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The efTel:t of six N,N'-disubst itllted 1.4-phenylenediamines (I) and four derivatives of 1,4-benzo
qllinonediimine (II) on the photo-oxidation of tetralin, squalane and squa lene at 35°C and radia
tion 300 -- 400 nm was investigated by oxygen uptake measurements. Due to irradiati on, the anti
oxidant effectiveness of I is so res tricted that the induction period did n ot appear in a ny of the pho
to-oxidized hydrocarbons. On the otller ha nd. however, owing to the presence of I, there is a strong 
retarda tion of the photo-oxidation of hyd rocarbons connected with the transformation of I in the 
oxidized hydrocarbo n to II. Benzoquinonediimines are able to scavenge radicals involved in the 
propagation step and provide a screening effect. The retardant efficiency of 1/ was proved by model 
investigation. Hence. 1/ play a pronounc·~d role in the mechanism of photo-oxidation of hydroca r
bons stabil ized with I. 

N.N ' -Disubstituted 1.4-phenylenediamines are very effective antioxidants in both low-molecular 
weight and polymeric hydrocarbons. Some of them act as a ntiozonants in elastomers based o n 
dienes. The mechanism of their action in thermal processes has been disc ussed recently I. 

With respect to the atmospheric ageing of polymers. it is important to know the effect of sc
l:oncary aromatic monoamines and 1.4-phenylenediamines in the photo-oxidation . Only very few 
data on this process are available. Studies of Dunn2

.
3 performed at 25°C in peroxide vulcanizate 

of natural rubber stabilized with N-phenyl-2-naphthylaminc and N-phenyl-I-naphthylamine and 
with a series of N. N ' -disubstituted 1.4-phenylenediamines proved that the former type of aromatic 
amines sellSitized the initial phase of photo-oxidation at 313 and 365 nm. At comparable condi
tions, various N ,N'-disubstituted 1,4-phenylenediamincs inhibited the photo-oxidation at 313 nm 
from the beginning of the reaction2 At 365 nm. a slight increase in the initial degradation rate 
was observed in the presence of all tested phenylenediamines3 . SUbsequently. the photo-oxidation 
was inhibited, presumably by coloured transformation products of phenylenediamines. The most 
serious initial degradation was obse rved with N,N ' -dimethyl-N,N ' -bis(l-methylpropyl)-1,4-
phenylenediamine. 

Results of some SCarce papers indicate reactions of 1,4-phenylenediamines during the photo-
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-oxidation. N.N.N ' .N ' -tetramcthyl-I.4-phcnykncdiallline is photo-oxidized with RO' radicals 
(methoxyI4. ethoxy l and isop ropoxyl 5) to the ca ti on-radical: the a lk oxy radical formed tran siently 
from diphenylmcthanol or I-phenylcthanol rcact s with N.N.N'.N ' -tctrapl\enyl-I.4-pll<:nylcnc
d iamine in a similar way6 The formation o f more complicated reaction products !'ill N Nand 
N ···-C couplings may be expectcd in the photo-oxidation of N- un , ub , tituted 1.4-pheny lenediami
nc. This ensues from the formation of an oligomeric po lyam inc de,cribed in ref. 7 Direct oxida
tion with oxygen to a nitroge n-centered radical and it s further ox idati o n and coupling reaction s 
arc considered as taking place in the process. 

The photo-oxidat ion mechanism of N .N '-d iphcnyl-I,4-phcnykncdiamine wa s inve,tigated in 
an acid medium by mea ns of fla sh photoly, i,H. The reaction p rod uct is the corresponding 1.4-
bcnzoquinonediiminc. The procc,s is a reversible one. and semiquinonc is tramiently formed both 
in the photo-oxidation of diaminc and in the photoreduction of quinoncdiimine. The sa me radical 
intermediate was also proved to be generated in the thermal oxidation9 The quantum y ield of 
photo-oxidation of N.N ' -diphen yl-N.N'-dimcthyl and N.N'-di phcnyl-I.4-phenylenediaminc in 
ch loroform at 3M 11m is higher than unit y. The authors assume that both a thermal and a pho to
chemical process participate in the reac tio n I a. There was no oxy ge n absorption in thc irradiation 
of N.N ' -diphenyl, N.N ' -dimethyl-N.N '-d iphcnyl and N. N.N '. N ' -tctraphcnyl-I.4-phcny lcncdi
ami ne in nonhalogenated solvent s (ethanol. benzcnc); onl y the ilu oresccnce of 1.4-plleny lcnedia
mines cou ld be de tected I 0. In the pho to-oxidation of 1.4-phenyicnediamincs the tran sientl y formcd 
radical intermediate may take part in the subsequcnt reactions. For instance, irradiation of thc 
ca tion-radical ofN .N.N'.N'-tetraphenyl-I,4-phenylenediaminc at 3(i(i nm in benzyl alcohol evokcs 
the reduction of the former to N.N, N'.N ' -tctraphen yl- I.4-phe nylc nediaminc, and the photo
-oxidation of bcnzy l alcohol to the correspondin g aldehyde6 Thc photocata lytic ac tion of the 
ca tion-radical of N.N.N'.N'-tctraphenyl-I.4-phenyicnediamine in diphenylmethano l o r l-phenyl
et hanol gives ri se to the corrcsponding ,y mmetrical ethcrs; at the ,a me timc, the cation-radical 
is recycled cia two succes,ive electron transfcr,6 

