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HEATS OF FORMATION OF CERTAIN 
COBALT PYRIDINE CO}4PLEXES 

INTRODUCT ION 

Previous investigations of the effect of atoms or 

groupe upon the coordinate 1inkges of the cobalt pyri- 

dine complexes have been conducted. upon the baele of 

diseociation pressures and the volume changes during 

formation of the complexes (1, 2, 3, 14rn, 5). T. W. 

Richarde (11, p.237) in hie hypothesie of oompreesible 

atoms, concluded, where affinities are great the atomic 

centers come closer together, and that where affinities 

are 1e88 they are farther apart.' In his interpretation 

of Richard's hypothesis, Logan says (lo, p.Li), "Stated 

in terms of internal pressure or cohesion there is a 

dimunition of volume because increased pressure always 

produces decreased volume. The greater this internal 

pressure or chemical affinity the greater will be the 

decrease in volume 

Richards (li) also surmised that additional pressure 

would produce but a slight effect if a great pressure 

already existed within a system. 

Logan concluded then, if systems possessing an 

internal cohesive pressure are subjected to a reduction 

of the external pressure, the system possessing the 

greatest internal pressure would be least affected by 
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this reduction of external pres3ure. Stated in terme 

of1 dissociation pressures, this would meen that the corn- 

pound. poseessing the weakest chemical bond. would have 

the highest diesociation pressure. Ou and Davie (5) 

believed also that the diseoetttton presaure could be 

used as a measure of the chemical affinity of the metal 

atom in the pyridine complex compounds. Davis, Ou and 

Batchelder (1, .5) in their work with dissociation 

pressures, found that the 8trength of' the bonds between 

the metal atom and. pyridmne was greater for the cyanates 

than for the thiocyanates. Where the cobaltous cyanate 

formed complexes with six, four and. two molecules of 

yridine, they found that the cobaltous thiocyanate 

formed complexes with only four or two molecules of 

pyridine. This indicated to them that the substitution 

of oxygen for sulfur in the acid radical increased the 

strength of the coordination valence of the metal atom, 

and that the ability of the metal to form the coordina- 

tion bond is least exhausted by the cyanate radical as 

shown by the formation of the hexapyridinated. complex. 

The thiocyanate exhausta the ability for coordination 

to a greater extent as evidenced by the formation of the 

tetra pyridinated compound; substitution of the 90N 

with a fatty acid will cause furthur exhaustion of the 

coordination ability because only a dipyrid.inated salt 
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of the fatty acid will be formed. Galiaher (6) has 

determined the dissociation pressures of the cobaltous 

and nickelous pyricuine salta of benzoic, phenylacetic 

and hydrocinnamic acido. Davis and Logen (Li.) determined 

the dissociation pressures of the oyridine complex co- 

baltous and riickelous salts of a series of fatty acids, 

i.e., acetic through valerie acids. 

Measurements of dissociation oressures and volume 

shrinkages during formation of the complexes indicate 

that the nickel atom possesses the strongest coordinate 

linkage, followed by cobalt end then copper. 

In order to obtain further information about the 

strength of the coordinate linkages, the heats of for- 

mation of the tetrapyridinated cobaltous thiocyanate 

and hexapyridinated cobaltous cyanate have been deter- 

mined in this investigation; the date. obtained will not 

offer a basis for comparison of the two complexes, 

because of the different numbers of pyridine molecules 

present in the complexes. Later work on complexes 

containing the same number of molecules of pyridine will 

offer a better basis for comparison of the relative 

strengths of the coordinate bonds and the effect of 

substituting oxygen in the place of sulfur in the acid 

radical. 

The heats of formation were determined by an in- 

direct method. A direct method of measurement could not 
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be employed because of the uncertainty of composition of 

the complex formed by a direct combination of the react- 

ants in a calorimeter. Excess pyridine must be used to 

form the complex and to teke this additional factor into 

consideration would complicate the problem considerably. 

The simplest method of measuring the heat of formation 

would, therefore, involve an indirect method so that the 

heat of reaction of an analyzed compound could be deter- 

mined. 

If the heat of reaction of the metal pyridine corn- 

plex, the heat of reaction of pyridine, and the heat of 

reaction of the anhydrous salt in hydrochloric acid were 

known, it would be possible to calculate the heat of 

formation of the complex. 

