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The Reaction of Picric Acid with 
I. A Colorimetric Method I 

Epoxides 

J. A. FIORITI, A. P. BENTZ and R. J. SIMS, Corporate Research Department, 
General Foods Corporation, White Plains, New York 

Abstract 
A colorimetric method has been developed for 

the analysis of epoxides by reaction with picric 
acid. Picrie acid was found to be the best of 
several acidic chromophores in its reaction with 
epoxides. Despite a nonquanti tat ive reaction, the 
product  concentration is proport ional  to the orig- 
inal concentration, i.e., it follows Beer 's  Law. 

The reaction variables were studied with methyl 
mono- and diepoxystearates, epoxidized cotton- 
seed oil and Vernonia anthelmintica oil. The gen- 
eral applicability of the method was demonstrated 
by reaction with butyl  epoxystearate, styrene 
oxide, a nmnber of 3-substituted propylene ox- 
ides and two commercial epoxy resins. 

Introduction 

E POXIDES t IAVE S H O W N  a growing industrial  impor- 
tance, par t icular ly  in the polymer field. The met- 

abolic fate of the oxirane moiety is of more than 
academic interest since some PVC food packaging 
film is plasticized with epoxidized glycerides and since 
traces of epoxides are generated in heated fats ~.ia 
the hydroperoxides (1-6).  

Most of the recent work on fa t ty  epoxides is reas- 
suring;  no toxic or carcinogenic activity can be at: 
t r ibuted to the oxirane function. Some researchers, 
however, have reported deleterious effects on growth 
rates of rats fed epoxidized soybean oil (10). Others 
have found that  the feeding of Vernonia oil (rich 
in epoxyoleic acid) results in a build-up of epoxides 
in the tissue of rats (11). I t  is clear that  the met- 
abolic fate and function of epoxides is not yet  ful ly 
understood. 

Unquestionably this lack of knowledge is largely 
due to the overall complexity of the problem but  
what has made its solution even more difficult is the 
lack of a specific, sensitive method of assay for the 
oxirane moiety. Maerker has recently summarized 
the various analytical difficulties encountered in this 
area (12). The purpose of this paper  is to show 
that  pieric acid reacts with the oxirane moiety to 
give an hydroxy picryl  ether to an extent which is 
proportional  to the concentration of epoxide present. 
Application of this pieric acid reaction to the de- 
termination of epoxides in heated oils will be dis- 
cussed in a later  paper. 

Perhaps the most specific method for oxirane de- 
termination to date is that  of Morris and Holman 
(17) in which the epoxides are converted to the 
chlorohydrins. The increase in -OH concentration is 

:z Presented in part at the First World Fat Congress, Hamburg,  Ger- 
many, in October, 1964, and at the AOCS Meeting in Houston, Texas, 
Al~ril 1965. 

measured by near inf rared  spectrophotometry. Un- 
fortunately,  this method is time consuming and its 
lower limit of sensitivity is 0.3% oxirane. I t  was 
reasoned that, if  an acidic reagent having chromo- 
phoric properties could be made to add exclusively 
to the oxirane moiety, a simple and sensitive method 
might result. Davies and Savige used 2,4-dinitrothi- 
ophenol to obtain crystalline derivatives of 1,2-epox- 
ides (18). More recently Kaufmann  and Sehickel 
have treated terminal epoxides with mereaptans (19). 

We used a number of such acidic reagents, includ- 
ing: 2,4-dinitrophenol, 2 , 4 - d i n i t r o b e n z e n e s u l f o n i c  
acid, 2,4,6'-trinitrobenzoic acid and pieric acid. Only 
trinitrobenzoie acid and picric acid showed indica- 
tions of reaction with epoxidized oils. Pierie acid 
was chosen for fu r the r  studies since it was found 
to form a colored derivative which in base gave an 
absorption maximum at a wavelength where picrie 
acid did not. This permits analysis of the derivative 
in the presence of excess reagent. This is i l lustrated 
by F igure  1. 

