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ABSTRACT 

Preparation of analytically pure monobasic copper salicylate by 
two distinct synthetic routes and characterization of the products by 
infrared spectroscopy, X-ray diffraction and thermogravimetric analysis 
is described. 

CONCLUSIONS 

Analytically pure monobasic copper salicylate can be synthesized 
in excellent yield by reacting basic copper carbonate and salicylic 
acid in a 1 to 2.2 molar ratio. The pure monobasic salt can also be 
prepared by reacting copper hydroxide and salicylic acid in a I to I 
molar ratio. However, the yield, in this case, is comparatively low, 
Characterization of the product can be accomplished by infrared spectro
scopy, X-ray diffraction, thermogravimetric analysis, and elemental 
analysis for copper, carbon and hydrogen. 

RECOMMENDATIONS 

1. The following three structural formulas are possible forms 
of the monobasic copper salt: 

I II III 

Since the exact configuration of the salt has never been determined, 
it is recommended that further thermal and X-ray spectroscopic studies 
be conducted to resolve the presence of the hydrate form shown in 
formula II. 

2. Evaluation of these salts in propellant formulations is also 
recommended. 

3. Further investigation of the reaction of copper hydroxide and 
salicylic acid should be undertaken to improve the yield, 



INTRODUCTION 

A propellant composition containing a ballistic modifier composed 
of a mixture of dibasic lead beta resorcylate and monobasic copper 
salicylate exuded beta resorcylic acid when stored for extended periods 
of time. In addition to this exudation problem, inconsistent ballistics 
were encountered. Consequently, it was requested that methods be 
developed for preparing reproducibly pure salts of lead beta resorcylate 
and copper salicylate. As a result of this investigation, optimum 
conditions for synthesizing pure monobasic and dibasic lead beta 
resorcylate salts were developed!. In an effort to complete the ob
jective, this report relates only to the synthesis and characterization 
of monobasic copper salicylate. 

RESULTS AND DISCUSSION 

Two types of copper salicylates have been reported in the literature; 
the monobasic and dibasic salts. Only two direct methods of preparation 
of the monobasic salt have been reporte~; the treatment of hot 
solutions of salicylic acid with equimolar quantities of copper car
bonate and the fusion of copper oxide with salicylic acidl. The 
commercial method of manufacture, however, has not been reported in the 
literature. 

The British Explosive Research and Development Establishment 
has iecently investigated the synthesis of monobasic copper salicy
late-. The route to the basic salt explored was the reaction between 
copper sulfate, made basic by the addition of alkali, and a molar 
equivalent of sodium salicylate. Very careful control is required to 
give reproducible material, and the particular phase obtained depends 
not only on the temperature at which the reaction is carried out but 
~so on the relative ratios of the reactants and their mixing. 

In the initial stages of our investigation, only one approach was 

1. Picatinny Arsenal Technical Memorandum 2021, dated October 1971 
2. Babko, A. K., Shevchenko, L. L., Russ. J. Inorg. Chern., 9, 22(1964) 
3. Italian Patent 611,678 (1960) 
4. Fraser, R. T. M., et aI, "The Preparation of Basic Copper Salicy

late, ERDE Report 11 (1967). 
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considered; the reaction of basic copper carbonate and salicylic acid. 
Several experiments were conducted in an effort to determine optimum 
conditions. The various procedures tried and their products are com
pared in Table 1. This table also contrasts the commercial products 
of National Lead Company and Shepherd Product with the salts pre
pared in the laboratory at Picatinny. Excellent yield and purity 
can be obtained by reacting basic copper salicylate and salicylic acid 
in a 1 to 2.2 molar ratio. The reaction can be conducted in either 
water or ethyl alcohol, at room temperature or 50° to 60°C. Less 
foaming, however, occurs when aqueous ethanol is used in the reaction. 
This could be important in large scale preparation since processing 
operations may be hampered by excessive foaming. 

Purity of the products was determined by analyzing the mixture 
for copper, carbon and hydrogen. These results indicate that 
analytically pure monobasic salicylate can be prepared by the method 
described. 

The monobasic salt was also synthesized, from a completely 
different approach, by reacting copper hydroxide and salicylic acid 
in a 1 to 1 molar ratio. Although the yield was low (37.5%), 
purity based on the elemental analysis corresponded to the calculated 
values. Reaction conditions and experimental results are shown in 
Table 1 (Sample 71-1). 

