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A series of metal comp!exes of the type MP~Y,(NCS)~ (M = Mn. Fe. Co, Ni. 

and Zn: Py = pyridine) has been investigated by differential enthalp;metric analysis_ 

The heats of decomposition to the dipyridine complexes and, in some cases, to the 

anhydrous isothiocyanates are reported and compared with earlier, qualitative data. 

Variations are noted, and speculative evidence for the formation of the intermediate 

NiPy, (NCS), is presented. 

W-l-RODUCTION 

The physicochemical properties of pyridine complexes of transition metal 
halides and pseudohalides have been extensively investigated, and many qualitative 

thermal measurements have been reported’. Mortimer and co-workers’-s have 

measured the heats of decomposition of some solid metal halide complexes, and 

Nelson et ai.’ have studied the equilibrium 

MPy,X, s MPy,X,+2Py (M = Co or Ni : X = Cl. Brt I, or NCS) 

both in solution and in the solid phase. Bowman and Rogers6 hav-e reported thermo- 

gravimetric data for the complexes MPY,(NCS)~ (M = Mn, Co, Ni. Cu, or Zn). 

The present paper constitutes an extension of previous studies of dihalogeno 

complexes . z-4 We have studied a wider variety of complexes than Nelson et aZ_’ and 

have also been able to study? in some cases. the reaction 

MPyz( NCS)2 (tryst.) 4 M(NCSJL (crysi.)+2pY (g) (M = Mn, Ni. and Cu) (I) 

Inasmuch as the same technique was employed as that of Mortimer et al_‘-” in their 

studies of the dihalogeno complexes, a direct comparison of our results with theirs is 

possible. 
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Brepara f ion of Complexes 

The isothiocyanatopyridine compounds investigated in this study were prepared 
by the reaction between a salt (nitrate, sulfate, or chloride) of the appropriate transi- 

tion metal, ammonium thiocyanate and pyridine in aqueous solution’-‘. The 

products were dried in a desiccator until constant weight was attained. 

?%erma! measuremenfs 

A Fe&in-Elmer differentiaI scanning calorimeter (DSC-I), calibrated by the 

heat of fusion of pure indium at its melting point (429°K). was used. The experimental 

technique was the same as that previously reported’. All decompositions were carried 
out under a nitroger. atmosphere at a hearing rate of I6’K - min- ’ and uncertainties 

are expressed as the standard deviation of the mean. 

RESULTS AXD DISCUSSIOX 

Tetrapyridine complexes 

With the exception of the nickel compIex. these all decomposed to the dipyridine 

complexes according to the reaction 

MPy,(NcS), (tryst.) --+ MPy, (NCS), (tryst-)-I- 2Py (g) (2) 

The decomposition of the nickel compIex has been the subject of much con- 

t.rOVerSy. DUVZiI I ’ states that the tripyridine compIex is the first product, whereas 

Erdey and Liptay ’ ‘, and Wendlandt and Ah’ ’ found the dipyridine complex to be the 

tit product. In the thermogram which we have obtained (Fig. I), each major peak 

represents the loss of two pyridine molecules. The first peak exhibits a shouIder at 

435°K and the weight Ioss at this temperature (14.8%) approximates that required 

for the !oss of one pyridine molecuIe (16.1 Oh) according to the reaction 

NiPy~(NCS)t (tryst.) r+ NiPy, (NCS), (tryst.) -+ Py (g) 

The infrared spectrum of the homogeneous, pale blue-green product was 
simiIar to that of the di- and tetra-pyridine complexes except for the band at about 

2100 cm- I, corresponding to the C-N stretching vibration. This band \vas split into 

two components at 2085 and 2150 cm- *. Inasmuch as the absorptions in the di- and 

tctra-pyridine complexes were found at 2080 and 2140 cm- ‘, the presence of two 

types of thiocyanate bondingi in the tripyridine complex is possibIe, although low- 
site symmetry might equahy well be responsibfe id_ The tripyridiue complex may be 

similar to the compound Ni(p-Pic),(NCS)a (y-Pic=4_methylpyridine) isoIatcd by 

Kemula and Czamecki ’ ‘_ 
The heats of decomposition (AH) for Reaction 2 are shown in Table I, together 

with temperature parameters T, (at which the pen first deviates from the baseline), Tp 

(at which the enthalpy chans is at a maximum), and T(at which the pen returns to the 
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baseline)_ SIrictly speaking, gas phase enthalpies are required, but inasmuch as the 

complexes are aU of similar structure9 and the temperature limits are similar, onIy 

smail Kirch& corrections would be required. The heat capacities for these corrections 

TemDerature ---) 

Fig. 1. Thermograms of M?y.(NCS)= ; M = Mn (1). F&2). cO(3). Ni(4), Cu(S), and Zn(6). 