In the presence of a suitable sensitize r. mo lccular , ingl et oxygcn 102 ma y also bc in volved in the 
photo-oxidation process of J,4-phenylenediamines. Its participation in the photo-ox idation of 
rubber stabilized with aromatic amines is considered in rcf. 11 According to ref. I 2 , the ratc or 
ox idation of a benzene solution of natural rubbcr with si nglet oxygen is rcduced with N-cycl ohcxyl
-N' -phenyl- l ,4-phenylenediamine. This proba bly ensues from the ability of some aromatic amlncs. 
and among them, N-isopropyl -N '-phenyl. N-cyclohexyl-N'-phenyl and N ,N,N' ,N'-tetramethyl
-1.4-phenylenediamine. to quench effectively 102 in sol ution 12.1 3. The effectivcness of quenching 

varies in the series tertiary > secondary > primary amine l3 . The rate constant of quenching of 
102 ref12 . 14 at 0° and 25 °C is of the order of magnitude lOB _ 109M - I 5 -

1
. According to ref. IS , 

a typical product of the reaction between 102 a nd N,N.N' ,N'-4,5-hexamethyl -I ,2-phenylenedi
am ine was isolated in the presence of Bengal red. The reaction between derivatives of 1.4-phenylc
nediamine and singlet oxygen may also be affected by the medium: thus, e.g., N,N,N'.N '- tetra
methyl-J,4-phenylenediamine is oxidized in H 20 and D 20 with singlet oxygen in a process 
sensitized with erythrosine at 530 nm to Wurster blue l6 , but the same derivative in 1,3-dipheny l
furan l3 or methanol 15 does not react with 102 in a system sen sitized with Bengal red. The structure 
of the starting diamine also plays a part in the sensitized photo-oxidation: it has been reported I 5 
that N,N ,N',N'-tetramethyl-J,4-phenylenediamine does not absorb oxygen, unlike a similarJy 
tetrasubstituted derivative of J,2-phenylenediamine. This result sec ms very su rpri sing, as there 
is no formal reason for such a differencc in behaviour. Data on thc photo-oxidation of N,N,N',N'
-tetrasubstituted phenylenediamines which do not contain any hydrogen atom bound on nitrogen 
and are thus involved in a completely different stabilizin g mechanism than secondary aromatic 
amines, mainly operative as stabilizers, are of a rather minor importance for the stabilization 

process. 
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In order to obtain the necessary basic data on the effect of 1,4-phenylenediamilles 

on the photo-oxidation of hydrocarbons, we selected six technically important N ,N '

-disubstitutcd phenylenediamines hi-if. Their stabi lizat ion activity is important for 

unsaturated or saturated carbon chain hydrocarbon polymers. The oxidation was 

stud ied u~illg liquid hyclt ocarbon s: tetralin, 2,6,lO,15,19,23-hexamethyltetracosane 

(squaJane) and 2,6,1 0,1 5,1 9,23-hexamethyltetraco ~a-2,6,1 0,14, 18,22-hexaene (squale

ne). 

