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Magnetic moment measurements and ultra-violet diffuse reflectance spectroscopy 
have been used to investigate the structure of the chloroacetates of copper(lI). These 
studies indicate that cupric monochloroacetate dihydrate is dimeric and cupric tri- 
chloracetate tetrahydrate is monomeric. Cupric dichloracetate tetrahydrate forms an 
intermediate case. The thermal decomposition of these compounds under nitrogen 
has been studied using thermogravimetry and differential thermal analysis, together 
with analysis of the products of the decomposition. The major organic product formed 
in the thermal decomposition of the mono- and dichloracetates is the corresponding 
chlorinated acetic acid; the solid inorganic product is cuprous chloride. Thermal de- 
composition of the trichloracetate yields cupric chloride and a mixture of trichloracetie 
acid and trichloracetyl chloride. 

Much work has been published on the chtoroacetates of  copper(II);  most of  
this, however, has been concerned with the structures of  these materials and little 
attention has been paid to their thermal decomposition. 

It  is well established [1 ] that both the anhydrous and the tetrahydrated mono- 
chloracetates have a dimeric structure, analogous to that of  the hydrated unsub- 
stituted acetate. A similar structure has been suggested for the anhydrous di- 
chloracetate, although it is not clear whether this is also true of  the hydrated salt. 
Cupric trichloracetate, however, has been shown to be monomeric in both the 
tri-hydrated and the anhydrous forms. The situation is complicated by the fact 
that the methods used in the preparation of  these materials may affect the structure 
of  the salt. 

Two methods have been suggested for determining whether or not these ma- 
terials are dimeric [l, 2]. The close proximity of  the two copper atoms in the dimer 
leads to strong interaction, which approximates to the formation of  a c o p p e r -  
copper bond. This causes a lowering of  the magnetic moment,  f rom a theoretical 
value of  1.73 B.M. for a simple cupric salt, to an actual value of about  1.40 B.M. 
fbr a dimer (1.00 Bohr Magneton = 9.27 x I0 -24 Am2). The second method in- 
volves interpretation of  the ultraviolet absorption spectrum. 
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We have used both these methods in an attempt to establish the structure of our 
hydrated cupric monochlor-, dichlor- and trichloracetates. Also we have examined 
the decomposition of these chloracetates under nitrogen, using thermogravimetry 
(TG) and differential thermal analysis (DTA). The decomposition products in 
each case have been isolated and identified. 

Experimental 

The cupric chloracetates studied were prepared by dissolving laboratory grade 
cupric carbonate in a 3.5 M aqueous solution of the appropriate acid until no 
more effervescence was observed. The resulting solution was filtered and crystalliz- 
ed at room temperature in a rotary evaporator. The crystals were dried at room 
temperature in a vacuum oven. Compounds were analyzed for carbon and hydro- 
gen using a Perkin Elmer elemental analyser and for chlorine by combustion in an 
oxygen flask, followed by titration with standard mercuric nitrate solution. Copper 
was estimated by reaction of the chloracetate in aqueous solution with potassium 
iodide, followed by titration of the liberated iodine with standard sodium thio- 
sulphate solution. 

Analytical results are recorded in Table 1, together with the established formulae 
for the compounds. 

Table 1 

Analysis of the cupric chloracetates 

Compound 

Cu(CH2C1COO)2 �9 2H~O 
Cu(CHC12COO)2 �9 4H20 
Cu(CC13COO)2 �9 4H20 

W t . ~  obtained by 
analysis 

Hydro- 
Copper Carbon gen 

22.20 16.93 2.64 
16.89 12.14 2.49 
13.65 10.96 1.69 

Chlo- 
rine 

24.69 
36.02 
46.77 

Copper 

22.16 
16.22 
13.79 

Theoretical wt. 
for formula given 

Hydro- 
Carbon gen 

16.75 2.79 
12.26 2.55 
10.42 1.74 

Chlo- 
rine 

24.78 
36.27 
46.25 

Magnetic moments were determined at room temperature, using the well known 
G o u y -  Rankine method, as modified by Evans [3 ]. Ultraviolet reflectance spectra 
of finely ground samples of the chloracetates were obtained using a Unicam SP 800 
spectrophotometer, with a SP 890 reflectance unit. 

