
Free Radicals in Alkaloidal Color Identification Tests 
By DAVID W. SCHIESER* 

A number of color tests for alkaloids, some appearing in the U.S.P. and N.F., have 
been studied by electron paramagnetic resonance (e.p.r.) s osco y with the 
ultimate aim of ascertaining the chemical species res nsible =he cokrs. In the 
case of the Marquis test for opium alkaloids, in whicrpn intense purple is produced 
at once with morphine and quickly changes to deep blue-violet, it IS shown that a 
different free-radical spectrum appears concurrently with each of these colors. Data 
are presented on the e.p.r. s ectra of radicals thus formed from various alkaloids and 
several synthetic compoun8s. These conditions also produced free radicals from 
phenol and benzene; therefore, it is suggested that the site of radical formation in 
the alkaloids studied is the aromatic group. No roposal for a chemical mechanism 
is made, but it is suggested that a common mecganism is involved when aromatic 
compounds are treated with the Mar ‘s reagent. Free radicals have also been ob- 
served in other color tests for nlkaloix such as the Mecke test for morphine. Like 

the Marquis test, the latter also uses concentrated sulfuric acid as solvent. 

N IDENTIFICATION test for morphine sulfate A appearing in the U.S.P. XVI (1) involved 
treatment of morphine sulfate with a reagent 
consisting of a dilute solution of formaldehyde in 
concentrated sulfuric acid. An intense purple 
is produced at  once which quickly changes to 
deep blue-violet. The reagent is sometimes 
referred to as the Marquis reagent for opium 
alkaloids (24).  The test is described in other 
references (5) dealing with the identification of 
morphine. Conversely, the application of this 
color reaction with opium alkaloids is used as a 
very sensitive test for formaldehyde (6). 

The test is not entirely specific for morphine 
or modified morphine type alkaloids. Colors 
are obtained with many aromatic compounds. 
For example, phenol and benzene give a qualita- 
tive red to brick-red color with this reagent. 
The test is referred to by Feigl (7) as the “Le 
Rosen Test for Aromatic Compounds,” where 
the proposed reaction for the test involves the 
condensation of 1 mole of formaldehyde with 2 
moles of the aromatic compound. Following 
the condensation step, oxidation by sulfuric 
acid occurs to produce unidentified colored 
quinoidal products. 

Previous work in this laboratory has shown 
that free radicals can be stabilized in concen- 
trated solutions of sulfuric acid (8). Quhoidal- 
type free radicals are known to occur in alkaline 
solution (9) and have also been reported to occur 
in acid solution (10). Hence, it was decided to 
examine several color tests by e.p.r. spectroscopy 
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to determine if the colors were due to free 
radicals. 

This work reports free radicals to be present in 
colored mixtures produced by the Marquis 
test as well as examples of free radicals occur- 
ring in colored mixtures produced by other 
tests in which sulfuric add is the reaction sol- 
vent. In most cases the observed e.p.r. spectra 
exhibited a time dependency and indicated 
mixtures of free radicals. 

EXPERIMENTAL. 

The e.p.r. spectrometer used in this study was 
previously described (11). This was modified by 
addition of a Varian 100-kc. field modulation and 
control unit, a Varian multipurpose cavity, and a 
ilat sample cell (0.04 ml.). Good reviews of the 
technique and theory of e.p.r. spectroscopy are avail- 
able (12). 

The Marquis reagent was prepared by adding 1 
ml. of 40% aqueous formaldehyde (Baker analyzed 
reagent) to 25 ml. of concentrated sulfuric acid 
(Baker and Adamson reagent). A dilute Marquis 
reagent was prepared using one-tenth of the above 
amount of formaldehyde in the same quantity of 
concentrated sulfuric acid. The Marquis reagents 
were freshly prepared every 2 or 3 days during the 
course of the e.p.r. measurements. 

The Mecke reagent was prepared by adding 0.1 
Gm. of selenous acid (Fischa analyzed reagent) to 20 
ml. of concentrated sulfuric acid. 

The Froehde reagent was prepared by adding 0.1 
Gm. of sodium molybdate (Baker and Adamson 
reagent) to 100 ml. of concentrated sulfuric acid. 

