni-
zations of the phenyl orbitals, while the latter accounts for the
two w~! ionizations of the ethynyl group.

The sharp bands at 10.89 and 12.58 eV are related to the
two oy, bonding orbitals; their ionization energies and
splitting are in line with those observed in the other members
of the series.

RHgC=CHgR (IIIa,b). For the molecule CH,HgC=C-
HgCH, (IIIa) in our experimental conditions we assume an
average D., symmetry, i.e. a quasi-free rotation along the
central linear skeleton.

The contribution of the d orbitals of the two mercury atoms
to the bonding in this molecule should be not very different
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Figure 6. Gas-phase UP spectra of C,;H;HgC=CHgC,H; (111b).

from that one in CH;HgC=CH (1la); in fact, the spectral
regions of the d™! ionizations are similar for the two compounds
(for Illa see Figure 5 and Table II) suggesting analogous
assignments.

As for the ionization of the two w-bonding orbitals of the
triple bond, no splitting of the corresponding photoelectron
band in the spectrum of Illa is expected since they are de-
generate in the D.; average symmetry (actually they are
degenerate in all the possible trigonal symmetries as D;;, or
Dyz). A shift of this band to lower IE is observed with respect
to ITa (9.32 vs. 10.05 eV) due to the combined effect of two
strongly electron-releasing CH,Hg groups.

A marked difference between the spectra of IIa and IIla
is evident in the region of the oy, ™ ionizations: three bands
associated with such ionizations are present in the spectrum
of the bimetalated ethyne in accord with the nondegeneracy
of the four mercury—carbon a-bonding orbitals in the D, point
group (the fourth ionization contributes to the broad band
envelope between 12.5 and 14.5 ¢V). In terms of localized
orbitals, the bands at 9.82 and 10.52 eV may arise from the
ionization of two levels with predominant ¢y, cy, character
(see 9.3 and 11.6 eV for the analogous bands in (CH;),Hg;"*
the smaller splitting in IIla is consistent with the larger dis-
tance of the two CH;Hg groups). The band at 12.04 eV is
then associated with the highest oy, ¢ orbital. However, the
intensity ratio between the two bands at 9.82 and 10.52 eV
is not well-defined, due to the overlapping of the band at 9.82
eV with the first band at 9.32 eV. Therefore, an alternative
assignment can be considered, relating the band at 9.82 eV
with the ionizations of two oy, cy, levels, quasi-degenerate
because of the large distance between the two HgCH, moieties.
The bands at 10.52 and 12.04 eV can be assigned as the
ionizations of the two oy, ¢ with a larger mercury-acetylenic
carbon bond character. According to this, the interaction
between the four oy, ¢ would be slightly weaker.

Anyway, this description is in both cases a simple model
since a mixing of all the orbitals contributing to the bonds
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Figure 7. Gas-phase UP spectra of Hg(C=CC¢Hy,), (Id).

should be, in principle, taken into account, although it is likely
to occur to a small extent.

The assignment of the spectrum of C,HsHgC=CHgC,H;
(I1Ib) is analogous (Figure 6).