Thermogravimetric studies were carried out using a Stanton Redcroft thermo- 
balance, model TG ~750. Samples (ca. 5 rag) were heated at a rate of rise of tem- 
perature of 5~ under a flowing stream of nitrogen. Differential thermal anal- 
ysis curves were obtained using a Standata 6 - 2 5  differential thermal analyser. 
Samples (ca. 50 rag) were heated under flowing nitrogen at a nominal heating rate 
of  10~ The method and apparatus used for product analyses have been de- 
scribed in detail in a previous paper [4]. 
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Results and discussion 

Structural studies 

Experimental determination of the magnetic moments of cupric monochlorace- 
tate dihydrate, cupric dichloracetate tetrahydrate and cupric trichloracetate tetra- 
hydrate gave values of 1.42, 1.62 and 1.70 B.M. respectively. The value for the 
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Fig. 1. Ultra-violet/visible reflectance spectra of the solid cupric chloracetates. (a) Cupric 
acetate dihydrate; (b) cupric monochloracetate dibydrate; (c) cupric dichloracetate tetra- 

hydrate; (d) cupric trichloracetate tetrahydrate 

trichloracetate shows quite clearly that this compound has one unpaired electron 
per copper atom. As this situation is found in simple cupric compounds, such as 
cupric sulphate, it must be concluded that the trichloracetate is monomeric. The 
raagnetic moment of the monochloracetate is very close to the published figure of  
1.41 B.M. [1 ] for dimeric cupric acetate dihydrate and this indicates a dimeric 
structure for the former. The nature of the mono- and trichtoracetates is confirmed 
by their ultra-violet diffuse reflectance spectra (Fig. 1). Yamada et al. [2] have 
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stated that the presence of an absorption band at about 375 nm is characteristic 
of dimeric cupric compounds. It can be seen that this band is almost as well de- 
veloped in the spectrum of the monochloracetate @max at 372 nm, Fig. lb) as it is 
in the spectrum of dimeric cupric acetate dihydrate @max at 375 nm, Fig. la), 
while it is completely absent from the spectrum of the trichloracetate (Fig. ld). 
Cupric dichloracetate tetrahydrate provides an interesting intermediate case, since 
its magnetic moment is too low for one unpaired electron per copper atom, yet 
is much higher than the moment for the dimeric monochloracetate. Further the 
375 nm band in the U. V. spectrum is intermediate in intensity between that of the 
mono- and trichloracetate (Fig. lc). 

The intermediate nature of the dichloracetate is not too surprising when the 
electron-withdrawing properties of the substituted methyl groups are considered. 
As the electron-withdrawing ability of the groups increases in the order 

CHa < CH2C1 < CHClz < CC13 

it follows that the coppe r - coppe r  interaction will be weakened progressively as 
the number of chlorine atoms in the acetate increases. Therefore a gradual, rather 
than an abrupt, change in properties is to be expected. 

Thermal decomposition studies under nitrogen 

Cupric monochloracetate, Cu(CH2C1. COO)2.2H20 

T G  and DTA results for this material are shown in Figs 2a and 2b. As can 
be seen, the decomposition process occurs in three distinct stages; the correspond- 
ing temperatures from Fig. 2a are 4 0 - 1 2 0  ~ 160-300 ~ and above 350 ~ The 
weight loss associated with the first stage is 12.0 %, which corresponds well with 
the theoretical figure of 12.4% for the loss of two molecules of water of crystalli- 
zation. In order to confirm that the anhydrous material is formed, a sample was 
evacuated in the thermobalance at 60 ~ A weight loss of 12.2% was recorded and 
the resultant anhydrous salt (which was deep green in colour) showed no further 
loss in weight on prolonged evacuation. On exposure to the atmosphere for about 
24 hours, the anhydrous salt did not regain its water of crystallization, indicating 
that it was a stable material. Product analysis over this first stage of the decompo- 
sition process showed that the only volatile compound evolved was water. 

The second stage, over the temperature range 160-300 ~ is accompanied by a 
further weight loss leading to an overall figure, at 300 ~ of 65.5%. This is in ex- 
cellent agreement with the figure of 65.6 % expected for the formation of cuprous 
chloride. DTA shows that decomposition of the anhydrous monochloraeetate is 
accompanied by complicated thermal effects, consisting of overlapping endo- 
thermic and exothermic reactions. When a sample was heated over this range in 
the gas flow equipment, a white solid was observed to condense out in the cold 
traps and in the glass lines. Analysis of this material (by infra-red and N. M. R. 
spectroscopy) showed it to be monochloracetic acid, which was the major de- 
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composition product obtained; carbon monoxide and some carbon dioxide were 
also identified in the gaseous samples removed for analysis. Hydrogen was not 
found, although our method for its identification is somewhat insensitive. The 
copper-containing residue from the gas flow experiment was confirmed as cuprous 
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Fig. 2. Therma[ decomposition under nitrogen of cupric monocbtoracetate dihydrate. 
(a) thermogravimetry; (b) differential thermal analysis 

chloride by chemical analysis and by U. V. spectroscopy. It therefore appears that 
the decomposition of  the monochloracetate closely resembles that of  the simple 
acetate in that the corresponding acid is produced. 

