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Since the paper chromatographic work of MIKSCH AND PRrOLsS, Z1Jr and AULER,
the introduction of commercially available apparatus and standard absorbent
materials for TL.C have provided a new, rapid, and more widely applicable technique
for chromatographic separations and identifications. Surprisingly only a few re-
ports?13-15,17 concerning the application of TLC to the identification of compound-
ing ingredients had appeared prior to 1965 and these dealt with a limited number
of materials. It was our purpose, therefore, to examine the general usefulness of TILC
for the identification of a wide range of compounding ingredients and to develop sys-
tems suitable for their identification.

Many schemes, including the excellent procedure by Ziyp, have been presented
for the isolation of compounding ingredients from a vulcanizate and the subsequent
treatments necessary prior to chromatography or other forms of analysis. Many of
these procedures are adequate for a given problem. It is, however, impossible to anti-
cipate all situations, and some of the more challenging rubber compounds might well
require development of new procedures. The scope of the work we are reporting does
not include additional schemes for the isolation of compounding ingredients from
vulcanizates.

Since our original presentation, several other workers have published work
dealing with the TLC analysis of compounding ingredients. We have included refer-
ences to recent work of which we have become aware,?:4-6,8,10,12

EXPERIMENTAL

TLC equipment.commercially available from Research Specialties Company and
Brinkmann Instruments, Inc., was used for these studies. Silica Gel GG from E. Merck
AG., Darmstadt, was used for layers. A 2: 1 weight ratio of water and Silica Gel (G was
used to make the slurries for the layver preparation. The layers were dried for r h at
110° in a forced air oven and cooled in a desiccator where stored until used.

Reasonably constant Rp values are obtained if the layer thickness is kept be-
tween 200 to 300 u, the sample does not exceed the layer capacity, and chamber
saturation is maintained. Our layer thickness was kept between 250 to 300 u and
the sample sizes in most instances were kept between 35 to 45 ug. In general, samples
of 5 to 15 ug are used for the above layer thickness. However, the variation in R
values for our sample size range was found to be small and caused no problem in
identification work. A larger sample size was, in fact, found to be more advantageous

TABLIE1
MANUFACTURERS OF RUBBER CHEMICALS

Code Manufacturer Code Manufacturer

a DulPont i C. P. Hall

b UniRoyal j LEthyl Corporation

c Vanderbilt k Shell

d Harwick m American Cyanamid
c LEastman n Catalin

f Universal Oil Products o Neville

24 Goodycar P Dow

h Monsanto q Pennsalt

J. Clivomatog., 44 (1969) 315—-330
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318 J. G. KREINER, W, C. WARNER

when working with unknown extracts. In the case of multicomponent materials,
the sample size was increased to yield reasonable quantities of the components. Sat-
uration of the developing tank atmosphere was ensured by placing filter paper wet
with solvent on the tank walls. The development distance was 15 cm in all cases
except for the guanidines, which were developed through a distance of 10 cm. The
sample, as a 1 % solution, was placed on the layer by means of a platinum wire loop!®
bent at a right angle to the stem of the wire which had been fused into a glass tubing
handle. The volume of solution picked up by a loop about r mm in diameter was 3.5
to 4.5 ul. The wire loop method of sample application was preferred since the wire was
easily cleaned in a burner flame and gave the required reproducibility for qualitative
analvsis. All samples were used as obtained from the suppliers. A list of the suppliers
is given in Table I.

Amine antioxidants

A solvent of benzene-acetone-conc. ammonium hydroxide (100:5:0.1)
was used for the one-dimensional development of the materials listed in Table 1I
and shown in Figs. 1, 2, and 3. After evaporation of the developing solvent, the samples
were indicated by spraying with a 4 %, solution of benzoy! peroxide in benzene. Two-
dimensional developments were obtained by developing in the first direction with the
benzene-acetone—ammonium hydroxide solvent, dryving the plate in a 50° vacuum

