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Since the paper ChrOI~.latograpl~iC Work of h!IIKscl-x ANI.) I’IzijIss, %I JIB and ,~I’I,El~, 

the introduction ol commercially a\railable apparatus a11d standard absorbent 
materials for TLC have provided a new, rapid, and more widely applicable techniclue 
for chromatographic separations and identifications. Surprisingly only a few re- 
p”rts”,l”-l”, 1; concerning the application of TLC to the identification of con~~muncl.- 

ing ingredients had appeared prior to rgGg and these dealt with a limited number 
of materials. It was our purpose, therefore, to examine the general usefulness of TLC 
for tile identification of a wick range of compounding ingredients and to develop SJX- 
tems suitable for their identification. 

Many schemes, including the escellent procedure by %I JI’, Iiavc lxen presented 
for the isolation of compounding ingredients from a vulcanimte and the subsequent 
treatments necessary prior to chromatography or other forms of analysis. Man!* of 
these procedures are adequate for a given problem. It is, however, impossible to anti- 
cipate all situations, and some of tile more challenging rubber compounds Inight ivell 
require clevelopment of new procedures. The scope of the work we are reporting does 
not include additional schemes for the isolation of compounding ingreclients from 
vulcanizates. 

Since our original presentation, several otlier workers have published lvorl; 
dealing with the TLC analysis of compounding ingredients. M7e have included rcfer- 
ences to recent work of wliicli we have become aware.]? 4--BqHq 10*12 

TLC equipment~commercially available from Research Specialties Company and 
Brinkmann Instruments, Inc., was used for these stuclics. Silica Gel G from E. Mcrcl; 
AG., Darmstaclt, was used for layers. A 2: I weight ratio of water and Silica Geld WY\S 
used to make the slurries for the layer preparation. The layers were dried for I 11 at 
110’ in a forced air oven and cooled in a desiccator where stored until used. 

Reasonably constant X p values are obtained if the layer thickness is kept be- 
tweet 200 to 300 ,u, tile sample does not esceed the layer capacity, and cl~ambel 
saturation is maintained. Our layer tllickness 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 Rl.1 
values for our sample size range was found to be small and caused no probleni in 
iclentification work. A larger sample size was, in fact, found to be more advantageous 
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wi~cn working with unknown estracts. In tlie 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 tile guanidines, which were developed through a distance of IO CIII. The 
sample, as a I o/0 solution, was placed on the layer by means of a platinum wire loop’fl 
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 I mm in diameter was 3.5 
to 4.5 ~1. The wire loop method of sample application was preferred since the wire was 
easil>- cleaned in a burner flame and gave the required reproducibility for qualitative 
analJ*sis. All samples were used as obtained from the suppliers. A list of tile suppliers 
is given in Table I. 

.A solvent of benzene-acetone-cone. ammonium hydroside ( IOO : 5 : o. I) 

was used for the one-dimensional development of the materials listed in Table II 
and shown in Figs. I, 2, and 3. After evaporation of the developing solvent, the samples 
were indicated by spraying with a 4 “A, solution of benzoyl peroside in benzene. Two- 
dimensional developments were obtained by developing in the first direction with the 
beqene-acetone-ammonium hydroside solvent, drying the plate in a 50~ vc1c:uu111 

0 

0 000 8 0 

O0 
;o” 
n 

Fig. I. Sqaration of amine antiosiclants and antiozonants by one-clinlcnsional thin-layer chromato- 
graphy. Solvent: bcnzetx+acctone-concentxatccl ammonium llyclrosiclc (100: 5 :o.I) ; clcvcloptnctit 
clistance : 15 cm ; indicator: 4 o/o benzoyl peroxide in bcnzcne. I = N-Phcnyl-r -t~aplItl~ylatnitic; 
2 = X-pllcnyl-2-naphthylamine; 3 = p-(p-tolylsulfo~iylr~tnido)-cliplienylat~tinc; 4 = t~onylatecl 
tliplienylamitics; 5 = octylatcd cliphenylamittcs; G = octylatcd clipl~et~ylantittcs; 7 = octylatecl 
clil~hcnylan’iities; Y = 4,4’-clitnethoxycliphet~ylart~it~e; 9 = 4-isopropoxycliphctlylati~inc; IO = 4- 
isopropylan~inodil~henylat~~it~c; I I = N,N’-cliisopropyl-l)-phenylcncdianlit~c; 12 = N,N’-cli-scjc.- 
butyl-p-phct~ylet~cclian~ine. 

