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Abstract 
To be useful in the manufac ture  of driers, a 

earboxylic acid must  yield lead, cobalt, manga-  
nese, calcium and zinc soaps which are soluble in 
paint  vehicles and petroleum hydrocarbon thin- 
ners. The dry ing  metal  soaps of a number  of 
sa tura ted  branched chain carboxylic acids were 
prepared  to determine the relationship of acid 
s t ructure  to metal  soap solubility. I t  was found 
that  with the exception of 4-ethyl-5,5-dimethyl- 
hexanoic acid those branched chain acids con- 
taining at least six carbon atoms in the longest 
s t raight  chain yielded soluble dry ing  metal  soaps 
and were therefore useful in drier  manufacture .  
Soluble "basic" lead soaps, pale-colored manga-  
nese soaps and reddish purple  cobalt soaps were 
obtained f rom acids lacking in alpha branching. 
Alpha-branched acids yielded insoluble basic lead 
soaps, dark  manganese soaps and dark  blue- 
violet cobalt soaps. 

Introduction 

N API~ITHENIC ACID, tall oil and 2-ethylhexanoic acid 
are widely used in the manufac ture  of paint  

driers. While their  chemical s tructures differ, all 
three acids have the common characteristic of form- 
ing drier metal  soaps which are soluble in pa in t  ve- 
hicles and petroleum thinners. 

Solubility in dry ing  oils and other unsa tura ted  
vehicles is necessary for these soaps to function as 
dry ing  catalysts. Solubility in volatile hydrocarbon 
paint  thinners like mineral  spirits is also of impor- 
tance. When not in solution, the drier  soaps are gen- 
erally britt le or tacky resin-like solids, difficult to 
handle and to incorporate into paints  and varnishes. 
To overcome this difficulty, drier  soaps are supplied 
commercially as solutions in volatile hydrocarbon 
solvents at s tandardized metal  concentrations. 

Many carboxylic acids have been examined in the 
past  in order to relate their  s t ructure  to their  useful- 
ness in the manufac tu re  of driers. S t ra ight  chain 
sa turated acids, like nonanoic (1), decanoie (2), 
dodeeanoic and oetadeeanoic acids, form lead, cobalt, 
manganese, calcium and zinc soaps tha t  are insoluble 
in mineral  spirits. Some of these drier  metal  soaps 
are soluble in hot or are slightly soluble in cold sol- 
vent. However, they must  be very  soluble both at low 
and high tempera tures  to be classified as "soluble" 
and useful as driers. 

Oleic, linoleic and vegetable oil f a t ty  acids com- 
posed mainly  of these unsa tura ted  acids fo rm oil- 
soluble drier soaps. Many of them were at one time 
used commercially in the manufac ture  of driers. They 
have been largely displaced by tall oil which contains 
the same unsa tura ted  acids but  is lower in cost. 

Polycarboxylic acids fo rm oil-insoluble dry ing  
metal  soaps and therefore are not suitable as drier  
acids. 

The monoalkyl esters of phthalic and succinic acids 
fo rm oil-soluble drier soaps when the alkyl group con- 
tains at least eight carbon atoms (2). Although the 
lead soaps of octyl acid phthala te  and suecinate are 
soluble in mineral  spirits, upon aging the solutions 

develop precipi tates of insoluble lead phthalate  and 
succinate which result  f rom the hydrolysis of the ester 
group by trace amounts of water  usually present. 
Es ter  acids as a class are not useful  drier  acids be- 
cause of the relative ease with which the ester group 
hydrolyzes under  conditions of manufac ture  and stor- 
age of the drier  solutions. 

Bruson and Stein (3) synthesized and examined 
alkylated benzoic acids, alkylated benzoylbenzoic 
acids and ether acids among others for  ut i l i ty  in the 
manufac ture  of driers. They found that  opt imum 
driers resulted when the alkyl group in the alkylated 
benzoic and benzoylbenzoic acids contained five car- 
bon atoms. E ther  acids of the structure,  RO(CHf)n -  
COOH, where R is an alkyl group containing more 
than four  carbon atoms and n is a whole number  
f rom one to three inclusive, yielded very  soluble, use- 
ful  dr ier  metal  soaps. They observed tha t  the man- 
ganese soaps of these ether acids were extremely pale 
In  color .  

With the exception of the 2-ethylhexanoates, little 
has been published about the solubility of the drier  
soaps of branched chain carboxylic acids. This repor t  
describes the prepara t ion  and solubility of the drier  
soaps of a number  of branched chain sa turated car- 
boxylic acids and a t tempts  to relate the s t ructure  of 
these acids to their  ut i l i ty  in the manufac ture  of 
driers. 

Experimental 
Materials 

The carboxylic acids used are shown in Table I. 
Based on gas chromatographic  and other methods of 
analysis, the acids were at least 95% pure. 

The mineral  spirits was Varsol 1 (Humble  Oil and 
Refining Company)  containing typical ly  15% aro- 
matics, 40% naphthenes and 45% paraffins. 

