
265 
Thermochimica Acra, S (1973) 265-269 
Q Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

THE THERMAL DECOMPOSITION OF TRANSITION-METAL 
COMPLEXES CONTAINING HETEROCYCLIC LIGAhDS 

2. BENZOXAZOLE COMPLEXES 

C. T. MORTIMER AND JANICE L. McNAUGHTON 

Chemistry Department, University, Keele, Sraffordthire (EngIg 

(Received 25 June 1973) 

ABslRAc-r 

Enthalpies of the overall dtiomposition reactions 

MX,L2(c) + MX,(c) + 2L(g), 

and of the intermediate reactions involving stepwise loss of ligand, L, where M is Mn, 
Co, Ni, Cu, or Cd, X is Cl or Br, and L is benzoxazole, 2-methylbenzoxazoIe, or 
2,5_dimethylbenzoxazoIe have been measured by &e of a differential scanning calori- 
meter. Specific heats of CoCI,(2-methylbenzoxazole)z and CoEr,(2-methylbenzoxa- 
zoIe)t are reported together with enthalpies of sublimation of CoC1,(2-methyl- 
benzoxazole), , CoBr2(2-methyl-benzoxazole), , CoCI,(2,5-dimethylbenzoxazole), and 
CoBr,(2,5-ciimethylbenzoxazole)-7. EnthaIpies of decomposition of benzoxazoIe com- 
plexes are found to be greater than those of the corresponding pyridine complexes, 
but Iess than those of the analogous benzothiazole complexes. However, the mean 
bond dissociation energies of the cobah-nitrogen and cobalt-oxygen bonds in these 
complexes are all in the region 33 _t2 kcal mol- I. 

INTRODUCI-ION 

In this paper we report results of our continued study’ of complexes of first- 
series transition metals with ligands containing a nitrogen atom bonded within a five- 
membered ring fused to a benzene ring. Thermochemical data are given for com- 
plexes, MX,LZ , where L is one of the following benzoxazoles, and X is either chlorine 
or bromine. 

R1=R2=H 
R, = Me, R, = H 
R, = R, = Me 

benzoxazole (BO) 
2-methylbenzoxazole (2MeBO) 
2,5_dimethyIbenzoxazoIe (25DiMeBO) 
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The overall thermal decomposition reaction (1) occurs in two stages, reactions 

(2) and (3), except for the complex CdCI,(B0)2, where decomposition folto\Fis the 
reactions (4) md (5). The complex CuCl,(25DiMeBO) decomposes according to 
reaction (3). 

M&L+) -_, MX,(c) -I- 2L(g) (1) 

MX,Lz(c) + MXrL(c) + L(g) (2) 

MXtL(c) + MX2(c) t L(g) (3) 

C&&(BO),(c) - CdCWO)&) f 1 f(BO)(g) (4) 

CdCl,(BO))(c) + Cd%(c) + f(BO)W (5) 

In an attempt to obtain data for selenium analogues, we have prepared the 

complexes of some transition metal halides with 2-methyl-S-methoxybenzoselenazole- 

These compIexes appear not to have been reported previously. Unfortunately, their 
thermal decomposition reactions were not amenabIe to study by differential scanning 

dorimetry. 

The complexes were prepared by the method described previously2*3 and 

purity was established by microanalysis for C, H, and N. The complexes MI-IX~:BO)~ 
and NiX2(B0)2 gab-e poor anaIyses, whiIst CUCI~(BO)~ (blue) and CuBrz(BO)z 

(green) changed colour on standing in air_ AIthough ZnC11(B0)2 could be prepared 
pure and was stable, its thermal decomposition was not reproducibIe. None of these 

compounds was investigated further. 

T_4BLE I 

ANALYTICAL D-4-l-A FOR 2-METHYL-5-METHOXYBENZOSELENAZOLE AND 
:SDIMEl-HYLBENZOXAZOLE COYPLEXES 

c H N 

cak found talc. fad catc. found 

L = 2-methyl-EmctkccybsclenazoIe 
cocI=LI @Iuc) 37-14 38.3 3.12 3.52 4-81 4.9 
CoBrzLz Cjadcjbluc) 3222 31.9 2.70 3.05 4.18 4.1 
CucIzL2 Qrcenibrou-n) 36.55 36.9 3.09 3.50 4.77 4.8 
CuBr=L= (red/brown) 3200 329 2-69 3.0s 4.15 4.2 

L = 2+!imcthylbeazoxazolc 
COCIIL~ (blue) 50.97 51.2 4.28 4.49 6.61 6.7 
CoB;=L= (~ILIc) 42.14 42.4 3.54 3.92 5.46 5.4 
MCIzL2 (v_ paIe ydlow) 50.99 53.1 4.28 4.50 6.61 
CuCl,L (orangcjbrcwn) 38.39 39.2 322 3-45 4.99 
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Analytical data for complexes involving 2,.5-dimethylbenzoxazole and 2-methyi- 
5-methoxybenzoselenao~e ligands, L, not previously reported in the iiterature, are 
shown in Table I. 