[
5808
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~ o
O 0 Ouoéoog

O QO 2

Q 0 0 0 o

0 g
7 23 45 67 8 9 10M 2 3 14 15 16 17 18 19 20 21 22 23 24

Tig. 1. Separation of amine antioxidants and antiozonants by one-dimensional thin-layer chromato-
graphy. Solvent: benzene-acetone—concentrated ammonium hydroxide (roo:5:0.1); cevelopment
distance: 15 cm; indicator: 4 9% benzoyl peroxide in benzene. 1 = N-Phenyl-r-naphthylamine;
2 == N-phenyl-z-naphthylamine; 3 = p-(p-tolylsulfonylamido)-diphenylamine; 4 == nonylated
diphenylamines; 5 = octylated diphenylamines; 6 = octylated diphenylamines; 7 = octyvlated
diphenylamines; = 4,4’-dimethoxydiphenylamine; g = g4-isopropoxydiphenylamine; 10 = 4-
isopropyvlaminodiphenylamine; 11 == N,N’-diisopropyl-p-phenylencdiamine; 12 = N,N’-di-sec.-
butyl-p-phenylencdiamine.

Fig. 2. Separation of amine antioxidants and antiozonants by one-dimensional thin-layer chromato-
graphy. Solvent: benzene-acetone—conc. ammonium hydroxide (100:5:0.1) ; development distance:
15 cm; indicator: 49, benzoyl peroxide in benzene. 13 = N,N’-bis(1,4-dimethylpentyl)-p-phenyl-
enediamine; 14 = N,N’-bis(1-cthyl-3-methylpentyl)-p-phenylenediamine; 15 = N,N’-bis(r-mecth-
vlheptyl)-p-phenylenediamine; 16 = N-isopropyl-N’-phenyl-p-phenylencediamine; 17 = N-cyclo-
hexyl-N’-phenyl-p-phenylenediamine; 18 = N-(1-methylheptyl)-N’-phenyl-p-phenylenediamine;
19 = N,N’-diphenyl-p-phenylenediamine; 20 = N,N’-di-z-naphthyl-p-phenylenediamine; 21 =
mixture of diaryl-p-phenylencediamines; 22 = polymerized 1,2-dihydro-2,2.4-trimecthylquinoline;
23 == 6-dodecyl-1,2-dihydro-2,2,4-trimethylquinoline; 24 == 6-ethoxy-r,2-dihydro-2,2, 4-trimethyl-
quinoline.

J. Chromatog., 44 (1969) 315~330
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oven at 150 to 250 mm mercury for a few minutes, cooling the plate to room tempera-
ture, and then developing in the second direction with cyclohexane-acetonc—conc.
ammonium hydroxide (1oo:5:0.1) (Fig. 4).

oo O 0 >

8844, ° Lo O

O9
o O 00036018
° ° 5 © 81,02
o1
o o 13
° o3 O12
on

o> D D&(m -

. ¢ o « e . e ® .Q 9 L3 835
25 26 27 28 29 30 31 32 333435 36

IFig. 3. Scparation of amine antioxidants and antiozonants by onec-dimensional thin-layer chroma-
tography. Solvent: benzene-acetone conc. ammonium hydroxide (100:5:0.1); development dis-
tance: 15 em; indicator: 4 9% benzoyl peroxide in benzene. 25 = high-temperature diphenylamine—
acctone reaction product; 26 = high-temperature diphenylamine-acetone reaction product; 27 ==
low-temperature diphenylamine—acetone reaction product; 28 = low-temperature N-phenyl-
z2-naphthylamine-acctonce reaction product; 29 == aldol-1-naphthylamine; 30 = butyraldehyvde—
aniline condensation product; 31 = N,N’-diphenylethylenediamine; 32 = N,N’-diphenyvlpropyvl-
enediamine; 33 = N ,N’-di-o-tolylethylencdiamine; 34 = 2,4-tolucnediamine; 35 = 4,4’-diamino-
diphenylmethane; 36 = phenothiazine.

Fig. 4. Separation of a mixture of seventecen amines by two-dimensional development. Solvents:
(1) benzene-—acetone—cone., ammonium hydroxide (roo:s5:0.1); (2) cyclohexane-acctone—conc.
ammonium hydroxide (roo:5:0.1). Indicator: 4 9%, benzoyl peroxide in benzene.

