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H&ATS OF FORMATION OF 
COBALT (II) AND NICKEL (II) DI:PYRIDINX 

SALTS OF FATTY AClDS 

lNTRODUC'riON 

The relative s~rengtb o:f meta.l-n1trogen coord1n·a\e 

bonds have been investigated by three different methods. 

These are the comparison or dissoc1.a.tion pressures of the 

complexes' volume changes dur1ns their formation and: their 

heats of formation.. IDw d1ssoc1a.t1on pressures have been 

shown to indicate a. relatively strong caordina.t.e bond. A 

large volume shrinkage. and thus an increase in density, 

also indicate a. strong coordinate bond. Recent work bas 

been reported by Bush, Rogers, and Carle (1, 2, 6, 7) on 

the calorimetric determ1na.t1on of the heats or formation 

of nickel and cobal\ cyanate and thiocyanate, the basis ot 

comparison being t.hat the stronger bond should have a 

higher heat of formation. 

The dissociation p.ressures and volume changes ot 

pyridine complexes of the cobalt (ll) and nlckel (II) 

salts of the fatty acids,,. acetate thl'ough valerate, were 

investigated: by Dav1s and Logan. It was found that the 

complexes ot the acid radica1s of lower molecular weight 

had in general lower disooe1at1on pressures and produced 

greater volume changes than those of higher molecular 

weight. This would suge;est that t.he coordinate bond 

strength ot' the molecules of lower molecular weight 1s 

greater than for those 1n which the carbon chain is longer. 
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It was also shown that the volume changes a.nd dissociation 

pressures followed the odd-even, saw tooth projection 

which is common with many properties of aliphatic acids.• 

The present work on the heats of formation of the 

complexes of the fatty acid series was undertaken to 

det.ermine whether the heats of format.ion for the lower 

molecular weight complex salts are greater than for the 

higher members of the series and that the odd-even effect 

would carry over into this property. 

Because it would be exceedingly difficult to form 

the pure complexes in a calorimeter, an indirect method 

was used to obtain the heats of formation of the complex 

salts. Since the complex salts are readily decomposed to 

form the amine hydrochloride and the simple salt 1n hydro­

chloric acid solutions, . the calculation of the heats ·Of 

formation becomes ~mparatively simple. If the heat of 

solution of the salt per mole, La• the heat of solution of 

the base per mole, La, and the heat of solution of the 

complex salt per mole, L0 , are known at 25°0 in 2 N. HOl, 

then the heat of formation., H, is given by the relation: 

H • La + 2 La - L0 • 

The heats of solution are assumed to be identical with 

those at infinite dilution since the weight of sample used 

is small in comparison to the volume of acid in the 

calorimeter. 



3 

'l'HI. CALORIMETER 

The calorimeter used was t.he same one that Bush (1) 

and Rogers (7) used for their determination of tone heat.e 

of formation of py.rld1n• complex salts of nickel (II) and 

cobalt (II) cyana.tes and th1ocyanate.a. Their work s1ves a 

detailed des~ription of t.he deaign and eonatrue'tion of th& 

apparatus.. The calorimeter consisted of a one-half' gallon 

Dewar flask surrounded by a constant ~emperature bath. 

The bath was set at 25°0. The war flask was &Pranged 

with a wooden lid which projected a stirrer,. sample 

ejector, Beckmann thermometer, and heater. The heater was 

made out of #24 advanee wire silver soldered at the ends 

to #1'2. copper wire so that the ·ele.ctrical resistance- in 

the heating wire would be mostly in the advance w1re par­

t ion wh1.ch was immersed in the calorimeter. Th& wire was. 

wrapped about a gia&s rod and then covered with tygon 

label glaze a.s a prot.eet1ve coating. 

The calorimeter w&s sta.nde.rdized by pass1:ne; a known 

amount of pow,er t.hrough the heater and observing the in­

crease 1n temperature. This power eame from four recently 

recharged Ed:.1son batteries or seven volta each (Figure l). 