The Erdmann reagent was prepared by adding 10 
drops of concentrated nitric acid (Baker and Adamson 
reagent) to 20 ml. of concentrated sulfuric acid. This 
reagent was prepared immediately before use. 

The perhydrol reagcnt was prepared by adding 1 
ml. of 30% hydrogen peroxide (Baker analyzed re- 
agent) to 20 ml. of concentrated sulfuric acid. 
This reagent was prepared immediately before use. 

Three general methods were used for the prepara- 
tion of solutions for e.p.r. spectral determinations. 
(a) Approximately 1 ml. of dilute Marquis reagent 
or other color reagent was added to 0.01 mmole of 
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TABLE I.-RESULTS PROM E.P.R. SPECTRA OF COLORED MIXTWS RESULTING FROY TREATMENT BY 
MARQUIS REAGENT OF ALKALOIDS AND SYNTHETIC COMPOUNDS 

__- 
Parent Compd. 

Morphine 
Morphine 
Morphine 

Codeine 
Codeine 
Codeine 

Pseudomorp hinea 
Apomorphine 
Apomorphine 
Apomorphine 

Papaverine 
Meperidine 

Benzene 
Salicvlic acid 
P h e d  
2 6-Dimethyl phenol 

2,6-Dimethyl phenol 
2,B-Dichloro phenol 

Final Time After Mixing Linw. 
Concn.. M and Color No. 
0.01 
0.01 
0.005 

0.01 
0.01 
0.005 

0.01 
0.01 
0.01 
0.005 

0.02 
0.005 

0.5 
0.5 
0.3 
0.1 

0.1 
0.1 

10 rnin. red-violet 
130 min. blue 
Mixtureof solns. violet to 

red-brown 
10 min. red-violet 
48 hr. red-brown 
Mixture of solns. blue- 

Brick-red or burgundy 
5 rnin. green to blue 
20 rnin. blue-green 
Mixture of solns. blue- 

veep 
Red-violet 
Mixture of solns. red or 

brick-red 
Brick-red 
Red 
Brick-red 
2 hr. deep brick-red 

24 hr. deep brick-red 
Red-violet 

violet to reddish brown 

7 
4 
37 + 
7 
3 
3 

Unresolved 
More than 4 

4 
4 

Unresolved 
Unresolved 

Unresolved 
Unresolved 
Unresolved 
15 Doublets 

15 
8 o r  10 

Splitting 
m Gnus  
4.5 
9.0 

Varied 

4.6 

6.2 
... 

... 

... 
9.9 
10.6 

... ... 

... 

. . .  ... 
1.92, 

1.36.0.3 
1.32 
7.5 

e Value 
2.00305 
2.00345 
2.00345 

2.00301 
2.0031 
2.00261 

2.0030 

2.0032 
2.0030 

2.0030 
. . .  

... 

... 
2.66267 

2.00266 
... 

0 ThiS sample was of questionable purity. 

solid alkaloid or synthetic compound. With respect 
to the dilute Marquis reagent, this represents a five- 
fold molar excess of formaldehyde. (b) Solutions 
of morphine sulfate U.S.P., codeine sulfate N.F., 
apomorphine hydrochloride, U.S.P., and 2,6-di- 
methylphenol (Eastman White Label) were pre- 
pared in concentrated sulfuric acid a t  0.01 M con- 
centrations. The solutions did not exhibit color 
formation even when allowed to  stand for 1 week at 
room temperature. In an attempt to  avoid com- 
plications due to the presence of a solid, the solutions 
were mixed with an equal volume of the dilute 
Marquis reagent or with a few drops of the pre- 
viously mentioned color reagents immediately before 
the e.p.r. spectral determinations. (c) In a few 
instances radicals were not detectable at the above 
concentrations. In these cases the problem w a s  
overcome by either increasing the concentration of 
the solute or color reagent or both. 

As soon as practical after the colored solutions 
were prepared e.p.r. spectra were obtained. Five to 
10 minutes were usually required to  measure the 
first spectrum. The spectral measurements were 
repeated at time intervals for several hours in those 
instances where a change in spectrum was apparent 
within 1 hour. 