Fig. 2. Separation of atnine antioxidants and antiozonants by one-climcnsional thin-layer chrotnato- 
graphy. Solvent: benzene-acetone-cont. ammonium hyclroxidc (I oo : 5 : o. I) ; dcveloptnct~t: distance: 
15 ctn; indicator: 4 o/o bcnzoyl peroxide in benzene. 13 = N,N’-bis( 1,4-clit~~etl~ylpontyl)-fi-phcnyl- 
cnctliamine; 14 = N,N’-bis( 1-cthyl-3-t~~ethylpctttyl)-~-pl~et~yletIeclint~~ix~c; 15 = N,N’-bis( I-tncth- 
ylhcptyl)-p-phct~ylcnediamit~e; 16 = N-isol~ropyl-N’-phet~yl-~-l~l~et~ylenecliat~~itIe; I 7 = N-cyclo- 
licsyl-N’-phenyl-fi-plietlylcnccliatiiinc; 18 = N-( ~-t~~etl~ylhcptyl)-N’-l~hct~yl-p-phenylcttctlint~~it~c; 
tg = S,N’-cliphcnyl-p-phenylet~ccliatnit~e; 20 = N,N’-cli-z-t~apl~tl~yl-~-l~~~ct~ylct~cclia~~~ittc; 21 = 
mistare of cliaryl-P-plietiylcnccliatnines; 22 = polytncrizccl I, 2-diliyclro-2 ,2,4-trinictliylquitioline; 
23 = 6-cloclecyl-I ,z-clihyclro-2,2,4-tritnetlIylquinolitIc; 24 = G-ethosy-I ;~-cli!tyclro-2,:!..(-tritilctliyl- 
quinolinc. 

J. C/l/T~Ilra~O~., 44 (1969) 3 I S-330 
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oven at 150 to 250 mm mercury for a few minutes, cooling tllc plate to rtmm twnpem- 
ture, and tllen developing in the second direction wit11 cS7clollesane--~cetonc-ronc. 
anin~onitmi I~~~*clrosicle (Im: ~50.1) (Fig, 4). 

w3go” 
0 e O0 

0 

0 

-- 012 

0” 
g35 

O4 023 

I - 

Fix. 3. Separation of ;LlTlillC! antioxidants and antiozonants by One-clintcnsional thin-layer chrottia- 
togxphy. Solvent: benzcnc-acetone cont. antniot~iutn liyclrosidc (100 : 5 : 0. I) ; tlcvclopnicnt rlis- 
tallcc : t 5 cm ; indicator : 4 o/o bctlzoyl pcrosiclc in bcnzcnc. 2-j == high-tcmpcratLtrc cli~~heti~lattiitic- 
acctonc reaction product; 30 = high-tcmper~lturc cliphcnylaminc- acctonc reaction product; 27 =r: 
lo\~-tcmpcraturc cliphcnylnminc-ncctonc reaction product ; 28 = low-tcntpcrnturc X-phctiyl- 
I-napltthyl~uititie-~tcetotie reaction product: zg = aklol- I-naphthylaminc; 30 = butyralclchyrlc- 
attilinc conclcnsntion procluct; 3 I = N,N’-diphcnylcthylcncrlinminc; 32 =: N,N’-clipl~cn~lprOpyl- 
cttcclianiitic ; 33 = N,N’-cli-o-tolylcthylcnccliat~~it~c ; 34 = 2,4-tolucttcclianiitic; 35 =1 4,4’-clintttittO- 
cliphcnylmctltnttc; 36 == phcnothiazittc. 

Fig. 4. Scpamtiott of a mixture Of scventccti ntnincs L>y two-clitnctisionnl cIcvclopnictit. Sol\-ctits : 
(I) bctlixnc-ncct011c-COllC. attitiiOtiiut~i hyclrosiclc (I 00 : 5 : 0. t) ; (a) cyclollesallc-wct011c--cone. 
itttini~nium hytlrosiclc (100 : 5 : 0. I). .I ncliwtor : 4 “/” bcnzoyl pcrosiclc in bcnzcnc. 