Further heating above 300 ~ leads to a progressive weight loss which reaches 
a final value of 88 ~ at about 600 ~ DTA shows that this process is accompanied 
by a very gradual endothermic effect, which is reflected in a slow drift of  the DTA 
base line. In addition, two very sharp endotherms are superimposed with peak 
maxima at 410 ~ and 420 ~ These peaks are reversible in that two exotherms are 
obtained on cooling and therefore they must be associated with phase transitions 
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in the cuprous chloride. The melting point of cuprous chloride has been reported 
[5] as being 422 ~ so that the 420 ~ endotherm can confidently be ascribed to this. 
A DTA run on a freshly prepared sample of cuprous chloride also showed these 
endotherms; therefore the peak at 410 ~ must be associated with a phase transition 
in the solid chloride. 

The overall weight loss of  88 ~ can be explained by assuming that above 350 ~ 
some decomposition of the cuprous chloride occurs. Above 420 ~ , the molten 
chloride will tend to vaporize, leading to a progressive loss in weight, with some 
copper being left as the residue. 

Thermal decomposition of cupric monochloracetate dihydrate may thus be 
represented as follows. 

Cu(CH2C1COO)2.2H20 ~ Cu(CH2C1COO)2 --+ CuC1 + CH2C1COOH + 
+ 1/2H2 + 2CO. 

Cupric dichloracetate, Cu(CHC12COO)2.4HzO 

As is the case with the monochloracetate, the dichloracetate decomposes in 
three stages as shown by the TG trace (Fig. 3a). The weight loss over the tempera- 
ture range 4 0 - 1 0 0  ~ is 13.5~ which corresponds fairly well with that expected 
(13.8 ~o) for the loss of three molecules of water of crystallization. In the tempera- 
ture range 100-  140 ~ a further 4.5 ~ weight loss occurs which corresponds to the 
loss of an additional one molecule of water of crystallization. Product analysis 
in both temperature ranges confirmed that water was the only product formed. 
Evacuation of a sample at 140 ~ showed a weight loss of 18.5~, confirming the 
formation of the anhydrous salt. This material (which is pale green in colour) is 
not as stable as the anhydrous monochloracetate, since some water was regained 
on standing in air overnight. 

Further heating above 150 ~ leads to a third weight loss continuing up to 350 ~ 
of  76.5 ~ which is slightly greater than that expected for the formation of cuprous 
chloride (74.7~o). DTA (Fig. 3b) once again demonstrates the complex nature 
of this process; the formation of cuprous chloride is shown by the two endotherms 
with peak maxima at 410 ~ and 420 ~ Analysis of the gaseous products, over the 
temperature range 150-200 ~ showed that the major product was dichloracetic 
acid, together with some carbon monoxide and carbon dioxide. Further heating 
above 200 ~ led to a colourless liquid condensing out in the glassware below the 
furnace; analysis of this showed it to contain dichloracetic acid together with 
some anhydride and acid chloride, whereas a gaseous sample indicated that some 
HC1 had been formed. It is not surprising that products other than the acid should 
be formed at a later stage of  the decomposition process since the acid, formed as 
the primary product, will have to pass through a hot bed of decomposed material. 

Further heating above 400 ~ leads to a gradual weight loss as the cuprous chlo- 
ride vaporizes, leaving a small amount of  copper (5 ~ )  as the final product at 600 ~ 
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Fig. 3. Thermal 
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decomposition under nitrogen of cupric dichloracetate tetrahydrate. 
(a) thermogravimetry; (b) differential thermal analysis 

The decomposition mechanism may therefore be represented as: 

Cu(CHC12COO)2.4H20 ~ Cu(CHClzCOO)2. H20 ~ Cu(CHCI2COO)2 

Cu(CHC12COO)2 ~ CuC1 + CHCI2COOH + 1/2C12 + 2CO. 

(We were unable to confirm the presence of chlorine, or phosgene, which could 
have been formed by reaction between chlorine and carbon monoxide.) 

