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ABSTRACT

The fading By light of anéerobiC‘soiﬁtions‘of some siﬁple amino-
gnthraquinone compounds in ethénol and in ethylAacetate'and for 1-amino- -
anthraquinone aisb in céfbon tetrachloridecand in n~heiane has beeﬁ
followed spectrOphbtometrically.. Two light sﬁurées haverbeen used, dﬁe
emlttmng short-wave ultra-v1olet radlatlon and the other near ultfa—v1olet
and v131b1e fadlatlons. The rate of‘fadlng is cpns;derably faster for
exposures made to the_former light source and, in general, greater in’
ethyl acetate than in ethanol'irfespeotive of the type»bf radiation. The
“changes in specﬁfa of the solutidné on fading'invélve the‘fdfmation of
new absoybing systeﬁs_which for compounds with a ﬁ ;amiho group‘s#rongly,
resemble'the spectra of_the corresponding ahthrongs, aﬁdjfér 1,4-4_‘:
substituted compounds the leuco~forms of thé dyes; The a&dition of 10}
of water to én ethanbi solutioh-of‘1 hrdiamihoaﬁthraquinone greatly
increases the rate of fadlng caused by sholt—wave ultra—v1olot radmatlon,“
while the addltlon of 1Qm of’ benzene reduces the rate. The presence of
benzene also causes the productlon of additional photoproducts which;mqy
be-the result of a'éomple#'interaéﬁidn betweeﬁithe Eenzéné and ethanél. |
The speétfa of the photoproducts of 1;mono—' 24mono—,and 135«&1—

. amlnoanthraqulnone in: ethanol are very 51m11ar to the spectra of the
| fading products of these dyes on N—methoxymethyl nylon after exposure

to near ultra-violet and visible radiation in an atmosphere of nitrogen.




o INTRODUCTION

The art of the dye:mg of text:n.le materlals has been practn.sed.
for several thousand years.v The mpermanence of the colour of dyeﬁ
fa.br:.cs 'bo llght has, therefore, 1ong been a mat’cer of concern and :z.t
is no‘h aurpr;s:mg ’cha.t there are referenoes to this problem 1!1 early
wrn.t:mgs. 2 Pl:my wr:.t:mg at the beg:.nm,ng of the fa.rst eentury oast:.—‘
gated the people for plaolng & value on oloth dyed. wa.th Tyrn.e.n purple |
equal 1:0 that of pearls. 4 The clo*bh he oommented fadec’t hourly bu'b
pearls were. of perma.nent value and beauty. It :LS recoréied tha'b the
sucoess of Perkn.n s oynthet:.c dye Mauve was, &ue :m great part to. the -
work of the s:xlk dyer, Ke:Lth, who demonstrated :J.ts gooﬁ ln.ght fe.stness " -‘
oompare& mth contemporary dyes By curren‘t standards 11; is of 1ow :
f‘astness 'bu‘t its success 1oc1 to an - extens:we ‘study of synthet:.o dyes
and thea.r stab:.lmty to la.ght. |

Faﬁ:mg b llght

S:e.noe *bhe aot:.on of 1:.ght ona ooloured subs*banoe _may :mvolve an’
on tona or of'f tone chango :.n colour the fa&:.ng of a dyemg by 1zght
should str:.otly be def:i.ned. as a cho.nge* 1n depth of‘ shad.e or hue.‘ _The -
fad:mg may take placo rap:x.&ly at first and subseq_uently ’caz.l off or
v:me versa. It may also proceed a.t a uniform rate. ‘ . Some changesf
in shade are 1ot permanent. A dye may exh:xb:xt phototropy, +that is § S
undergo a oha.nge :Ln hue on exposure to l::.ght which ‘may be reversed on
a'borage in’ ‘bhe dark prolonged. exposure may, however s 1ead. to permane.nt‘ ﬁ B
fad:r.ng. It 1s also poss:fble 'bhat fadn.ng produots are themselves uns‘bable

and oan be further changed by 113111: act:.on or by an :mternal molecular
rearrangement. : .