By passing the power, through a. standardized one ohm 

resistor 1n aerie& as shown in the diagram and observing 

the potential drop on a potenti-ometer across the standard 
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res tstor as the power was. pausing into the heater, the 

amount of current was $bta1n~d . S1nee the potentiometer 

coul d read only 1 •. 6 vo~ts while t.he potential dro:p was on 

the order of ten times that amount, the voltage was ob­

tained by ahunt.1ng the heater w1'th two large raa1stors 

connected 1n aeries.. the .re.a1~t.o.rs were calibrated on a 

Wheatstone b~1dge and found to haYe resistances of 111,,400 

ohms and 11. :;oo ohms. .Because t.hes.e resistances were 

large only a very sml:l-11 pG>rtion of the power went through 

the shunt, just enough tG make the reading.. The standard 

one ohm resistor was found to have a. resistance of 1 . 022 

ohms. 
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DETERMINATION OF THE HEAT CAPACITY OF THE CAlOR! m:TER 

Because the calorimeter had to be reassembled. it 

was necessary to red•te:rm1ne its heat capacity . Fifteen 

hundred ml . of 2 N HCl were added to the D war nask and 

the contents adjusted to the same temperature ae that of 

the outside bath. While the calorimeter was coming to 

equilibrium the batteries were placed on ballast for about 

an hour so that they would come to constant voltage end 

the potentiometer was calibrated against a .eaton standard 

cell . Time- temperature readinse were then taken every 

five minutes for about one- half hour to observe the heat 

of stirring, heat of vaporization, and other heat effects . 

An attempt was made to maintain the room at 25°0. The 

circuit was then closed across the heater for a period of 

twenty minutes, temperature readings being taken every 

five minutes . During the heating the voltage drop across 

the one ohm resistance and across the shunt were noticed 

on the potentiometer. After the heating period was over 

the temperature readings were taken every minute for a 

period of five minutes to note the point of maximum 

temperature and then every five minutes for a period of 

one- half hour to observe the rate of cooling. 

The time- temperature data were plotted 1n large 

scale and the initial and final cooling curves were 

extrapolated to the center or the heating curve. The 
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t.eiQPerature difference between these two extrapolations 

was called the ·corrected temperature rise. A typical 

curve for 2 N HCl is given in figure II. The heat capaci­

ty was calculated by the formula: 

H .Exlxt 
~d-egr.__e_e ~ . 1833 x T 

where: 

E • volts drop across hea~er 
I • current 1n heater 
t • time in seconds 
T • corrected temperature change 

E was calculated by tak~ng the ratio of the sum ot 

the two shunt resistances divided by the small resistance 

and multiplying it by the observed potential drop in the 

calorimeter. I waa calculated by dividing the value of 

the standard resistance into the potential drop across the 

resistance. Since the shunt resistance was greater by a 

factor or over one hundred thousand, the lose through the 

shunt was neglig1ble . 

The values of the heat capacity are given on table 

I . As a rough check on the beat capacity of the calori­

meter the heat capacity of 2 N HCl was found to be 1360 

and the remainder of the calorimeter was assumed to have 

a heat capacity of 100 calories . This gives an approxi­

mate total of 1460 which is quite close to the observed 

value. 
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TABLE I 

HEAT CAPACITY OF THE CALORIMETER AT 
25oc CONTAINING 1500 L 2 N HCl 

time. 
seconds 

shiint 
voltage 

volts 
lohm 

temp. rise 
(corrected) 

heat capacity
calories 

12er de&:ee 

1200 

1200 

1200 

.7752 

.7681 

.7520 

.3440 

.3434 

.3352 

.547 

.540 

.390 

1525 

1530 

1525 

Average 1525 

CORRECTION OF THE HEAT CAPACITIES OF EARUER vORKERS 

The heat capacity of the calorimeter calculated by 

Bush and Rogers was obtained by the use of a value for E 

which was ca.l.culated by dividing the small shunt resistance 

into the larger one and multiplying this ratio by the 

observed potential drop . The previous workers should have 

divided the small shunt resistance into the sum of the 

shunt resistances. This would give them results of 1535 

calories instead of 1403 calories. 
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PREPARATION OF OOMFOUNDS 

The preparation and isolation of many pyridine 

complex salts has been accomplished by previous workers 

using a method based upon the high solubility of ~hese 

compounds in chloroform. logan ( 5) prepared d1pyridi.mated 

cobalt and nickel complex salts of the fatty acids by 

dissolving the anhydrous simple salt 1n a mixture of chloro­

form and pyridine . The lower members of the series were 

found to be much less soluble than the higher members. The 

acetates and propionates required a considerable excess of 

pyridine to produce a reasonably concentrated solution of 

the complex in chlorq:form. 

After the chloroform solution of the complex was 

filtered through a filter paper which had been previously 

wet with chloroform, it was allowed. to evaporate to dry­

ness in the hood and the resulting crystals dried between 

filter papers and placed 1n a deasicator. The compounds 

were allowed to come to equilibrium with pyridine in an 

open vessel in the dess1cator. 

THE NICKEL SALTS 

The simple nickel salts were prepared in the 

manner suggested by Davis and Logan ( 4). The nickel 

carbonate was refluxed with the respective acid in nearly 

molecular amounts with a -little water . Care must be taken 

during refluxing that the mixture not be overheated, as 
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there is a tendency for teaming to occur from the freshly 

released carbon dioxide in the solution. 