The developing solutions used here, while good for purposes of identification,
do not resolve the many fractions found in several of the multi-component reaction
mixtures. IFor example, the many components in the octylated and nonylated diphenyl-
amines and the amine—acetone reaction products (Samples 4, 5, 7, 25, 26, and 27)
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Tig. 5. Separation of amine antioxidants and antiozonants by thin-layer chromatography. Solvent:
cyclohexane-benzenc-acetone (100:10:1); development distance: 15 cm; indicator: 4%, benzoyl
peroxide in benzene. 4 = nonylated diphenylamines; 5 = octylated diphenyiamines; 7 = octylat-
ed diphenylamines; 25,26 = high-temperature diphenylamine-acctone reaction products;
27 == low-temperature diphenylamine-acetone reaction product.
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322 J. G. KREINER, W, C. WARNER

can be better resolved using a solvent such as cyclohexane~benzene—-acetone (100: 10:1(
(Iig. 5 and Table 11T).

Phenolic antioxidants

The phenolics (Table 1V) were developed with benzene (Ifigs. 6, 7, and 8).
The samples were visualized by spraying with a buffer solution containing 23.4 g
sodium tetraborate and 3.3 g sodium hydroxide in 1 ] of water followed by a sprayv of
freshly prepared o.1 ¢, 2,6-dichloroquinonechlorimide in methanol.

OO OO O O 0 O
O 60 O

o

Ooo 0 O

23 45 6 7 8 9 10 M1 12 13 14 15 16 17 18 © 2

9

Fig. 6. Separation of phenolic antioxidants by thin-layer chromatography. Solvent: benzene;
development distance: 15 cm; indicators: (1) borate buffer; (2) 0.19, 2,6-dichloroquinonechior-
imide in methanol, 1 = hydroquinone monobenzyl cther; 2 = 2,6-di-fer{.-butylphenol; 3 = 2,6-
di-tert.-butyl-g4-methyl-phenol; 4 = 2,6-di-fevt.-butyl-g-methoxy-4-methyl-phenol; § = 2-a-methyl-
cyclohexyl-4,6-dimethyl-phenol; 6 = butylated hydroxyanisole; 7 = Butylated hydroxytoluene;
8 = g,4"-bis(2,6-di-Zert.~-butvl-phenol); 9 = 2,2’-methylence-bis(g-methyl-6-¢evt.-butyvl-phenol);
10 = 2,2’-methylene-bis(4-ethyl-6-fert.-butyl-phenol).

Fig. 7. Separation of phenolic antioxidants by thin-layer chromatography. Solvent: benzene;
development distance: 15 cm; indicators: (1). borate buffer; (z2) o.1 %, 2,6-dichloroquinoncchlor-
imide in methanol. 11 = 2,2’-mcthylene-bis(6-a4-methyleyclohexyl-g-methyl-phenol); 12 = 4,4'-
methylene-bis(6-tert.-butyl-z-methyl-phenol); 13 = 4,4 -methylene-bis(z2,6-di-fert.-butyl-phenol);
14 = 4,4 -butylidene-bis(6-fert.-butyl-3-methyl-phenol); 15 == 2,2’-thio-bis(4-methyl-6-ferf.-butyl-
phenol); 16 = 4,4'-thio-bis(6-fevf.-butyl-z-methyl-phenol); 17 = 4,4'-thio-bis(6-ferf.-butyl-3-
methyl-phenol); 18 = 4,4’-thie-bis(3,6-di-sec.-amyl-phenol); 19 = N-butyl-p-amino-phenol; 20 =
mixture of fert.-octvl and ferl.-butyl cresols.
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IFig. 8. Separation of phenolic antioxidants by thin-layer chromatography. Sclvent: benzene;
development distance: 15 cm; indicators: (1) borate buffer; (2) o.19, 2,6-dichloroquinonechior-

imide in methanol. 21 = fortified phenol; 22, 23, 24, 25 = alkylated phenols;: 26, 27, 28, 29 = sub-
stituted styrenated phenols; 30 = tri(nonylated phenyl) phosphite; 31 = phosphited polyalkyl-
polyphenol.
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324 J. G. KREINER, W. C. WARNER

Since several samples were found to travel similar distances when eluted with
benzene a second procedure was devised. The plate was developed with n-hexane-
benzene (8:1) for a distance of 15 cm, dried in the vacuum oven, and then again devel-
oped 15 cm in the same direction with the same solvent system (IFig. g and Table V).