L9 - heat of reaction 
of the anhydrous 
salt. 

LH L9 4. La - Lc La - heat of reaction 
of pyridine. 

L0 - heat of reaction 
of the complex. 

This method was employed by Lamb (9) in his investigation 

of the transformation of the acido and aquo cobalt pen- 

tamrnines and by Hieber and Muhlbaur (8) in determining 

whether the alpha and beta rhodanides were identical. 

The work involved in this investigation has been 

the construction of the calorimeter, the preparation and 

analysis of Oo(CNO)2.6Py, Co(SCN)2kPy, Co(SCN)2 and 

Co(CN0)2; determination of the heat of reaction of 
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Co(SCN)2, Co(CNO)2, Co(SCN)2.1+Py, Co(CNO)2Py, and. 

pyridine. 

Additional work on the earne calorimeter is being 

conducted to determine the heat of formation of Ni(CNO)2 

6Py and Ni(SCN)2.4Py. 



EXPERIMENTAL 

Design and Construction of the Calorimeter 

The clorirneter employed in the measurements ws 

similar to that used by Lamb (9). The reaction vessel 

was a one-half gallon Dewar flask (See Figure 1). The 

flask wes immersed. in a thermosteted. bath controlled to 

t 0.002°C. Holes were cut in the metal bese o' the 

Dewar to allow water to circulate under it. To control 

the bath, an H-tube thermo-regulator and an electronic 

relay were used. The bath was heated. by a rheostated 

250 watt knife edge heater. With the rheostated heater, 

it was possible to bring uo the bath temperature very 

rapidly. A wooden lid, coated with Tygon, Primer T? 

1073, to prevent the bsorption of water, was fitted on 

the Dewar and a seal maintained by a. rubber gasket 

around the lid. The lid was held in place by a plate 

bolted onto two hooks extending into the metal base on 

the Dewar. Holes were bored in the lid for the stirrer, 

sample tube, Beckmann thermometer, and the heater. A 

hell bearing was pressed onto a glass stirrer; the 

bearing fitted into a recess in the wooden lid. This 

arrangement provided an almost frictionless bearing. 

The stirring rod and blade were glass. The sample tube, 

shown in Figure 2, consisted of a pipette, about 25 ml, 



cut off and ground. flat so that a thin microscope cover- 

glass could be tightly cemented to it. A glass rod, 

conical shaped. on the end, extended through the pipette. 

The upper portion of the cone we ground into the neck 
of the pipette to prevent lose of pyridine from the sam- 

pie before it was discharged into the reaction vessel. 

The rod., working in a rubber packing, could be pushed 

down to break the cover glass and discharge the sample 

from the tube. It ws necesesry to place a Lucite 

disk, slightly smaller in circumference than the sample 

tube, on the tip of the rod. in order to insure corn- 

plete expulsion of the sample and prevent it from stick- 

Ing to the walls of the tube when the rod was pushed 

down to introduce the sample into the solution. A 

slight modification was necessary to introduce pyridine 

into the solution. A small tube was sealed to the end 

of the rod. A pin, slightly longer than the diameter 

of the pipette, was placed through the stopper of the 

small tube. To introduce the pyridine into the solution, 

the rod was pulled up; the pin struck the bottom edge of 

the pipette and. the stopper of the small tube ws pulled 
out. The sample tube and. a Beckmann thermometer were 

fitted into the lid with rubber stoDpers. A heater also 

projected through the lid. The heater was constructed 

by wrapping three feet of Advance wire around a length 

of glass tubing; the heRter had a resistance of 



approximately 30 ohms. The heater coil was dipped in 

Tygon to prevent the acid used. In the reaction flask 

from attacking it. The two leads from the heater coil 

extended through the lid. into a mercury junction on the 

side of the bath vessel. The mercury junction wse used 

In order to insure a reproducible connection; lt was 

necessary to break the connection each time the lid was 

removed from the reaction vessel. 