The various salts prepared in the laboratory were also characterized 
by X-ray diffraction and infrared spectroscopy. The spectra are 
shown in Figures 1-24. 

Examination of the National Lead Company product shows that the 
major intensity peaks occur at the following 28 angles; 9.2, 17.9, 
22.4, and 29.4. In contrast, the major peaks for the Shepherd product 
occur at 5.9. 17.0, 17.9. 24.8 and 25.8. Comparison of the several 
spectra showed that most of the salts are similar to the National Lead 
Company product. Only Samples 75-1 and 76-1 resemble the Shepherd 
product. 

Differences in the infrared spectra of the various salts are less 
evident. There is, however, in the region of characteristic OH group 
frequency (3600-3500 cm-l ). a broadening of the band toward the lower 
frequency in the samples resembling the National Lead Company product. 
This may be attributed to the phenomenon of hydrogen bonding. 

The thermal behavior of the various basic copper salicylate salts 
that had been prepared in the laboratory were also studied. The 
samples were initially dried to constant weight at 50°-60°C. In 
general, there was an additional loss in weight of 0.1% to 0.3% upon 
further drying at 100°C. However, Samples 75-1 and 76-1 lost 3.8% and 
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S.S%, respectively; the ShephenlProduct sample lost S.l%. Also, a 
color change (green to brown) was observed in the three samples. Color 
reversion, however, accompanied a gain in weight after exposure to the 
atmosphere. It can probably be assumed that water is responsible for 
these color changes. 

Thermogravimetric analysis of the various salts actually shows 
three regions in which loss in weight occurs. At first, as the 
temperature is raised at a rate of 20°C. per minute to l4SoC, there is 
a gradual loss in weight of about 2%. This is followed by a further 
loss of S-6% until l7SoC. is reached. Exothermic decomposition finally 
takes place near 27SoC. and is completed at 4S0°C. Total weight loss 
is S6%. Sample 79-1, representing a typical thermogravimetric profile 
of the samples resembling the National Lead Company product, is shown 
in Figure 2S. Thermal decomposition curves for the commercial products 
are shown in Figures 26 and 27. 

EXPERIMENTAL PROCEDURES 

Preparation of Basic Copper Salicylate from Basic Copper Carbonate 

The following procedures may be conducted in water or in mixed 
solvent. 

Elevated Temperature (SO-60°C.) 

30.4g (0.22 mole) of salicylic acid is dissolved in 
4S0 ml of 33% ethyl alcohol. The solution is heated to SO-60°C. and 
23.9g (0.1 mole) of basic copper carbonate is added. The slurry is 
stirred for S hours while the temperature is maintained at SO-60°C. 
The solid is separated by filtration, washed several times with cold 
33% ethyl alcohol solution, and finally dried in the oven at SO°C. 
The weight of the product is 4l.0g. The elemental analysis values 
are shown in Table 1 (Sample 7S-l). 

At Room Temperature 

A slurry of 23.9g (0.1 mole) of basic copper carbonate, 
30.4g (0.22 mole) of salicylic acid, and 800 ml water is stirred for 
approximately 18 hours at room temperature. The solid is filtered; 
washed with water, alcohol, and acetone; then dried in the oven at 
SO°C. The weight of the product is 39.4g or 90.S% yield based on the 
amount of basic copper carbonate used in the reaction. The elemental 
analysis values are shown in Table 1 (Sample 79-1). 
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Preparation of Basic Copper Salicylate from Copper Hydroxide 

A slurry of 9.7Sg (0.1 mole) of copper hydroxide, l3.Sg (0.1 mole) 
of salicylic acid, and 400 ml of water was stirred at 60-6SoC. for 
five hours. The solid was filtered, washed several times with water, 
then washed several times with acetone, and finally dried in the oven 
at SO°C. The product weight was S.2g or 37.S% yield, based on the 
amount of copper hydroxide used in the reaction. The elemental 
analysis was: Found - Cu-2S.6S%; C-3S.7l%, H-2.7S%; Calculated -
Cu-29.l9%, C-3S.63%, H-2.7S%. 

Infrared Analysis 

Infrared spectra were obtained by means of the KBr pellet technique 
with a Perkin-Elmer, Model 621, Grating Infrared Spectrophotometer. 
The pellets, containing approximately O.S% sample, were pressed to 
0.7 mm thickness. 