The probable derivative formed is that  shown in 
Figure  2. The product  is an hydroxy-picryl  ether 
(see Results).  

Experimental Procedures 
Preparation of Epoxides 

Epoxidat ion of the various products was carried 
out at 60C in benzene using standard procedures 
(13). The performic acid was generated in situ by 
reacting formic acid with 70% aqueous H202 con- 
taining a catalytic amount  of H2S04. The progress 
of epoxidation was followed by removing aliquots at 
regnlar  intervals, washing to neutral i ty  and analyz- 
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TABLE I 
F a t t y  Epoxides Prepared  

Oxirane Epoxida- 
tion a Star t ing material  Epoxide % % 

Methyl oleate cls-MethT1 
e p o x y s t e a r a t e  5.10 99.7 

Methyl elaidate trans-Methyl 
e o o x y s t e a r a t o  4.98 97.3 

Vernonia 
anthelmintica l~ethyl epoxyoleate 5.01 97.3 
Seed oil 

Ethyl linoleate Methyl diepoxystearate 9.34 95.3 
Olive oil Epoxidized olive oil 4.71 88.7 b 
Cottonseed  oil Epoxidized 

Cottonseed  oil 6.11 85.8 b 

a B a s e d  on the  theoret i ca l  ox irane  content .  
b Computed from iodine value determinat ions .  

ing for epoxides by the standard method (14). The 
reaction was terminated by water-washing to remove 
the excess H20e, shaking 5 rain with 50% NaOH and 
rewashing to neutral i ty.  The solvent was removed 
under  reduced pressure and the final oxirane value 
was determined. 

In the case of methyl  oleate, methyl  elaidate, olive 
oil and cottonseed oil, a high degree of epoxidation 
was obtained (see Table ]) and no fur ther  concen- 
t ra t ion was attempted. Methyl epoxyoleate (methyl 
cis-12:13-epoxy-cis-9:10-octadecenoate) was prepared 
by the method of Bar fo rd  et al. (16) from Vernon~a 
anthelmintica seed oil containing 4.]7% oxirane. 
Methyl diepoxystearate was prepared from 95% ethyl 
linoleate (L. Light  & Co., Ltd.) .  Epoxidat ion of this 
to an oxirane content of 8.32% was followed by base 
catalyzed transesterifieation in refluxing methanol and 
a double reerystallization at - 20C  in 30-60C petro- 
leum ether (16). The final product  had an oxirane 
content of 9.34%, and a melting point of 29-31C. 
Table I lists the various fa t ty  epoxides prepared and 
their purities based on the theoreetical oxirane values. 

Preparation of Propylene Oxide Picrate 
In  a glass-stoppered flask 30 ml of propylene oxide 

(Matheson Coleman and Bell, bp 34-35C) and 10 g 
of pierie acid (J. T. Baker Reagent) were mixed. 
The reaction was exothermic, and the solution turned 
bright red immediately. To remove excess propylene 
oxide, 50 ml of 2% NaHC03 solution was added to 
the flask, and the solution was extracted three times 
with 50 ml of diethyl ether in a separatory funnel. 
The ether-extracted bicarbonate solution was acidified 
with concentrated tiC1. Upon standing at - 5 C  a 
light green crystalline precipitate (rap 92-95C) and 
a greenish amorphous product  separated. The two 
were separated manual ly  and the crystalline product  
was recrystallized from 95% ethanol at -20C.  The 
0.5 g crystalline product  recovered was light yellow 
with a greenish hue, mp 94-97C. In f ra red  (IR) and 
nuclear magnetic resonance (NMR) data showed it  
to be the picric ether of propylene oxide. A 0.001% 
solution of the product  in 1% NaOH in 20% aqueous 