I, If: a, RI = iso-C3 H7' R2 = C 6 Hs 
b. RI = R2 = C6 HS 

c. RI = cyclo-C6 H 11 , R2 = C6HS 
d, RI = R2 = cyclo-C6 HII 

RI N= (--)=NR2 

II 

e. RI = CH 3- CH(CH3)- CH2- CH(CH 3 ), R2 = C 6 HS 
1~ RI = R2 = CH 3- CH(CH 3 )- CI-lz- CH(CH 3 ) 

EXPElUMENTAL 

Antidegradants 

Commercia l samples of antioxidants and antiozonants from the group of derivatives of 1,4-pheny
lenediamine (I) were purified by repeated cry~tallization from a mixture of methanol, ethanol or 
isopropyl alcohol wit h water (85 : 15 ). Nclsopropyl-N'-phenyl-I,4-phenylenediamine (la: San
toflex II'. Monsanto Chemicals Co., USA), m.p. 79°C, Amux 290 nm; N,N'-diphenyl-I.4-phenylene
diamine (lb, Altofane DIP, S. A. Fran<;:aise des Matieres Colorantes, France), m.p. 152"e, I' m", 

304 nm; N-cyclohexyl-N'-phcnyl-1.4-phenylenediamine (Ie. ASM 4010. Bayer AG, FRG), m.p. 
115'5°e, }' m"x 290 nm; N.N'-dicyclohexyl-I,4-phenylenediamine (ld. UOP 26. U.O.P .• Chemical 
Division. USA). m.p. 102- 104°e, }'max 257, 318 nm, N-(1.3-dimethylbutyl)-N' -phenyl-I ,4-phe
nylenediamine (Ie. Vulkanox 4020, Bayer AG, FRG), m.p. 35-3r e, }' m.x 290, 430 nm; N,N'-bis
(1 ,4-dimethylpentyl)-1 ,4-phenylenediamine (11; Santoflcx 77, Monsanto Chcmicals Co. , USA), 
d zo 0·905 gjcm3

, }'mnx 250, 322. 420 nm. 

1,4-Benzoquinonedi imines (II) were prepared by the oxidation of diamines Ia-Id with si lver 
monoxide or with K 3 Fe(CN)6 in an alkaline medium and recrystallized from cyclohexane and 
light petrolcum. N-Isopropyl-N'-phenyl-l.4-benzoquinonediimine (lIa), m.p. 42-44°C, }'max 292. 
421 nm; N,N'-diphenyl-I,4-benzoquinonediimine (lIb). m.p. 185°C, Amnx 304,442 nm; N-cyclo
hexyl-N'-phenyl-I,4-benzoquinonediimine (IIe), m.p. 69-70°C, }' mnx 300,420 nm; N,N'-dicyclo
hexyl-l,4-benzoquinonediimine (lId), m.p. 175- 181 °e, Amnx 290, 475 nm. Elemental analyses 
are in agreement with the respective structures IIa- IId. 

Hydrocarbon Substrates 

Tetralin (Laborchemie Apolda, GDR). b.p. 206'5°C, purified by rectification; 2,6,10,15,19,23-
-hexamethyltetracosane (squalane. Fluka AG, Switzerland), b.p. 210-215°CjI33'3 Pa, GLC 
purity higher than 95 ~~ ; 2.6,10, 15.19,23-hexamethyl tetracosa-2,6, 10, 14, 18,22-hexaene (squalene, 
Eastman Kodak Co., USA), b.p. 284°C j3'33 kPa, GLC purity higher than 97%. 
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Pho to-oxida tion 

Hyd rocarbons, either pu re or ccntaining a n am ine ~ tabiL 7c r a t conccntratio ns ((.) 5 . J() - 4, 

1 . 10 - 3 ,5. 10- 3 o r 1 .10 - 2 moll - I we re ox id ized in pure oxygen at 0·1 MPa and 35"C 
in a quartz cy lindrical ce ll (op tica l pa th 15 mm) provided with a magneti c , tin·cr. Samples (8 ml) 

we re irradiated in an appara tu , manufacturcd by SchoclJ'c1 Im tru1l1cnt Co rp . (USA ). type 0102, 

with a xenon lamp OS RAM XBO 'l()O W. thc infrared part o f thc ,pec tru m has becn removcd by 
mean s o f a liquid filter a nd the wa \'clcn gth wa s rest ricted to J()() _ .. 40() nl1l lI sin g a glass Illter UG 2 

(I Illm. Jen a Glas~ werk Scho tt & G en ., GDR). The constant ini t ial li gh t inten sit y (2'2 mW/c m 2
) 

was mea sured with an adapted phot odiodc (1'esla I PI' 75) calibra ted with an LPC R ,-3960 
(Laser Precisio n Corp .. USA) radiometer . and actin o metrically with krrioxala tc. The cha nge in thc 

light intc nsity was recorded continuously. The ratc of pho to- ox ica ti o n wa s mca sured usin g a n 

appara tu s with aut o maticall y rccordedoxygcn up ta kc. The absorption times TO'S' T I ·O a nd T,·S(S) 

