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Summary 

Triphenyhethylphosphonium salts namely pPh3 Me], MX,, M = cu2+ , 

C O ~ + ,  M$+, ~ e 3 +  pb2+ and H ~ ~ + ,  X = C1 or I , a = 1 or 2, have been 

synthesized by the reaction of PPh3 Me X with the metal dihalide m ethanol 

solutions. The compounds were characterized by Electronic, Raman, Far in- 

fi-ared and Mossbaur spectra, magnetic properties as well as elemental analy- 

ses. The two copper complexes (PPh3 Me)2 CuCL and (PPh3 Me)2 Cu3Cls 

have been characterized by their X-ray crystallography and the structures are 

described. Powder S a c t i o n  patterns have shown that the cobalt and man- 

ganese tetrachloride complexes are isomorphous. Investigation of the com- 

plexes by differential sc&g calorimetry measurements showed that these 

compounds exhibited structural phase transitions. 

Introduction 

In compounds of the form 8 2  MXq (where A = monovalent cation, M = di- 

valent transition or nontransition metal ion and X = halogen), the nature of 

the cation influences greatly the structure of the MX:- moiety. EM2+ ions 

were each octahedrally surrounded by halogen ions, the octahedra would 

share corners and extend in an infinite two dimensional network, whereby the 

layers become held together by the cation. The MX:- moiety on the other 
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have been of particular interest in such compounds. Extensive studies of 

compounds containing alkyl ammonium groups, showed that the hydrogen 

bonds and thermal motion of the alkyl ammonium groups can induce struc- 

tural phase As a fbrther extension of the above studies, the 

synthesis of analogous salts in which the central nitrogen atom of the cation 

was replaced by higher members of the pnicogen group: P, As and Sb "" 

was reported. The latter compounds have received much current interest. 

Here I wish to report the results of the study of the synthesis, structure and 

phase transitions of a novel family of [ PPh Me 1 MX, salts. 

Experhen tal 

All chemicals used are of AR grade. The electronic spectra of saturated so- 

lutions of the separated chloride complexes dissolved in methylene chloride 

were recorded using Superscan 3 UV / Vis Spectrophotometer. Raman 

spectra of all samples were recorded with a laser h = 5 14,5 nm using Spec- 

trophotometer, model 2061 supplied by Jobb Yvon Division Instruments. 

Far - Mared  spectra (300-50 cm' l) were obtained for solid pellets of sam- 

ples of compressed polyethylene and were recorded with Nicolet 2F Vacuum 

Spectropbotometer. Differential scanning calorjtuetry measurements were r e  

corded with schimadzu DSC-50 Instrument. 

. [P Ph3 Me] C1 was prepared as follows: 

3 [I? Ph3 Me] I + Pb C4 4 2 Ph3 Me] Cl + [P Ph3 Me] PbI3 

Pb Clz (2.781g, 10 mm) was dissohred in hot water so as to form a con- 

centrated solution. An aqueous solution of mh3Me] I (12.127 g, 30 mm) 

was added dropwise with stirring, whereby the yellow precipitate of 
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CpPh&Ie] Pb13 formed was iiltered ofE The solvent in the filtrate was evapo- 

rated using a rotatory evaporator. The solid residue left was dissolved in 

ethyl alcohol and the solution was filtered to get rid of any residue of PbC12. 

The filtrate was again evaporated to dryness under vacuum. 

Preparation of Tripheny lmethy lph osphoniuin Salts 

The compounds were prepared by adding together ethanolic solutions of the 

respective metal chloride and mh3Me] Cl, in molar ratios of 1:2, respec- 

tively, then evaporating the products nearly to dryness. In case of the copper 

complex the addition of 1 : 2 ratios led to the formation of both yellow and 

red crystals. On the other hand the addition of 1: 2.5 molar ratios would lead 

to the formation of the yellow [PPh3Me]2 CuC14 complex, whereas the ad- 

dition of 1 : 1 molar ratios led to the formation of the red [PPh3MeI2 Cu3 

Clg compound. The [ PPh3Me ] Fe CL complex was also prepared by mixing 

equimdar amounts of [ PPh3Me ] C1 a d  ferrous chloride in HCl zcidified 

ethanol solution. Slow evaporation at room temperatare resulted in pale yel- 

low plate-like crystals. The compounds prepared were washed with a mix- 

ture of ether and ethanol and dried in a dessicator. The.salts dissolved in 

ethanol and methylene chloride and crystallize readily form concentrated so- 

lutions. The physical constants of the complexes prepared are given in 

Table 1. 