(CsH,C=C),Hg (Id). In the following discussion we will
assume for this molecule a planar structure, implying D,
symmetry. In our previous work on mercury derivatives’
dealing with the compounds Ia,c,f (R = CH,, t-C,H,, Cl) we
observed a strong stabilization of the d= mercury levels,
yielding evidence for interaction with the pr orbitals of the
ethynyl groups. We expected therefore a similar behavior of
the molecule with R = C;H, (Id). Actually, the assignment
of the UP spectrum of this compound is unfortunately not
straightforward, because a severe though partial decomposition
causes the appearance of two spurious bands in the d region
(at 14.84 and 16.71 eV) due to atomic mercury ionizations
(see Figure 7 and Table IT). Of the other three bands present
in the same region, three, at 15.30, 15.53, and 17.23 eV, are
related to 5d orbitals of mercury in the molecule, those at 16.26
and 19.21 eV arise from ionization of o-type electrons, while
the origin of the band at 17.03 eV is less clear. It could be
attributed to a o”! ionization of phenyl-based orbitals analo-
gously to the band at 17.04 eV in C;H;HgC=CH (IId).
Alternatively one could assign this band to the *II, /2 ionization,
assuming that the broad band at 19.21 eV accounts also for
the 2I1, , ionization. The former hypothesis implies no sig-
nificant dr—pm interaction in this compound, at variance with
all the other investigated diethyne derivatives, while the latter
one suggests an important contribution of the mercury orbitals
to the covalent bonding with a separation between the A and
IT components of 1.7 eV, larger than in all the other members
of the series (1.1 eV for Ia (R = CHj), 1.0 eV for Ie (R =
t-C,Hy), 1.4 eV for If (R = Cl1)%). This result is actually in
agreement with IR intensity data as already discussed.

As for the first spectral region (8—11 eV), the assignment
can be aided by a comparison with the spectrum of the related
molecule diphenylbutadiyne,'®!® which shows in the same IE
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region five bands at 8.23, 8.55, 8.87, 9.48, and 10.48 eV. The
second band is related'® to an ionization from the antisym-
metric combination of the two in-plane levels of the triple
bonds (") (the symmetric one is higher in IE and falls beyond
11 eV). The first, third, and fourth bands arise from ioni-
zations of orbitals with a large contribution from the levels
of the phenyl groups. The bands at 8.23 and 8.87 eV are
precisely related to the ionizations of the w-phenyl orbitals (b,,
and b, in D,, point group) that interact with the r-out-of-
plane orbitals of the acetylenic groups, being therefore de-
stabilized. The broad band at 9.48 eV (with a shoulder at 9.72
eV) accounts for the ionizations of the a, and b, levels that
do not have the symmetry to mix with w-out-ofg-plane ace-
tylenic orbitals. The fifth band at 10.48 ¢V arises from the
ionization of a by, orbital with mainly vertical meec™ character,
stabilized by interaction with the phenyl ring (the second
vertical moc" level, of by, symmetry, is lower in orbital energy,
and the related band falls beyond 11 eV).

In the spectrum of Id there are two bands at 8.40 and 8.67
eV that can be related to the bands at 8.23 and 8.87 eV in the
spectrum of diphenylbutadiyne, can account for the ionizations
of the first two orbitals localized on the phenyl groups, and
can be lowered in IE by mixing with the 7-out-of-plane levels
of the triple bonds; the third broad band in the spectrum of
Id, at 9.51 eV, is likely to be associated with at least three
orbitals and then is related to the two 7 levels of the phenyl
groups that cannot interact with the acetylenic subunits plus
the antisymmetric combination of the =-in-plane levels of the
triple bonds. The fourth and fifth band, at 10.01 and 10.66
eV, account for levels mainly localized on the acetylenic
systems; namely, the single band at 10.01 eV is associated with
the antisymmetric combination of the w-out-of-plane levels,
and the double band at 10.66 eV is related to the two sym-
metric combinations of in-plane and out-of-plane = orbitals.
Both out-of-plane combinations have the right symmetry to
mix with w-phenyl levels. The splitting in the spectrum of Id
between the symmetric and antisymmetric combination of
m-in-plane acetylenic levels (0.5 eV) is much lower than in
diphenylbutadiyne, and the same consideration can be done
with respect to the analogous combinations of the 7ce=c Out-
of-plane (again § = 0.5 eV). This fact can be explained by
the presence of the mercury atom between the two acetylenic
moieties, splitting them far apart and therefore weakening any
interaction between them. In fact the splitting is comparable
to that one observed in other compounds of type I. As for the
oHgc ' ionizations, they are expected to be located under the
broad band envelope between 11 and 12.5 eV, together with
occ! and oc_y! ionizations.