The g values' and hyperfine splittings of the 
spectra were obtained by simultaneously observing 
the spectrum of a 0.01 M solution of peroxylamine 
disulfonate (Aldrich Chemical Co.) in concentrated 
ammonia in a capillary fastened to  the outside of the 
sample cell. The e.p.r. spectrum of a solution of 
peroxylamine disulfonate has been shown (13) to  
consist of three sharp peaks split by 13 gauss and 
with a g value of 2.00569. 

1 The g value is a property of a free radical relating the 
center of its e.p.r. spectrum to  the magnetic field and the 
spectrometer frequency. See Blois, M. S., Jr., Brown, H. W., 
and Maling, J. '3.. Arch. Sci .  (Gcltcoo),,!3. 243(1960); and 
"Free Radicals in Biological Systems. Proc. Symposium. 
Stanford Calif. (1960) pp. 117-131. The true gvalue cannot 
be deterahined ih cases h e r e  there are mixtures of free radicals 
present, but it  isbevertheless a convenient notation for the 
location of the center of the spectrum and has value in corn- 
oaring spectra in this report. 

RESULTS AND DISCUSSION 
The e.p.r. spectral data in Table I indicate that 

the action of the Marquis reagent produces free 
radicals with a variety of compounds. At room 
temperature no e.p.r. signals were observed in the 
Marquis reagent or in the sulfuric acid solutions of 
the compounds studied. The e.p.r. spectra of sev- 
eral of the colored solutions were observed to change 
with time (Table I). In each of several instances, a 
mixture of free radicals was indicated by the asym- 
metry of the e.p.r. spectrum. Normally, a single 
free radical shows an e.p.r. spectrum which is ap- 
proximately symmetrical about a central point (12). 
In addition to the information given in Table I, 
measurements of concentration of free radicals were 
determined for a number of the spectra by double 
integration and comparison with a standard free 
radical spectrum (1,ldiphenylpicrylhydrazyl). The 
results from these calculations showed some varia- 
tion, but in all cases it was within the range of 0.1 to 
10% of the molar concentration of the parent com- 
pound. 

Figure 1-A shows the e.p.r. spectrum of a solution 
prepared by adding dilute Marquis reagent to solid 
morphine sulfate. The same solution after a lapse 
of 2 hours yielded the spectrum in Fig. 1-B. When a 
solution of morphine sulfate prepared by method 
(b) was treated with the dilute Marquis reagent, 
a different spectrum was obtained, as shown in Fig. 2. 
The lack of symmetry of the spectrum probably 
indicates the presence of two or more radicals. 
While differing in appearance from Fig. 1-B, the 
spectrum in Fig. 2 has the same g value and could 
be a better resolved spectrum of the same free 
radicals. On the other hand, the dissimilarity in 
color of the two morphine solutions (Table I) would 
indicate the possibility of different free radicals. 

The e.p.r. spectrum obtained 10 minutes after 
addition of dilute Marquis reagent to  solid codeine 
sulfate is apparently identical with that obtained 
from morphine under the same conditions. After 
a lapse of time the two compounds no longer have 
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Fig. 1.-E.p.r. spectra 
of a solution prepared by 

A , .  I I n the action of dilute 
Marquis reagent on solid 

xphine sulfate. 

P c 3 
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IN SOLUTION 

Fig. 2.-E.p.r. spectrum 
of a solution prepared by 
the action of dilute Mar- 
quis reagent on a sulfuric 
acid solution of morphine 
sulfate. The center of 
the spectrum is marked 
(XI. 

identical spectra, showing a difference in g values 
and in the number of hyperfine lines (Table I). 
The spectrum of the solution prepared from codeine 
by method (b) is similar to the secondary codeine 
spectrum from the solid. 

The action of dilute Marquis reagent on apomor- 
phine also produces a time-varying e.p.r. spectrum, 
but the initial spectrum was so transient that a 
complete graph was not obtained. The initial 
multilined spectrum changed rapidly to  a broadened 
four-line spectrum. A solution of apomorphine in 
concentrated sulfuric acid treated with dilute Mar- 
quis reagent yields an e.p.r. spectrum which is 
comparable to the broad four-line spectrum having 
the same g value as that obtained from the solid. 

The e.p.r. spectrum of the solution resulting from 
the treatment of papaverine with undiluted Marquis 
reagent consists of a single broad line which has the 
same g value as the initial spectra of solutions pro- 
duced by the application of the same reagent to 
morphine, codeine, and pseudomorphine. 