It should be pointed out that trials to synthesize stable transition metal 

iodide salts of the formula wh3Mela M I, was unsuccessll. The metal io- 

dides decomposed and catalyzed the formation of the phosphonium polyio- 
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dide p h 3 M e ]  I3 (9). However it was possible to synthesize salts of some 

main group metal iodides for example mh3Me] Pb 13 and pPh3MeIa 

HgI,. ( Table 1 ) 

Results and Discussion 

It is reported that divalent chlorocuprates may contain isolated CUCL'- 

moieties, di or oligomer aggregates. In the work represented here two cop- 

per complexes were synthesized the yellow [PPhsMeI2 Cu CL (1) and the red 

(PPh3 MeJz Cu3C18 (2). The electronic absorption spectrum of compound (1) 

gave a broad band with hmax. at 880 nm which indicates that the complex 

exhibited a distorted tetrahedral structure. The vibrational spectra showed 

an ir band at 283 cm-' and a Raman shift at 279.5 cm-' assignable to Cu-C1 

stretching vibrations. Such bands also reflect the distorted tetrahedral 

structure. Complete X- ray crystal sructure analysis('0) reveals that complex 

(1) at 293 OK is orthorhombic with space group F2dd were a = 8.840(5) 

b = 25.152 (5) c = 32.791 (8) A, V - 7291 (5) A ,  Z = 8. The crystal 

structure has been refined to R = 0.038 for 1765 reflections. It contains the 

cations [4PFh3Me]+ and the isolated complex anions. [Cuc&12-. The cations 

are composed of planer against each other twisted phenyl groups tetrahe- 

drally arranged around the centeral phosphorous atoms. The complex anion 

CucL2- has a flattered tetrahedral geometry possessing a two fold rotation 
(11-14) axis. This is in a accordance with many reported complexes . The stero 

view of the atoms in the complexes are given in Fig la. The crystal structme 

is shown in Fig. 2a. 
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The crystal structure investigation of complex (2) show that it crystallizes 

at 239°K in triclinic space group with a = 9.539 (8) A, b = 10.369 (3) A, c = 

A3, and Z = 1. The crystal structure has been refined to R = 0.032 for 4436 

reflections It is polynuclear containing the tetrahedral cations p h 3 ~ e ] '  

previously described, and the chain anion I [cu~c~~]~ '  with four and fivefold 

coordinated divalent copper atoms. (Fig. lb). The anion is composed of Cul 

with nearly square planar surrounding of chloride ions possessing an inver- 

sion center, and Cu2 with square pyramidal geometry. Two square pyramids 

share the edges of the square planer unit forming an inversion center. The 

electronic spectnun of compound (2) shows two bands at 474 and 887 nm 

Compound (2) exhibits numerous ir bands principally occurring at 356,88, 

319.95, 287.43 and 243 cm" whichmight be due to Cu-Cl stretchingvibra- 

tions in contrast to compound (1) which shows only one it- vibrational band 

and one raman shift due to the Cu-Cl stretchingvibration. The structure 

possesses terminal and bridged Cu-C1 bonds, which explains the numerous 

vibrational bands observed in the ir spectrum. Polynuclear cholrocuprate ani- 

ons do not occur frequently. Dimeric moieties C U ~ C ~ "  are found in 

[ P ~ ~ P ] ~ C U C ~ ( ~ ~ - ' ~ ) .  Trinuclear d t s  ~ ~ 3 ~ 1 8 ~ -  exist in (3MAP)2Cu3Ck and in 

(NMPZ)~C~~C&"~).  Trinuclear anions could unit together forming chains as 

in (Hz aza)3[Cu3Cls(H20)3] (I8' and [adeH2] [Cu3Cls] 'I9) in which the coordi- 

nation sphere is completed by 0 or N. Polynuclear chain anions I [cu3Cb2-] 

are also found in {we(CN)2 Mg 15C5] [CU~ ~l8]},(20) and {we(CN)2 

Cul5C51 [Cu3 C&]~I),,(~~) which only comprise bridging chlorides in contrast to 
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complex (2) shown in Fig. lb  which has bridging and terminal chlorides. The 

crystal structure is shown in fig2b. 

The blue cobalt compound pPh3Me]2CoClq gave a magnetic moment 

value of 4.34 B.M. as well as the absorption band at 658.5 nm, which was 

relatively displaced to lower energy in contrast to octahedrally ligated C O ~ + .  

It could be assumed that C O ~ +  has been tetrahedrally surrounded by four 

chloride ions The ir bands due to Co- C1 stretching vibrations occwring at 

30 1.3 cm-1 with a shoulder at 3 10 cm-1 together with a very strong broad 

band at 28 1.64 cm-1 ( which over-laps with that due to C- P deformation ) 

and the Raman shift observed at 260 cmml , also confirmthe tetrahedral 

structure. 