For a stirring motor, the stator was the field 

coil of a selayn generator. The power supply for the 

stator was made from a variable transformer and a 60 

micro-fari'd condenser. This arrangement permitted 

operation of the motor on a 110 volt, 60 cycle single- 

phase line. The variable transformer also provided s. 

means of obtaining proper stirring speeds. The only 

disadvantage offered by the motor was that it was in- 

capable of hsndling a very heavy load. It was, therefore, 

necessary to provide a bearing of very small friction 

for the stirrer; it was for this reason that the ball 

bearing arrangement in the lid, previously mentioned, 

was employed. The motor was bracketed to a piece of 

three-quarter inch plywood. vertically hinged to the wall. 

The motor could be locked in position over the calori- 

meter by means of a turnbuokle or swung aside to provide 

easy removal of the Dewar from the bath. 



The combined heet capcity of the Dewar flask, the 

contained acid, the stirrer, thermometer and heater was 

determined by the electrical method. The voltage source 

was a series-parallel arrangement of Edison cells; the 

output was about l volts. The current flow in the cir-. 

cuit was determined by measuring the potential drop 

across a standard 3. ohm resistance with a Leeds and 

Northrup Student Potentiometer. Then, by measuring the 

potential drop across the heater, the number of calories 

entering the calorimeter over a certain period of time 

could be calculated. Only 1.6 volts could be measured 

by the potentiometer; a calibrated shunt was placed 

across the battery in order to reduce the voltage across 

the potentiometer. A known fraction of the voltage 

from the shunt led into the potentiometer, made possible 

the measurement of the potential drop across the heater. 

The shunt was calibrated on a Theatstone Bridge arrange- 

ment employing standard resistances. The total resist- 

ance of the shunt was found to be 107,350 ohms; 10,556 

ohms, 9.8332% of the total resistance, was led into the 

potentiometer. 

The wiring diagram for the calorimeter is shown in 

Figure 3. The batteries vere discharged into a balance 

resistor of approximately the same resistance as the 

heater, for an hour before use so that they would corne 

to a constant voltage. A variable resistor was placed 
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in the circuit to regulate voltage. To measure the 

potential drop across the i ohm resistance, switch S1 

was thrown across the heater and. switch S2thrown across 

the i ohm resistance. To measure the potential drop 

across the shunt, switches l and 2 were thrown across 

the heater and switch S closed to put the shunt in the 

circuit. SwItch 53 was included in the circuit so that 

the batteries could be disconnected. 

Determination of the Heat Capacity 

Fifteen hundred ml. of 2 N hydrochloric acid were 

measured at 25°C and placed in the Dewar flask. After 

closing the calorimeter, the acid and the 

ture were adjusted to the temperature of the thermo- 

stated bath. The temperature of the bath was set at 25°C 

with a thermometer calibrated by the 3ureau of Standards. 

The stirring motor was started, and the contents of the 

flask allowed to come to equilibrium. Initial tempera- 

ture readings were taken to observe the heat of stirring. 

In most cases the heat of stirring was neglible but 

temperature readings were taken on each run so that com- 

pensation for this heat, if any, could be made. The 

speed of stirring varied slightly between runs due to the 

different amounts of friction on the stirrer; as mention- 

ed before, the stirring motor could handle only a light 

load. 



THE CALORIMETER 

FIGURE 
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The heater was then cut into the circuit and the 

contents f the flask heated for 1200 seconds. Time- 

temperature readings were taken; the current flow across 

the i ohm resistance and the potential drop across the 

known fraction of the shunt were measured during the 

heating period. The potential drop across the heater 

was calculated from the voltage across the known frac- 

tiori of the shunt. Temperature readings were continued 

in order to determine the rate of cooling. Temperature 

redings were plotted, versus time; the resulting curves 

were extratolated to make corrections for the heat of 

stirring and any hect losses. 