Tlie developing solutions usecl here, wllile good for purposes of identification, 
cl0 not resolve the many fractions found in several of the multi-coniponent reaction 
mistures. For esan~ple, the many components in the octylated ancl nonylated cliphenyl- 
aniines and the amine-acetone reaction products (Samples 4, 5, 7, 25, 26, and 27) 

0 
0 

0 
0 

8 0 
: G : W w 8 

25 26 27 

Fig. 5. Separation of ;t.tninc antiosidants and atttiozottunts by thin-layer chromatogrnphy. Solvent. : 
c)tclolicxanc-bctizcllc-ncetr,n e ( I00 : x0 : I) ; developnient distance: 15 cm ; indicator: 4 “/A lx2iizoyl 
peroxide in bettzcne. 4 :-- nonylatecl cliphenylamincs; 5 = octylatecl cliphenyianlines; 7 = octylat- 
ccl cliplicnylatnittes ; zs,zG = high-temperature cliphcnylatnine-ncctone reaction products ; 
a-/ = low-temperature tliphcnylnmine-acetone reaction procluct. 

J. Ch~O??ldO~., 44 (1969) 315-330 
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Fig. 6. Scpm-ation of phcnolic atltiosiclants by thin-layer chron~atograpliv. Solvcllt : bCllZcllC; 
clcvclopmeiit distance: r 5 cm; inclicators: (I) borate bulk-; (2) 0.1 “/b z,G-~icl~loroc~uinoncclilor- 
imiclc in methanol, I -1 hyclroquinonc monobenzyl ether; 2 = r,G-cli-lcvl.-butylphcnol; 3 = a.(i- 
cli-tc~~1.-butyl-~-~~~e~hyl-phonol; 4 = z,G-cli-~~v~.-l.~utyl-rr-mcthosy-~-~~~ctl~y~-~~l~e~~ol ; 5 = I-rr-tncth>‘l- 
c~clolicsyl-.),G-clilncthyl-phenol; 0 - butylatccl hyclrosy~~i~ist,Ic: 7 = 1.3utylatctl li~tlros~~tolucnc; 
S .= _+,.I’-bis( 2,G-cli-1~~~l.-b~~tYI_PI1CIIOI) ; g = 2,2’-~~~ethylenc-~~i~(~-iii-O_l~~l-~~ll~~l~l) ; 
*o ZI 2,L’ -mctllylene-bis(~-ethyl-G-lrvt.-butyl-pheIlo1). 

l;ig. 7. Separation of phcnolic niitiosiclants by thin-la>:er clironi~~to~raphy. Solvent: lxnzcllc; 
clcvclopmcnt clistancc: 15 cm; indicators: (I). borate bul-fcr; (2) 0.1 vf& r,O-clichlorocluinuncchlor- 
imiclc in methanol, I I := 2, 2’-n~cthylcnc-l~i~(G-~~-~~~etl~ylcyclol~cs~~l-~-~~~etl~yl-phcnol) ; I I == .t,4’- 
mctliylcnc-bis(G-Ir’rl.-2,utyl-2-~i~etliyl-ptieiiol) ; 13 -= ~,~‘-~~~cthylenc-bis(2,b-tli-~~~~~.-l~~~t~l-~~l~e~~c~l) ; 

IJ- = ~,.~‘-l~,utyliclc~~c-l~is(G-levf.-butyl-3-mcthyl-phcnol) ; 15 = 2,2’-tliio-bis(~-rticthyl-G-~~~~~~.-l~~~t~l- 
phenol) ; IG .= ~,~‘-tliio-bis(G-l~~~~.-~~it~~l-2-iiietliyl-plieiiol) ; 17 = ~,~‘-tliio-l~is(6-If~r’(.-llllt\’l-.~- 
methyl-phenol) ; IS - ~,~~-thio-bis(3,G-cl~-src.-~~~~~~l-l,hcnol) ; 19 = N-l~ut~l-~-nmix~~-~~l~e~l~~l : 20 E 