TABLE II 

Spec trophotometr i c  D a t a  in B a s i c  E t h a n o l  

~Iax. (m~) Min. (mr0 

Picr i c  acid 358 284 
Trin i t roan i so l e  414 31 O 

485-488 452-454  
Ficric  acid der ivatve  of 415-417 

p r o p y l e n e  oxide 465-480 448-450 
Picr ic  acid  der ivat ive  of 417 326-330 

methyl epoxystearate 458-462 448-452 
P i c r i c  ac id  der iva t ive  of  417 314 

epoxidized olive oil 457-460 451-454 
Picric  acid der iva t ive  of 414 350 

methyl diepoxystearate 486-489 451-454 
P i c r i c  acid derivative of 417 329-334 

epox id ized  cot tonseed oll 478-483 451-454 
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FIG.  2 

ethanol gave maxima at 414-417 and 475-485 m~ 
with respective molar absorptivities (E)  of 27,000 
and 18,800. 

P i c r a t i o n  P r o c e d u r e  

The general technique employed is to weigh a sam- 
ple of oil (0.04-0.4 meq oxirane) into a 10.0 ml vol- 
umetric flask and dissolve in about 5 ml of ether. 
Next, 2.0 ml of 0.25 M picric acid solution (in ethanol) 
is added and the solution is made to volume with the 
ether and mixed. The flask is allowed to stand at 
room temperature  (24 _+ 2C) unti l  maximum color 
formation results (usually 12-48 hr)  at which time 
1 ml aliquots are withdrawn and diluted to 50.0, 
100.0 or 200.0 ml with basic ethanol solution (1.0% 
N a 0 H  in 80% aqueous ethanol made by mixing 20 
ml 5% NaOH with 80 ml 95% ethanol) and the 
optical density is read at 490 m~ within an hour 
of dilution. A similar dilution is made with picric 
acid and its absorption at 490 m~ is subtracted as 
a blank value. The Cary Model 14 Recording Spec- 
trophotometer  equipped with 1 cm quartz cells was 
used for all prel iminary work. The Beckman Model 
B was used for subsequent analytical work. 

Results 

Table I I  gives speetrophotometric evidence for the 
formation of a pieryl  ether derivative. After  react- 
ing cis-methyl epoxystearate, epoxidized olive oil and 
other epoxy methyl esters and epoxidized oils (not 
included for  tlle sake of brevity) a ra ther  sharp 
peak at 415-420 m~ appears along with a smaller 
broader peak at 465-490 m~. 

Figure  3 shows the IR curve for trans-methyl epox- 
ystearate before and af ter  reaction with picric acid. 
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TABLE III 

l%eaetion of l~atty Epoxides with Pieric Acid--Rate of Color Formation 
at 0.050 i~ Picrie Acid and 0.040 Id Oxirane 0oneentration 

Optical Density @ 490 m/~ a 
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T A B L E  IV 

Methyl Diepoxysteara te-Picr ic  Acid Reac t ion-Concent ra t ion  Var i ab le  

Optical  dens i ty  a t  490 m/~ a 

cis-lV[ethyl trans-lClethyl M e t h y l  Time Methyl  
(h r )  epoxy- epoxy- epoxyoleate diepoxy- 

s teara te  s tearate  s tearate  

0.5 0.768 0.270 0.470 0.279 
1 1.230 0.518 0.865 0.498 
2 1.745 0.905 1.520 0.850 
3 1.985 1,285 1.820 0.993 
4 2.090 1.575 2.073 1.063 
5 2.140 1.770 2.220 1.090 
7 2 .160 2.040 2.560 1.225 

12 2.305 2.550 2.740 1.200 
24 2.240 2.730 2.740 
30 ........ 2,740 

a 1.0 ml a l iquots  read a t  1 : 9 9  or 1 : 1 9 9  d i lu t ion  in  8 0 %  e t h a n o l - -  
20% aqueous 1.25 N NaOH.  

