
lkrmochimica Acfa, 13 (1975) 419-439 
Q Elscvier Scientific Publishing Company, Amsterdam - Printed in Belgium 

STUDIES ON COORDINATION COMPOUNDS 

VI. THERMOGRAVLMETRIC, DIFFERENTIAL THERMOGRAVIMETRIC, 
DIFFERENTIAL THERMAL ANALYSIS AND MASS 
SPECTROMETRIC STUDIES OF SOME COBALT(H), NICKEL(H) AND 
COPPER(H) SALICYLALDOXIMATES, 2-INDOLEC4RBOXYLATES 
AND 2-THIOPHENECARBOXYLATES 

PAAVO LUMME AND MARJA-LEENA KORVOLA 

Deparment of Chemistry, Unicersity of Jym%ky& Jyc&X~lZ (Finland) 

(Received 17 June 1975) 

Some coba!t(II), nickel(H) and copper(H) complexes of salicylaldoxime, 
2-indolecarboxylic and 2-thiophenecarboxylic acids were prepared and their thermal 
behaviour studied by TG, DTG, DTA and mass spectrometric methods. Kinetic 
parameters were calculated for the decomposition reactions if possible. The decom- 
position processes are discussed_ 

IhTRODUCIION 

Salicylaldoxime has for a long time been known as a reagent for the gravirnetric 
determination of copper1 and later for several other metals. The solubility properties 
of salicylaldoximates were studied by Treadwell and Ammann’ and recently by the 
present authors3, and the stabilities by us4 and Burger and Egyed’. Earlier Ephraim’, 
Feigl and Bondi6 and Brady’ had also presented on chemical bases a rrm2s-planar 
structure for copper@), cobalt(I) and nickel(H) salicylaldoximrtes, which was 
shown afterwards by the X-ray method to be correct at least in the case of nickel(H) 
and copper(H) salicylaldoximates. Cox et aIsa, found the nickel(H) and palladium(H) 
salicylaldoximates to be isomorphous and monomeric, and the nickel(H) compound 
diamagnetic, which was verified by MelIor and Craig’ and by us lo. The X-ray studie? 
also showed the structure to be trans-planar. In more detailed X-ray studies this 
structure was recently verified for nickel(H) salicylaldoximate by Lessor’ ’ and 
Merritt et al. r ‘, and refined by LingafeIter et al. 1 3. Therefore, there can be no doubt 
about the diamagnetism and structure of nickel(H) salicylaldoximate. For copper(H) 
salicylaldoximate the rrans-planar structure was verified by the X-ray method by 
Cox et als8, Jarski and Lingafelter ’ 4, and recently also for salicylaldoxime by 
Ptluger and Harlow ’ 5. , 
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The structure of cobalt(H) sahcylaldoximate, however, seems to be contested_ 

On the basis of the magnetic moment the present authorsi suggested the structure to 

be a Irws-pianar square in anaIo_q with the copper(H) and nickel(H) salicyl- 

a!doximates. Burger et aI.’ 6- 1 ’ on the contrary concluded on the bases of their IR- 

and UV-spectral I ’ and ESCA studies” that the cobalt(H) saiicylaldoximate has a 

c&configuration_ The true structure seems not to have been determined by the X-ray 

dilTraction method. 

The thermal stability of saIicyIaIdoximates has been studied previously by 
Duval18 and usx9, and recently by Liptay et al. _ ” The latter concluded that in 

contrast to the investigated metal pyridine thiocyanate compIexes the therma 

decomposition of the metal cheIates of SaIicyIaIdoxime and related Iigands does not 

begin with a scission of the coordinative bond, but with the cieavage of another bond 

in the che!ate ring, which is u-eakened when the strength of the coordinative bond is 
incrbysed in the meta cheIate series of the same form of struc?ure and Iigand. 

The ionization and che!ate formation tendency of 2-indoIecarboxyIic* ‘= and 

2thiophenecarboxyIic acids ‘lb in solutions were studied a short time ago by us and 

Erienmeyer et aI.*‘. Nardelli et aI. showed by the X-ray method the 2-thiophene- 

carboxy-Iic acid moIecuIcs to be Iinked by hydrogen-bonds forming centrosymmetrical 

dimers with trmrr-planar configuration_ The crystaI structure of ZindoIecarboxyIic 

acid and of metal cheIates of both acids and their thermal properties do not appear to 

have ‘been investigated earlier_ 

The present paper concerns the thermal behaviour of cobalt(H), nickel(H) and 

copFer (II) complexes of the three chelatin, 0 Iigands mentioned and tries to bring 

further insight in these respects and in a close connection to the previous conclusions 

review-ed above. 