«Factors affectlng the 1ight fadlng_of &yed textlles.
(i) Radlatlon. ‘

The nature and rate of the colour change 1nvolved 1n the llght faalng :;»5

’-)of dyes is determ;ned by the 1nten31ty and quallty of the llght.““_Thg 1~L:V~

:,_ ensrgy assoclatea W1th a quentum of 11ght depends . on the wavelength and

is con51derab1y'greater for short wavelength than 1ong wavelength radla-
tmon.. The greater the amount of energy absorbed by the molecule the
greatér the chance of bond rupture and decomposxtlon. ‘
: In practice the ma;ormty of fading occurs with natural llght‘ Thé»  .
:»fad;ng of dyes wmth 11ght sources of dmssmmllar spectral character, for
' f‘examp1e merouny - vapour 1amps and sunllght may be qumte dlfferent../
| On absorptlon of 1lght a molecule gains energy and its electrons i |
i é&e rearrangea : Normally 1n the ground state all the electrons in a‘
| molecule are pa;red w1th opposmte splns. The absorptlon of light ralses
 ;an electron to a. hlgher energy state wmthout change of spin darectzon to :f:ﬁ
 ig1ve the smnglet exemted state., It is possible, however, for a tran-
;‘sntlon to take plaoe, dmrectly or 1nd1rectly, to a trmplet state 1n,whlch
Vf the electron spans are not coupled. Absorptmon of 11ght by this state
fresults in the formatzon qf a triplet excmted state.‘ -The llfe-tlme of
‘Kthe trlplet 1evel is’ consmderably longer than that of the 81ng1et excited

state.‘ Return to the ground state of an excmted electron may. take place

T\by‘the em;ss;on of radlatlon in’ the form of flnoresoenceor phpsphorescence,f o

by thermal reactlons 1ny01v1ng colllslons wmth other molecules, or by
-parthmpat;on in a~chemlca1‘:eact10n.' It haS‘beenjsuggegteﬂ_that‘ﬁhe‘

~ triplet state by virtue of its longer life-time will exhibit a higher




photochem:ncal reaotn.vlty than the s:xnglet exc::bed. state.
N (:1.1) A‘bmosghere. o R | |
) There :Ls cons::.é‘.erable evzdence that in many cases fad:mg in vacuo

" cz.s negl:mg:.ble, although some reaults to the con'brary have been obtamed
2. 3.

N Boln.s  and Ge‘bhard | considered that ‘the fading that did occur ina . -

‘ vaeuum was due to :.ncomplete removal of air. |

Fadlng has also been found m many 1mstances to be negl:.glble in :
mtrogen but .t\.c]:erxmam4 found the.t aqu@aus aolutions of acid and
"'abe.s:w dyes faded as qu:.ckly :m nl'brogen as in air. More recently

g 5,6 ' ‘ S
. Egerton and Roach | have shown that the fading. of' simple aminOanthra--

qun,none oompound.s on polymer f:.lms was not prevente& :m n:z.trogen, someu'.,,,‘ ,

N ‘dyes be:.ng found to fade equally fast in na.trogen and oxygen. .
’ The presence of anr or oxygen generally 1ncreases the rate of

: “fad:.ng and as a resul'b a mechamsm involv:r.ng ox:_datn.on is genera.lly

consn.dered to be n.nvoi\ved. '.Dhe 1nf1uenge of mo:.sture_ in air Qp;i_;l;:q JIERRE R

’fad:.ng rate is considarable‘and to a.ccoun‘b“for this Gebhard proposed'~ co

; mechanism a.nvolv:.ng 'l:he formata.on of perhydroxyl dons by d.:n.rect com-

| ;b:.na'b:.on of water and ox;ygen. The presence of‘ volatile peroxides on
- . 8~V
exposure of vat. dyed matera.als has been demonstrated by Egerton

W‘ f but there is, however ». DO defmte rela.t:onsh:l.p between the format:.on

i.;o:f:' perox;des and fa.d:.hg . |
(1:.:1.) Subgggte. - |
| I‘b was soon realisec‘l after the :mtroductn.on of 'bhe f::.rst synthetlc |
| dyes. thet ,the substrat.e- c;a_n ser;.qusly; ;nfluen_qe the ,'L;Lght‘ ~_ifg,§t;;emsg‘ pﬁf

‘& dye. _ Certain basic dyes are more stable on cellulose acetate than -




¥ on mordanted cotton and :Lnd.lgo :Ls 1ess faat Oh cotton 'bha.n on wool.