TABLE I 

THERYOCHEWICAL DATA FOR ISOTHIOCYANATO TETRA- A?GD DI-PYRIDmZ CO.MPLEXES 

XI T. 

(“m 

Weigh loss (?4) 

Ohs. Caic. 

AH kc&- mole- 1 

%i(Ii) 2 350 
1 456 

Fe(U) 2 365 
1 480 

co (Ii) 2 385 
1 465 

Ni(II) 2 380 

1 

cum) I 

Zn(I1) 2 

470 
470 

315 

425 
520 

4-m 
0 

450 
490 
435b 
455 
530 
46Ob 
480 
370 

435 
535 
455 
- 

460 
P 

465 

550 64-3 64-4 36.0 + 0.7 
490 47.5 46.8 25.3 5 0.3 

380 31.1 31.8 27.4 f 0.6 

32.0 32.4 3i.0 f 0.6 
63.8 64-g 33.7 &- 1.0 
32.4 3L7 31.@ 2 0.2 
- - - 

33.7 32.2 27.6 f 0.5 
- - - 

32.6 32.2 31.2 i0.5 

ePcn did not return to baseline; fusion detexted. qwc paks w-ere observed. 
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and the heats of vapourisation cannot be determined because of the instability of the 

complexes. 

For a given metal ion, the values of dH for Reaction 2 are greater for the 
isothiocyanates than for the analogous chIorides and bromides4_ If the crystal-packing 

forces in theses compIexes are similar to those which prevaii in the chlorides. our 

rest&s may indicate that the metal-pyridine bonds are strengthened in the isothio- 

cyanates. NeIson ef al-’ have shown that the thiocyanate Iigand is not IikeIy to 

promote metai-p>Tidine x-bondins because of the strong r-bonding in the LM-NCS 

bond. If this is so, then the greater metal-pyridine bond strength may be explained 

<as a steriz e%ct due to the smaller size of the coordinating atom in the NCS &and. 

:LS was first suggested by Graddon et al_ ’ 6 We consider that there may well be an _ 

interpiay of steric and x-bonding effects. the latter being minima!, with respect to 

metal-p-dine. in the isothiocyanate compIexes. 

Dipyridine complexes 

Each of the compounds s:udied (M = Mn, Ni, and Cu) decomposed to the 

anhydrous isothiocyanates by Reaction I. The compounds are reported to possess 

poIymeric octahedral structures 69 but the copper complex is presumably distorted in 

a manner similar to Cu~&I, (ref_ 17) which possesses two different Cu-CI bond 

Ienphs. AIthou& Bowman and Rogers6 detected the formation of intermediate 

compounds MPy(MX$ and M,Py,(NCS),. we were unable to detect such com- 

pounds. 
Our thermograms (Fi g_ I) do not exhibit any shouIders in the temperature 

range for Reaction 1. For a given metal. the heats of Reaction I are each greater 

than those of Reaction 2, a fact which suggests that the metal-pyridine bond may be 

strengthened because of the decreased steric crowding in the dipyridine complexes, 

Welch permits a cIoser approach of the pyridine moIecuIes to the metal atom. The 

anor.laIousIy Iow heat of reaction for the copper complex agrees with Bowman and 

Rogers’ quafitative observations” and may result from the distortion present in this 

compIcx_ Except fcr the copper complex, the heats of decomposition are again higher 
than thc5e reported for the anaiogous chloride and bromide complexes. An explana- 

tion for this fact may be similar to that proposed for the tetrapyridine compIexes_ 

M’e wish to rhank the University of KeeIe for makin_g avziIabIe the experi- 

mental fIcIlities for this work_ One of us (G-B-K_) also wishes to acknowledge the 

tinancia1 support of the donors of the Petroleum Research Fund administered by the 

&4mwican Chemical Society (Grant 1152-B) and of the California State College at 

Frzsno Research Committee_ 
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