Cupric trichloracetate, Cu(CClaCOO)2.4HzO 

Decomposition of  the trichloracetate does not follow a similar pattern to that 
described for the other chloracetates. Loss of  water commences at about  65 ~ and 
a plateau on the T G  curve (Fig. 4a) is reached at a weight loss of  11.5 %.]This 
corresponds to the loss of  three molecules of  water of  crystallization (theoretical 
figure 11.7%). A similar effect was obtained on evacuation of  a sample of  the 

3-. Thermal Anal. 9, 1976 



9 0  , I U D D  et  a l . :  S T R U C T U R E  A N D  D E C .  O F  T R I C H L O R A C E T A T E S  

trichloracetate at 65 ~ when a weight loss of 11.3 ~ was obtained; increasing the 
temperature slowly to 140 ~ led to a further violent evolution of volatile matter, 
accompanied by decomposition of the monohydrate. 
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Fig. 4. Thermal decomposition under nitrogen of cupric trichloracetate tetrahydrate. 
(a) thermogravimetry; (b) differential thermal analysis 

Heating the sample under nitrogen on the TG balance, above 140 ~ showed a 
further two stage weight loss. The first stage, although not clearly resolved, in- 
volves a further weight loss of approximately 4.5 %; this is then followed by rapid 
decomposition such that a final value of 70 % is obtained. This final value cor- 
responds to that expected for the formation of cupric chloride (theoretical 70.8 ~). 
DTA (Fig. 4b) shows that loss of the final molecule of water of crystallization 
leads to complete decomposition of the salt, the endotherm associated with de- 
hydration being inseparable from the exothermic decomposition. As would be 
expected, the presence of water vapour among the gaseous decomposition p~od- 
ucts leads to some interesting effects and the following compounds were identi- 
fied: trichloracetic acid, trichloracetyl chloride, hydrogen chloride, carbon mon~ 
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oxide and carbon dioxide. It is difficult to decide which is the primary prod- 
uct but, if it is assumed that most of the water is evolved before decomposition 
commences, then it is reasonable to suppose that the acid chloride is the primary 
product. Some of this would then be hydrolysed by the water vapour present to 
form the acid together with some hydrogen chloride. 

Above 300 ~ a further gradual loss in weight is observed which finally reaches 
a value of 98 % at 600 ~ It is well known that cupric chloride disproportionates to 
cuprous chloride and chlorine in this temperature range and it is possible that the 
small exothermic-endothermic effect at 375 ~ reflects this reaction. Ill-defined endo- 
therms at 410 ~ and 425 ~ can be attributed to small amounts of cuprous chloride 
formed from the cupric salt. 

It therefore appears that the decomposition may be represented as follows. 

Cu(CClsCOO)~. 4H20 ~ Cu(CClaCOO)2. H~O + 3H20 

Cu(CC13CO0)2. H20 --+ Cu(CC13CO0)2 + H20 

Cu(CC13COO)2 ~ CuC12 + CC13COC1 + CO + C Q  

(CC13COC1 + H20 ~ CC13COOH + HC1) 

CuC12 ~ CuC1 + ~/zC12. 

Conclusion 

Our structural studies of the cupric chloracetates, when taken in conjunction 
with data reported elsewhere, suggest that cupric monochloracetate dihydrate is 
dimeric in the solid state while cupric trichloracetate tetrahydrate is monomeric. 
Cupric dichloracetate tetrahydrate is shown to be intermediate in structure between 
the mono- and trichloracetates. 

Thermal studies of these compounds show that the final solid decomposition 
product is cuprous chloride in the case of the mono- and dichloracetates while 
the major organic product is the corresponding substituted acetic acid. Cupric 
trichloracetate is shown not to follow this decomposition pattern, the solid 
product being cupric chloride, which undergoes a separate decomposition at higher 
temperatures to cuprous chloride. The primary organic product appears to be 
trichloracetyl chloride, which in the presence of evolved water is hydrolysed to the 
corresponding acid. 