Reagents, syzlheses and anaIyses of Ihe cornpoun& 

SaIicy!aIdoxime (Merck, pa_) was recrystallized three times from benzene and 

the other product (Schuchardt, pa.) from a chloroform-petrolether (b-p. 40-60°C) 

mixture (1:I). The melting point was then 57-58°C (literature value is 58°C). 2- 

Indolecarboxyhc acid (Schuchardt, m-p_ 202-203’C, Iiterature value 203’C) and 

Z-*&iophenecarboxyIic acid (Schuchardt, m-p. 126-128”C, Iiterature value 129-130°C) 

wel-e used as such. 

CoCI, -6Hz0, NiC12*6H20 and CuCI, -2H20 were of p-a. quality (Merck). 

A120J (Fisher, for chromatographic analysis) was heated at 1000°C overnight and 

stored in a desiccator_ -411 other chemicals used were of best commercial quality 
.avaiIabIe. 

The cobalt(H), nickeI(II) and copper(H) salicyIaIdoximates were prepared by 

adding to 549 mg of salicylaldoxime 38 ml of 0.1 M NaOH solution, then 142 ml of 

H20 and finally 20 ml of 0. I M metal chloride solution. The copper(H) and nickel(H) 

salicylaldoximates precipitated immediateiy by adding the metal chloride, the cobalt- 
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(II) saIicyIaIdoximate during several hours. After several days the formed precipitates 
were filtered, washed with Hz0 and dried in a desiccator_ 

The cobalt(H), nickel(H) and copper(H) 2-indolecarboxylates u-ere synthesized 
by adding to 20 ml of 0.5 ,M ethanol solution of Z-indolecarboxyhc acid 5 ml of 1.0 M 
metal chloride solution, 40 ml of ethanol, 89-92 ml of H,O and 3-6 ml of 1.0 M 
NaOH solution. The further procedure was as above, but the precipitates were 
washed with a water-ethanol mixture (I : I). 

The copper(H) 2-thiophenecarboxylate was made by adding to 2.563 g of 
2-thiophenecerboxylic acid 20 m1 of I.0 M NaOH sotution, 4 mI of I-0 M HCI 
solution, IO ml of 1-O M CuCI, solution and 116 ml of HzO. A bright-blue chelate 
precipitated, which was separated as above. 

The cobalt(H) and nickeI(I1) 2-thiophenecarboxylates were prepared by adding 
to 40 mi of 1.0 M ethanoi solution of 2-thiophenecarboxylic acid 20 ml of 1.0 M 
metal chloride solution and 1-O M NaOH solution so much that the pH of the 
solution was 6 for 

and the solutions were a!Iowed to stay four days by 
shaking now and then. The separated precipitates were handIed as above, but the 
washing soiution contained also ether to some extent. 

The synthetized compounds were analyzed for ‘metals with known methods 
(Ni as dimethylgIyoximatez~ and Cu eIectroanaIyticaIIy2’L) and for carbon, hydrogen, 
nitrogen and sulfur by micro-combustion analyses. The results are presented in 
Table 1. 

Fisher TGA System Series 100 A equipped 
Model RG, a Cahn time derivative computer, Mark II, 

was calibrated 
Model Moseley 7100 BM. The TG and DTG curves 

P&cups and in static 
Fisher DTA System Series 200 A equipped 

curves were on pure compounds (IWI35 mg) 
and mixtures quartz tubes. amount (+2 mg) of AI,O,, 

served as a reference. 

acid, silver check 
compounds above 

The mass spectra were determined solid samples direct 
system &Model 270 B. The excitation 

eV*‘. 
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m 150 too 250 300 350 4m°C &$- 
Fi& 1. TG, DTG and DTA curves of cobalt(H), nickel(E) and copper salicylaldoximates. AII 
in this order from the top downwards. r(mean) is for TG and TDG. For Co(K) chelate the DTG 
sc3Ic was 2 mg min-I, fur Ni(IJ) chclate 4 mg rnin ‘I; for Cu(III) chelate 10 mg rnin-l to 260°C and 
0.4 mg min - 1 from this upw?irds. For DTA curve of Cu (11) &elate the heating rate was 5 “C min- I. 
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RESLX-TS A&D DISCUSSIOX 