Oxirane conc. 0 .040 / i f  0.020/~I 0.020 1%1 0.008 
P ie r i e  cone. 0.050 M 0.050 M 0.025 M 0.050 ]~ 

Time (h r )  
0.25 0.175 0.083 0.060 0.045 
0.50 0.275 0.145 0.075 0.070 
1 0.535 0.260 0.137 0.110 
2 0 .605 0.425 0.270 0.180 
3 1.000 0.515 0.355 0.220 
4 1.110 0.560 0.430 0.240 
6 1.260 0.630 0.535 0.290 

22 1.190 0.595 0.610 0.240 
95 0.980 0.585 0.585 0.195 

a The samples read  a t  1 to 99 d i lu t ion  in  80% e t h a n o l - - 2 0 %  aqueous 
1.25 N EACH. 

Besides the format ion of a sizeable -OH peak at 3400 
em -1, there is a small aromatic  -CH peak at 3100 
cm -1, a metasubst i tuted phenyl  peak at 1610 cm -1 
and NO2 asymmetr ic  and symmetr ic  s tretching at 
1545 cm -1 and 1343 cm -1, respectively. 

The NMR data  in F igure  4 shows tha t  the epoxy 
hydrogens of cis-methyl epoxystearate  (2.75 ppm)  
disappear  when it is reacted with pierie acid and 
that  an aromatic  peak at  8.9 p p m  results. Similar 
results were obtained with other model epoxides. 

Under  the same conditions different epoxides re- 
act at different rates (Table I I I )  and to a different 
extent (see Discussion). The amount  of color formed 
reaches a max imum and then decreased gradually.  
As Table I V  shows, and as was verified by similar 
data  obtained f rom other epoxides, the color forma- 
tion is always direct ly proport ional  to the oxirane 
concentration, and Beer ' s  Law is adhered to both 
pr ior  and af ter  reaching this maximum. The curves 
for  trans- methyl  epoxystearate  and for  methyl  epox- 
yoleate would coincide with Curve A and are not 
included. 

Discussion 

I n  order to develop an analytical  method it  was 
necessary to examine the reaction conditions (sol- 
vent, temperature ,  pH,  etc.) and to determine the 
probable mechanism, rate  of format ion of product  
and extent of reaction. The mechanism of color for- 
mation in base had to be explained. ~{ost impor tan t  
of all, however, was establishment of the fact  tha t  
the color intensi ty  vs. concentration followed Beer ' s  
Law. 

The solvent chosen for most of the work consisted 
of 80 par t s  of ethyl ether as a good fa t  solvent, and 
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tr 'ze. 4. NMR spectra of methyl expoxystearate and its picrate 
derivative. 

20 par ts  of 95% ethanol as a picric acid solvent. 
The reaction was found to proceed very  well at room 
temperature .  Addit ion of base to the derivat ive caused 
it to tu rn  orange-red. This change results in the 
format ion of a peak in the 470-490 m~ region which, 
as a l ready mentioned, is characterist ic of the absorp- 
tion spect rum of tr initroanisole in base. Since pieric 
acid has little absorption in strong base in this region, 
it was chosen for  the oxirane determination.  We 
have speculated briefly on the nature  of the colored 
species in base. Classically, we would expect the 
chromophore to be generated as shown in F igure  6. 

Although base is required to develop the colored 
species, the actual  derivat ive format ion  is inhibited 
by base and the reaction must  be carr ied out on the 
acid side. Thus, the rate of reaction is significantly 
reduced if the ether in the reaction is replaced by  
the more basic t e t rahydrofuran .  This indicates a bi- 
molecular reaction with nucleophilic a t tack on the 
protonated oxirane ring. 

