
315 

Journal of Organometallic Chemistry. 67 (1974) 315-320 
0 Ekevier Sequoia S.A., Lausanne - Printed in The Netherlands 

FAR INFRARED SPECTRA OF ZEROVALENT PLATI_NUM-ACETYLENE 
COMPL.EXES 

A. FURLANI, P. CARUSI and M.V. RUSSO 

Istituto di Chimica Generale ed Inorganica, Universitd! di Roma (Italy) 

(Received July 19th, 1973) 

Summary 

‘I‘be low frequency IR spectra of a series of (Ph,P)sPt(HeCR) com- 
plexes have been measured in the range 600-300 cm-i. Pt-P and Pt-C 
stretching frequencies have been assigned by comparison with spectra of similar 
platinum complexes. 

Introduction 

The synthesis of platinum(0)-acetylene complexes of general formula 
(Ph,P)sPt(ac) (ac = acetylene or acetylene derivative) was first carried out by 
Chatt et al. [l]. Later workers synthesized other complexes of this type 
12 - 91, and numerous papers have been published [lo - 151 on the nature of 
the acetylene-platinum bond. IR spectra have shown that the stretching fre- 
quencies of the triple bond of acetylene is reduced by about 500 cm- ’ on 
coordination [ 1,4,5,8]. 
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X-ray diffraction studies have shown that the complex (A) is nearly 
planar, and that the axis of the multiple bond forms an angle of about 14” with 
the plane containing the platinum and the phosphorus atoms [16]. This struc- 
ture is similar to that of analogous complexes of Ni” and Pt” with acetylenes 
and olefins 1153. X-ray measurements have confirmed that the triple bond is 
lengthened on coordination; the C-C bond distance is about 1.30 A, i.e. in the 
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region of the C=C distance in olefins. We have now examined the low fre- 
quency IR spectra of a series of (PhsP)zPt(ac) complexes, and compared them 
with those of similar platinum complexes. 

Low frequency IR spectra of cis- and truns-(Rs P)zPtXz (R = alkyl; 
X = halogen) have been extensively studied by Goodfellow et al. [17 - 191, 
Park et al. 120,211, and Chatt et al. 122,231 and assignments made on the basis 
of group theory. Very extensive series of complexes were examined, and IR 
and Raman spectra were compared_ The trans-(Rs P)z PtXz complexes could be 
classified in the point group Ceh, taking the ligands as point masses. The 
validity of this assumption was supported by experimental data: only a single 
PtP2, and a single PtXz stretching vibration were observed, as predicted by the 
theory, and it was assigned to the B, asymmetric mode. The symmetric vibra- 
tions are Raman-active only. The symmetry of the cis complexes is Czv, and 
both symmetric and antisymmetric Pt-P2 and Pt-Xz stretching vibrations are 
IR active. 

The Pt-Pz modes of platinum complexes with PEt, ligands are observed 
between 450 - 420 cm-’ _ Adams et al. 1241 have examined the low frequency 
IR spectra of complexes containing Pt-C bonds, viz. cis-(RBP)aPtLz 
(L = CHs , Cz Hs or Cs H7 )_ As predicted by symmetry arguments, two Pt-C 
stretching modes were found in the range 600 - 500 cm-‘. The intensity of the 
Pt-C band decreases in the order: CH, > C2H5 > C&H7 _ Recent studies con- 
fm that the Pt-G stretching modes appear in the 600 - 500 cm- 1 region and 
that they are often of low intensity [25 - 281. 

Results and discussion 

The compounds examined, some of which are new, are listed in Table 1. 

We have assigned the structure (B) to complex (II), on the basis of its IR 
spectrum in the 4000 - 600 cm-’ region and by comparison with the spectrum 
of the ligaud HCSCT=CHB _ The band at 895 cm-‘, characteristic of the 

CH3 

Ri Rz C=CHz group, is still present in the spectrum of the complex, while that 
of the elkynyl group expected to be at 2110 cm-l, is absent. Two bands, of 
nearly the same intensity, are observed at 1720 end 1680 cm-’ _ The former is 
also present in the spectrum of the @and, whilst the latter is in the range in 
which CEC stretching vibrations of monosubstituted acetylenes bound to the 
platinum atom are normally found [5 - S] _ Other complexes (see Table 1) nor- 
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TABLE 2 

IR ABSORPTION FREQUENCIES’ (cm-’ ) FOR (Ph,P),Pt(HC = CR) COMPLEXES (NUJOL MULLS) 

Complex R 

(I) 

(II) 

(III) 

(IV) 

WI 

WI) 

WII) 

C6H5 
683vwb 555 ms 535 ms 529 w kh) 

(531 rnS)O 

C<CH$=CH2 559ms 551 w 541 ms 532 w (sh) 

(651 Ins) (529 In) 

C6H100H 568 (d-0 553 m 539 m 

(553 m) 

C(CH3)(0H)C2H5 683 u’ 562m 540 ms 

(556 ms) 

C(CH&OH 595 VW’ (566 Ins) 540 m 
<559 ms) 

CH(OH)CH3 555 m 542 ms 

(554 ms) 

CH2OH 542 ms 533 w 

516s 510s 

(513 ms.1 

519s 512s 

521 s 510 J 

(523 ms) 
521s 510s 

522s 511 s 

523s 513s 

513 s 

PPh3 541 m 513s 499s 

aThe frequencies of free acetylenes are given in parentheses. bs. Strong; m. medium; w, weak; VW. very weak; 

(sh). shoulder. 

mally show a single band (sometimes with a shoulder) in this region. The 
splitting of the C=C band of acetylenes coordinated to platinum has also been 
observed by Greaves et al. [4] in the spectra of some platinum complexes with 
disubstituted acetylenes. 