A. The TG, DTG ad DTA 

I_ Saiiq-loldoximares 

dara 

The thermal curves of cobalt(II), nickeI(II) and copper sabcylaldoximates 

are represented in FI,. *- I and the thermal data ehrcidated from them in TabIe 2. The 
forms of the present TG curves are different from those reported earlier’ ‘, which were 

run in porcelain crucibles on a Chevenard thermobaIance in macroscopic scaie 

(the sampIe amount varied from 1SO to 290 mg). The curves point, however, to the 

same initiaI main reaction Iv: 

(C,H,OzN)zMe ---, CTH,O,N+-C;H,O,NMe (1) 

and the following more or less compiicated decomposition to metal oxide. The initial 

decomposition and oxide level temperatures are generaIIy considerably Iower or the 

same as the previous ones t9. Liptay et al.” obtained for the initial decomposition 
temperatures of nickel(I1) and copper (II) saiicyIaIdoximates the values 240 and I7O”C, 

while we obtained in a previous paper” 259 and 33gsC, but in this paper 91 and 

ISO”C, respectively. A rapid decomposition of nickeI(II) saIicyIaIdoximate began, 

TABLE 2 

TG AND DTA D.4T4 FOR SALICYWLDOXIbIATES 
endo = cndothennic; txo = exofhcmic. 

Process TG DTA 

Temp. Residue (5.;) Peak T_vnp. Peak Chefare 

ran-e temp. range Future (O/b) 

cc) ’ Found Calc. (“0 (‘Cl 

100 
30-310 67 2s 71 exe 

I39 71-167 exo 
65-7 55.6 

32&312 239 221-2a es0 
x2-+ 25-s x-2 

IO0 
91-265 266 endo 

265-291 57s 55.6 
291-500 252.3-%3, 3% es0 
5G IF.4 -- T3 6 

100 
180-237 I96=-207” CXO 

72-o 59.2 
237-380 2cs*-21Ob exo 
380-t 25.3 23-7 
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however, at about 212’C (Fig. 1). It should be observed also that the previous initial 

decomposition temperatures’g*zo were obtained for macroscopic amounts of the 

sampIes (L 200 mg). 

The DTG curves are in agreement with the TG curves, but the DTA curves show 

for cobalt(H) and nickeI(!I) sahcylaldoximates more and for copper(H) salicyl- 

aldoximate fewer peaks as to be expected. .The DTA peaks are ah exothermic, except 

the first one for nickel(I1) sahcylaldoximate. 
For nickeI(I1) salicylaldoximate DTA curves were run also for 70, 50, 30, 20 

and 10% mixtures of the cheIate in AI,O, _ The last two curves were similar showing 

one exothermic peak at the corresponding temperature range of the TG curve. The 

other mixtures showed two exothermic peaks, whereas the pure complex exhibited one 

endothermic and three exothermic peaks (Fig. I, Table 2). The experiments indicated 

that the form of the DTA curve depends on the chelate-Al,O, ratio. Contrary to this 

the form of the DTA curve of copper(U) sahcylaldoximate did not vary with diiution 

in A120,. The curve revealed an exothermic double peak which is ciearest at the 

heating rate 5°C min- ’ (Fig. 1, Table 2). 
As a special feature it may be noticed that the product at 342’C (a bend in the 

TG curve) in the decomposition of nickeI(I1) saIicyIaIdoximate (Fig. 1) may be 

expected to have the composition NiNCO. The thee-etical yield is 30.4%, the observed 

32.0%. (The composition NiN,C is also possibie.) Simiiarly we obtain for copper(I1) 

salicyialdoximate (Fig. I) at 242-25O’C theoretically 43.9% and experimentally 

from the curve 42.0% for the composition Cu~CO)i_ The intermediates are ob- 

viously not, however, defmite compounds (cyanates (OCN)), because no peaks 

(mie 100, 147) corresponding to these mass numbers were observed in the mass 

spectra of nickel(I1) and copper(I1) saIicyIaIdoximates, respectively. 