misturc of trd.-octyl and I&.-butyl crcsols. 
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Fig. Y. Separation of phcnolic antioxidants by thin-layer chromatography. Solvent : bc\~zcno; 
clcvelopnient distaricc : 15 cm ; inclicators : (I) borate buffer; (2) o. I O/” 2,6-clichloroquinoncchlor- 
imiclc in rncthanol. 21 = fortified phenol; 22, 23, 24, 05 = allcylatecl phenols: 26, 27, 28, 29 = SULK- 
stitutccl styrennted phenols; 30 = tri(nonylatcc1 phcnyl) phosphite; 31 = phosphitccl p~lyalkyl- 
polyphcnol. 
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Since several san~ples were found to travel similar distances wl~n elutcd \vith 
lxnxene a second procedure was devised. The plate was clcvelol~ecl Lvitll II-hcsane- 
‘benzene (8: I) for a distance of 15 cm, clriccl in the vxuuni oven, and then again cle\~21- 
opecl 15 cm in the same direction with the same solvent 

Acetone containing I 9;, concentrated animoniuni 
resolve three guanidines (Table VI). The samples were 
4 (;:, sodium lY$$o~lJorite (Fig. x0). 

0 

0 0 

I;ig. g. Separation of phenolic antioxidants by thin-layer cliromato~ral~lIy. Solvent : rl-hcsan~- 
bcnzcnc! (8: 1); dcvclopnicnt clistancc: rg cm (twice); inclicatore: (I) borate buffer: (2) 0. I 76 
z,6-clicl~loroquinonccl~lorin~iclc in methanol. 2 = 2,6-cli-l~~v~.-l~iityl-~l~~Ii~~l; -j ---- a,6-cli-/~~r~t.-l~ut~l- 

q-nlctllyl-pl1cnol ; S = ~,-(‘-bis(2,6-cli-Iw1.-lmtyl-plIw~ol) ; 13 = ~,_l’-liietllylciic-bis( 2, b-cli-Il*H.- 
bu ty1-pl1cnol) * 
1(11 -but\1 .,,A,” = 2P2’ t1 

- ~io-L~is(~-mctl~~l-6-lrrt.-but?;l-pl~cnol) ; LO = niisturc of t~~rV.-cxt>*l and 
“. 7 * .I . ; LI = fortifictl phmol. 

l;i,g:. 10. Separation of guanidincs by tliill-layer cliromato~rup~iy. Solvmt: I “/A COIIC. iimliloniuni 
hyclrosicle in acctonc; clc~~clopnicnt clistancc: 10 cm; indicator: .+ o/o aqncc~us sotliutii liyprx1~1oritc. 
1 - tliphcnyl~u~~nitlinc; 2 = tli-o-tolylKuanitlili~; 3 = triphcn?llguar7icliIic; _I == misturc. 

AI’PIIOSIMATE I?,.. X TOO VALUES AND COLORS 1’012 GUANIDINES 

Dcvclopn~cnt on Silica Gel C; with I o/O conccntratccl ammonium hydroxide in acctonc as sol\.cnt ; 
indicator: sodium hypochloritc. 

No. C;lra’/7idirt.l! Rp x 100 cozov 
---- ~-- 

I I~iI’licnylguaniclillc ‘53 Reel-brown 
2 I‘)i-o-tolylgu~~nidinc 43 I&cl-brown 
3 ‘I’riphenylgunniclillc SO \‘cllo\v-lx-o\vn 

A ccelevnlovs 

A mixture of benzene-ethyl acetate-acetone ( IOO : 5 : I) ~vas used to cllronmto- 
graph the accelerators listed in Table VII and shown in Figs. II, 12, ancl 13, Tllose 
compounds containing a readily liberated amine were sprayed with 4 N llydrochloric 
acid and placecl in a 130’ oven for ap~ro~%xnately 15 min.The samples were then spra>recl 
with 0.5 7,: solution of ninhyclrin in ethanol containing I0 “/O acetic acid and 0.5 (yO 

. 