" The an'hhraqu:l.nono:td vat d,yes generally show a very h:.gh 11ght fastnesa SR

o on cotton but only a poor fastness on nylon. I‘b has 'been suggested.

'A"tha.t the low f&stness of the vat dyes on the synthetlc fi‘bres may be

N due to the state of the dye in the flbre.._ The highly crystall:me

: “'f_nature of the synthetn.e f:.bz‘es often results in a 1ow degree of. dye

e o aggregat:.on. - The energy absorbe& by the dye n.s thns not able to dis- -

f s:l.pa.'be itself 80 eas:.ly by thermal means. e

7 (:w) Aﬁded ag@n‘bs.

In view of the apparent oxmdat:.ve na'bure of ln.gh't; fadlng G:.llet
\3

\ 'and. G:Lot stud:.ed the :l.nf'luence of a.ntx-oxa.dants :anorporated in- 't;he . o

.""‘*‘ma,ter::.al. I’c was found tha:t: some dyes were protected but only in-

.the presence of large a.mounts of the agent. It was auggested 'bhat
’chose dyes wh:.ch were not protected such as the mtro and tr;phenyl— s :

, -me‘bhane colours ’ faded by a dmfferent reaction mechamsm. o

The pre- or after-trea:bment of many dyes w::.th metal salts to pro-“‘

" f'duce metal chelates frequently mcreases the l:l.ght f'astness. o But ‘the o

‘ ‘lpresence of a delustra,ng agent such as titamum dioxide can 1ower the .
. TR ‘
. ‘fastness . In addrblon the appl:.cat:.on of a. crease-res:xstn.ng f:lmsh

to d,yed cloth frequently reduces the stabil:.ty of the dye. “The £ :|.na1
- s o

‘ f‘pH of the fabr:.c is also mportant

'l‘he presence of another dye on the fabr:Lc can somet::unes alter the

‘ -'-'\faatnesa propert:Les. .A.nthra:t‘lavone has a ;poor l:l.ght fastness by a.tself_:

) j‘but 111 conaunc‘b:.on w:t.’ch Caledon Blue GCP relata.vely fast shgdes may be

V{ obtained. The raverse :z.s also poss:.ble. | A comb:mata.on dye:.ng of




Caledon J ad.e Green and C:.banone Orange R qua.ckly fad.es w:.th loss of

~ the green, yet alone theae dyes have quite hn.gh hght fastness propert:.es.

>

Nature of fad:u.ng products.‘

The ident:l.flcat:.on of 'bhe fad:u.ng products and the su'bsequent c’ilf-—‘
" ferentla.t:.on between those result:.ng f.'rom pr::.mary and secondary processes:
is mad.e é.:l.ff‘:z,cult 'by the 1ow ymelds o‘btan.ned.. ) In only a few cases haa
.""lt been possa.ble to :.solate then ané. make a posmt:we :Ldent:.fn.catmn.
‘Normally 1dent1f‘1cata.on is by auppes:z.t::.on only , W:Lth a few exceptlc;ﬁs
photoproduets may be div:.ded into two classes ) (i) 'bhose ‘chat am.se

- _from decompos:.ts.on of the dye molecule an& (1:1.) those that are the -
A- 'result of phototropn.e changes._ In the f:Lrst class they are. normally
| the result of photo-omdatlon but nitro. dyes a-apear to fade by rednc.tn.él;.g,q) :

| Haller and Ziersch R :Ld.ent:x.f':.ed 1 2~xgg}¢hoqun.none among t, the 1
]fadn.ng produots found. when co‘cton dyed m.th (5 -naphthol azo dyes was
\S

exposed to a carbon arc. ' J.wamato it"ound tha-b cry‘gtals of the OXa-}" KRS

V 1ates of Halach:.te Green and Grystal Violet were oonverted to p-chmethyl— NS

L amlnobenmphenone and. }i:.chler '3 ketone respectlvely by the act:.on of o

S air and sunhght. Isa‘b:m wes 1solated by Hibbert from cotton d,yed

'-w:.th :Lnd.:.go wh:.ch had. 'been exposed to sunl:x.ght and. 1ater :1.1: was shovm o
20°