Guanidines

Acetone containing 1 %, concentrated ammonium hydroxide was emploved to
resolve three guanidines (Table VI). The samples were detected by sprayving with
4 9% sodium h¥pochjorite (IFig. 10).
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TFig. 9. Scparation of phenolic antioxidants by thin-layver chromatography. Solvent: u-hexance-
benzene (8:1); development distance: 15 cm (twice); indicators: (1) borate buffer; (2) o.195
2,6-dichloroquinonechlorimide in methanol. 2 = 2,6-di-fevt.-butyl-phenol; 3 == 2,6-di-fert.-butyl-
4-methyl-phenol; 8 = 4,4’-bis(2,6-di-trvt.-butyl-phenol); 13 = 4,4 -methylene-bis(2,6-di-fert.-
butyl-phenol); 15 = 2,2’-thio-bis(4-methyl-6-ferf.-butyl-phenol); 20 = mixture of fest.-octy! and
tert.-butyl cresols; 21 = fortified phenol.

Iig. 10. Separation of guanidines by thin-layer chromatography. Solvent: 1 95 conc. ammonium
hydroxide in acetone; development distance: 10 cm; indicator: 4 9 aqucous sodiumn hypochlorite.
1 = diphenylguanidine; 2 = di-o-tolylguanidine; 3 == triphenylguanidine; 4 == mixture.

TABLIZ VI
APPROXIMATE [P/ X 100 VALUES AND COLORS FOR GUANIDINES

Development on Silica Gel G with 1 9 concentrated ammonium hydroxide in acctone as solvent;
indicator: sodium hypochlorite.

No. Guanidine Ry X 100 Color

I Diphenylguanidine 63 Recd-brown

2 Di-o-tolyvlguanidine 43 Red-brown

3 Triphenylguanidine So Yellow-brown
Accelerators

A mixture of benzene—ethyl acetate—acetone (100:5:1) was used to chromato-
graph the accelerators listed in Table VII and shown in Figs. 11, 12, and 13. Those
compounds containing a readily liberated amine were sprayed with 4 N hydrochloric
acid and placed in ax130° oven for approximately 15 min.The samples were then spraved
with 0.5 9} solution of ninhydrin in ethanol containing 10 % acetic acid and 0.5 %
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326 J. G. KREINER, W, C. WARNER

cadmium acetate and returned to the oven for color development. The thiazoles were
indicated with a 5 %, solution of bismuth nitrate in 1 /V nitric acid. Since benzothiazole
disulfide does not react with the bismuth nitrate until reduced to z-mercaptobenzo-
thiazole, it was sprayed first with 0.5 % ammonium sulfide. The excess ammonium
sulfide was removed by placing the plate in a 50° vacuum oven at 150 to 250 mm
mercury for a few minutes. The thiazoles are satisfactorily indicated after the ninhy-
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Fig. 11. Separation of accelerators by thin-layer chromatography. Solvent: benzene-cthyl acetate—
acetone (100:5:1); development distance: 15 cm; indicators: (1) 4 N hydrochloric acid; (2) 0.5%

ninhydrin in ethanal containing 109, acctic acid and o0.59% cadmium acctate. 1 = tetramethyl-
thiuram monosulfide; 2 = tetrabutylthiuram monosulfide; 3 = tetramethylthiuram disulfide;

4 == tetracthylthiuram disulfide; 5 == dipentamethylenethiuram tetrasulfide; 6 = cyclic thinram;
7 = piperidinium pentamethylenedithiocarbamate; 8 = zinc dimethyldithiocarbamate; 9 =
zinc diethyldithiocarbamate; 10 = zinc dibutyldithiocarbamate.