The isolated manganese tripbenylemethylphosphonium complex 

PPh3Melz Mu CL was found to have a magnetic moment of 5.6 B .M in ac- 

cordance with a compound of high spin magnetic moment. The infkared ab- 

sorption bands occurring at 287.5 1 cm-I with a shoulder at 300 cm-l and 

the relatively strong broad band at 270.07 cmml, due to the Mn-C1 stretching 

vibrations shown by the canary yellowish green compound may be taken as 

indicative that Mn is tetrahedral coordinated. Its electronic absorption spec- 

trum showed bands at 430, 444.1, 632,668, 699.3 and 828.1 nm. The x-ray 

powder patterns of Co and Mn compounds would reveal isostructure (Fig. 

3). It may however be described that the copper complex (1) have merent 

*action pattern , (Fig 3 -b). The determination of the structure of these 

materials are in progress. 
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Elemental analysis and ir spectrum (band 3200 cm-1) indicated that the . 

nickel complex [ PPh3 Me l2 Ni CL. 2H20 contained two molecules of water 

which are coordinated to Ni yielding an octahedral structure. The 6- covalent 

octahedral paramagnetic complexes of Ni showed magnetic moment of val- 

ues lying between 2.9 - 3.3 B.M. The nickel compound investigated exhibits 

a moment of 2.8 B.M. at room temperature confirming the octahedral struc- 

ture. The visible absorption spectrum gave two bands at 650 and 700 nm, 

which suports the octahedral structure. This compound is essentially similar 

to Ni C4. (H20)~  Rb2 "". The bands corresponding to Ni- Cl vibrations, 

which appear at 246, 240, 200 cm-' confirmed the distorted octahedral 

structure in which the H z 0  ligands are in equatorial position. 

The triphenyhethyl Fe (III) complex [ PPh3 Me Fe C14 ] crystallizes in a 

layered type structure whereby the metal ion is surrounded by a highly sym- 

metric octahedron of chloride ions. These octahedra share corners and ex- 

tend in an infinite two dimensional network. These layers are sandwitched 

between the [PPh3 Me]' cations. No quadrupole splitting is shown in the 

Mossbauer spectrum of the iron compound (Fig 4). Only one isomer shiR in 

the positive direction (at 0.1 mm 1 sec) was observed. This proved, that it is a 

spin fiee Fe (111) in highly symmetric octahedral surroundings (23). Its Raman 

and Far infrared spectra, also confinn the octahedral structure of ~e ' '~ ) .  The 

vl ( A 1 g ), v2 ( E g )and vs ( F 2 g ) centrosymmetric vibrational fiequen- 

cies characteristic for octahedral symmetry are Raman active and appear at 

337.5 ( v s ) , 391 ( m ) and 85 ( w ) c m l  whereas, the asymmetric fie- 

quencies v3 ( F 1 u ) and vq ( F1 u ) are active in the ir spectrum and were 
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observed at 136.96 (v s) and 83 ( w ) cm-1, respectively. Also lattice modes 

at 68 cm- occur in the Raman and ir spectra. 

Phase Transitions in the Triphenylmethylphosphonium Salts 

DSC measurements of the yellow copper compound (1) showed exothermic 

structural phase transitions ( Fig. 5). The first occurred at 52.9Z°C of 72 mJ 

(4.50 J / g ) and the second at 125.62'C of 17.47 mJ ( 10.92 J lg ). The x-ray 

S a c t i o n  patterns taken at - 13OC showed that there is no phase transforma- 

tion. The variation shown in the relative intensities of the dsaction lines 

may be attributed to some preferred orientation in the investigated sample. 

The Mu complex showed three exothermic structural phase transitions. 

The first occurred at 53.08 "C of 6.01 mJ (3.54 Jlg), where as the second 

transition at 88.76 "C of 2.65 mJ (1.56 J/g) and the third at 125.76 "C of 

17.78 mJ (10.46 Jig). The x-ray daaction pattern taken at 142' C has the 

same symmetry as that at room temperature. The unit cell with cubic symme- 

try and lattice parameter a = l5,56 16 A at room temperature and 15,6322 A 

at 142 "C, only expanded with the rise of temperature (Fig. 6). 

Iu quaternary ammonium metal salts; it has been indicated (I4) that phase 

transitions were due to the reorientation of the aliphatic groups about their 

axis between two or more equivalent positions (exchange of the hydrogen 

bonds between bridging and non bridging chloride ions). On the other hand, 

the phase transitions in the different phosphonium complexes reported here 

seem to occur as a results of the thermal displacements i n v o h g  rotation 

and translation of the tetr+ed~-a(~"~). 