2. 2-hiolecarboxyltes 
. 

The thermal properties of 2-indoIecarboxylates do not appear to have been 

studied previously. The main features of the thermal processes seem to be the escape 

of crystaI water: 

(CgH602N)ZMe-2Hz0 + (C,H,0,N)IMe+2H,0 (2) 

foollowed by the cIeavage of carbon dioxide (due to the carboxyIic groups): 

(CgH,Ozlu&Me -+ (CsH6N),Me+2COi (3) 

and finally the decomposition of the indoIe complex (an organometahic compound) 

to metal oxide (Fig. 2, TabIe 3). A Irons-pIanar structure 

qL& (Me = Co=+, Ni’*, c;1*+) 

0 

is suggested for the metal indole compounds. 
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I- ; 

. . . . . . 

Fig- 2 TG. DTG and DTA cun-es of cobalt(H). nickel(H) and copper(H) Z-indolecarboxylates. 
Au in this order from the top doxmwmis. t(mean) for TG and DTG. The DTG scale w-as 2 mg II&A- l_ 



427 

TABLE 3 

TG AND DTA DATA FOR ZINDOLECARBOXYLATES 

Process TG 

Temp. 
range 

(“c) 

Residue (O/b) 

Found Calc. 

DTA 

Peak 
temp. 

(“C) 

Temp. 
range 

(“-3 

Peak Cizehte 
r;ofu.re (%) 

(C9H602h7~Co-2Hz07 
127-17s 

(CgHaOJ’hCo 175-l 80 
150-300 

Kw6N)ZCO 

X0-376 
li3Co~O& 37& 
(C9H6O~N)~l%-2H~07 

147-195 

(&HaOz’lu3zh’i 
195-260 

(CgH&)=Ni 
260-505 

NiO SOS+ 
(C9H602N)2C~- 2H201, 

105-140 

(CgHaOzN)zCu 
140-218 

(CsHJ’&Cu 
218-%x 

cue 405--, 

90.8 91.3 

67.8 

19.1 

91.6 91.3 

75.2 70.1 

18.8 18.0 

91.4 

70.4 

19.1 

70.1 

19.3 

91.4 

70.5 

18-9 

55 
216 176-230 

exo 
end0 

264 exo 
311 endo 

327 264-372 end0 

62 24- 87 exo 70 

244 

310 

62 
112 

195 

240,255 

146-260 

260-397 

24- s9 
89-167 

167-208 

229-332 

70 

endo 

endo 

end0 
end0 

100 

endo 

endo 

After reaction (3) the formed nickel(X) and copper(U) indole compounds seem 
to decompose in a different way. Obviously (CSH6h92Ni leaves one C,H,N- ion, 
because the residue is 39.3% at 280°C while the theoretical value is 42.1%. On the 
other hand (C,H6N),Cu leaves one molecule of HCN; the residue (C,sH,,NCu) is 
64.5% at 269°C and the calculated value 64.0%. 

In this case the DTA curves resemble more closely the course of the TG and 
DTG curyes showing mostly endothermic processes. An exception is the weak exo- 
thermic peak at the beginning of each DTA curve (except for the Cu(II) chelate) 
corresponding obviously to a crystal structure change in the metal carboxylates. 

By comparing the beginning temperatures (Table 3) of the reactions (3) with 
the first stability constants (log /?r,c) of the complexes in aqueous so1utionszr8 the 
thermal stabilities are found to be the reverse of the stabilities in soIutions. 

On the basis of the simiIarity of the compositions of the 2-indolecarboxylates 
(I’able 1) with those of 2-pyridinecarboxylates, 2-quinolinecarboxylates and 8- 
quinolinecarboxylates lo and the general resemblance of bivalent cobalt, nickel and 
copper ions and thermal behaviour (Table 3) a irans-planar octahedral structure is 
suggested for the 2-indoiecarboxylates studied here. The structure of a compound is 
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completed to an octahedral, which may be slightly distorted, by two water molecules 

in opposite positions to the metal atom-organic Iigands plane, in which the organic 

Iigands are situated in zrans-planar configurations around the metal ion”‘. 

Were 

3_ 2-Thiop~~enecarbox~laler 

Becmse of the destroying effect of sulfur on a Pt 

not ran for 2-thiophenecarboxyIatcs. As described 
thermocoupIe DTA curves 

above two types of 2-thio- 

L 1 . L . _ . . 