Fig. 12. Separation of accelerators by thin-layer chromatography. Solvent: benzenc-ethyl acetate-
acetone (100:5:1); development distance: 15 cm; indicators: for 11-17: (1) 4 N hydrochloric
acid; (2) 0.5% ninhydrin in ethanol containing 109 acetic acid and 0.59% cadmium acctate;
for 18~20: 59, bismuth nitrate in 1 N nitric acid. 11 = copper dimethyldithiocarbamate; 12 =
bismuth dimethyldithiocarbamate; 13 = selenium dimethyldithiocarbamate; 14 = tellurium
diethyldithiocarbamate; 15 == cadmium diethyldithiocarbamate; 16 = lead dicthyldithiocarba-

mate; 17 = 2-benzothiazyl-N,N-diethylthiocarbamyl sulfide; 18 = 2-mercaptobenzothiazole;
19 == benzothiazyl disulfide; 20 = zinc benzothiazyl sulfide,
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Tig. 13. Separation of accelerators by thin-layer chromatography. Solvent: benzene-cthyl acetate—
acctone (100:5:1); development distance: 15 ¢m; indicators for 21: 5% bismuth nitrate in 1 N
nitric acid; for 22-28: (1) 4 N hydrochloric acid; (2) 0.5% ninhydrin in ethanol containing 10%
acetic acid and 0.59%, cadmium acctate. 21 == z-mercaptothiazoline; 22 = N-fer{-butyl-2-benzo-
thiazole sulfenamide; 23 = N,N-di-isopropyl-z-benzothiazole sulfenamide; 24 = N-cyclohexyl-
2-benzothiazole sulfenamide; 25 = N-oxydiethylene-z-benzothiazole sulfenamide; 26 = 2-(2,6-
dimethyl-j-morpholinothio)benzothiazole; 27 = N,N-dimethylcyclohexylamine salt of dibutyl-
dithiocarbamic acid; 28 = 1,1’-methylenedipiperidine—carbon disulfide reaction product.
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drin treatment of other compounds on the same plate if they have been masked from
the ninhydrin spray by covering with a glass plate. Since one of the sulfenamide amines
tert.-butylamine, does not yield an especially intense color, the benzothiazole portion
can be indicated, after the 4 IV hydrochloric acid treatment, by further treatment with
ammonium sulfide and bismuth nitrate. A second solvent system that has been used
to some advantage for accelerators is benzene—ethyl acetate-s-butanol (50:1:1).

Amine hydrochlorides

A mixture of n-butanol-water—formic acid (5:1:1) was used to separate the
amines (Table VI1I11). After development, the solvent was removed by heating the
plate in a 130° forced air oven. When dry, the plate was sprayed with the ninhydrin
solution used for the accelerators and returned to the oven to bring out the colors
(Fig. 14).

TABLI VIII
APPROXIMATE /{;» X 100 VALUES AND COLORS FOR AMINE HYDROCHLORIDES

Development on Silica Gel G with n-butanol-water—formic acid (5:1:1) as solvent; indicator:
ninhydrin.

No. Awmine Rp X roo Color
1 Dimethylamine 16 Red
2 Diethylamine 25 Red
3 Diisopropylamine 35 Yecllow-brown
4  Di-n-butylamine 52 Red-brown
5 tert.-Butylamine 38 Crcamy-yellow
6 Cyclohexylamine 42 Orange-brown
7 Aniline 48 Pink
8 Piperidine 23 IPPurple
9 Morpholine I8 Red-violet
10 2,6-Dimethylmorpholine 29 Tan
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TFig. 14. Separation of amine hydrochlorides by thin-layer chromatography. Solvent: ‘r-butanol-
formic acid-water (5:1:1); development distance: 15 cm; indicator: 0.5 % ninhydrin in ethanol
containing 10 9% acetic acid and 0.5% cadmium acetate. 1 = dimethylamine; 2 = diethylamine;
3 = diisopropylamine; 4 = di-n-butylamine 5 = #evt.-butylamine; 6 = cyclohexylamine; 7 =
aniline; 8 = piperidine; 9 = morpholine; 10 = 2,6-dimethylmorpholine.

