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A review of the C,CI, infrared spectrum is made 
and some combination bands observed in this spectrum 
are assigned. On the basis of the C&lb spectrum, band 
assignments for some new compounds of the [MX 
(C,CI,)(PPh,),] type (with M = Ni, Pd; X = Cl, Br, 
I, NCS, NCO, NJ) areproposed. 

Introduction 

Complexes of the [MX(C,CI,)(PR~)~] type with 
M = Ni, Pd; X = halide or pseudohalide and R = Et, 
Ph, have been described.1-4 One of us’ has prepared 
compounds of the same type with M = Ni, and 
X = NCS, NCO, N3 ; M = Pd and X = Cl, Br, I, NCS, 
NCO, N3 and R = Ph for all of them. Analytical data 
for these new compounds are given in Table I. 

Rausch et aL4 observed some bands in the infrared 
spectra of these compounds attributable to the coordi- 
nated CsC15 group. These authors, however, attempted 
no assignment of bands. These assignments must be 

TABLE I. Analytical Data. 

supported in the previous assignments of the bands 
observed in the infrared spectrum of GC&,. 

Kopelman and Schnepp6, with an approximate 
normal-coordinate calculation and assuming the mole- 
cule planar, made the first attempt to assign the in- 
frared bands of solid C,Cl,, in the 4000-600 cm-’ 
zone. Since it had been experimentally shown that the 
molecule is not planar in the vapor state, Kopelman 
studied the assignments assuming D3d symmetry (even 
when X-ray diffraction studies had not shown that the 
molecule was not planar in the solid state). Saeki’, on 
the basis of Dbh symmetry and with semiempirical 
considerations about the infrared (in the gaseous state) 
and Raman spectra of C&h, makes an assignment of 
bands. Delorme and co-workers839 when comparing 
the infrared spectra of the CbXb type molecules in the 
solid state observe the apparition of additional bands 
of increasing intensity with the atomic weight of the 
halogen. This is attributable to an increasing loss of 
planarity going from C6Fb to C&, so that G,CL, should 
be already considered belonging to point group D3d. 

Compound Found (%) Calculated (%) 

C H Cl Br Ni C H Cl Br Ni 

or N or Pd or N or Pd 

[NiCI(CbCI,)(PPh3)z]a 58.5 3.6 23.8 - 6.6 58.07 3.48 24.50 

[NiBr(C6Cls)(PPhs)$ 55.2 3.2 19.6 8.8 6.3 55.24 3.31 19.42 

[NiI(GCIs)(PPh~)~la 52.9 3.5 18.7 - 6.0 52.55 3.15 18.47 
[Ni(NCS)(CbCI,)(PPh,),l 57.4 3.6 20.1 1.5 6.4 57.95 3.40 19.90 

[Ni(NCO)(CCI,)(PPh,),l 59.7 3.7 20.0 1.5 6.6 58.97 3.45 20.24 

NN~(GW@‘PhM 58.1 3.4 20.2 4.6 6.6 57.64 3.45 20.24 

[PdCJ(GW(PPh,)~] 54.8 3.4 23.0 - 11.3 55.00 3.32 23.22 

PdBr(CdZ15)U’Ph~Ll 53.0 3.2 18.2 8.7 11.2 52.47 3.15 18.44 

[PdJ(C,CJ,)(PPB)~] 49.9 2.9 17.4 - 10.1 50.10 3.01 17.60 

[Pd(NCS)(CXJ,)(PPh,h] 54.4 3.3 18.8 1.6 11.2 55.02 3.22 18.90 

[Pd(NCO)(C&k)(PPh&] 57.0 3.4 19.1 1.5 11.3 55.95 3.28 19.22 

]PdN3(CKJs)(PPh&] 54.3 3.3 19.0 4.4 11.3 54.65 3.28 19.21 

a Compounds previously reported? 
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TABLE II. Infrared Spectral Data of C6C&,. 