werc detcrmined g raphica ll y fr o m the abso rptio n c urvcs as in tc rsec ti o ns o f tangcn ts o f the cu rves 

with the timc axis fo r the oxygen upta ke of O· 5. 1· 0 and I· 5 mmoic o f oxygcn per mole o f suhstra te. 
The slo pe of the curves S (mol e of oxygen per m o le o f s l1 b~tratc pCI' ,ccond) wa s calcu la ted for two 

interce pts o f abso rpti ons as fo ll ows 51 C~ 0·5/ (T, .() - TO ' 5 ) and 52 =~- O'5/ (T"5 - TI .O)' The 

re la ti ve slopes of cu rves 5 r were ca lculated fr o m the ratios Srt 5,, /5 s1 a nd S r2 5,2 / 5,2' 

where the slopes of curves 5s correspond to the <ln tidcg ra dant L",cd a s a standard . and the index 

5, ho ld s for the studied antideg rada nt in the sa me conccntrati o ns. The relative activities Art 

(for TO'S) a nd Ar2 (for TI' O) were ca lculated fro m the n:lation (T, - - TO) / (Ts -- TO)' where TO is 
the induction time for the substrate without <lntidcg racan t, Ts i ~ the ind ucti on time for the sub

stra te con tai nin g antidegrac' ant a s the sta nda rd , a nd T x i.) the induct io n time o f the substra te con

ta ining the ;.tu d ied a ntid cg racant in the ~ a mc concent rat ion as the stancard. 

RESULTS AND DISCUSSION 

The effect of aroma tic amine antioxid an ts on the photo-ox ida tion of hydrocarbons 

was in ve~ tigated using six technica lly impo rtant derivatives of J ,4-phenylcnediamine 

l a-II These co mpound s a re USed in the stab ili za ti on ofc lastomers based on dicncs 

aga ins t ox idati on with oxygen o r ozone. The antidcgradation activity of phcnylene

d iam iJ:es in the photo-oxidation which is an important part o f atmospheric ageing 

remains however UJ~ known. In carbon black loaded clas tomers deterioration d ue to 

photoprocesses need no t be tak en in to accoun t du e to th e efficien t liglj t screer.ing 

effect of carbon black, while in un loaded elastomers or po lyo lcfins photo-ox idati on 

mmt be borne in m i11d. 

We report results obta ined USi11g somc selected liquid hydrocarbons . T etralin , 

2,6, 1 0,15 ,J 9,23-hexamethyltetraco,ane (squ alane) and 2,6, J 0, 15 , 19,23-hexamethyl

tetracosa-2,6,1 0,14, 18,22-hexaene ( ~ qu a len e, hexa mer o f isoprene) whjch may be 

regarded as a low-m o lecu lar weight rr.od el of na tura l rubber were oxidized at 35° C 

under irradiation in the rarge o f wave lergth 300-400 nm. In the abscnce of anti

d fgradal~ t s , s qll a lel~ e which conta ins a branched carbon chain with a system of iso

la ted double bor d s was ox idized faste ~ t llJ~ d e r the condition s u se d (S = 16'5 . 
. 10- 8 S-I). Tetralin (S = 4'5.10 - 8

5-
1
) an d squ a lane (S = 2'7.10- 8 5- 1) were 

oxidized more ~ Iowl y . The order of oxidiza bi li ty of hydrocarbons is the same a s 
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in the therma l ox idation initiated with 2,2'-azobis(isobutyronitri le), but the rate of pho _ 

to-oxidation is lower by J - 2 orders of magnitude _ 

N-l so propyl-N'-phenyl-J,4-phenylenediamine (fa) was used as the standard in 

comparing the effect of the particular N,N '-disubst ituted 1,4-phenylened ia mines: 

it is the technica lly most important a mine antidegradant for e lastomers_ 

An analy ti cal investigation by meam o r the LC and TLC me thods has revealed th at 

similarly to thermal ox idation, in the oxidation of both sat ura ted and unsa turated 

hyd rocarbons sta bilized with N,N'-disubstituted I ,4-phenylenediamines 1a -If, the 

correspor_ding N ,N '-disubstituted 1,4-benzoquinoncdiim ines are formed first. Other 

primary trans formation products of I ,4-phenylenediamine were not observed under 

the experimenta l cond iti ons used_ The chromatograms were more complicated , 

however, becau se products of the photo-oxidation of hydrocarbons we re represented 

in a much higher number and quantity than in the thermo-oxidation_ Formation of 

I ,4-benzoquinonediimines I1 may involve the oxida tion with ROO· radicals or with 

oxygen _ The former poss ibility was proved unequivoca llyJ9_ Another important 

difference consisted in a fast photo-oxidation of 1 to 11 compared with thermal oxi

d a tion_ I I appeared in the react ion mixture already from the beginning of the photo