After reflux1ng the resulting mixture which con­

tains the niokel salt, free acid, unreacted nickel car­

bonate and water was filtered . The filtrate was evaporated 

in an oven at 120°0 until a mass of f1ne powdery crystals 

was obtained . The nickel salt was then placed 1n a des­

s1cator over caustic potash ani CaCl2. 

THE COBALT SALTS 

The same procedure was followed in preparing the 

cobalt salts . Cobalt carbonate was added to the respec­

tive acid and a little water. The mixture was allowed to 

reflux slowly until no more cobalt carbonate appeared to 

go into solution. After refluxing the mixture 1s filtered 

and then carefully dried as cobalt salts tend to oxidize . 

in the air quite easily at elevated temperatures . The 

solution was placed in the oven at 8SOc and kept at that 

temperature until crystals began to appear on the sides of 

the dish. The saturated solution is then removed from the 

oven and allowed to dry slowly in a dessica.tor over caustic 

potash and Ca.C~2 • Finally the salts were washed with dry 

ether to remove the last traces of acid which may remain 

with the salt . 
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TEE NICKEL COMPLEXES 

The nickel complexes were made in a manner quite 

different from methode prev10"\.1Sly reported . Tbe nickel 

salt was merely brought in cont.a.ct. wit.h pyridine in an 

evaporating dish. !he· pyri.d1ne was allowed. to eomplet.ely 

mix and saturate the nickel aa.J..t. T.he 1mmed1a1.e torma­

t .1on of a complex ltna.s qu1te noticeable as the color o'f the 

salt ehanged rrotn green to blue whe.n the pyridine was 

added. After the addition of pyridine the complex salt 

was placed 1n a. dessica.to:r and allowed to come to .equ1l1b­

r1um with an open d1sh of pyridine 1n the dess1ea.tor... 

THE COBALT COMP!EXES 

The -oobalt ·complexes, bowever~· were prepared 1n a 

tnanner similar to that o:f Davia and Logan (4). The; 

simple method which had been previously used on the nickel 

compl.exes wae tried on the ecbalt compounds.. However, the 

co-balt compounds are leas stable and. the resulting com­

plexes decomposed lea"VillS bla~k colored residu"Ss. It was 

found that all of the cobalt complex salts were difficult-. 

ly soluble in chloroform.. Nevert-heless, with an excess o.t 

pyridine the complex will disaolve 1n chloroform.. Upon 

solution of the complex salt into the ehlorof'orm and 

pyridine mixture it was found that quick evaporation of' 

the chloroform solvent was necessary or deeo.mpos.itio·n 

would again result.. This was accomplished by using only 

http:cont.a.ct
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a limited excess of pyridine with a considerable excess o~ 

chloroform as the solvent . This p roduced a solvent which 

was. richer 1n chloroform and hence had higher rate or 

evaporation. Upon evaporation of the chloroform the com­

plex salt residue was placed in a dess1estor under a 

pyridine atmosphere and allowed to come to equilibrium 

with the pyridine. 
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ANALYSIS 

Both the simple salts and the complexes were ana­

lyzed for their metal content . The procedures used were 

those followed by previous investigators {3. 4) . In all 

cases the results were reported as percent of nickel or 

cobalt in the sample. The titration method using silver 

nitrate and potassium cyanid~ was extensively used for 

nickel {8.pp . 613- 615) . 

HEATS OF SOLUTION 

The heats of solution of pyridine, the salts and 

the complex salts were determined 1n the same manner as 

done by previous investigators (1, 2, 6, 7) . 

The calorimeter was filled with 1500 ml of 2 N HCl. 

The solid samples were placed in the sample ejector and a 

thin cover glass was cemented in place with tygon label 

glaze . The pyridine was placed in a rubber stoppered 

ejector. The ejectors were of the same design as those 

used by Bush and Rogers . 

ith the sample in place, the calorimeter lid was 

closed and the contents of the calorimeter brought to 

25°C by means of the heater. Temperature readings were 

then observed every five minutes u.ntil an even, steady 

cooling curve was obtained . When this condition was 

attained, the sample was introduced into the HCl . Tem­

perature readings were then taken in thirty second 
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intervals,. for the first five minutes., am a.t one minute 

intervals a:fter that until a maximum point was reached and 

cooling curves began to appea.r. At that t1me the reading 

intervals were increased to five minutes and continued 

until a.n even cooling curve was observed. 

With some salts particularly the corilplexes the 

reaction period was quite short, often under five minutes . 