Observed Frequencies 
(cm-‘) 

Assignment 

1715 vwa (VU +%)(Eu) 
1440 w= (Vi +VU)(E”) 
1392 vwb (~1 +Vd)(Azu) 
1340 vsa Vr,(E”)(6)(7)(9) 
1295 s= Vb(AZ”)(6)(9) 
1215 vwa V1(Arg)(7) 
1105 w= (Vs + Vz)(A& 
1062 vwb (~5 +Vr7)(EJ 

965 vwa (VU + V*)(EJ 
930 wa (~5 + vri)(E,) 
820 VWb (VK-Vrz)(Aiu + AZ” + &) 
790 vwa (~19 +Vii)(Atu + Azu + E) 
720 ma %(AZ”)(6)(9) 
695 vsa Viz(E,)(6)(7)(9) 

a Bands observed in this work. b Bands not observed in this 

work, but reported in the literature.’ 

The frequencies observed in the infrared spectrum 
of solid CbC&, are listed in Table II (range 4000-250 
cm-‘), together with the corresponding assignments 
according to the literature. 

The bands at 1295 and 720 cm-‘, assigned to the 
Ye and y5 vibrations, respectively, might also be as- 
signed to the vr9 (F_) and vzO (E,) modes, but since 
we have observed no splitting of the bands upon co- 
ordination of the C6C15 group in the complexes, the 
assignment given above seems more convenient. 

Although several authors6’9 report weak absorptions 
in the C,Cl,, infrared spectrum (probably due to com- 
bination bands), no attempt has been made to assign 
them in the point groups Dzd or DOh. Assuming no 
planarity of the C,CI, molecule, with the assignments 
of fundamental vibrations previously given above, and 
on the basis of selection rules of overtones and combi- 
nation bands of D3d symmetry, the weak remaining 
bands observed in the spectrum of C,C& have been 
assigned as indicated in Table II. 

Normal Modes Analysis of Coordinated &Cl5 

Coordinated &Cl5 group belongs to point group C,. 
Churchill and Veidis” have shown with X-ray diffrac- 
tion techniques that the chlorine atoms of the CbCIS 
group are not on the plane of the aromatic ring in the 
compound [Ni(C,F,)(C,Cl,)(PPh,Me)z], in spite of 
the fact that the fluorine atoms of the C,F, group can 
be considered on the mentioned plane. 

The correlations in Table III are inferred from the 
character tables of point groups DRd and C,. 

The 3A2,+ 5E, modes will remain infrared active 
upon coordination of the CbC15 group, and the doubly 

TABLE III. Correlation Diagram and Spectral Activity of 

Normal Modes of Vibration. 

J&d Normal Frequencies 

Modes of of 
Vibration C&lb (cm-‘) 

AI,@) A’(R,IR.) Vl 1225 
1’2 372 

A?, A”(R,IR.) V3 - 

V‘l 172 

Az.(IR) A (RJR.) VS 720 
V6 1295 

AI,(R) A’(R,IR.) V? 704 
Va 97 

AiU A”(R,IR.) V9 _ 

VI0 _ 

E,(R) A’(R,IR.)+A”(R,IR.) ~11 213 

V15 1522 

VI6 _ 

1117 340 
VI8 322 

E,(IR.) A’(R,IR.)+A”(K,IR.) ~12 694 
V13 1340 
V14 217 

V19 594 
VZ.0 80 

degenerate modes must split into two components 
(A’+ A”) both of them infrared active. In addition, 
the forbidden bands which become infrared active in 
the C, group should also appear in the spectrum. 

Results and Discussion 

The infrared spectra of the [MX(C6C15)(PPh,),] 
type complexes studied in this paper (Figure 1) show 
together with the bands due to triphenylphosphine”, 
other bands which may be assigned to coordinated 
C&Cl,. The bands due to M-X and M-C vibrations 
can also be observed by increasing the concentration 
of the nujol mulls. The bands due to M-P vibrations 
are not observed, since they appear beyond the fre- 
quency range studied in this work.13 The frequencies 
attributed to the C6C15 group together with the pro- 
posed assignments, are given in Table IV. 

Five vibrations belonging to the Eu(DId) species 
should appear in the infrared spectrum of C,Cl,,. In 
fact, only three are observed, at 1340 cm-’ (vr3), 
695 cm-’ (viz) and 217 cm-’ (yr4). The two other 
bands, calculated at 594 cm-’ (vr9) and 80 cm-’ 
(vzO)ro have never been observed in the infrared spec- 
trum of C,C&. 