Using the equation 

H = calories 
H = E i t E = potential drop 

LL1833 across heater 
i amperage 
t = time in seconds 

the number of calories entering the calorimeter In a 

given period of time can be calculated. Table I shows 

the heat capacity of the calorimeter. The heat capacity 

of the solution after the addition of the pyridine com- 

plexes or their anhydrous slts did not change. 
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TABLE I 

HEAT CAPACITY 0F THE CALORIMETER* 

-- i emp. Rise Hett 
Resistance Shunt (Corrected) Cpcity 

Solution Anme. Voltae Degrees C cis/°C 
2 N HOi O.140814 1.1925 1.014 1402 

2 N HOi 0.4087 1.1932 1.014 1404 

2 N HOi 0.4067 1.1883 1.005 1404 

2 N HOi i- 0.4030 1.1781 0.986 1406 
Co(CNO)26Py 

2 N HOi 4- 0.4029 1.1780 0.989 1401 
Co(ONO)26Py 

Mean 1403 

*Heting time for ail runs, 1200 seconds. 
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Determination of the Heats of Formation 

The compounds were sealed into the sample tube and 

the tube placed in the calorimeter lid. The lid was 

placed ori the calorimeter and the stirring motor connect- 

ed and started. The heater was cut in and the tempera- 

tare of the acid. in the Dewar flask brought up to the 

bath temperature. After the system had reached equilib- 

riuïn, time-temDerature readings were taken to determine 

the heit of stirring. The sample was discharged into 

the acid by pushing down the g1ss rod extending through 

the sample tube. (This procedure differed in the case 

of the determination of the heat of reactiin of pyridine 

in that the rod was pulled up to unetopper the sample 

bottle containing the pyridine to discharge the sample.) 

The resultant temperature changes were noted. After the 

time-temperature plot was made, the curves were extrapo- 

lated to make the necessary temperature corrections. 

After the determination of the heat of rection of 

Co(SCN)2.LfPy, Co(CNO)2.6Py, pyrid.ine, Co(SCN)2 and 

Co(CNO)2, the heat of formation of the complex was cal-. 

culated by the equation: 

L8 - heat of reaction 
of the anhydrous 
salt. 

AH = Lg + L9 L0 La - heat of reaction 
of pyridine. 

Lc - heat of reaction 
of the complex. 



The results obtained. are included in Table II. 

Representative points, taken from the large scale 

time-temperature curves used for extrapolation are 

plotted jn Figuree li., 5, 6, 7, 8 and 9. The heats of 

formation of Oo(CNO)26Py and Co(SCN)2J4Py are shown in 

Table IV. 

Preparation of the Compounds 

To prepare the pyridine complexes, aqueous aolu- 

tions containing an equivalent amount of cobaltous 

chloride and. potassium thiocyanate or potassium cyanate 

were placed in a separatory funnel. Upon addition of 

excess pyridine, the complex precipitated.. The complex 

was extracted with chloroform and the chloroform allowed. 

to evaporate into the air. The excess pyridine was re- 

moved by pressing the crystalline material with filter 

paper. The pink Co(SCN)2I1Py and dark rose Co(CNO)26Py 

were then placed in a pyridine atmosphere in a desaicator 

for several days before being analyzed. The colors of 

the complexes fade due to the lose of pyridine if they 

are not stored in a pyridine atmosphere. 

Cobaltous cyanate was prepared by heating the 

pyridine complex under vacuum to remove the pyridine. 

The dioyridinated compound forms readily, but the remain- 

ing pyridine molecules are very difficult to remove, If 

too high a temperature is used. on the highly pyridinated 
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TABLE II 

HEATS 0F REACTION IN 2N HCL AT 25 °C * 

Average 
Sample Temp. Mee Heat of Heat of 
Weight (Corrected) Reaction Reaction 

Compound Grams _Deee C cale/mal cals/mol 

Co(SCN)24Py 8.3283 0.071 - 5,870 
8.2941 0.070 - 5,820 
8.1296 0.070 - 5,930 

Co(CNO)26Py 10.5690 0.731 
10.9497 0.7511. 
11.16314 0.770 

Pyridine 

Co(CNO)2 

Co(SCN)2 

2. 9166 
2. 9258 
2. 8693 
2. 9966 
3.2284 
3.2152 

0.206 
0.207 
0.204 
0.212 
0.229 
0.228 

6.8256 1.185 
7.0029 1.216 
7.2966 1.278 

5.6156 0.008 
5.9799 0.008 

59,900 
59,700 
59,800 

7,840 
7,850 
7,890 
7,850 
7,870 
7,870 

34,800 
34,800 
35,100 

350 
328 

j: Negativa1ues correspond to heat absorbe 

Positive values correspond to heat evolved. 