The Perkin-Elmer differential scannin g calorimeter @SC-I) was used to 
measure the enthaIpies of thermaI decompositions in a nitrogen atmosphere. The scan 
rate was 16 K min- ’ and the sensitivity was 2, 4, or 8 mcaI (full scale deflection)- ’ 
set- I_ The instrument was calibrated by use of the enthalpy of fusion of indium and 
checked by measuring the enthalpies of (i) dehydration of CuSO,- 5H,O, (ii) fusion 
of Pb foil, and (iii) decomposition of CoCI,(p_yridine), (tetrahedral form) as described 
previously I. 

Specific heat data were obtained by use of the differential scanning calorimeter 
according to the method described by 0’Neil14. EnthaIpies of sublimation were 
obtained by use of a DuPont thermal analyser according to Ashcroft’s method’_ 

RESULTS 

Enthalpies of successive stages of the decomposition reactions are shown in 
Table 2, where the symboIs Ti , T,, and T, refer to the initial, peak (where the rate of 
AH change was greatest), and final temperatures of the dissociation reaction, respec- 
tively. Enthalpies of the overall decomposition reactions (1) are shown in Table 3, 
where the temperature T, is an approximate mean of the values of T, for successive 
reactions. In ah cases the AH values, which refer to the temperature Tp or T,, are the 
mean of at Ieast five experiments, and the associated uncertainties are standard 
deviations of mean values. 

It is noted from Table 3 that for all the complexes the vaiues of T, he in the 
narrow temperature range 475-540 K. We might expect that the Kirchoff corrections 
to refer the AN values to a common temperature within this range would be similar 
and small, compared with the quoted uncertainties. Tn the absence of specific heat 
data for the benzoxazoIes it has not been possible to make these corrections, even 
though specific hat vaIues for the compIexes can be obtained by use of the scanning 
caiorimeter. 

We have obtained such data for two complexes as follows. CoC1,(2MeBO), 
C,=30.2+0.19T, Cp,t98=86.8 cal deg” mol- I, CoBr,(2MeBO), C, = 24.3 +0.23 T, 
c p,298 = 92.8 cal deg- ’ mol- ’ . These values (at 298 K) are close to those ob- 
tained previously ’ for the corresponding 2-methyI-benzothiazole complexes, 
Ccb (2MeBT)z &298 = 92.9, CoBr2(2MeBT), C,,,,, 91.6 cai deg- ’ moi- ‘_ 

When using the enthaIpies of reaction as a measure of bond strength, it is 
preferable that the data refer to the gas phase. Enthalpies of sublimation of four 
compiexes have been measured, over the temperature ranges indicated, as “~110~s. 
CoC1,(2MeBO), 22.1 &-O-6 kcal mol- ’ (327-348 K), CoBr2(2MeBO), 26.6+_ 1.0 kcal 
mol- l (344-368 K), CoC1,(25DiMeBO), 22.8 &- 1 .I kcal mol- ’ (326-349 K), and 
CoBr@iDiMeBO), 25-O& I.2 kcal mol- ’ (345-364 K). Assuming that these enthaI- 
pies are close to those at the decomposition temperatures, and raking the enthalpy cf 
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sublimation’ of CoCll 56.OiO.4 kcal mol- ’ and that’ of CoBrz 53 & I kcal mol- I, 

we obtain the mean bond dissociation energies D(CI,Co_21MeBO) = 34.5+0.7, 

n( Br2C*ZMeBO) = 33-45 I-4, D(C12Co-25DiMeBO) = 35.3 + I -0, and 6(Br,Ce 

25DiMeBO) = 30.6& 1 S kcal mol- * _ There is evidence3 that in these complexes the 

Iisnd is bonded to the metal through the oxygen atom, so that these dissociations 
energies refer to cobalt-oxyeen bonds, NevertheIess, the values are close to those 

found 1 for the streqth of the cobalt-nitrogen bond in the benzothiazole compIex, 