Fig. 3.-E.p.r. spectrum of a mixture prepared by The action of the undiluted Marquis reagent on 
the action of Marquis reagent on phenol. The both benzene and phenol produced colored solutions 
sample contained a precipitate. with precipitation. Adjustments of concentrations 

b aco COLOU 
0 0 "  + " 2 t O  C o n r q S O L  
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to  produce highly colored solutions without pre- 
cipitation and also a well-resolved e.p.r. spectrum 
were unsuccessful. Solutions which were sufficiently 
dilute to eliminate precipitation showed no detecta- 
ble concentration of free radicals. Hence, the spec- 
tra reported in Table I and illustrated in Fig. 3 
were obtained from solutions which contained pre- 
cipitates. The lack of resolution in these spectra 
(Fig. 3) is probably due to the presence of mixtures 
of free radicals, some of which may be in the solid 
state. 

The e.p.r. spectra obtained from solutions formed 
by the action of the undiluted Marquis reagent on 
meperidine and salicylic acid consist of broad single 
lines. Because of the unresolved nature of these 
spectra, the only possible inference is that free 
radicals are also formed in these two cases. 

Since the only similarity in chemical structure of 
all the compounds shown above to produce free 
radicals by the action of the Marquis reagent is the 
aromatic ring, it is concluded that the ring is the 
site of the odd electron. The role of aromaticity in 
stabilizing free radicals is well known (12). 

The reactions of the Marquis reagent on aromatic 
compounds, including alkaloids containing aromatic 
groups, may be similar to the acid-catalyzed reac- 
tions of the phenol-formaldehyde polymerization 
to resins as discussed by Walker (14). Since un- 
substituted phenol produced a precipitate with the 
Marquis reagent, the 2.6-disubstituted compounds 
were tested in the hope of modifying the reactions 
by blocking the two reactive ortho positions. 

Z,B-Dimethylphenol, when treated with the Mar- 
quis reagent, exhibits a symmetrical e.p.r. spectrum 
(Fig. 4) consisting of a t  least 15 doublets. After 
standing 24 hours, the solution yielded a spectrum 
of the same g value and essentially the same basic 
15 lines, but with the doublets unresolvable. The 
resulting solutions were deep brick-red and con- 
tained no precipitate, indicating decreased polymer 
formation. A higher concentration of free radicals 
was present than in the cases of benzene and phenol. 
The presence of the two methyl groups causes such 
a great number of hyperfine lines that the spectrum 
is difficult to analyze. The change in spectrum over 
a period of time also complicates the analysis of the 
hypertine splitting. 

2,6-Dichlorophenol was treated with the Marquis 
reagent in an attempt to simplify the e.p.r. spectrum 
while still blocking the two reactive ortho positions. 
This sample exhibited a spectrum of perhaps eight 
or ten lines, but so poorly resolved that conclusive 
analysis was not possible. 

Fig. 4.-E.p.r. spectrum of a solution prepared by 
the action of dilute Marquis reagent on 2,Bdimethyl- 
phenol. The center of the spectrum is marked ( x). 

It is hoped that continued studies with other sub- 
stituted phenols will lead to a better understanding 
of the hyperfine structure of the free radicals pro- 
duced by reaction with the Marquis reagent and 
subsequently to the eluadation of the free radical 
structures. Once these spectral-structural rela- 
tionships are established, the role of free radicals in 
the color tests will be clarified as will their role in 
the mechanism of acid-catalyzed phenol-forrnalde- 
hyde polymerization. 

Table I1 shows some e.p.r. data of compounds 
treated with several additional alkaloidal color 
reagents. The common feature of these reagents 
is the presence of an oxidizing agent in concentrated 
sulfuric acid. If only oxidation is involved, the 
action of any of these reagents on a given compound 
may result in the formation of identical radicals. 
There is sufficient similarity in the hyperfine struc- 
tures and g values of morphine treated with the 
various reagents (Table 11) to indicate that the prin- 
cipal free radical formed is the same in each case. 
Minor variations in the spectra may be due to ( a )  
subtle differences in the relative concentration of 
minor radicals, (6) paramagnetic substances present 
as impurities in the color reagents, and ( c )  the pres- 
ence of a paramagnetic transition element as a com- 
ponent of the reagent (Froehde reagent). In the 
latter case the observed spectrum consisted of the 
sum of the free radical spectrum and the pararnag- 
netic spectrum of molybdenum. 

