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Spectroscopic Studies of Ultrathin Microtomed 
Sections of Polymers. Part 111. Rapid 

Characterizatienof Antioxidants in Cured Black-Loaded 
Rubbers from Ultraviolet Spectra of 

Extracts of Sections 

P. J. GORISH, Chemical Research Department, Central Research Division, 
Dunlop Research Centre, Birmingham, England 

INTRODUCTION 

Previous pagers1J have described the use of ultrathin microtomed sec- 
tions (ca. 2 thick) and scale expansion for identifying polymer in a black- 
loaded cured rbbber, and both polymer and filler in a cured rubber con- 
taining inorganic filler. Sections were cut, initially, with the use of petro- 
leum naphtha, toluene, or tqcetone, depending upon which was needed to 
swell the rubber. 

The use of an ultraviolet-transparent liquid to swell the rubber, which 
would enable sections to be cut, should also lead to a very fast extraction 
of antioxidants and, possibly, accelerator residues. This would obviate 
the need for cutting the sample with scissors and extracting with cold sol- 
vent, which is the normal, somewhat lengthy technique for the treatment 
of vulcanizates in these laboratories.8 

A W-transparent cutting liquid, methyl cyclohexane, has been found, 
and thus the identification of antioxidant in certain c u e d  black-loaded 
rubbers may be carried out, in addition to the characterization of rubber 
and filler. 

EXPERIMENTAL 

W spectra were run on a Beckman DK.2 Spectrometer under the fol- 
lowing operating conditions: Scanning time, 5; scale expansion, 2X; 
Time constant, 0.2; sensitivity, 12. 

Some W-transparent solvents, such as isooctane and isopropyl alcohol 
(both had been chromatographed and distilled), were tried as cutting liquids 
for natural rubber but were found unsuitable as they did not swell the 
rubber sufliciently. Carbon tetrachloride was partially successful for nat- 
ural rubber: sections were obtained plus an extract which showed evi- 
dence, in its W spectrum, of antioxidant content. However, carbon te- 
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water, had an optical density of 0.25-0.30 at 225 mp. 
Sectioning of various samples of rubbers was carried out as described pre- 

viously,1*2 and 10-20 ultrathin sections (ca. 2 p thick and ca. 0.5 X 1.5 
cm. in area) were placed in a Petri dish containing 10-20 ml. of methyl 
cyclohexane. Aft& several sections had been laid out to be run in the in- 
frared region, a 1-cm. quartz cell was filled with solution and its W spec- 
trum (versus methyl cyclohexane) was run. The Petri dish was covered 
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after the solution had been replaced, and the W spectrum of the extract 
was run again after 24 or 48 hrs. or both. 

RESULTS 
The method was found to be applicable only to the rubbers that are not 

“oil-resistant,” e.g., natural rubber and butadiene/styrene copolymers. 
Oil-resistant rubbers, such as neoprenes and butadiene/acrylonitrile co- 
polymers, need toluene as cutting liquid. 

Table I lists the chief maxima in the W spectra of extracts from various 
cured polymers containing different antioxidants; identities of polymers, 
antioxidants, and accelerators for the compounded rubbers are also given. 
Figures 1-5 exhibit ‘ITV spectra of some of the extracts, together with ref- 
erence spectra of antioxidants, etc. 

DISCUSSION 
The results obtained are discussed for each of the figures shown, which 

relate to standard reference samples containing known antioxidants. Some 
of the spectra of reference materials are not those of solutions in hydrocar- 
bon solvents, but solvent shifts are not significant.a 

Figure 1. Extracts of cured rubber containing phenyl-p-naphthylamhe 
(PBN) or Nonox HFNP which is predominantly PBNj8 give easily recog- 
nized maxima at 309 and 272 mp (Ei& = 978 and 1105 respectively). 
This antioxidant is extracted rapidly and, as shown in Figure 1, there is 
little difference between methyl cyclohexane extracts of sections of cured 