With nickel valerate, however, the reaction period was 

very long, 4o minutes. !fh.e · attempt.s made to obtain the 

heat of solution of cobalt valerate were confronted by 

this to an even greater· dee:>ree. After an hour or so cool­

ing curves would be obtained but upon inspection of the 

contents after the run it would be observed that some ot 

the ma.tarial had remained unre&oted.. Further work is in 

progress on the heat of solution of cobalt valerate . 

The corrected temperature rise was extrapolated 1n 

the same manner as the heat capacity measurements.. The 

pyridine used had been redist11~ed through a ten plate 

Older,shaw fractionation eo1lumn. 
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TABLE II 

.HEAT OF SOLUTION OF PYRIDINE IN 2 N HCl AT 25°0 

weight sample 
(grams) 

temp . chan.ge
(correctedl_ 

heat of solution 
calor1~s per mole 

2.874 . 191 - 7980 
2. 9369 . 197 - 8100 

Average -6040 

TABlE III 

HEAT OF SOLUTION OF x ICKEL ACETATE IN 2 N HCl AT 25°C 

weight sample
(grams) 

temp . chan~e 
(corrected 

heat of solution 
calories ;eer mole 

3.9728 
3. 9550 
4. 1305 

.157 

. 153 

. 160 

- 10,670 
-10,450 
- 10,450 

Average - 10.500 

TABLE IV 

HEAT OF SOLUTION OF NICKEL ACETATE• 
2 PYRIDINE IN 2 N HCl AT 2500 

weight sample temp. chan~e heat of solution 
<erams) . {correct.eq calories per mole 

3. 9067 . 113 - 14,650 
3. 9337 . 111 - 14,430 

Average - 14,550 

http:correct.eq
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TABLE V 

HEAT OF SOLUTION OF NICKEL PROPIONATE 
IN 2 N HCl Ar 25°0 

heaft of solution 
calorie& e.r mole 

;.8169 ..176 - 14.400 

3. $)509 .•182 - 14,400 

Average - 14.400 

TABLE VI 

HEAT OF SOLUTION 0~ NICKEL PROPIONATE• 
2 PYRIDIN& IN 2 N EICl AT 25oc 

temp. chan e · heat of' solution 
.C<Jrrect~d oa.lor1es .. e.r mole 

3.9530 .118 - 16,550 

3. 9890 .120 - 16,650 
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TAlU..E VII 

HEAT OF SOLU!ION OF NICKEL BU~ 
I.N 2 N HOl AT 25°C 

heat of s6lution 
calories - ~r aol.a 

3. 8826 .157 - 14.)50 

3.9000 .154 - 14,050 

Average - 14., 200 

'l:ABLE Vlll 

HEAT OF SOLUTION OF NIOKEL BUTYRA~E· 
2 PYRIDINE llt 2 N HOl A'f 25oc 

weight sample heat of solution 
<s:ams) . ·calor1es.J2&r mol~ 

3.93'00 .088 - 13.350. 
3..8215 .082 - 12,800 

' 

3.7976 .084 - 1312.00 

Average - 13.l00 
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TABLE IX 

HEAT OF SOLUTION OF NICKEL VALERATE 
IN 2 N HCl AT 25°0 

weight sample temp. ohanse heat of solution 
<srams) (correctedl calories per de&,e& 

3.9125 .163 -16 ,550 

3.7465 .151 -16.150 

3.0031 .125 -16,600 

Average -16,400 

TABLE X 

HEAT OF SOLUTION OF NICKEL VALERATE· 
2 PYRIDINE IN 2 N MOl AT 25°0 

weight sample
(grams) 

te.mp. chan!e 
(corrected.J.. 

heat of solution 
calories per degree 

2. 781j() .067 -15,350 

1.5434 .036 -14,950 

Averase -15,200 
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TABLE XI 

HEAT OF SOUJTION OF COBALT AeftATE 
IN 2 N HCl AT 2500 

- 9,7203 •. 8313 

- 9,720 

Average - 9, 720 

3,. 8319 

TABlE XII 

HEAT OF SOLUTION OF COBALT ACETATE• 
2 PYRIDINE IN 2 N HCl AT 2500 

temp • chan e 
corrected 

3.9439 . 019 

3.4493 . • 018 

Average -2,.500 
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TABLE XIII 

HEAT OF SOLUTION OF COBALT FROP~ONATE 
IN 2 N HOl AT 25°·C 

j ­

3.7056 .137 -11,580 

3.7058 .136 - 11.470 

Average -11.500 

TABlE XIV 

HEAT OF SOLUTION OF COBALT PROPIONATE• 
2 PYRIDINE IN 2 N HOl AT 2500 

temp. cha 
corrected 

3.9714 .083 - 11.550 

4.1740 .088 - 11,670 

Average - 11.600 



TABLE XV 

HEAT OF SOLUTION OF COBALT BUTYRATE 
IN 2 N BCl AT 25°C 

4.0476 .115 - 10,050 

4.0476 .112 - 9,860 

Average - 9, 950 

TABlE XVI 

HEAT OF SOLUTION OF COBALT BUTYRATE• 
2 PYRIDINE IN 2 N HCl AT 25°0 

weight sample
(grams) 