-oxidation J8 _ The fa st photo-oxidation of l a, 1b , I e with ROO· radicals ensues a lso 

from a comparat ive study carried out by Goda 20 in the thermal and photochemical 

ox idation init iated with 2,2'-azobi5(isobuiyron itrile) at 50°C. The ratio of the rate 

constants of the reaction of tetralyl hydroperoxyl with tetralin and diamines 1 a - 1 e 
was a lways lower in the photoprocess_ This explains the fast depletion of 1 in the oxi

dized hydrocarbon and accumu lat ion of primary molecular products (i_e_ , ll)t while 

lIldicating at the same time the possible participation of radical intermediates formed 

TABLE I 

Photo-oxidat ion of squalane in the presence of derivatives of I ,4-phenylenediamine I and 1,4-
-benzoquinonediimine II (c concentration of additives, 5 _ 10 - 4 moll -); ).300-400 nm, 35°C, 
pressure of oxygen 0-1 MPa)_ Meaning of symbols and the ir dimensions cf. Experimental; Ia is 
standard 

TO -5 T t -O T t -S SJ Sl 
Additive Sri Sr2 

103 
S 10- 8 s 

Ia 8-0 16-0 23- 3 6-3 6 -8 1-0 1-0 

Jb 18 -1 34-8 52-0 3-0 2-8 0048 004 
Ie 9 -0 2\-9 37-8 3-9 3-1 0-62 0046 

IIb 12-\ 24-0 37-8 4-2 3-6 0-67 0 -53 

Control 27-4 45-8 60-8 2-7 304 
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from 1 (aminyl or nitroxide radicals) in the initiated initia l stage o f photo-oxidation. 
The initiation effect may playa more di stinct ro le either in hydrocarbon s which are 
ox idized more slowly or at a higher concentration of I. The lack o f the induction 
period in the photo-oxidation also is a consequence of thi s clfect. On the contrary, 
a pronounced induction period appears in the thermal oxidatio n 1 even at a very low 
concentration of 1. 

In the photo-oxidation of squ alane, the ~ atul ated hydrocarbon , antioxidants 1 a -/ e 
have a pro-oxidative effect. This is documented by both the T and Sr values (Table I). 
The acceleration of oxidation is probably a result o f the invo lvement of nitrogen
-centered radical intermediates III originated from / in the photoinitiation process 
(Scheme 1). Benzoquinonediimine llb also has a pro-ox id ative effec t, but experimental 
evidence which would explain the mechanism of it s pro-oxidative properties is still 

lacking. 

RINH-<- )-NHR1 RO,:~'o , J Rl NH -<->-NR2 -~ R' 
III 

RO,',O, l"v 

R1N=(=>=NR 2 Roi 

11 

SCHEME 1 

No induction period was observed in the photo-oxidation of tetralin stabilized 
with phenylenediami)1es la-Ie and If, even in the presence of high antioxidant 
concentrations (Table II). This is a difference from thermal oxidation where a quite 
pronounced induction period was observed in the presence o f all the investigated 
a mines 1 • However, here at least the photo-oxidation process was effectively retarded 
from the very beginning, and in no case was the photo-oxidation accelerated. Diffe
rences in the retaldative activity due to a chan ge in the N ,N'-disubstitution are of 
little importance and do not allow any discu ssion of the substItuent effects. The 
efficiency is affected by the concentration at which the individual 1 are compared. 
Significant differences were observed in the effect of variou s derivatives of l,4-phenyl
enediamine and 1,4-benzoquinonediimine applied at comparable molar concentra
tion on the initial phases of the photo-oxidation of tetralin. This is why in some 
cases the Arl values differ by as much as an order of magnitude (Tables JI and III, 
Fig. 1). Values that can readily be correlated are found only at higher oxygen ab

sorption values . 

The retardative effect of most of 1 investigated here is distinctly affected by an in-
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crease in the concentration of J on ly in the later stages o f the process, after some 

10 h of photo-oxidation. This can be seen in the stabiliza tion of tetralin with / a-Ie. 