’ m P  

Fig. 1. UV spectra of extracts of natural rubber containing Nonox HFN: ( 1 )  methyl 
cyclohexane extract of microtomed sections after dl  hr.; (a)  methyl cyclohexahe ex- 
thct of microtomed sections after ca. 24 hra. ; (s) ieooCtane extract of “bulk” polymer after 
Ca. 48 hra.; (4 )  Phenyl-&naphthylamiie in isopropyl alcohol. 
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260 2 5 0  300 3 3 m r  

Fig. 2. W spectra of extracts of Krylene (SBR) containing Nonox HFN and Santoflex 
AW: (I) methyl cyclohexane extract of microtomed sections after 41 hr.; (3) methyl 
cyclohexane extract of microtomed sections after ca. 24 hrs.; (9) isooctane extract of bulk 
polymer after ca. 48 hrs.; ( 4 )  phenyl-&naphthylamine in isopropyl alcohol; (6) Santoflex 
AW in isopropyl alcohol; (6) Dresinate + BLE in isopropyl alcohol (extract of rsw 
Krylene). 

Fig. 3. W spectra of extracts of Krylene (SBR) containing antioxida9t 425: (I)  
methyl cyclohexane extract of microtomed sections after L 1 hr.; ( 2 )  methyl cyclo- 
hexane extract of microtomed sections after ca. 96 hra.; (9) = (2) on addition of sodium 
isopropoxide (50%) and rerunning after ca. 30 min.; ( 4 )  isopropyl alcohol extract of 
raw Krylene (Dresinatu + BLE). 
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natural rubber after 1 and 24 hrs. and an isooctane extract in the cold of 
the bulk polymer (cut into small pieces) after 48 hrs. A reference spec- 
trum of PBN is also shown on the same figure. 

Fig. 4. UV spectra of extracts of KryIene (SBR) containing Agerite White: (I)  methyl 
cyclohexane extract of microtomed sections after L 1 hr.; (8) Agerite White in chloro- 
form; (3) isopropyl alcohol extract of raw Krylene (Dresinate + BLE). 

\ 

250 360 

Fig. 5. W spectra of extracts of butyl rubber: ( 1 )  methyl cyclohexane extract of mi- 
crotomed sections after hl hr.; (8) methyl cyclohexme extract of microtomed scctious 
after ca. 4 8  hrs.; (3) zinc dimethyl dithiocarbamate (ZDC) in isopropyl alcohol. 
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Traces of decomposition products, e.g., oxidised PBN, also appear in the 
spectrum. 

FQure 2. Raw Krylene (SBR rubber) contains an antioxidant (BLE)6 
of its own as well as Dresinate, a disproportionat& rosin acid s o a ~ . ~ . ~  
Methyl cyclohexane ‘extracts of cured samples of Krylene exhibit maxima 
due to BLE and Dresinate besides antioxidants added during compounding. 
Thia is shown in Figures 24, which all relate to KryIene samples. 

PBN may clearly be identified in Figure 2 but the identification of Santo- 
flex AW (6-ethoxy-2,2,4-trimethyl-l,2dihydroquinoline) is by no means as 
certain. 

Fine structure at 277,268, and 261 xrw due to Dresbata may 
easily be recognized by comparison with a reference spectrum of an extract 
of mw (uncured) Krylene. The somewhat broad m&um at cib. 282 
mp shifts to ca. 295 mp on addition of alkali, characteristic of going from 
phenolic OH to the ioniged 0- state. The positions of the maxima, how- 
ever, are not correct for antioxidant No. 425 [2,2’-methylene-bi(4thyl- 
6-tert-butyl phenol), Anchor Chemical Co. Ltd., Clayton, Mmchester, 
England], because of the interfering absorption of BLE which peaks at  
287 mp. 

Figwe 4. A charwteristic long wavelength maximum at 315 mp (E;Z.- 
= 1830 for Agerite White iteelf), together with a weaker maximum at 
275 m p ,  appears in extraets of a eured rubber containing Agerite White 
(N,N’-di-a-naphthyl-ppheny€enediamhe) .6te These are shown in Figure 
4, together with additional weaker bands due to Dresinate or BLE. 