The splitting of the vr3 frequency is very clearly 
observed in the complexes studied, as it must be with 
a doubly degenerate mode. A shift of such vibrations 
towards lower frequencies is observed, but there are 
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ponent is observed at 670 cm-‘. A shift of the latter 
frequency is also observed upon coordination of G,Cl,, 
without large differences whatever the nature of the 
other ligands or that of the central atom. The y14 
vibration is not observed because it appears at 217 cm-‘, 
beyond the frequency range studied in this work. 

Two of the three Azu(D3J vibrations for C&h 
are observed at 1295 cm-’ (v~) and at 720 cm-’ (v~). 
The third one, assigned by Delorme to Y~(A&‘, ap- 
pears at 172 cm-‘, beyond the studied range. The fact 
that the infrared spectrum of C&Cl, exhibits these two 
well-defined bands of medium intensity, confirms that 
there is some lack of planarity, since progressive distor- 
tion of Dbh+Dsd symmetry leads to the apparition of 
the two new bands [Blu(Dbh)-+A2u(D3d)] which are 
active in the latter group. In the complexes studied, a 
band attributable to the Ye vibration of coordinated 
CbC15, is observed at about 1285 cm-‘. A shift towards 
lower frequencies is also observed, without large dif- 
ferences upon changing the nature of the coordinated 
groups or that of the central ion. The other frequency, 
appearing at 720 cm-’ in hexachlorobenzene, cannot 
be .observed in the compounds studied due to over- 
lapping with the v[@(C-C)] and r(X-sensible) fre- 
quencies of coordinated triphenylphosphine appearing 
at 692 and 700-705 cm-‘.‘* However, a very weak 
band sometimes appears at 710 cm-‘. 

All of the complexes studied exhibit a well defined 
band of medium intensity at 1225-1230 cm-‘, which 
can be assigned to the vl(Alg) vibration ,of the D3,, 
group. This Raman active but infrared inactive vibra- 
tion, observed by Saeki at 122.5 cm-l for C,CL_ be- 
comes infrared active in the coordinated CbC15 group, 
and belongs to the A’(C,) species. The second band, 
at 372 cm-‘, assigned by Saeki to v2(Alg), is not 
clearly observed in the infrared spectra of the products 
studied here; however, weak and poorly defined bands 
are sometimes observed at 350-360 cm-‘, on of which 
might well be assigned to this vibration. On the other 
hand, the fact that the M-X vibrations appear in this 
zone, makes the assignments of these frequencies 
difficult. 

Another defined band of medium intensity is ob- 
served at 575-590 cm-’ in all of the products studied 
in this work. This band might well be assigned to the 
y19(E&) vibration of C6C&, calculated by Scherer at 
594 cm-’ ;l” the fact that no band is observed at this 
frequency, and that the band observed in this region 
in the spectra of the compounds studied here shows no 
splitting, does not allow such assignment. This band, 
however, may be assigned to the M-C vibration. The 
fact that the M-C6Cls bond length has been found 
shorter than that of M-C6F,” justifies the proposed 
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assignment, in spite of the fact that no bands, attribut- 
able to this vibration in analogous compounds with 
pentafluorophenyl, have been observed by Goggin and 
Goodfellow.’ 

Experimental 

Infrared Spectra 
The spectra from 4000 cm-’ to 250 cm-’ were mea- 

sured on a Beckman IR-20A infrared spectrophoto- 
meter calibrated with polystyrene film. Samples were 
studied as nujol mulls between CsBr plates. The fre- 
quencies are accurate to +- 2 cm-‘. 

Preparation of the Compounds 
The compounds already known, whose infrared spec- 

tra are considered here, have been obtained by proce- 
dures given in the literature.3 The new compounds 
prepared by us have been obtained following a proce- 
dure given elsewhere.5 

Analysis 
Microanalytical determinations of C, H, N and halo- 

gens were performed at the “Instituto de Quimica 
Organica de Barcelona (C.S.I.C.)“. Niquel and pal- 
ladium were determined gravimetrically with dimethyl- 
glyoxime after destruction of the complexes with boiling 
nitric and sulphuric acids. 
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