Fig. 3_ TG and DTG curves of cobaIt(II). nicke!CiI) and copper(H) 2-thiophcnecarboxyIates_ Ail 
in this order from the top dounw;lrds. The DTG scale was for Co(H) complex 1 mg min- ’ to 
23O’C and 2 mg nin-’ from this upwards; for NitIIi complex 4 mg min’ * at 305-49O’C. otber- 
wise Zmg rnin-‘; for Cu(II) corn&z 2 mg min- I to 165”C, IO mg min- ’ at 165-290-C and 
4 mg mine1 above 290°C. 
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phenecarboxylates were obtained depending whether alcoholic or pure water solutions 

were used in syntheses (TabIe I)_ 

All prepared compIexes are monohydrates which Ieave the water molecule as a 

first thermal process (Fig. 3 and Table 4). After this the anhydrous cobalt(II) car- 

boxylate is decomposed: 

(C,H,0,S)(C,H60)CoCI -+ 0.5C02SC12 

TABLE 4 

TG DATA FOR Z-THIOPHENECARBOXYLATES 

Process TG 

Temp. range (“C) Residue (%) 

Found Calc. 

<CJ%OzS) GK4Wo~~Hz0~ - 55 
55-225 

(CsHsO~S) (CrHaO)CoCi 94.5 93.7 
225-365 

IiZCOtSClt 435 39.2 38.7 
365-620 

1/2coso,- CoCI2 660 44.5 49.9 
690-828 

Ij3Co;iO* 828+ 34.3 28.1 

(CsHsOIS) (CZH60jNiCI- Hz07 - 82 
82-190 

(CSH302S) (CIHeO)NiCI 94.2 93.7 
199-356 

NiS 356-480 31.4 31.8 
480-637 

NiSO, 36.3 54.2 
637-8’0 

NiO 810--t 27.0 26.2 

(C5H302S)zCu- Hz07 - 82 
82-210 

(CsHsOzS)zCu 94.5 94.6 
210-260 

li2CuS- cLlSo* 260-615 38.7 38.0 
61%790 

cue 7% 25.8 23.7 

The formed product is oxidized partly: 

0_5c0,sc1, + o.scoso, - tic12 

which is further oxidized to CoJO, still containing CoSO, (828°C). 

(5) 
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The anhydrous nickel(H) carboxylate is decomposed to sulfide: 

(C,H,0=S)(C2H60)NiCi --+ NiS (6) 

which is partly o_xidized to sulfate and finahy to MO. 
The anhydrous copper(H) 2-thiophenecarboxyIate decomposes to a sulfide- 

5uIfate mixture: 

(C,H,O~s),CU 3 03cus- cuso, 

and further to CuO_ 

(7) 

By considering the preparation of cobalt(H) and nickeI(I1) Zthiophene- 
carboxylate complexes it is interesting to note that adding the base solution just after 
the metaI chioride solution to the a.IcohoIic soIution of the carboxylic acid causes one 
ligand ion to be repIaced by one chloride ion and attachment of one alcohoi molecule. 

A further discussion of the structure of the prepared Zthiophenecarboxylate 
mixed compIexes is not possible on the basis of the present data, but the structure 
may be assumed to have some polymeric nature. The copper(U) 2-thiophenecar- 
boxylate may be suggested, however, to have as a base crystal structure unit a copper- 
01) ion surrounded by two 2-thiophenecarboxylic ions in a frans-pIanar arrangement 
and in analo,g with the crystal structure of 2-thiophenecarboxylic acidz3. The water 
moIecuIes may compIete the structure to a distorted octahedral. 

Fig. 4. Mass spectra of nickel(H) and copper salicyIaIdoximztes The relative abundance (%) is 
pIotted against J&. 
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B. Mass-spectrornetric data 
Mass spectra were obtained only for nickel(H) and copper(H) salicylaldoximates 

of the studied compounds (Fig. 4)_ The mass spectrum of nickel@) salicylaldoximate 

sve molecular peaks at m!e 330 and 332 in intensity ratio 2.56~1 and in agreement 

Scheme I 

+ Ni+ 

Scheme II-III. 
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with the abundance ratio of “Ni to 60Ni which is 67.88:26.23 = 2.59:1 (ref. 26). The 
satellite mass peaks are partly due to the other Ni isotopes” (m/e 333,334,33(i). The 
mass spectrum may be expIained through three main decomposition routes of 
nickeI(II) salicylaIdoximate and the fragmentation processes of the formed salicyl- 
aldoxime. 