J. CItvornatog., 44 (1969) 315-330 
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cadmium acetate and returned to the oven for color development. The thiazoles were 
indicated ,with a 5 Ok;‘, solution of bismuth nitrate in I iV nitric acid. Since benzothiazole 
disulficle does not react with the bismuth nitrate until reduced to z-mercaptobenzo- 
thiazole, it was sprayed first with 0.5 o/o ammonium sulfide. The excess ammonium 
sulfide was removed by placing the plate in a 50” vacuum oven at 150 to 250 mm 
n1ercur.v for a few minutes. The thiazoles are satisfactorily indicated after the ninhy- 

0 

0 
0 o 8 O 0 

0 

0 cl 

Lo0 0 

O 0 0 

. . . . . . . . mm 
11 12 13 14 15 16 17 18 l9 2’0 

Fig. I I. Separation of accelerators by thin-layer chromatogrnphy. Solvent : bcnzcne-ethyl acctntc- 
acetone (I 00 : 5 : I) ; clevclopnicnt distance : I 5 cm ; indicators : (I) 4 N hyclrochloric acid; (2) 0.5 “/o 
ninhyclrin in ethanol containing IO “/& acetic acid and 0.5 o/0 cadmium acetate. I = tctramethyl- 
thiuram monosulfide; 2 = tetrabutylthiuram monosulfide; 3 = tetrar~lcthylthiurarn ciisulfdc; 
4 = tctracthyithiuram clisulficic; 5 = dipcntamethylenethiuram tctrasuificlc; G = cyclic thiuram ; 
7 = pipcriclinium pentamcthylenedithiocarbamate; S = zinc climcthylditl~iocarban~atc; 9 = 
zinc cliethyldithiocarbamatc; IO = zinc dibutylclithiocnrbamatc. 

Fig. I 2. Separation of accelerators by thin-layer chromatography. Solvent : benzene-ethyl acetatc- 
acctor1c (roo:g:1); clcvclopment distance : 15 cm ; indicators : for I 1-17: (I) .+ N hydrochloric 
acid; (1) 0.5 o/o ninhydrin in ethanol containing IO o/0 acetic acid and 0.5 o/0 cadmium acetate ; 
for IS-20: 5 y0 bismuth nitrate in I N nitric acid. I I = copper dimctl~ylclithiocarbamatc; 12 = 

bismuth dimethyldithiocarbamatc; 13 = selenium dimethylclithiocarban~atc; 14 = tellurium 
tlietl~yldithiocarbamatc; 15 = cadmium clietl~ylclitl~iocarban~atc; 16 = 1~x1 ciicthyldithiocarba- 
tnatc : 17 = 2-bcnzothiazyl-N,N-diethylthiocarbamyi sulfide; I 8 = ,2-mcrcaptobcnzothinzolc ; 
rg ::: bcnzothiaayl disulficic; 20 = zinc bcnzothiazyl sullicle. 

0 

Fig. I 3. Separation of accelerators by thin-layer chromatography. Solvent: benzcnc-ethyl acctatc- 
acctonc (I oo : 5 : I) ; development distance : 15 cm ; indicators for 21 : 5 o/o bismuth nitrate in I N 
nitric acid; for 22-28: (I) 4 N hydrochloric acid; (2) 0.5 o/o ninhydrin in ethanol containing IO o/o 

acetic acid and 0.5 o/0 cadmium acetate. 2 I = 2-mcrcaptothiazolinc; 22 = N-levl-butyl-2-bcnzo- 
thinzole sulfenamide; 23 = N,N-di-isopropyl-2-bcneothiazole sulfcnamide; 24 = N-cyclohexyl- 
2-benzothiazolc suifenaniicie; 25 = N-oxydiethylcne-2-benzothiazoic sulfcnamicle; 26 = 2-(2,6- 
climcthyl-4-morpholinothio)bcnzothiazoie; 27 = N,N-climethylcyclohcsylamine salt of dibutyl- 
clithiocarbamic acicl; 2s = I, I’-metl~yleneclipipericiine-carbon disulficie reaction prociuct. 
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drin treatment of otller compounds on the sanx 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 inclicated, after the 4 .ii llydrochloric 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-7t-butanol (50 : I : I). 

Amine izydyocltloritles 
A misture of pz.-butanol-water-formic acid (5 : I: I) was used to separate the 

amines (Table VI.11). After development, the solvent was removed by heating the 
plate in a 130’ forced air oven. When dry, the plate was sprayed with the ninhyclrin 
solution used for tile accelerators and returned to the oven to bring out the colors 
(Fig. 14). 