The r a t e  of format ion of picrate  derivatives was 
studied as a funct ion of concentration, t empera tu re  
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T A B L E  u 

Ex ten t  of P i c r a t i on  of Model Epoxides a 

Optical  
Sample  Dens i ty  ~ I n f r a r e d  Q NMR a 

c's-Methyl epoxystearate 26.5 23.9 31.7 
trans-Methyl epoxystearate 29.3 25.9 25.5 
Methyl vernola te  (epoxyoleate) 33.4 a 33.4 ~ 33.4 
Methyl diepoxystearate  22.7 21.1 20.6 

a Visible and i n f r a r ed  values were based on the methyl  vernola te  NMR 
value.  

b Read  at  490 m~ on solut ion con ta in ing  40 /~moles/liter. 
e Calculated f rom the m-phenyl (1610cm -1) r carbonyl  (1735cm -1) 

ratio.  
d Calculated f rom the methoxyl g roup  as the in t e rna l  s tandard .  

and solvent. To determine the effect of concentration 
on the rate  and extent of reaction, methyl  diepoxy- 
s tearate  was reacted at three concentrations with a 
given amount  of picric acid as shown in Table IV. 
At  0.05 M picric acid concentration, the reaction is 
essentially complete in 3-6 hr  and af ter  this opt imum 
time the color fades slowly�9 At  lower picric concen- 
t ra t ion it  is slower initially, but  a t ta ins  the same 
final value. 

Since the presence of ether was found to catalyze 
derivative formation,  it was not pract ical  to work at 
higher than  room tempera tu re  without  designing a 
more elaborate reaction set-up. Exper iments  below 
room tempera tu re  showed that  the rate  but  not the 
extent of reaction is affected. 

The na ture  of the solvent, on the other hand, was 
found to affect both. The s tandard  solvent (20% 
ethanol in ether) was found, in subsequent studies, 
to sacrifice some sensitivity for  a fas ter  reaction rate. 
Replacement  of the 20% ethanol in the reaction mix- 
ture with ether, chloroform, or toluene, diminished 
the rate  of color format ion but  the extent of picra- 
tion was more than doubled. If ,  on the other hand, 
the amount  of ethanol in ether was increased to 40 
or 60%, the rate  as well as the extent decreased, i.e. 
the level of 20% ethanol gives a good reaction rate  
with a reasonable conversion. 

Methyl diepoxystearate,  cis and trans-methyl epoxy- 
s t e a r a t e ,  Vernonia seed oil c o n t a i n i n g  cis-12:13- 
epoxy-cis-9:10-octadecenoic (epoxyoleie) and cotton- 
seed oil were reacted at various concentrations in 
the s tandard  solvent containing 0.05 M picric acid. 
Even though Figure  5 shows values at the time of 
maximum color formation,  it is to be noted that  
Beer ' s  Law is followed both pr ior  to and af ter  this 
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point. F rom this figure the main disadvantage of 
this method becomes apparent .  The amount  of de- 
r ivative (color) format ion is dependent  on the type 
of epoxide being attacked. Thus, unsatura ted  mono- 
epoxide (Curve  A) gives the greatest  amount  of 
picryl  ether derivative, followed by saturated mono- 
and diepoxides (Curves B and C). Curve D is for  
epoxidized cottonseed oil which contains about 25 
mole per cent mono- and 75 mole per  cent diepoxide 
and hence should be between B and C, closer to C. 

I t  should be noted that  Curve C (diepoxide) has 
exactly half  the slope of Curve B (monoepoxide).  
The concentrations of epoxides in F igure  5 were de- 
termined by H B r  t i t rat ion and represents the total  
originally present.  If,  however, we take into consid- 
eration the observed fact  tha t  the diepoxide forms 
a monopicrate derivative, i.e. a mole of diepoxide is 
only one equivalent, then a plot of optical density 
vs. equivalents of epoxide per  li ter would superim- 
pose Curves B, C and D. 

Table V shows the differences found among four  
model epoxides, all reacted under  similar conditions 
to opt imum color development, water-washed free of 
pieric acid, freed of solvent and assayed. 