The first route may he presented as in Scheme I. The compound with m/e 106 
is obviously further decomposed immediately (mass peak not observed) and the 
fragments m,ie 176-182 as shown in Scheme III. 

The two other decomposition routes of nickel(U) salicylaldoximate may be 
presented as in Schemes 21 and III. 

In accordance with the mass spectrum (Fig. 4) the fragmentation processes of 
the released salicyIaldoxime may be given as done in Schemes IV-VII. 

I -H- 

Scheme IV-v-VI-VII. 

Thus the chelate decomposition reaction (I) beginning at 91 “C (Fig. I and 
Table 2), when one salicyIaldoxime molecu?e has escaped, is also confirmed by the 
mass spectrum (Fig. 4), which shows the mass peak of salicylaldoxime, rule 137 (8%). 
The decomposition of the reaction residue C,H,Ozh%i passes several ways as shown 
by the mass peaks of the fragmentation products of C,H502NNi in the mass spectrum. 

The mass spectrum of copper@) salicylaldoximate gave molecular peaks at 
m/e 335 and 337 in the intensity ratio 2.061. These correspond to the abundances of 
the isotopes 63Cu and 65Cu for which the abundance ratio is 69.09:30.91= 2.241 
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(ref. 26). The mass spectrum may be explained in limits of two cIeavage processes of 
copper(U) saiicyIaIdo_ximate and of the fragmentation routes of the formed salicyl- 
aldoxime (Schemes IV-VII)_ 

The first cleavage process of copper(H) salicylaldoximate (Scheme VIII) is 
similar to Scheme III of nickeI(II) sahcylaldoximate. No peak of m/e 135 is, however, 
observed in the mass spectrum pointing to a totally unstable character of this fragment_ 

cuc’(x5~:cu=(337) =i?J:yi=ix?6:1 @33)~002)= 55:25 (rgc 135) 
= trJI, 

i 
-H2Cl 

Scheme VIII -ix 

The second cleavage process (Scheme IX) of copper(II> salicylaldoximate is 
Gnilar to Scheme II of nickeI(II) salicylaldoximate. 

The fragmentation processes of the escaped saiicylaldoxime seem to resembie 
those in the case of nickel(I1) salicylaidoximate: 

m/e 119 (58%)~ m/e 92 (22W_tO_ 

/ 

--a m/e 102 (7’1.1 
lz -I+*0 -h m/r 75 

m/e 64 (33%) 

(4%) 

m/e & (49%) P_ m/c 9; (1007.) 

\-HW& -No2 
Hz 

\ 
\ m/e 94 (3%) -w - m/e 66 (67.)_“, m/e 65 (24%) 

-HC-NoC m/e TI (9Y.) 
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The fragments m/e 39 (29%) and 51 (15%) with their satellite peaks are cleavage 
products of the formed benzene (cf. Scheme I). 

It is interesting to notice that according to the mass spectra the direct dissociation 
of one moIecuIe of saiicylddoxime from the complex is more prevailing in the de- 
composition of copper(H) salicylaldoximate (m/e 137 (49%)) than of uickeI(II) 
sahcyIaIdoxima.te (m[e 137 (8?4))_ 

The presented fragmentation processes of salicylaldoxime are in agreement 
with the mass spectrum of salicylaldoxime alone. For this we obtained the main mass 
peaks as follows: m,‘e I37 (18% Ff+D, 122 (3), 121 (6), 120 (20), 119 (IOO), 102 (4), 
94 (2), 93 (7), 92 (1.5). 91 (g4), 90 (5), 77 (3), 76 (5), 75 (4), 66 (9), 65 (14), 64 (36), 
63 (26). 62(7), 61(5), 53 (5). 52(IO), 51 (7), 50 (IO), 41(7), 40 (3), 39 (19). 38 (14), 
37 (8) The relative abundances in % are giveu in brackets. Differences observed in 
the relative abundances of the mass peaks when compared with those iu the mass 
c&ra of the metal sahcylaidoximates are naturai and due to different initial con- 
ditions of sahcylaldoxime in the ion source. 