TABLE II.-E.P.R. SPECTRAL DATA OF COLORED MIXTURES RESULTING FROM THE ACTION OF SEVERAL 
COLOR REAGENTS ON ALKALOIDS 

Splitting 
Compd. Reagent Color Lines. No. in Gauss g Value 

Apomorpliiiie Mecke Brown-green Unresolved ... . . .  
Codeine Mecke Blue-green 12 + IJueveri 3 003iti 

Morphine Mecke Blue-green 6 5 .3  2.00363 

Morphine Froehde Violet-green 6 4.06 2.00365 

av. 0.28 

2.74 

2.66 

2.65 
Morphine Erdmann Green-brown B 4.77 2.00349 

Morphine Perhydrol Green-brown 3 7.9 2.00355 
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The studies reported in this paper do not show 
conclusively that the colors are due to  free radicals. 
In a few cases addition of water caused a marked 
decrease in the e.p.r. signal while the color became 
more intense; a striking example of this phe- 
nomenon is 2,6-dirnethylphenol. It appears that 
the colors are due to a mixture of materials, some of 
which may be free radicals. This is supported by 
concentration measurements, which showed that 
the free radicals comprised less than 10% of the 
parent compound. The changes in color and e.p.r. 
spectrum with time provide evidence that several 
reactions are occurring simultaneously in the tests. 
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Powdered Particle Interactions: 
Suspension Flocculation and Caking IV 
By ROBERT G. WILSON* and BERNARD ECANOW 

The incompatibility of bismuth subnitrate with uagacanth mucilage has bean 
re orted in the literature. In this otudy, the phenomenon is discussed in terms 
of%e chemical reaction that  occur^ berween reactive bismuth sitar on the bI~muth 
subnitrate particle surface and the acidic m u p s  of tht ~g.Lacturonic acid units 

of the complex acid polysaccharide present in the vagacanth gum. 

N AQUEOUS SUSPENSION containing bismuth A subnitrate and one of a number of poly- 
saccharide or carbohydrate derivatives such as 
tragacanth will exhibit acwell known incom- 
patibility (1, 2). The substances coagulate 
on mixing to form soft curd-like aggregates which 
settle to the bottom of the container. If the 
compounds are introduced at  higher levels of 
concentration, the aggregates may set to hard, 
intractable masses. 

The phenomenon has been explained (3, 4) 
as the interaction of positive bismuth or bismuth 
ions with the negatively charged tragacanth. 
It has been shown that the incompatibility does 
not appear in the presence of phosphate, citrate, 
or arsenate ions (3, 5). The negatively 
charged phosphate ion was thought to be strongly 
adsorbed on the tragacanth micelle and thus pro- 
vided a protective action against the adverse 
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effect of the positively charged bismuth. Nitrate 
ion was thought to be similarly adsorbed, but 
due to a weaker protective action could not pre- 
vent the occurrence of the incompatibility. 

The chemistry of bismuth subnitrate in aque- 
ous suspension has been explored in our recent 
work (6). The phosphate ion was shown to be a 
flocculating agent for an aqueous bismuth sub- 
nitrate suspension because strong interparticle 
bonds were formed by chemisorption of the phos- 
phate ions at  the surface of the bismuth sub- 
nitrate particles. An interaction of this type 
provides a basis for the discussion of the bis- 
muth subnitrate-tragacanth or War  suspension 
systems. 

EXPERIMENTAL 
Materials.-The same lot of a commercial grade 

of bismuth subnitrate N.F. wm used throughout the 
series of tests. It was obtained from Mallinckrodt 
Chemical Works, St. Louis, Mo. Two types of 
tragacanth U.S.P. were used in the work.’ They 
will be more simply described as gum or ribbon 

1 Tragacanth Alcppo Ribbons No. 1 and Fine Powdered 
Gum Tragacanth Extra Grade No. 1. supplled by 9. B. 
P d c k  and Co.. New York. N. Y. 