The extent of picration was determined by three 
independent  methods:  visible and Il~ spectrophotom- 
e t ry  and Nh[R. The lat ter  is the only absolute method, 
i.e. the amount  of picrate hydrogens (aromatic H ' s  
a re  c o m p u t e d  u s i n g  the m e t h y l  es ter  h y d r o g e n s  
(OCH3) as the in ternal  s tandard.  The NMR value 
for  the pierat ion of epoxyoleate was arb i t ra r i ly  as- 
signed as the value for the visible and I R  determi- 
nations so tha t  the other epoxide values could be 
calculated. (The visible and I R  methods are relat ive:  
optical density of colored species in the visible; ra- 
tio of m-phenyl  to carbonyl  peaks in the inf ra red) .  

T A B L E  VI 

Optical Dens i ty  of P ic ra ted  Commercial  Epoxldes  
(All  Solut ions 0.02 M in  Oxirane)  

Equiv .  
Sample w t f  

Optical  densi ty  @ 490 m~r 

6 h r  24 h r  45 h r  90 h r  

1. 1 ,2-Butylene oxide a 72.1 
2. Glycidol b 74.0 
3. Ep ich lo rohydr in  b 92.5 
4. 1,2-Epoxy-3-isopr opoxy propane  b 116.2 
5. Styrene oxide c 120.1 
6. Phenyl  glycidyl  ether d or 

�9 1,2-Epoxy-3-phenoxypropaneb S 150.2 
8. Dipentene  dioxide a 84.1 
9. Benzalacetophenone epoxide d 224.5 

10. 3,4-Epoxy-6-methyl cyolo- 140.2 
hexylmethyl-3,4-epoxy-6- 
methylcyelohexane- 
carboxylate a 

11. Glycidyl  s tearate  d 340.5 
12. K P  90 e 408 
13. Epon  820 (20)  190 
14. Epon  1031 (20)  257 

a. CHC13 
b- E t e 0 / C H C l u  ( 1 : 4 )  
c. E t 0 H / C H C l s  ( 1 : 4 )  

0.761 0 .876 0.870 0.850 
0.460 0.571 0.569 0.548 
0.059 0.167 0 .3 ]9  0.506 
0.376 0.652 0.730 0.713 
0.848 0.710 0.590 0.213 
0.186 0.447 0,670 0.776 
0.185 0.451 0.687 0.797 
0.050 0 ,038 0 .026 0.018 
0.114 0.216 0.321 0.386 
0.370 0.361 0.357 0.343 

0.088 0.233 0.366 0.460 
1.106 1.152 1 .114 1.107 

0 .216 0.522 0 .740 0.814 
0.032 0 .020 0.060 0.077 
........ 0 .063 0.169 0.207 
........ 0 .254 0 .464 0.505 

a j .  T. Bake r  Chem Co. 
b E a s t m a n  Organic  Chemicals. 
r Matheson Coleman & Bell. 

d Suppl ied  by G. Maerker,  Ea s t e rn  Reg iona l  Laboratory ,  USDA,  Phi la . ,  Pa.  
e B u t y l  Epoxys teara te  (3 .9% Epoxide)  f rom Stoney Mneller,  Inc. ,  L i n d h u r s t ,  N.J.  

Calculated as molecular  weight  d iv ided  by the n u m b e r  of epoxide groups ,  a s suming  1 0 0 %  pur i ty ,  except for the E p o n  resins  which are based 
on the epoxy equ iva len t  weight  de termined by t i t r a t ion  (20) .  
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The results are tabulated in Table V. Agreement 
is quite good by the three methods (within 4% ab- 
solute) with the exception of an inexplicably high 
NMR value for cis-methyl epoxystearate. F rom the 
NMR curves, it is also possible to determine the 
amount of OH formed per mole of compound. The 
following OH values/mole were obtained: cis-methyl 
epoxystearate 1.30; trans-methyl epoxystearate 1.07; 
methyl vernolate (epoxyoleate) 0.96; methyl  diepox- 
ystearate 1.50. Thus, approximately one OH is gen- 
erated per mole of original oxirane. The relatively 
low OH, the disappearance of oxirane and incom- 
plete reaction with picric acid, raise the question of 
the fate of the oxirane moiety. IR and NMR showed 
no appreciable carbonyl formation. The possibility of 
ethyl ether formation by reaction with solvent (15) 
was precluded by NMR examination. Dimerization 
was shown not to occur appreciably by cryoscopic 
molecular weight determinations which showed an in- 
crease of only about 15% above that  accounted for 
by derivative formation. I t  is felt  that,  despite the 
foregoing unresolved questions, the method because 
of its high sensitivity has a distinct usefulness. 