5,873 

59,800 

7,861 

34,900 

335 
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TABLE III 

SAMPLE RUN: HEAT OF REACTION OF Co(CNO)26Py 

Time (Minutes) _Bec1cinan Readig 

0 1.665 
5 1.666 

lo 1.667 
11 1.990 
12 2.130 
13 2.206 
14 2.281 
15 2.330 
16 2.371 
17 2.1+00 
18 2.418 
19 2.428 
20 2.432 
21 2.434 
22 2.435 
23 2.433 
21+ 2.432 
25 2.4.31 
30 2.427 
35 2.1+21 

1+0 2.418 
45 2.413 
50 2.409 
55 2.406 

Weight of Sample ............... 11.1634 grams 
Temperature of Bath ............ 1.665 
TemDerature correction from time-tem'oerature.. 

0.002° C. 
Corrected Temperature rise.... .0.7700 C. 
Heat of reaction. .............. 59,800 cals/mol. 
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TABLE IV 

HEAT OF FORMATION AT 25°C 

Heet of' Formation Heat of Formation 
Compound oa1oriee/no1 cals/mol pyridine 

Co(CNO)26Py 22,266 3,711 

Co(SCN)21Py 37,672 9,1+18 
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compound, lt appeers to melt. This apparent melting mey 

be due to the oomplex dissolving in the excess pyridine 

present in the molecule. The anhydrous oobaltous cyanate 

readily decomposed and could not be heated over 9000. 

To obtain the anhydrous material, it was found best to 

spread the material out in as thIn a layer as possible 

to reduce the time required to remove all the pyridilne. 

Cobaltous cyanate is pale lavender in color. 

Efforts to prepare the cobaltous cyanate directly 

from cobaltous nitrate and potassium cyanate were not 

successful. Solutions of the cyanate are extremely 

unstable * 

Coba].tous thiocyanate was prepared (7, p.368) by 

mixing equivalent amounts of barium thiocyanate and 

cobaltous sulfate in an aqueous solution. The resulting 

barium sulfate was removed by filtration, and the solution 

evaporated to dryness. The cobaltous thiooysnate was 

dissolved in alcohol, the solution filtered, nd the 

alcohol distilled off. The compound, yellow-brown in 

color, was dried at 105°C. 



Analyse s 

The cobalt pyridirie coìrnlexes and. the anhyd.rous 

salte were analyzed on the basis of the metal and. deter- 

mined as the sulfate. In the case of the anhydrous 

salts, it was only necessary to fuse them with concen- 

trated. sulfuric acid.. With the pyrid.ine complexes, it 

was advantageous to remove the pyrid.ine by treatment 

with aqueous ammonia prior to the fusion with concen- 

trated sulfuric acid. This procedure prevented. a large 

amount of carbon formation by decomposition of the 

Dyridine. 

An attempt weg made to determine the cobalt titri- 

metrically by the perborate method (12, pp.275-276). In 

this method, the cobaltous lori was oxidized by excess 

perborate, in alkaline solution, to the cobaltic state. 

The excess perborate was boiled. off and air excluded 

from the solution by a closed system. Excess standard. 

ferrDus sulfate was added. to reduce the cobaltic ion. 

After acidification, the excess ferrous sulfte was 

titrated with standard potassium d.ichrornate using barium 

diphemylamine sulfonate as an indicator. 

The results obtained by this method were consistent- 

ly low. The low results may be caused by the interferenee, 

in some manner, of the CNO, SCN or pyridine. It is also 

possible that the perborate did not completely oxidize 
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the cobalt to the cobaltic state. This nroblem warranta 

further investigation to determine what vnriations must 

be made in order to make the method applicable to the 

determination of cobalt in the Co(SCN)2LPy and Co(CNO 

6py complexes and their anhyd.rous salts. 