Mervat M .  EL Essawi 

References 

(1) G. Chapuis; Acta Cryst. B34, 1506 (1978). 

(2) R kind, S. Plesko, J. Roos; Phys. Stat. Sol. (a) 47, 233 (1977). 

(3) L. Bataglia, A. Bonamartini, G. Pelosi, M. R. Cramarossa, T. Man- 

ferdim, G.C. Pellacani, A. Motori, A. Saccani, F. Sandrolini and M. 

Brigatti; Chem. Mat., 4,9 13 (1992). 

(4) M, A. Semary, M.M. Abdel- kader and M.F. Mostafa; Chem. Phys. 

Lett, 96, 641 (1983). 

( 5 )  P. Pauling; Inorg. Chemistry, Vol. 5 No 9, 1498 (1966). 

(6) M. R Pressprich, MR. Bond and RD.  Willett and M. A. White; Physi- 

cal Review B, Vol. 39 No.5, 3453 (1989). 

(7) F.J. Zuniga, M.J. Cabemdo, G. Madariaga, M.R Pressprich, M.R. 

Bond and RD. Willett; Acta Cryst. B47,337 (1991). 

(8) K. Murray and R.D. Willett, Acta Cryst. C47,2660 (1991). 

(9) M. El Essawi, S. Abd El Khalik, H.J Berthold and R. Wartchow; Z. 

Naturforsch. 46 B, 703 (199 1). 

(10) M. El Essawi and K.F. Tebbe (in progress) 

(1 1) R. D. Willett, Acta Crystallogr. C51, 15 17 (1995). 

(12) G. Valle, R. Ettorre and V. Peruzzo, Acta Crystallogr. C51,2273 

(1995). 

(13) Z. Bila and L. Jager, Proc. 15th C o d  Coord. Chem. 63 (1995). 

(14) KE.  Halvorson, C. Patterson and R. D. Willett, Acta Crystallogr. B46, 

508 (1990). 

(1 5) M. Textor, E. Dubler and H. R Oswald, Inorg. Chem 13 136 1 (1974). 



Synthesis of Tripher~ylmethylphosphonium Salts of Transition Metal Halides. 

(16) D. Tran Qui, A. Daoud and T. Mhiri, Acta Crystdog. C45, 33 

(1989). 

(17) T. E. Grigereit, B. L. Ramarkrishna, H. Place, R. D. Willett, G. C. 

Pellacani, T. Mded in i ,  L. Menabue, A. Bonamartini-Corradi and L. 

P. Battaglia, Inorg, Chem. 26,2235 (1987). 

(18) J. Poitras, M. Leduc and A.L. Beauchamp; Can. J. Chem 71,549 

(1993). 

(19) P. de Meester and A. C Skapski, J. C. S. Dalton 2400 (1972). 

(20) T.B. Rubtsova, O.K. Kireera, B.M. Bulychev, N.P. Streltsova, V.K. 

Belsky, B.P. Tarasov; Polyhedron, 11, 1929 (1992). 

(2 1) D. Fenske, H. Goesmann, T. Ernt and K. Dehnicke; Z. Naturforsch, B 

45, 101 (1990). 

(22) G.E. Shankle and J.B. Bates; J. Chem Phys. 64,2539 (1976). 

(23) Russell S. Drago, "Physical Methods in Inorg. Chem". Van Nostrand 

Reinhold, New York p 368 (1965). 

(24) K. Nakamoto "Infi-ared and Raman Spectra of Inorg and Coordination 

,, d Compounds 3 ed, Wiley Interscience. p 153 (1978). 

(25) J.C. Crowley, R..W. Dodgen and R. D. Willett; J. Phys. Chem, 86 

4046 (1982). 



Table 1. The physical constant of the complexs prepared 

m.P Compound 

I I 

Colour 

[P Ph3 Me12 Cu C14 

[P Ph3 Me12 Co C14 

1 P Ph3 Me]? Ni C14. 2H20 I light green I decomp at 150 

[P Ph3 MeI2 Mn C14 

yellow 

blue 

I yellow I 

decomp. at 167 

decomp. at 165 

yellowish 

I I 

decornp. at 190 

p Ph3 Me] Fe C14 

Analysis 

3 
2 
G 
4 
% 

Found (cal.) % 

pale yellow 172 

F ph3 Me] Hg 13 

P Ph3 Me12 Hg 14 

canary 

yellow 

white 

173 

147 
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Fig. 1 b: (PPh~Me)2[Cu3CIn] 
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