D(Br,C+BT) = 30-S i 1.2, the Z-methylbenzothiazole complexes, B(Ci,Co- 
2MeBTj = 33.5 &O-7 and ~@rtCw2MeBT) = 3202 I_2 kcal mol- I, and in the 

TABLE 2 

ENTHALPIES OF STEPWISE DECOMPOSITION OF BENZOXAZOLE 
Z-NIETHYLBENZOXAZOLE ASD 2.5-DIMETHYLBENZOXAZOLE COMPLEXES 

coniprcx Reaction AH T,(K) T,.,(K) T,(K) W-e&?hf iou; (%) 
(kcafmol-') 

o&s_ caIc_ 

&nzo_.~azoZe complexes 

CoCI,(E3O)z 7 

3 

CoBr,(BO)z 2 
s 

CdCI:f-BO)r 4 
5 

2.5-DimcthyibznrcxuoIccompIe.\;cs 

CoCl,(25DiMeBO)1 2 
3 

CoBr#SDiMeBO)~ Z 
3 

NiC1~(25Di!kfeBO)z’ 2 
3 

CuCl,(25DiMeBO) 3 

16.0 10.3 400 460 470 
18.1 iO.3 470 530.580 590 

16.4 L0.t 320 490 500 
IT-9 to.1 500 555 565 

24.7 $0.5 370 444). 455 490 
9.9 so-3 500 540 560 

18.2 50.3 365 395.4-w 4so 
16.2 -LO.2 455 540,565 575 

15.0 fO.1 405 450 460 
20.1 f0.2 495 565 575 

18.8 so_4 450 505 515 
19.5 fO_4 515 570 580 

-16 410 470 4so 

11.4 -Lo.+ 380 420 430 
20.0 -Lo_3 460 525 545 

17-o 50-3 395 4.45 465 
20.4 JO.2 510 5s5 595 

15.4 zko.3 440 480 510 
17.8 500.4 530 585 590 

I7 sz2a 380 465 490 
17.0 10.2 515 565 590 

25-2 SO.6 440 47s 515 

32.5 20.2 32.4 

27.6 f1.7 26.1 

42.7 fO.2 42.4 

33.9 10.9 34.0 

33.5 io.1 33.6 

27-2 f0.2 27.5 

32.3 f0.3 33.1 

28.7 i 1.0 ‘9.6 

35-8 fO.2 34-7 

29.4 f0.Z 28.7 

43.1 fO.4 34-7 

50-I -Lo.9 52-3 

a A long and straggly thermogram made it difficult to determine the conchsion of reaction (2) and 
the stzrt of rextion (3). xvhich lead to inaccuraq- in the M sxiue and analyticaI data. 
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TABLE 3 

ENTHALPIES OF THE OVERALL DECOMPOSITiON REACTlOX (1) 

COInpki AH (I) (kcal mol- ‘) 7, (K) Weighr Ioss (% j 

Ok caic. 

L = benzoxazole 

CoC12L* 34.1 20.6 
CoBr=L, 34.3 io.2 
CdCI,L, 34-6 i0.8 

L = t-methylbcnzoxazole 

:MnCIrL2 33.4 i@S 
CocltLz 3.5-l &O-3 
COBTZLI 35.3 iO.8 
CdC12Ll 31.4 f0.7 

L = 2,5-dimethylbenzo?razoIe 

COCIIL2 37.4 20.5 
CoBrzLr 33.2 *0.7 
NiCIZLZ 34 & 2.2 

505 63.5 50.2 64.8 
520 51.9 20-4 52.1 
495 57.8 iO.5 56.5 

500 65.9 I& 1.4 67.9 
520 67.1 iO_1 67.2 

540 54-s iO.1 54.9 

4’75 57.T 10.2 59.2 

515 69.7 +0.2 69.4 
530 57.2 io.1 57.4 
515 73.4 10.4 69.4 

tetrahedral form of the pyridine complex, CoCl,(py), , f or which we calculate B(CI,C* 

py) = 34-3 i 1.0 kcal mol- *_ This value is derived from the enthalpy of decomposi- 
tion*, AH(l) = 28_6+0_5 kcal mol-‘, and an enthalpy of sublimation, AH = 

16_+ 1 kcai mol-‘, which is estimated from an extrapoIation of the plot of enthalpies 
of subiimation of cobalt complexes, given above and previously’, against moiecular 
weight. 
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