Mass spectrometric studies of aldoxime compounds are generally few, but those 
done on substituted aromatic aldoximes” gave fragmentation routes of parallel 
nature to those suggested in this paper. 

When considering the suggestion of Liptay et aI_” that the thermal dzcom- 
position of nickel(U) and copper(U) saIicyIaIdoximates would begin instead of a 
scission of the coordinative bond by the cleavage of another bond in the chelate ring, 
that is weakened by an increase in strength of the coordinative bond, then because the 
compIex stabihty of the copper(H) chelate in solutions is higher than that of the 
nickel(H) chelate”, the former should show a higher cleavage tendency mentioned 
above. In contrast, however, it is nickeI(II) salicylaldoximate which shows, according 
to the mass spectrum, such a cleavage tendency in greater extent (cf. Scheme I). 

C. Ihe kinetic dara 
The methods used to obtain the kinetic data, activation energies and reaction 

orders, are often applied to the decomposition reaction: 

A(s) --+ IQ) +-c(s) (3) 

by assuming the decomposition rate of A to follow the equation: 

dX,.‘di = --kX” (9) 

where n is the reaction order and .Y the undecomposed part of A. The reaction rate 
constant k is further assumed to foliow the Arrhenius equation: 

k = A _e--Eler (10) 

where A is the frequency factor, E the activation energy, R the general gas constant 
and T the absolute temperature. By assuming a linear heating rate u=dT/dt 
[K xrzGn_‘1 and combining the equations it follows: 

-dXiX’ = (_4l~)e-~‘~‘dT (11) 
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Depending now on how further derivation is done and what assumptions are made 
different representations are obtained for the reIation between-E and n_ In this paper 
three of these were applied, 

According to the me&hod of Freeman and Carr~iI*~ both the activation energy 
and the reaction order of a decomposition reaction may be calculated directly on the 
basis of the TG curve from the equation: 

A log (ddu;/dt) -E ND-l f n 

A log W, = 2.303 R - A Iog ,V, 

where W, is the undecomposed sample amount (= x) and drcjdr the decomposition 
rate at the same moment. Eqn (12) is of the form y = ax+ b and a program (FREECA) 
was prepared in FORTRAN to calculate E and n by the method of ieast squares in 

eqn (12)29. 
In the method of Coats and Redfem3e the activation ecer,oy E and the reaction 

order n of a reaction are caIcuIated on the basis of the TG curve from the equation: 

Ioo l-(1 -2)1--n 
3 

T’(I -n) I 
= -E/2.303 RT+Iog 

z -E/2.303 RTfconst, (13) 

where n # I, a is the decomposition degree, a [K min- I] the heating rate and the other 
symbols have the meaning mentioned above. The method is a line fitting method for 
which a program in FORTRAN was prepared”_ The program (CORE 3) searches 
the reaction order and activation ener_gy with the method of Ieast squares increasing 
n in increments of 0.01 unit until the best fitting with the experimental data is reached. 

As a third method we used the method of Broido3 r for the case II Z I in the 
form: 

log (I -y ’ -“) = -E/2.303 RT + canst. (14) 

where y is the ratio of the unreacted sample to the total sample (1 -a)_ A program 
(BROIDO 2) in FORTRAN” searches again with the method of least squares the 
vaIues of n and E which give the best fitting line through the experimental points. 

From the three methods mentioned above and used in this paper the method of 
Freeman and CarroI12’ is the oIdest and most criticized32-33, but still generally used. 
Some of the latest criticizers are Sharp and Wentwortt34*35, according to whom the 
method gives unsignificant values for the reaction order and experimental points may 
frequently be scattered. This depends on the selection of the beginning values within 
a narrow interval when the differences between the points are small. Instead of this 
Mickclso? and Einhom36 hoId as the only weakness of the method the difficulty to 
determine the decomposition rate, dzc/dr, which is to be known exactly at each 
moment. In the present work the values of dzc/dt were read directIy from the DTG 



TABLE 5 

KINETIC PARAMETERS, ACTIVATION ENERGIES (L:)(kJmol'l) AND REACTION ORDERS (11) 
OF SOME DECOMPOSITION REACTIONS OF COBALT(II), NlCKEL(II) AND COPPER(H) SALICYLALDOXIMATES, 
2dNDOLECARBOXYLA"TES AND 2.1'HIOPIfENECARBOXYLATES CALCULATED 13Y THREE DIFFERENT MRTHODS 