The manganous sulfate monohydrate  was the 
Matheson Coleman Bell reagent powder meeting ACS 
specifications, 

The l i tharge contained 99.5% lead monoxide, the 
balance consisting of metallic lead, P b a Q  and other 
materials  insoluble in 40% aqueous acetic acid. 

The zinc oxide contained 99.5% zinc oxide and 
0.5% material  volatile at 110C. 

The calcium hydroxide contained 97.5% reactive 
Ca (OH)2  and 2.5% unreactive materials  like CaCOa, 
SiOf, etc. 

The cobalt was a fine powder 99.5% of which passed 
through a 300 mesh Tyler  sieve. I t  contained 96.6% 
cobalt metal. 

Methods of Preparation 

The drier  soaps were p repared  as solutions in min- 
eral spirits by methods current ly  employed indus- 
trially.  Cobalt soaps were p repared  by blowing air  
through a mixture  of finely divided metal, acid and 
mnieral  spirits (4). Manganese soaps were p repared  
by the double decomposition of manganous sulfate 
and the sodium soap of the acid in the presence of 
mineral  spirits (5). Calcium, lead and zinc soaps 
were p repared  by reacting the acid with either cal- 
cium hydroxide, l i tharge or zinc oxide in the presence 
of mineral  spirits (6). In  all cases, when the reaction 
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N a m b e r  of Pb  
ca rbon  a toms  Carboxyl ic  ac id  Co l~In Zn  

B a s i c  N o r m a l  Ca 

6 2 -Ethy lbu tano ic  I I S S 
2-Methylpentanoic  I I S S 
4-Methylpentanoic  I I I 

7 2 ,2 ,3 -Tr imethy lbu t  anoic I I I 
2,2 -Dimethy lpen t  anoic I I S 
2-h![ethylhexanoic I S S S 

8 2 -Ethyl -4-methylpentanoic  I I S S 
2-Ethy lhexanoic  I S S S 

9 2,2,4,4 -Te t ramethy lpen t  anoic  I S 
2 -Propyl -4-methylpentanoic  I I S S 
3 ,5 ,5 -Tr imethy lhexano ic  S S S S 
4-Ethyl -5-methylhexanoic  S S S 

10 4-Ethyl-5,  5 -d imethylhexanoic  I S S 
4-Ethyl -5-methylheptanoic  S S S 
2-Pro!oylheptanoic I S S S 

S S 
S S 
I 

I I 
S S 

S S 
S S 

S 
S S 
S S 

S S 

S S 

was complete, the reaction mixture  was vacuum-dried 
to remove traces of water  and filtered to remove un- 
reacted raw materials  or by-product  sodium sulfate. 
The drier  solutions obtained were analyzed for metal  
content and adjusted with additional mineral  spirits 
to contain 6% cobalt, 6% manganese, 24% lead, 5% 
calcium or 8% zinc. 

Stoichiometry 

The stoichiometry used in the prepara t ion  of the 
drier  solutions varied with the metal. In  p repar ing  
the cobalt, manganese and calcium driers, a 2:1 mole 
ratio of acid to metal  was employed. A neutra l  or 
normal  soap was obtained in these cases. 

A 1.5:1 mole ratio of acid to metal  was employed 
in the ease of the zinc driers. A soap was obtained 
which corresponded to the empirical  f o r m u l a ,  
Zn40(OOCR)6,  where R C O 0  represents the carbox- 
ylic acid group. This zinc compound may  have the 
te t rahedral  s t ructure  suggested by Sidgwiek (7) for 
a basic zinc acetate of the same empirical  formula.  
The zinc atoms are postulated to be positioned at the 
four corners of a te t rahedron and linked covalently 
to the unique oxygen at the center while the six car- 
boxylic acid groups span the edges of the tetrahedron. 
Each acid radical is linked covalently to two zinc 
atoms through the carboxyl group to form a six- 
membered ring with the central  oxygen atom. 

In  the case of the lead driers, both normal  and basic 
soaps were prepared.  In  p repar ing  the normal lead 
soap, a 2:1 mole ratio of acid to metal  was employed. 
A 1.4:1 mole ratio, such as is general ly used to pre- 
pare basic lead naphthenate  (8), was employed to 
prepare  the basic lead driers. Kastens and Hansen 
(6) suggested the possibility that  basic lead naph- 
thenate has an "anhydr ide"  structure,  RCOOPbOPb-  
()()CR. The lat ter  compound may  result  f rom the 
dehydrat ion and condensation of two molecules of an 
intermediate,  RCOOPbOH,  previously formed by the 
addition of one mole of acid to one mole of lead oxide. 
When a 1.4:1 mole ratio is employed, a mixture  of the 
normal soap, Pb (RCO0)2,  and the "anhydr ide"  soap, 
RCOOPbOPbOOCR,  in a 4:3 mole ratio is probably  
obtained. 