Figure 6. An extract of sections of butyl rubber, which has no specific 
antioxidant, e h b i t s  maxima at  260 and 283 mp in the W, as shown in 
Figure 5. These are ascribed to zinc dimethyl dithiocarbamate (ZDC), 
the main reaction product of a tetramethyl thiuramdisulfide (TMT) 
sulfurless cure. ZDC has absorptions at 261 and 280 my and is shown, for 
comparison, in Figure 5. 

Figure 3. 

SUMMARY 
The examples given are only an indication of the capabilities afforded 

by the use of a W-trmspwent liquid (methyl cyclohexane) as cutting 
liquid. It has been used successfully for identification of antioxidants 88 
well as polymers in unknown cured black-loaded samples of rubbers. 
It is not proposed to extend this work, however, so it is being reported at  
this stage. 

The extraction suffers from several drawbacks: 
I .  Some antioxidants, e.g., Nonox ZA (N-phenyl-N’-isopropyl-p 

phenylenediamine), Santowhite CM (di-o-cresol monosulfide),bs6 and Flec- 
to1 H (acetoneaniline reaction product)?’ are not extracted from mi- 
crotomed sections of cured rubbers by the solvent used. These antioxi- 
dants can be found in extracts from bulk rubber and extract quite quickly;3 
thus, oxidation must occur during cutting and extraction. 
2. In many of the UV spectra, maxima are very broad; the explanation 
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may well be that oxidation of the rubber and antioxidant occurs very much 
faster in thin sections than in a piece of rubber. 
3. If mineral oil is present in the cured rubber, it is extracted and 

“masks’7 some antioxidants. 
Mr. C. E. Kendall is thanked for critically reading this manuscript and for hia helpful 

suggestions. ‘I’hanks are also due Miss S. Gamble for running some of the spectra, and .to 
Compounding Research Department for supplying the compounded cured samples. 
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synopsia 
Several types of cured black-loaded rubbers, including natural rubber, butadiene/ 

styrene copolymers, polybutadienes, and butyl rubbers, can be microtomed with an ul- 
traviolet-transparent solvent (methyl cyclohexane) as cutting liquid. The ultrathin see- 
tions obtained are wed to characterize the rubber and the inorganic fillers, if any, and at  
the same time the antioxidant present is extracted rapidly from the very thin films by the 
solvent. An ultraviolet spectrum of the resultant extract enables some antioxidants and 
reaction products of cures to be rapidly characterized. 

R b U d  
Plusieurs types de caoutchouc trait& et charges de carbon-black, comprenant le caou- 

tchouc naturel, des copolymbres butadibne/styrbne, des polybutadibnes et des caout- 
choucs-butyle, peuvent atre microtomes en utilisant un solvant (m4thylcyclohexane) 
transparent B 1’U.V. comme liquide permettant la coupure. Les sections ultra-minces 
obtenuea sont utilie6es pour caracthriser le caoutchouc et les charges inorganiques prben- 
tes, s’il y en a, et en m6me tamps l’anti-oxydant pr6sent est rapidement extrait des trbs 
minces films par le solvant. Un spectre U.V. de l’extrait rhultant permet de carac- 
thriser trbs rapidement certains anti-oxydante et  produita de r6action des traitementa ef- 
fectuh. 

Zusammenfassung 
Von einigen vulkanisierten, russgefullten Kautachuktypen, niimlich Naturkautschuk, 

ButadienStyrolcolpolymeren, Polybutadienen und Butylkautachuk konnen unter 
Benutzung eines UV-durchliissigen Liisungsmittels (Methylcyclohexan) als Schneide- 
flussigkeit Mikrotomschnitte angefertigt werden. Die erhaltenen, ultradiinnen Sch- 
nitte werden zur Charakterisierung dea Kautachuks und des eventuell vorhandenen an- 
organischen Fiillstoffs: verwendet und gleichzeitig wird das anwesende Antioxydans aus 
den sehr dunnen Filmen durch daa Losungsmittel rasch extrahiert. Ein UV-Spektrum 
dea erhaltenen Extrakta ermoglicht die rasche Charakterisierung einiger Antioxydantien 
und Reaktionsprodukte der Vulaksnisationsreaktion. 
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