X~tWlOll FRBECA CORE 3 BROIDO 2 L)lwnIposlllon 

mrp, (K) 
E II E n B n 

50.0 On61 244 0.60 31.9 O-62 303 
167 I*08 89.7 0,02 9H.2 0*02 364 
501 639 328 4,OO 352 4*00 453 

199 1.51 195 2,14 204 2.18 400 
HS,8 0,98 69,7 0.04 at.7 0.82 453 
114 0,17 127 0,28 134 0,28 420 

35.7 0,02 43,3 0,02 468 
144 O-31 170 0886 176 O,H6 378 

28,2 0.02 36,O 0,02 413 

338 la91 30,7 1.22 36.8 1.16 328 
40,7 0.05 37,o 0,02 44.2 0.02 355 
S&9 - 39,4 0.02 45.1 O-02 355 
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curves, for which the possible error in determining the decomposition rate as the 
tangent of the TG curve is lower. 

Calculations of the kinetic parameters, the activation energies and reaction 
orders, were done on a Honeywell 1642 computer with the programs” mentioned 
above for some decomposition reactions of the studied compounds. The results are 
represented in Table 5. 

The results in Table 5 show the programs CORE 3 and BROIDO 2 to give 
generahy the activation ener_gy and reaction order values of the same order of 
magnitude. The program FREECA gives activation ener,gy values of the same order 
of magnitude as the twc other programs, whereas the reaction order values are in 
many cases dilTerent. Therefore the resuhs would seem to support the criticism of 
Sharp and Wentworth 34*35_ However, it is interesting to observe by comparison of 
the data in TabIe 5 with the forms of the TG curves in Figs. l-3 that the results 
obtained with the method of Freeman and Carroll are closest to those calculated with 
the two other methods, when the part of the TG curve corresponding to the studied 
reaction approaches a smooth S-shape2’. 

The results (the activation energies and decomposition temperatures) for 
salicylaldoximates (TabIe 5) show parallelism between the thermal stability and 
complex stability in solutions2’ in contrast to the resuhs of Liptay et aL2’. No 
parallelism is, however, observed with respect to 2-indolecarboxylates’ la. 

In agreement with the unobtainable molecular mass peak (in this work) the 
results (Table 5) show that cobaIt(II) salicylaldoximate is rather unstable as compared 
with nickel(B) and copper salicylaldoximates, but do not justify the assumption 
that cobalt(B) salicylaldoximate has the exceptional c&configuration as assumed by 
Burger et al. ’ 6* r 7. In this respect cJ the discussion of Nishikawa and Yamada on 
the UV spectrum of cobalt0 salicylaldoximate. (It should also be mentioned that 
the assignments of the ionization constants of salicyialdoxime with respect to the 
ionizing groups done by Burger et al. I6 must be wrong, and therefore also their 
assignments of the UV absorption bands of salicylaldoxime in aqueous solutions. 
In this respect cf- refs. 3, 38 and 39. The pK1 (actually pK,) value lC.9+0.1 in 1.0 M 
aqueous solution of NaClO, at 20°C reported by Burger et al-r6 is about 1.8 unit too 
high?) 

The activation energy values of the water Ioss reactions of the Zindole- 
carboxylates are exceptionally high and point to the coordination of the two water 
moIecuIes to the central metal ion and to the fact that they are true components of 
the complex structure as suggested before. The low activation enera values of the 
carbon dioxide splitting show the cleavage to happen easily and parallel with the 
decomposition temperatures of the anhydrous 2-indolecarboxylates 

In the case of 2-thiophenecarboxylates the results @‘able 5) point the water 
moIecuIes to have rather a cluster character, but do not exclude the structure 
completing role in the copper@) carboxylate proposed above. 



Note did in proof 

Instead of the suggested fragmentation route of salicyialdoxime in Scheme V 
on pas 432, a more probable route may be the following: 

-. 

OH 

-HCN 0 \ ?’ 
m/e 119 m/e91 m/e 64 

(Cf., J. &ii. FemQndez-G., E. Cork and J. Gomez Lara., J. Inorg_ Nuci. Chem., 

37 (1975) 1355.) 
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