X-Ray Analysis 

The diffractograms were taken with a Norelco X-Ray Diffractometer, 
using copper radiation and a nickel filter. The samples were mounted 
in an aluminum holder and scanned at O.So per minute. 

Thermogravimetric Analysis 

Loss in weight was determined with a 9S0 DuPont Gravimetric 
Analyzer under the following conditions: 

Sample Size: 7-S mg 
Heating Rate: 20°C/min. 
Atmosphere: Air 

S 



TABLE 1 

EFFECTS OF REACTION CONDITIONS ON THE SYNTHESIS OF BASIC COPPER SALICYLATE 

__ Ana1lsis 
Sample Metal Mole Ratio Solvent Temp. Time Yield Cu C H 

No. Component ...l.l1C/ SAL) Medium (OC) (Hrs) (%) (%) (%) (%) Remarks 

69-1 Basic 1/2.2 Water 50-60 2 89.0 31.15 35.85 2.66 I.R. and X-ray resembles 
CuC03 Nat'l Lead Product 

Impure Monobasic Salt 

70-1 Basic 1/2.2 50% 50-60 4 82.3 33.55 32.75 2.62 I.R. and X-ray resembles 
CuC03 Ethanol Nat'l Lead Product 

Impure Monobasic Salt 

71-1 Cu(OH)2 1/1 Water 60-65 5 37.5 28.65 38.71 2.75 I.R. and X-ray resembles 
Nat'l Lead Product 

0\ 72-1 Cu(OH)2 1/2 Water 60-65 5 11.10 51.95 3.66 Impure Normal Copper 
Salicylate 

74-1 Basic 1/3 33% 50-60 5 86.3 28.94 38.08 2.67 I.R. and X-ray resembles 
CuC03 Ethanol Nat'l Lead Product 

75-1 Basic 1/2.2 33% 50-60 5 94.3 31.13 37.52 2.88 I.R. and X-ray resembles 
CuC0 3 Ethanol Shepherd Product 

76-1 Basic 1/2.2 Water Room 18 95.5 31.16 38.04 2.80 I.R. and X-ray resembles 
CuC0 3 Shepherd Product 

77-1 Basic 1/2.2 16.5% Room 18 95.4 29.66 37.27 2.77 I.R. and X-ray resembles 
CuC0 3 Ethanol Nat'l Lead Product 



TABLE 1 (Contt) 

EFFECTS OF REACTION CONDITIONS ON THE SYNTHESIS OF BASIC COPPER SALICYLATE 

Ana1;ysis 
Sample Metal Mole Ratio Solvent Temp. Time Yield Cu C H 

No. Coml2onent (MC/SAL) Medium (OC) (Hrs) ~ (%) (%) (%) Remarks 

v 78-1 Basic 1/2.8 Water Room 18 77 .5 28.90 38.56 2.78 I.R. and X-ray resembles 
CuC0 3 Nat'l Lead Product 

/' 
.? 

79-1 Basic 1/2.2 Water Room 18 90.5 29.66 38.83 2.78 l.R. and X-ray resembles 
CuC0 3 Nat'l Lead Product 

National Lead (P-203-434-5-6) 29.42 37.51 2.71 Commercial Product 

Shepherd (S-70) 28.98 37.42 2.63 Commercial Product 

Basic Copper Salicylate 29.19 38.63 2.78 Calculated 
...... 

Normal Copper ..salicylate 18.81 49.78 2.98 Calculated 
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Figure 4 I-ray Diffraction Pattern of Sample 72-1 
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Figure 7 I-ray Diffraction Pattern of Sample 74-1 
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Figure 8 X-ray Dlffraction Pattern of Sample 77-1 
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Figure 9 I-ray Diffraction Pattern of Sample 78-1 
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F-igure 20 Infrared Spectrum of Sample 76-1 
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Figure 21 Infrared Spectrum of Sample 78-1 
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Figure 22 Infrared Spectrum of Sample 79-1 
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Figure 23 Infrared Spectrum of National Lead Co. Product 
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Figure 24 Infrared Spectrum of Shepherd Product 
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Figure 25 Thermogravimetric Dacomposition Curve of Sample 79-1 
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Figure 26 Thennogravimetric Decomposition Curve of National Lead Product 
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