TABLE II 

PhOlo-ox ida tion of tetra li n in the presence of derivatives of 1,4 -pheny lenediam ine (I); experi
menta l conditions , mea ning of symbols and standard a rc the same as in Table [ 

Additive 

Ia 

C 

11101 1- J 

5. 10 - 4 

TO ' S 

12·6 
16·2 
169 

28·8 1·0 
29·2 1·0 
32-4 1·0 

----- Sri 

1·0 3·1 4·3 1·0 1·0 
1·0 3·9 3·9 1·0 1·0 
1·0 3·2 2·8 1·0 1-0 

1 

1 

I 

I 

1 

1 

1 

Ib 

. 10 - 3 

5 . 10 - 3 

1 . 10 - 2 

5 . 10 - 4 

I . 10 - 3 

5. 10 - J 

16·2 

18 ·9 

29·2 

33'3 

40·5 
4 1·9 
50'4 
49·0 

41·9 
54·8 
59·2 
64·6 

1·0 

12·7 

1·0 I 

1·35 

1·0 3·9 2-5 1·0 

1·8 3·5 5·8 1·12 

Ie: 

I[ 

Contro l 

. 10 - 2 

5.10 - 4 

I . 10 - 3 

5 . 10 - 3 

I . 10- 2 

5. 10- 4 

1 . 10 - 3 

14·0 
17·3 
16·2 

20·6 
18·3 
15·5 
27·2 

31·2 
46'8 

12·1 

31·1 
34·2 
39·6 

39·1 
37·6 
32·8 
82·8 

95·0 
144·0 

23·3 

50·2 
89·6 
61·0 

33·7 

0'5 
1-1 
1·0 

15·8 
1·5 
0·7 
3·7 

35'4 
8'4 

1·3 2·9 2·1 
1·2 3·0 2·0 
2·8 2·1 2·0 

2·9 2·7 4·5 
2-4 2·6 1·0 
1·0 2·9 1·8 

10· 1 0·9 

13·8 0·8 
20·5 0·5 

4·5 4·8 

0·75 
0·92 
0·55 

0·87 
0·66 
0·9 
0·23 

0'2.5 
0·13 

0·54 1 

0·7 1 

0·8 1 

1·04 

0·25 I 
0·63 

1 

1 

----- - - -----1 

0 -6 

1(}8 432 

FIG, l 

1 

I 

1 

1 

Oxygen uptake, v (mmol °2 / 1110Isubs lralcl, I 

during the photo-oxidation of tetralin at 
300 - 400 nm and 35°C in the presence of 1 

N,N'-diphenyl-1 ,4-benzoquinonediimine (lIb , 
concentration in mol l - I): 0 0, ~ 5.10 - 4

, 1 

() 5.10- 3 ,.1.1:- 2 

----------------1 
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Due to a more pronounced retardation or ph oto-oxidation in the later phase o f the 
process, in some cases not even \·0 mm o lo:! l1l o l,ubSir. upt ake could be reached dUling 
the measurement. The result iulicates so me more co mplicat ed relations involved in 
the photo-oxidation or the ~ y s t e m hydrocarbo ll /diamine I. Differences in the late o f 
photo-oxidation of the amine'S alo ne and in the rate o ftra n~ formati on of the primarily 
form ed nitrogen-centered radical /11 arc al so probably inv olved. 

Bel~zoquinonediimines 110-11c behave difTcrently in the initia l stage o f photo
-oxidation of tetralin (Table 1I1). Experimental data indicate a weak pro-oxid a tive 
effect oUla and /1b (Fig. I) . This cfrect becomes apparent only at a low concentra tion 
of the additive (5.10 - 4 moll - I), and after some 6 h it is converted to the retardative 
efTect. The observed pro-oxidative efrect or /la , IIh cann o t be interpret ed unequi
vocally without a deep mechani stic study. Bell zo quin()l~ cdiill1ine lie has no rro-oxida
tive effect. At highel concentrati ons of bel1 zoqui l1oJ1 cdiimines 11(/ , /lb and /ld the 
retardative effect gradually increases so that the rate of photo-oxidation is vcry low; 
and absOlption as low as 1·0 mmol 0 2/mol ' UiJSIr"'C could no t be reached during the 
measurement (Fig. 1). 1t is or importance that the essentia l feature of the efrect of all 
II investigated in this study is retardation of the later stage of photo-oxidation of 
tetralin. The Sr values are very similar for tetralin containing I and 11. With respect 
to the proven l7 .18 conversion or I (0 II , the observed retardative efreet can be ex
plained through an active role of II. 