APPROXIMATE &I.* X 100 VALUES AND COLORS FOR AXIIANIS I-IYDROCHLORIDPS 

Dcvelopmcnt on Silica Gel G with ,ll-butanol-water-formic acid (5: I : I) as solvent; indicator: 
ninliydrin. 

..Vo. Amhe Rp x IOO Coiov 

I 

1 

3 
4 
.5 
G 

7 
H 
9 

IO 

1Xniethylaminc 
Dicthylaminc 
l~iisopropyl;rmitIc 
l>i-,11-butylaminc 
trrl.-Uutylaminc 
Cyclohcsylaminc 
Aniline 
Piperitl inc 
Morpholi ne 
z,G-Din~cthylmorpholinc 

I 6 
‘5 
3.5 
52 
38 
42 
4s 
‘r3 
KY 
29 

ZCCd 

lied 
Yellow-brown 
I<ccl-brow!1 
Creamy-yetlo\\ 
Orange-lxolvn 
Pinlc 
I’urplc 
Red-violet 
l’ZlI1 

Fig. 14. Separation of amine hydrochloriclcs by thin-layer chromatography. Solvent : ‘,n-butanol- 
formic acid-water (5 : I : I) ; development distance : 15 cm ; indicator : 0.5 o/o ninhydrin in ethanol 
containing I o o/O acetic acid and 0.5 o/o cadmium acetate. I = dimethylaminc; z = diethylaminc; 
3 = diisopropylamine: 4 = di-n-b u y Tmine 5 = teal.-butylamine; G = cyclohesylamine; 7 = t 1‘ 
aniline; 8 = pipcridine; 9 = morpholine; IO = 2,6-climethylmorl~holine. 
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In all cases, solvent systems giving the greatest range of RF 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 llave also been chosen 
to permit the identification of the coxnpou~~cl in many instances by botll color and 
travel distance. Approximate descriptions of tile colors obtained for the compounds 
we esamined 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; llowever, an identification is Ilest made by comparison to known compouncls. 
An unknown compound is identified when, after adjusting the sample spot size to 
matcll that of the known, it travels the same distance and gives the same color as tile 
knolvn. If even higher probability is desired, the above procedure may be repeated 
\vitll a different suitable developing solvent. 

The amines are generally quite well spaced with a one-dimensional development 
(Figs. I, 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 Fig. 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 mistures or modifications thereof, 
The small amount of ammonium hydroxide was added to the developing solutions to 
minimize the tendency of certain compounds to tail. 

It has been noted that several of the samples (2, 3, 7, S, 13, 15, 20, and 2~) 

travel nearly identical distances when elutecl with benzene. Samples 3 and 7 not only 
travel identically, but color the same. Thus BHT (butylatecl hydroxy toluene) 
is apparently z,6-di-tert.-butyl-;h-cresol (11X spectra confirm this conclusion). The 
S: I ?z-hexane-benzene double development separates all but samples 2 and 3 and 
also sl~ows the several components present in sample 20. Tlie only difference between 
samples 2 and 3 is a methyl group in the $nvn position and a separation of the two 
would be espected to be somewhat difficult. In this situation, 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 
the 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. 

J. Clluorrrntog., 44 (1969) 315-330 



Only three compounds are involved and 
separatic an, 

A ccelerators 

no problems are encountered in the 

Since only one or two accelerators are generally used in a rubber compouncl, 
a TLC identification should not be too diffkult. However, more comples 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 
and the use for which the vulcanizate was intended. 

compounding 

A 5 : I : I mixture of fc-butanol-water-formic acid gave the best separation of 
the ten amine hydrochlorides. Variation of the ratio of ?z-butanol to water and 
formic acid (e.g., 3 : I : I to G: I : I) varies the relative positions of the compounds and 
may be used to advantage if an overlapping pa.ir is observed. One difficulty experienced 
with ninhydrin was the light color, a creamy yellow, obtained with Mt.-butylamine 
as mentioned above for N-lert.-butyl-z-bennothiazole 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 esamined to s11ow 
the general utility of TLC for separation and identification. 
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