Comparison of UPS Data with NMR Results.? The isotropic
nuclear shielding of carbon atoms (6(13C)) linked to mercury
and of mercury itself (8('**Hg)) is significantly affected by
the polarization of the Hg—C bond. This is also true as far
as indirect nuclear spin coupling constants ({J(***Hg'*C) or
17(3*C="1Q)) in the fragment HgC==C- are concerned.?

The UPS data obtained in this work are in good agreement
with many NMR results: the =~! organyl IE are lower with
respect to simple alkynes as a result of the combined effect
of the rather high electron-releasing power of mercury and
of the 7 destabilization due to dr—p~ interactions. This is in
accord with the decrease in shielding of the alkynyl carbon
atoms and with the reduced magnitude of the coupling con-
stants J(:3C='3C). The trend in the 7! organyl ionizations
is paralleled by the various oy, ' ionizations. Thus, we
observe a rather large coupling constant 'J(*¥Hg'*CH;) (1145
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Hz) in Ila (g cy,” 10.05 ¢V) and a smaller one in (CH;),Hg
(692 Hz) (opgcp, ! 9.3 eV).!> Similarly, a larger (by ca. 500
Hz) coupling constant 'J(***Hg!*C) is found in Ila oy,
12.63 V) than in compounds of type III (oy, ¢~'(I11a) 10.52,
12.04 eV).

Analogous behavior is displayed by the 6(!3C) values of
carbon atoms linked to mercury. A deshielding of these carbon
atoms is connected with lower jonization energies of oy,

Because of a number of counteracting influences upon the
nuclear shielding of mercury, a direct relationship with the
IE values is much more difficult to establish. However, within
a series of bis(alkynyl)mercury(II) compounds (I), effects upon
5(*Hg) other than changes in the electron density at mercury
brought upon by various substituents at the C=C triple bonds
may be neglected in a first approximation. The IE values of
opg-c”! ionizations are available for Ia,f, showing the expected
increase in the order Ia < If that would account for a decrease
in the shielding of mercury in the same order. In contrast,
an increase in the shielding of mercury is observed in the series

Ie < Id < Ia < Ig < If

a(xang){CDCls —837 —864 —873 insol  —975
Me,SOd, -930 —1040 —1041

Interestingly, there is a roughly linear relationship between
the 8('Hg) values and the IE values of most of the 5d™!
ionizations, in particular of those of the nonbonding 2As),,
%Ay, and of the 3, /2 components. Therefore, it appears that
the mercury shielding is mainly affected by the probability
of magnetic field induced mixing of electronic ground and
excited states. This probability is reduced in the presence of
electronegative ligands attached to mercury, increasing the
IE values not only of oy, x™! ionization but also of d™! ioni-
zations.

Conclusions

Both IR intensity measurements and UP spectra provide
evidence for significant dr—pr interaction between mercury
5d orbitals and the C==C triple bond in all the diethyne de-
rivatives of the series I (the case of (C{H;C=C),Hg (Id) is
unclear mainly due to decomposition effects) and in C¢Hs-
HgC=CH (IId). The same does not occur in the other
compounds of the series II, R"RHgC=CR (R’ = alkyl, alkenyl;
R = H). This is at variance with the case of the cyanide-
mercury derivatives. In fact, such differences were not ob-
served between CH;HgC=N and (C=N),Hg studied by
Borrough et al.!* The main indication given by the data
discussed above is therefore that one of a specific role played
by the two partial = systems of the ethyne units bonded to
mercury in promoting the dr—pr interaction.

It is appropriate to point out that such extent is probably
very small since the 1*C NMR spectroscopy, otherwise very
sensitive to the presence of this type of interaction, failed to
detect it. This shows that the application of a single method
to these problems may tempt to overestimate the effects.

Future work will include XPS studies of mercury compounds
of the types I-III, and from this it is hoped that a more
quantitative picture will emerge.?
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