The greatest importance ror the characteri za tion or the effect or derivatives of phe
nylenediamine on the photo-oxidation or rubbers has a model investigation can ied 

TABLE III 

Photo-oxidation of tetra li n in the presence of deri vati ves of 1,4-bcnzoquinonediimine (If); 
experimental conditions and meaning of symbols arc the sa me as in Table I 

Additive 

[[a 

lJb 

[[c 

Control 

c 
moll - l 

5.10 - 4 

5.10 - 3 

1.10 - 2 

5 . 10- 4 

5.10 - 3 

1 . 10 - 2 

5. 10- 4 

1 . 10- 2 

8·8 
576 
36·0 

10·1 
15·0 
15·0 

26·0 
16·9 

12·1 

25-4 42 · J 
9·5 
5·8 

23·6 40·5 
32-4 60· J 0 ·6 

0·7 

2·9 
J·2 

23·3 33 ·7 
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Sl S2 
Ar2 - .--.--.-.--- - SrI 

10 - 8 S 

0·4 

0·1 
J·O 

--- - - _ .. _-----

3·0 

3·7 
2·9 

3·0 

3·0 
I ·g 

4·5 4·9 

0 ·97 0·69 

1·19 0·69 
0·90 0·64 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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I 
out in squalene. Already at the lo\\-est concentJatlOn all dellvatives of I used in th e 

I st udy retarded the photo-oxidation very strongly (Table IV). However, no induction 

period could be obseJ ved also in this hyd10carbon , even with 1 present at high Con-

I centrations (in the thermal oxidation!, after 150 h the oxygen absorption was still 

quite in significant in thi s case). The character of N ,N '-disubstitution has no essentlal 

I effect on the retardative activity of 1. In the time interval taken for investigation (i.e .. 

lip to 25 h), the retardative activity decreased in sq ualene in the presence of all the I 
I with their increasing concentration . This finding indicates the role played by the pro-

oxidative effect of reactive intermediates of the oxidation transformation of 1. It is 
I only the primary photo-oxidation product, i.e. the corresponding benzoquinone-

diimine, that possesses a retardative effect, as shown in Table V. 
I 

TABLE IV 
I 

Photo-oxidation of squa lene in the presence of derivatives of I A-phenylenediamine (I); experi- I mental conditions, mea ning of symbols a nd standard are the same as in Table I 

I TO'S T!·O T!·S s! S2 c 
Additive moll - 1 Arl Ar2 Srl Sr2 

I 103s 10- 8 s 

Ia 5. 10 - 4 13-4 20·9 21·7 1·0 1·0 6·7 7·3 1·0 1·0 I 
. 10 - 3 1·2 14-4 22·3 1·0 1·0 6·9 6'3 1·0 1·0 

I 5.10- 3 8·5 15-4 21·2 1·0 1·0 7'3 8·5 1·0 1·0 
1.10 - 2 5-4 10·9 16·2 1·0 1·0 9'1 9·5 1·0 10 

I Ib 5.10- 4 10·5 19·2 28·0 0·7 0·9 5·8 5'7 0·86 0·78 
1 .10- 3 7·6 14·0 20·4 1·1 0·94 7·8 7·8 1·13 1·24 

I 5 . 10- 3 1'4 15·1 23·1 0·75 0·97 6·5 6·3 0·88 0·14 

Ie 5. 10 - 4 13-2 24·0 34·1 0·98 1·23 4·6 5·0 0·69 0·68 

I 1. 10 - 3 6·0 11·8 19·2 0·63 0·64 8·7 6·1 1·26 1·07 
5 . 10 - 3 11 ·4 I1-8 23·6 5·26 2·71 7·8 8·6 0·86 0·90 

I Jd 5. 10 - 4 6-4 14'3 21·8 0·26 0·53 6·3 6·1 0·94 0·92 
1 . 10- 3 9·5 180 26·5 1·73 1-49 5·9 5·9 0·86 0·94 

I 
5. 10 - 3 13 ·1 23'4 31·1 2·02 1·96 4·9 6·5 0·67 0·77 
1 .10 - 2 10·2 22·3 34·1 4·4 3·9 4·1 4·3 0-45 0-45 

I Ie 5.10 - 4 10·8 21·0 30·7 0·73 1·0 4·9 5·1 0·73 0·70 
1 . 10 - 3 7·9 16·2 26·5 1·22 1·24 6·0 4·9 0·88 0·77 

I 
5.10- 3 11-4 19·2 21·2 1·50 1-46 6·4 6·3 0·88 0·74 

If 5. 10- 4 15·1 29 ·0 39·8 1·25 1·58 3·8 4'6 0·56 0·63 

I I .10- 3 4·g 9·0 13 ·2 0·25 0·21 11·9 11'9 1·72 1·89 
5.10- 3 6·1 11·9 17·6 0-47 0·58 g'7 g'8 1·19 1-03 