The IR frequencies (600 - 400 cm- ’ region) of the complexes discussed 
here are given in Table 2. No significant bands were observed below 400 cm-‘. 
The bands of the triphenylphosphine and of the ligands are also given. It can be 
seen that the IR spectrum of triphenylphosphine exhibits several bands in the 
ranges in which Pt-P and Pt-C stretching frequencies are normally found. 
Since Iigand bands also lie in the same spectral regions, only tentative assign- 
ments of the Pt-P2 and Pt-C2 modes are suggested. 

Since there are no crystallographic data available, we have made the as- 
sumption that the (Ph,P),Pt(ac) molecules examined are nearly planar, as is 
known to be the case for the complex (Ph3P)2Pt(PhGCPh) [lS] _ As for 
cis-( R3 P)2PtL2, of C2” symmetry, the lower symmetry so produced will give 
both IR allowed symmetric and antisymmetric stretching modes. 

All complexes show a band of medium intensity at about 560 cm-‘, 
which can be assigned to one of the Pt-C vibrations. The other may lie under 
the band at 540 cm-r, which is of higher intensity than the corresponding 
band for triphenylphosphine. However, weak bands are observed in the range 
580 - 595 cm-r in the spectra of three of the complexes. Consequently, an- 
other explanation may be that the second Pt-C band is so weak as not to be 
observed in all cases. Thus, for example, Ruddick et al. (25,261 failed to find 
any Pt-C band in the spectra of PtX3 CH3L2 complexes (L = PMe2Ph; 
X = halogen)_ 

The triplet at about 500 cm-’ is slightly shifted to higher frequencies on 
coordination, andthe band at 520 cm - ’ increases in intensity. The three bands 
are of decreasing intensity in the spectra of the complexes, while they are of 
about the same intensity in the spectrum of uncoordinated triphenylphosphine. 
Deacon et al. 1291 report that the doublet at 433 - 423 cm-’ is also shifted to 
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498 s 478(sh) 461(sh) 4521x1 440m 425 (sh) 419 m 

499s 453m 437 m 424x11 

500 * 493 (SW 467 (sh) 458111s 443 (sh) 434e.h) 425x11s 
(453W) (431W) 

501 5 48O(sh) 455ms 443eh) 4361-n 4241x1s 
(443m) 

499s 48O<sh) 456 ms 443 (sh) 436m 423ms 
(420~) 

501s 45sms 440m 428ms 

499 s 495 (sh) 

491+ 

453m 437m 

433m 

425 (sh) 4181-n 

423m 

higher frequencies on coordination. In the region 560 - 400 cm-’ we observed 
several bands the most intense of which lies at 423 I 5 cm- ‘. Adams et al. 
[30] reported that the Pt(PPl13)4 complex shows a very intense band at 424 
cm-l, and they suggested that it might be assigned to v(Pt-P). The similarity 
of our spectra confirm this suggestion_ The common band in the spectra of 
these complexes, at 455 cm-l, is probably due to the other v(Pt-P). In the 
light of the discussions by Goodfellow et al. [19] and Chatt et al. [23] of the 
IR and Raman spectra of PEt3 complexes, and making the assumption that the 
Pt-P stretching frequencies follow the same trend in the spectra of triethyl and 
triphenylphosphine complexes, we can assign the 455 cm‘-’ band to the sym- 
metric Pt-P mode and that at 425 cm- ’ to the asymmetric one. No significant 
influence of the R radicals’of the coordinated acetylene on the IR spectra was 
observed. Similar conclusions were made by Roundhill et al. [8], who investi- 
gated some analogous Pt complexes and observed that the difference in 
Av(C!=C) values is also extremely small, even when the radicals on the coor- 
dinated acetylenes are of very different electron-withdrawing power (R = CF3, 
c6 H5 or CH2 OH). However, when R is a t.ertiary alcohol group, the Pt-C band 
is at 566 cm- I, whilst for a secondary alcohol group it is shifted to 555 cm-I _ 
When R is CH,OH the band at - 560 cm-i is not observed and a new band at 
533 cm-’ appears, which may be the Pt-C band shifted to lower frequencies. 
This behaviour may be due to the different distribution of electron density in 
the Pt-C bonds caused by the electron donor properties of the methyl groups_ 

Experimental 

Complexes were prepared by reducing cis-(Ph, P)2 PtCl, with hydrazine in 
the presence of the substituted acetylene [l - 5]_ Elemental analyses were car- 
ried out by A. Bernhardt, W. Germany. 

IR spectra were run on Perkin-Elmer model 521 (600 - 300 cm- ’ ) and 
Beckman IR 20 (4000 - 600 cm-’ ) spectrophotometers. Spectra were recorded 
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with Nujol mulls supported on NaCl discs or KRS-5 (RllC) discs. The resolu- 
tion of the spectra was greatly enhanced by very fine grinding of the com- 
plexes. 
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