This method was shown to be appreciable to a 
number of different, commercially available, epoxides 
(see Table VI ) .  

The extent  of reaction appears to level off at about 
45 hr in all cases, with the exception of styrene oxide 
which shows a steady decrease af ter  6 hr. The re- 
action proceeded to vary ing  extents, depending on 
steric and electronic factors (see Table VI I ) .  Only 
one of all the compounds shown in Table VI  failed 
to react to an appreciable extent, namely dipentene 
dioxide, which very  likely undergoes rear rangment  
under  the acidic conditions employed. All epoxides 
were examined in the s tandard e ther /e thanol  solvent 
with the exception of Epon 1031 which was insoluble. 
Reaction was at tempted first in chloroform, then ether 
/chloroform and finally ethanol/chloroform to obtain 
a reasonably good reaction rate. 

Nearly all of the epoxides tested (including the 
Epons) have terminal groups. A notable exception 
is the K P  90 (butyl  epoxystearate) which has by 
far  the largest optical density at all times. Thus, 
that  epoxide which most resembles those derived from 
fats, reacts to the greatest extent. 

TABLE VII 

Variation of Reactivity of 3-Substituted Propylene Oxides 
with Polarity of Substituents 

R--C/I~---CH C/f2 
\ / 

o 

R O.D. @ 490 mlz 
after 45 hr 

OHm--- 0.870 
CH8 \ 

C / I - - O - -  0.730 / 
CHa 
r  0.678 
H O - -  0.571 
C1-- 0.167 

The method has been found to be par t icular ly  well 
suited to the determination of epoxides in heated fats 
where the oxirane level is often less than 0.1% and 
where interfer ing substances such as a, fl-unsaturated 
carbonyls, conjugated dienols and cyclopropenes make 
t i l e  s t a n d a r d  H B r  t i t r a t i o n  m e t h o d  ( 1 4 )  
unsatisfactory. 
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Water-Solubilizable Oxazoline 
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Polyester Coating Resins 

Abstract 
Prepara t ion  of water-soluble coating resins was 

at tempted by reaction of linseed acids with an 
aminopolyol, tris (hydroxymethyl)  aminomethane, 
and then with itaeonic acid. The amino alcohol 
reacts with linseed acids to form amides and 
then oxazolines. The oxazolines undergo ring- 
opening to increase their  funct ional i ty to greater 
than two. The oxazoline-polyester resins are only 
par t ia l ly  water-soluble, but  homogeneous aqueous 
solutions are formed by addition of isopropyl 
alcohol and neutralization with an amine. Fi lm 
properties are described. 

Presented at 148th ACS Meeting, Chicago 1964. 
No. Utiliz. Res. and Dev. Div., ARS, USDA. 

Introduction 

T 
HE CO~IBINATION of air-drying ability and water 
solubility is a requirement hard to meet in a 

coating vehicle. Such a vehicle must be sifficiently 
hydrophilic in character to be soluble in aqueous sys- 
tems yet retain enough unsaturat ion to form an air- 
dried water-insensitive film. Addition of such reagents 
as e thylene or propylene oxides of linseed acids can 
lead to water-soluble products deficient in drying 
power. This deficiency is caused by the fai lure of 
these reagents to increase the drying funct ional i ty of 
linseed acids. Alkyd-type resins can be prepared con- 
taining an excess of hydroxyl  or acid groups to 
achieve water  solubility. Salts of acids are partic- 
ular ly  effective in solubilizing long carbon chains. A 
fugitive base, such as ammonia or a reasonably vol- 