· temp. chan~e 
(corr~ct.ed . 

heat. of solution 
calories .per degree 

3.8879 

3.94o0 

.086 

. 085 

- 13,175 

-12,900 

Average - 13,100 
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TABU: A 

ANALYSIS OF COMPOUNDS 

per cent metal 
Compound calc, Foun4 

Nickel acetate 
Nickel propionate
Nickel butyrate
Nickel valerate 

N1c~el acetate•2 pyridine
Nickel prop1onate•2 pyridine
Nickel butyrate•2 pyridine
Nickel valerate•2 pyridine 

Cobalt acetate 
Cobalt propionate
Cobalt butyrate 

Cobalt acetate•2 pyridine
Cobalt propionate•2 pyridine
Cobalt butyrate•2 pyridine 

33.1 32.72 33.06 
28.6 28.6 28.75 
25.15 28.81 25.3 
22,5 23.3 22,86 

17.5 17.40 17.25 
16.15 16.65 16.65 
15.0 15.55 15.42 
14.0 14.72 14.85 

33.3 32.81 
28.7 28.9 28.93 
25.3 25.06 26.0 

17.6 17.6 17.56 
16.2 16.0 
14.2 14.01 14.51 
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Heat of Solution of CobalT 

Propionate /n 2 N HCI at 2s·c 

1.760 

1.720 

0) 
Q.) 
~ 

~ /.680 
QJ 
a 

1.61-0 

t600 '-----....L...-.-----'----~---...__ 
0 10 20 30 

Minutes 

Figure v 



28 

Heat oF Solut-ion · or 
Cohalt Butyrate·2Pyridine 

in 2N HCI a.t 25°C 

/.680 

/.660 

/.620 

/.600 

0 10 20 30 
M inu...tes 



29 

TABlE XVII 

HEATS OF FORMATION AT 2500 

Compound heat of formation 
calories per mole 

Nickel acetate•2 pyridine -12,000 

Nickel prop1onate ·2 pyridine -13,800 

Nickel butyrate•2 pyridine -17,000 

Nickel valerate·2 pyridine -17,200 

Cobalt acetate•2 pyridine -23,200 

Cobalt propionate•2 pyridine -16,000 

Cobalt butyrate•2 pyridine -12,900 
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COMPARISON OF HEATS OF FORMATION 

The •alues tor the heats of formation of the nickel 

and cobalt series of pyridine complexes of the fatty acide 

show a. striking d1ss1m1lar1ty. The cobalt series seeme to 

confirm previous work that the lower members of the ratty 

acid series would possess a greater heat of formation of 

the pyridine complex because the oooroina.te bond 1s strong­

er than the higher moleoular weight acids. However, nickel 

completely reverses the situation. In this case the lower 

members have a smaller heat of formation than the upper 

members (Table XVII, Figure VIII). The results of ~he 

nickel salts also run counter to the previous work on dis­

sociation pressures and volume shrinkages (5,pp .12-14). 

Further work must be done to verify this conclusion. 

Since the differences between compounds were on the order 

of one to five thousand calories, these differences are 

beyond the.t of experimental error. 

The odd•even, saw tooth effect that was displayed 

1n the dissociation pressures was not observed 1n either 

ot the two series. However, the heats of solution both 

of the simple salt and the complex salt exhibited this 

etreot. Since the heats of formation were obtained by 

subtracting one heat or solution from the other, this 

effect was canceled out. Nevertheless, in nickel a slight 

http:oooroina.te
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odd~even effect does take place as d1fterenoe in heat of 

format1on between the propionate and butyrate is greater 

than the differences between acetate and propionate on one 

side and butyrate and valerate on the other. The series 

would have to be extended in order that this effect could 

be verified, 



'' 
The n1ckel (II) and cobalt (II) salts or fat.ty 

acids and the d1pyr1d1ne complexee have 'been prepared and 

analyzed. The heats ot solution of these compounds and 

pyr1d1ne were determined in 2 N HOl at 25°0 1n a oalor­

1meter. From the$8 values the heats Of formation or the 

complexes were calculated. 
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