The analyses of the cobaltous oyanate differs from 

the calculated value more than might be desired, but due 

to the difficulty of preparation arid. instability of the 

cyanate, these differences lie within the limit of the 

experimental error of the calorimetric messurementa. 
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TABLE V 

METAL ANALYSES, PThIDINE COMPLEX SALTS 

-- Calculated 
Found 2 Py L4.Py 6Py 

Co(SCN)21+Py 11.90% 12.02% 17.68% 12.00% 9.07% 

Co(CNO)26Py 9.J47% 9.55% 19.61+% 12.83% 9.55% 

TABLE VI 

METAL ANALYSES, ANHYDROUS SALTS 

Found Calculated 

Co(SCN)2 33.68% 33.63% 33.66% 

Co(CNO)2 40.65% 40.87% 41.26% 
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DISCUSSION OF RESULTS 

Because the two complexes, who8e hets of forma- 

tion have been determined, contain different numbers of 

pyridi.ne moleculea, the strengthe of the bonds between 

the metal atom and pyridine cannot be compared. A 

better comparison could be made between compounds con- 

taining an equal number of pyridine molecules or corn- 

pounds possessing different metal atoms. 

The heat of formation of Co(CNO)26Py was found 

to be 22,266 oalories/rnol and the heat of formation of 

Co(SCN)2kPy was found to be 37,672 calories/mol. 

More precise measurements could be made on the 

calorimeter by replacing the Beckmann thermometer with 

a resistance thermometer or a thermistor arrangement. 

The Beckmann thermometer could only be read to ±0.0010 

and. therefore the precision of all measurements was 

dependent upon the thermometer readings and the temper- 

ature rise. 
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SUMMARY 

A oslorimeter has been constructed and the heat 

capacity determined. Co(SCN)24Py, Co(CNO)26Py, 

Co(SCN)2 and Co(CNO)2 have been prepared, analyzed and 

their heats of reaction determined in 2 N HOi at 25°C; 

the heat of reaction of pyridine in 2 N HOi at 25°C hs 

been determined. The heats of formation of Co(CNO)6Py 

and Co(SCN)2Py have been calculated. 



33 

LITF.ATURE CITED 

1. Davis, Tenney L. and Howard R. Batchelder. The 
dissociation pressures of certain metal pyridine 
thiocyanatea. Journal of the American chemical 
society 52:4069-74. 1930. 

2. and Albert Victor Logan. Chloroform soluble 
metal pyridine cyanates. Journal of the American 
chemical society 5O:2I493-2499. 1928. 

3. and Albert Victor Logan. Metal pyridine 
complex salts. V. Volume change during formation 
of cyanates and thiocyanates. Journal of the 
American chemical society 58:2l3-2156. 1936. 

14 nd Albert Victor Logan. Metal tyridine 
complex salts. VI. Cobaltous and nickelous 
dipyridine salts of fatty acids. Journal of the 
American chemical society 62:1276-1279. 1940. 

5. and Wei Chia Ou. The disooiation pressures 
of certain metal pyridine cyanates. Journal of 
the American chemical society 56:1061-1063. 1934. 

6. Gallaher, Homer Sumner. Metal pyridine complex 
salts. Cobaltous and nickelous salts of henzoic, 
phenylacetic, and hydrocthnamio acids. Master's 
dissertation. Oregon State College. 1948. 20p. 

7. Grossmann, Hermann and Fritz Hünseler. líber die 
Verbindungen der Metalirhodanide mit organische 
Basen. Zeitschrift für anorganische Chemie 
46:361-405. 1905. 

8. Hieber, W. von and F. Muhibaur. íiber die Bildungs- 
warmen und die Konstitution von Cobalt (II)- 
Halogenidverbindungen mit Aminen. Zeitschrift fur 
anorganische und allgemeine Chemie 186:97-118. 
1930. 

9. Lamb, Arthur B. and John P. Simmons. The heats of 
solution and of transformation of the acido and anuo 
cobalt pentammines. Journal of the American chemical 
society 43:2190-2199. 1921. 



314' 

10. Logan, Albert Victor. Effect of atome nd groups 
upon coordinate linkages in pyridine complex corn- 
pounds. Doctoral dissertation. Massachusetts 
Institute of Technology. 1938. 39p. 

11. Richards, Theodore W. The present aspect of the 
hypothesis of compressible atoms. Journal of the 
American chemical society 36:214l7_2t4'39. 19114. 

12. Sarver, Landon A. Volumetric determination of cobalt 
by means of ferrous sulfate and potassium diebromate. 
Industrial and. engineering chemistry, analytical 
edition 5:275-276. 1933. 