Data obtained from both TG and DTA are consistent in suggesting that for 
the di- and trichloracetate tetrahydrates, one molecule of water is appreciably 
more strongly bound than the other three. 
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Rt~SUMI~ - -  La mesure du moment  magn6tique et la spectroscopie de r6flexion diffuse dans 
I'U. V. sent  utilis6es pour  6tudier la structure des chloroacdtates de cuivre (II). Les r6sultats 
indiquent que le monochloroacdtate de cuivre (II) dihydrat6 est dim~re et que le trichloroac6- 
tate de cuivre (II) t6trahydrat6 est monom6re. Le dichloroac6tate de cuivre (II) tdtrahydrat6 
repr6sente un cas interm6diaire. La d6composition de ces compos6s dans l 'azote a 6t6 suivie 
par  thermogravim6trie et analyse thermique diff6rentielle, en analysant simultan6ment les 
produits de ddcomposition. Le principal produit  organique form6 lors de la ddcomposition 
thermique des mono et dichloroac6tates est l 'acide chloroac6tique correspondant ;  le produit  
solide inorganique est le chlorure de cuivre (I). La ddcomposition thermique du trichloroac6- 
tate fournit  le chlorure de cuivre (II) et un m61ange d'acide trichloracdtique et de chlorure tri- 
chloroac6tylique. 

ZUSAMMENFASSUNG - -  Messungen des magnetischen Momentes sowie diffuse UV-Remis-  
sionspektroskopie wurden zur Untersuchung der Struktur der Kupfer(II)-chloracetate ein- 
gesetzt. Die Ergebnisse deuten darauf  hin, dab Kupfermonochloraceta t -Dihydrat  dimer und 
Kupfertr ichloracetat-Tetrahydrat  monomer  ist. Das Kupferdichloracetat-Tetrahydrat  bildet 
hierbei eine Zwischenstufe. Die thermische Zersetzung dieser Verbindungen wurde in Stick- 
stoffatmosph/ire unter  Allwendung der Thermogravimetr ie  und Differentialthermoanalyse 
untersucht,  bei gleichzeitiger Analyse der Zersetzungsprodukte.  Das bei der thermischen 
Zersetzung des Mono-  und Dichloracetats gebildete organische Hauptprodukt  ist die entspre- 
chende chlorierte Essigs/iure; der feste anorganische RiJckstands das Kupfer(I)-chlorid. Die 
thermische Zersetzung des Trichloracetats ergibt Kupfer(II)-chlorid sowie eine Mischung yon 
Trichloressigshure und Trichloracetylchlorid. 

Pe3ioMe - -  I/I3MepenHa MarHIITHBIX MOMeHTOB I'I ynl~TpaqbHoJIeTOBa~ ~Hqbqby3Haa oTpaz~aTeJu, Ha~t 
cIIeKTpOCKOntDt 6I,IJII, I I lcnonb3OBaHbI ~Jllt i lccyie~oBaHtta  cTpyKTypI,I XJIOpalIeTaTOB Me,~ItI (II). 
IIpoBe~IeHHt,Ie la3yqeHn~I IIOKa3amI, riTe ~IIrI, I l lpaT Moaox . r lopa l i eTaTa  MeJII,I (II) HaxojInTC~ B 

B~I~Ie /ii, iMepa, a TeTpari4/IpaT TpHxnopai~eTaTa Me~I~ (II) - -  B B~uIe MOHOMepa. TeTparI~jlpaT 
~InxJIopalIeTaTa Me~n(II) I-IaXOjII, ITCn B lapoMeXyTO'-I~IO~ qbopMe. ]~l, ISlO ~I3y~IeHO TepMI~IecKoe 
pa3JioxgeHl~Ie 3TI~IX coe~nlteHi,  i~ B aTMOCqbepe a3oTa ,  l, iclioJib3y~i TepMorpaBHMeTplIl~O leI jIi, iqb~be- 
penlIHaJIl,HBI~ TepMIlXIeCKBI~ anarm3, COBMeOTHO C anaJIH3OM I, IX IIpO~yKpOB pa3sloxe~ma. 
FJIaBHI,IM opFaHIIqeCKHM HpoJIyKTOM, o6pa3yIoIIIleIMC~t IIpH TepMIlxIeCKOM pa3JiOXeHHri MOHO- II 

JllelXJIopaI~eTaTOB, IIBJIaeTelt COOTBeTCTByIOm0At XYIopyKeycHa~ KHCJIOTa, B TO BpeM~i KaK TBepJIBIM 
HeopraHn~IeeKI~M npo~IyI(TOM ,r XYIOpI4~ Mej~I.I (I).  TepMn~IecKoe p a 3 J I o x e n n e  TpHxJIopa-  
i teTaTa Mej/H (II) ~IaeT xJIopnJI  MeJIII (II) ~ cMec~, T p t t x J I o p y r c y c n o ~  KtlCJIOTI,I II ee  xJIopaI~rHjI- 

p~Ia.  
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