J. Chromatog., 44 (19609) 315-330



328 J. G. KREINER, W, C. WARYNER
RESULTS AND DISCUSSION

In all cases, solvent systems giving the greatest range of Ry values have been
chosen. The developing distance in all but one case was 15 cm to give additional
space as well as separation since rather large numbers of samples were considered in
certain groups. Indicating reagents giving a wide range of colors have also been chosen
to permit the identification of the compound in many instances by both color and
travel distance. Approximate descriptions of the colors obtained for the compounds
we examined have been presented in the accompanying tables. Most of the colors
will vary somewhat depending upon the conditions of and time after indication. Many
satisfactory indicating reagents other than those chosen by us are available and most
can be found in the references we have cited. Approximate Rp values have been tabu-
lated ; however, an identification is best made by comparison to known compounds.
An unknown compound is identified when, after adjusting the sample spot size to
match that of the known, it travels the same distance and gives the same color as the
known. If even higher probability is desired, the above procedure may be repeated
with a different suitable developing solvent.

Amnvine antioxidants and antiozonants

The amines are generally quite well spaced with a one-dimensional development
(Figs. 1, 2, and 3). One-dimensional development has also been found sufficient to
resolve the common commercial mixtures. However, several antioxidants and anti-
ozonants are often mixed for increased effectiveness and some situations may require
the use of a two-dimensional development. In I7ig. 4, the separation of a mixture of
seventeen antioxidants and antiozonants by two-dimensional development is shown.
It should be possible to separate and identify almost any combination of antioxidants
and antiozonants using the above two solvent mixtures or modifications thereof.
The small amount of ammonium hydroxide was added to the developing solutions to
minimize the tendency of certain compounds to tail.

Phenolic antioxidants

It has been noted that several of the samples (2, 3, 7, 8, 13, 15, 20, and 2I)
travel nearly identical distances when eluted with benzene. Samples 3 and 7 not only
travel identically, but color the same. Thus BHT (butylated hydroxy toluene)
is apparently 2,6-di-tert.-butyl-p-cresol (IR spectra confirm this conclusion). The
8:1 72-hexane-benzene double development separates all but samples 2 and 3 and
also shows the several components present in sample 20. The only difference between
samples 2 and 3 is a methyl group in the para position and a separation of the two
would be expected to be somewhat difficult. In this sifuation, the use of an indicating
reagent giving a wide range of colors becomes useful. Since it is not especially common
to use more than one phenolic antioxidant in a compound, the above or any other
pairing should not be a particularly great problem.

One note of caution: certain components of the complex mixtures, including
thie phosphites (samples 21 to 31) lag in color development when buffered 2,6-dichloro-
quinonechlorimide is used as indicator. This can be overcome by warming the plate
after application of both spray reagents.

The phosphites were included with the phenolics since they are also non-staining.
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Guanidines
Only three compounds are involved and no problems are encountered in the
separation.

Accelerators

Since only one or two accelerators are generally used in a rubber compound,
a TLC identification should not be too difficult. However, more complex curing
systems containing three or four accelerators have been used for certain special
applications and the identifications, as expected, become more difficult with in-
creasing sample complexity.

Often it is very difficult and frequently impossible to isolate identifiable amounts
of undecomposed or unreacted accelerators from a vulcanizate. In such instances, one
can only identify the remaining fragments and reaction products and attempt to
reconstruct the original accelerator system based on a knowledge of compounding
and the use for which the vulcanizate was intended.

Awmine hydrochlorides

A 5:1:1 mixture of n-butanocl-water—formic acid gave the best separation of
the ten amine hydrochlorides. Variation of the ratio of n-butanol to water and
formic acid (e.g., 3:1:1 to 6:1:1) varies the relative positions of the compounds and
may be used to advantage if an overlapping pair is observed. One difficulty experienced
with ninhydrin was the light color, a creamy yellow, obtained with tert.-butylamine
as mentioned above for N-fert.-butyl-2-benzothiazole sulfenamide.

CONCLUSIONS

TLC has been shown to be a rapid, reliable, relatively simple, and inexpensive
analytical technique of great utility for the identification of rubber compounding
ingredients as illustrated above. Although an exhaustive accumulation of all antioxi-
dants, antiozonants and accelerators available in the United States was not made,
a major portion of the various types of compounds available were examined to show
the general utility of TLC for separation and identification.
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