Results and Discussion 

The solubility in mineral  spirits of the drier soaps 
p repared  according to the description given in the 
experimental  section is shown in Table I. Those 
drier soaps designated as insoluble, ' T ' ,  precipi tated 
or crystallized completely or incompletely dur ing 
their  p repara t ion  or a short t ime af ter  they were pre- 

pared. Those drier soaps designated as soluble, "S", 
remained in solution for at  least six months af ter  
their prepar ta ion.  Those driers soaps for which no 
solubility designation is given were not studied be- 
cause insufficient carboxylic acid was available for 
the prepara t ion  of all the metal  soaps. 

I t  was also observed tha t  mineral  spirits solutions 
of the manganese soaps of 3,5,5-trimethylhexanoic, 4- 
ethyl-5-methylhexanoic, 4-ethyl-5,5-dimethylhexanoic 
and 4-ethyl-5-methylheptanoic acids were very  pale 
in color while the cobalt drier  solutions of the same 
acids were reddish purple.  All the other acids 
of Table I, excluding 4-methylpentanoic and 2,2,3- 
t r imethylbutanoic  acids, yielded very dark  brown 
manganese and deep blue cobalt drier soap solutions. 

Two pa t te rns  showing the relationship of the struc- 
ture of an acid to the solubility and color of its drier 
metal  soaps are evident f rom the data. 

1) Except  for 4-ethyl-5,5-dimethylhexanoie acid, 
branched chain sa turated earboxylic acids containing 
at  least six carbon atoms in the longest s t raight  chain 
yield normal  lead soaps which are soluble in mineral  
spirits. 

2) Alpha  branching' results in insoluble basic lead 
soaps, deep blue cobalt and dark  brown manganese 
soap solutions. 

The first relationship or rule is based on six ex- 
amples in Table I of soluble lead soaps of acids con- 
taining six or more carbon atoms in the longest 
s t raight  chain. The insoluble lead soap of 4-ethyl-5,5- 
dimethylbexanoie acid is the only exception. There 
are eight examples of insoluble lead soaps of acids 
containing less than six carbon atoms in the longest 
s t raight  chain. Another  example is provided by  Chad- 
wick (9) who reported that  the lead soap of 2,4,4- 
t r imethylpentanoic  acid was only slightly soluble in 
and crystallized f rom mineral  spirits. 

The second rule is based on the insoluble basic lead 
soaps of 2-methylhexanoie, 2-ethylhexanoic and 2- 
propylheptanoic  acids and nine characteristically 
colored manganese and cobalt soaps of alpha branched 
acids. In  addition, two commercial aeids, one (10) 
consisting of a mixture  of alpha disubsti tuted Clo 
acids and the other consisting of a mixture  of alpha 
disubsti tuted C9, Clo and C11 aeids, were evaluated 
for ut i l i ty  as drier  acids by  the author. Both aeids 
yielded insoluble basie (1.4 moles of acid per  mole 
of metal) lead soaps, deep blue cobalt and dark brown 
manganese soap solutions. 

A few examples in Table I indicate that  branched 
chain carboxylie acids eontaining uusubst i tuted alpha 
carbon atoms yie ld  soluble basic lead soaps, pale man- 
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ganese and reddish purple  cobalt soap solutions. Ad- 
ditional examples are provided by acids obtained 
f rom the oxo process. An oxo Clo acid (11), consist- 
ing of a mixture  of dimethyloetanoic and t r imethyl-  
heptanoic acids with closest methyl  substitution at  
the three position, gave a soluble basic lead soap, a 
pale manganese and a reddish purple  cobalt soap so- 
lution. Oleic acid also forms lead, cobalt and man- 
ganese soaps which resemble those of the alpha- 
unsubst i tuted acids. Although not branched, oleic 
acid may  be considered as belonging to this group of 
acids because it is lacking in a lpha substitution. 

Another  relationship, suggested by a comparison of 
the soluble cobalt, manganese and zinc soaps of 2- 
methylpentanoic  acid with the corresponding in- 
soluble soaps of 4-methylpentanoic acid, may be tha t  
dr ier  metal  soap solubility decreases as branching is 
fu r the r  removed f rom the carboxyl group. The va- 
l idi ty of this suggested relationship could be estab- 
lished by evaluating 3-metbylpentanoic acid and the 
various positional isomers of methylhexanoic, methyl-  
heptanoic acids, etc. 

While there is no apparen t  clear-cut relationship 
between acid s t ructure  and cobalt, manganese, zinc 
and calcium soap solubility, the first rule generally 
describes acids which yielded soluble soaps of these 
metals as well as of lead. Therefore the first rule 

should be useful in predict ing the ut i l i ty  of various 
branched chain sa tura ted  carboxylic acids in the man- 
ufac ture  of driers. On this basis, only four  methyl-  
hexanoic acid isomers of a total  of 16 branched chain 
C7 earboxylie acid isomers would be potential ly use- 
ful  in the manufac tu re  of driers. Similarly,  18 struc- 
tura l  isomers, comprising ten dimethylhexanoic acids, 
three ethylhexanoic aeids and five methylheptanoic  
acids, of a total  of 38 C8 carboxylic acids would be 
potential ly useful. Of the 88 branehed chain C9 acids, 
57 isomers containing at least six carbon atoms in the 
longest s t ra ight  chain would also be potential ly useful. 
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