I Control 4·0 1·0 g'7 16·5 29·2 
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All the investiga ted [J a -lId not on ly retard the photo-oxldatton of squalene more 
strongly than the del iva tives of I used in an equ imolal concentl ation: theil retardative 
effect becomes stronger with concentrat ion, accOlding to the results obtained with 
JIll and lI e. This resu lt is in keeping with the pro-ox idative effect of intermediates 
arising fro m I as considered above (they cannot become opera tive if II IS directly 
ad ded to the oxidized hydrocarbon) and ind icates tha t II it self does not participate 
ill the initiation process and that it is capable of deactivating the chain-propaga ting 
rad ica ls R", ROi or the chain-branching radicals RO·. Deactivation of radiation in the 
range of the wavelengths L1 sed (300-400 nm) can also be observed, i. e., a screen ing 

RO; 
- ------ -- -----.-~ 

/ ROO tl ~ 
/.-~------.. -----.-~ ~ 
~ RO' '--~ 

1 ~~=~~~~~~_~-___ ~_~?" 
~~ 

SCH EME 2 

TABLE V 

Photo-oxidat ion of squalene in the prcscnce of derivatives of 1.4-bcnzoqu in o ncdiimine (If); 

experimenta l conditions, mean ing o f symbols and stand ard arc the sa me as in Table I 

Add itive 

lJa 

]{b 

[Jc 

[Jd 

Control 

(' 

moll -) 

5 . 10- 4 

1 . 10- 2 

5. 10 - 3 

5 . 10- 4 

. 10- 2 

5. 10- 3 

5. 10- 4 

1 . 10- 3 

101 
9·9 

232 

]5·6 
18 ·0 

19·7 

13 ·9 
16·8 

4·0 

17 ·3 30·0 0·65 

25·0 40·8 4·2 

45·7 73·1 

289 44 ·3 1·24 

31A 46·3 994 

49·0 82·8 3A6 

21·5 30·0 1·06 

29·2 38· J 4·0 

7·0 g'7 

Collection Czechoslovak Chern . Commun. [Voi. 481 [1983J 

074 
4·6 

1·58 
6·26 

5·04 

1·04 
3·0 

SI S2 
--------- Sri 

10 - 8 S 

69 4·0 ] ,04 

3·3 3·2 0'37 
2·2 1·8 

3·8 3·3 0·56 
3·7 3A OAI 

1·7 1·5 0·23 

6·6 5·9 0·99 
4·1 5·6 0'6 

16·5 29·2 

Sr2 

054 
0·33 

OA5 

0 '35 

0·17 

0·80 
0·90 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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photostabilizing cfTcct of benzoquinonediimines. This is a consequence of theiJ ability 

to absorb radiation in the range of longer wavelengths than do the derivatives of 1 A
-phenylencdiamine (for J.""IX see Experimental). 

The result s of measurements carried out in this study pointed out unambiguously 

thc wcak antioxidative eniciency of derivatives of I A-phenylenediamine 1 in the photo

-oxidation of hydrocarbons (RH). 1 A-Phenylenediamines I used are oxidized to 1 A-
-benzoquinonediimines II by several parallel Joutes operative to various degree 

(Scheme 2). Only part of these transformation mechanisms contribute to the active 

role of 1 in the chain-breaking PJocess. 

The transformation of J proceeds with the participation of radical s RO; and hydro

peroxides (formed in the propagation stage of oxidation, the latter also in the oxida

tion of unsaturated hydrocarbons with singlet oxygen) , radicals RO' (formed by the 

photolysis of ROOH), and of molecular oxygen in the ground state. By analogy with 

the photo-oxidation of aliphatic amines (e.g., ref. 2 !), the active participation of 

sensitizers in the excited triplet state (s*)must also be taken into account in the for

mation of nitrogen-centered radicals and in theil subsequent transformation into II. 

Carbonyl compounds arising by transformations of ROOH in the oxidation of poly

meric hydrocarbons may al so become such sensitizers, even though to a limited 

extent. Owing to the short length of the kinetic chain in the photo-oxidation con

nected with the fast generation of radicals RO; and RO' and at the simultaneous high 

concentration of molecular oxygen the transformation of 1 due to these agents is 

a favoured process. The observed resultillg effect on the photo-oxidation is a conse

quence of the fast formation of II accumulated in the hydrocarbon and pos sessing 

a retardative effect. 
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