*bhat derivatwas of isat:.n resulted from the f‘admg of indlgo:z.d dyes ":f.;' G
Gouper - found *bhat the exposure of eellulose acetate dyed nth

1, l;. - b:Ls (methylam:mo )anthraqulnone to a carbon arc in an.r caused

N~ d.ea.lkylat:.on, hydrolys:.s of am:n.no and. methylam:.no to hydroaqr groups i

R omda.t:x.on of am:mo 'bo :meo groups and methylam:mo to methyl::.mno

N




,~iox1dat1ve destructlon of the iye.\.i \ , 7
| The phctotr0plc changes of many azo and stmlbene @yes are appa—
; rently &ue to” ster&ochemlcal changes. | A dyelng of P~ am;noazobenzene."ﬁ‘
uon cellulose acctate on exposure to llght changes cclcur from yellow
, 'to crange. N The origlnal colour 13 restcred by placlng the fcbrxc 1nlfl
;ﬁ the aark.,- It is thought that the change caused hy 1ight involves a :T‘
‘:partlal conversion cf the yellow trane 1somer to the cis form. - Sup-“é
_.r“;port for th:.s :Ldee. has been g:wen by Haxtleyzg vrho also fcund. that
7iifor a. solutlcn of azobenzenc the degree of isomerism was dependent oni,:'
- the solvent._- The aminoazo dyes that are photctrcpic on cellulose ;;g;~f
: _acetate and ethylcellulose do nct éxhlblt thcs property on cellulose ?ff‘\
'_ or- nltrocellulcsegé’ ;'Preventzon cf these changes may‘be effected E

y 1ntroduclng substltuents whmch restrxct thc free rotatzon about the

'vicenxral dcuble bond.‘lv

::Phctotenderlng of textmles SR :
‘ Undyed cellulcsc:textiles exposed to air . and sunllght undergo u."l

"Jslow oxldatlve destruct:on., The process, whmch is dependent on the N

v'susceptmhmlzty of the fabrlc to oxldatlve attack 13 greatly accelerated fﬂ;‘

by thc presence of mozsture.,f A further mcrkea 1ncrease 1n the rate S
.‘¢may be caused.by thc 1ncorpcrat10n of certcln dyes and 1norganlc pmg~"
cments in thc materlal. Such &yec excst in all the classes w1th per-p
‘lhops the exceptlcn of the reactlve dyes, there helng no 1nformat10n _;"
ﬁfon thelr behavzour as yet.‘_ The tenﬂerzng act1v1ty of dyes in the vat

-fdye range is more notlccdbla to the consumer by virtue of thelr high

1lght fastness and subsequent end use.‘




Egertonf“ 'ﬁ, o.n a serles of papers P has d.:.scussed the faotors |
affect:mg tender:.ng ami has suggested that for dyed materials the .
action is due to a.n energy transfer from the exo:\.ted dye to ox;ygen
vr.l.th the. subsaquent formation, in the presence of mo:.sture s of hydrogen 4
perox:.de. Many of the factors 1nf1uenc:mg the 1:.ght fastness proper-' L
t:Les of a dye on a text:a.le substra.te also :mfluence :Lts tenderlng

act:wity but these do not neoessar:.ly act 1n umson. ~ They do depen& :

however , _on the a.b:nlity of - the d,ye to. take part in o:r- promote 1:|.ght

:mitiatecl thermal and chemoal reaotn.ons. . The abi.lity to promote o S

suoh reaot:z.ons mll 'be mod:.f‘med 'oy the env:.ronment of the dye but w:v.ll A

depend on its chem:.cal struoture. Whlle tentata.ve generalisatlons o

may be made cover:mg part:mular struotures and substltuents in any. one R

clas.s of‘ dyes they may not apply to all oases. _ «_. For example, -halo«- o \' o

genat;on of :mdigo:.d an& anthraquinonoi& vat d.yes frequently :.noreases_ o
the ln.ght fastness but in some cases halogenation mey be :l.nef’feot:we
or even decrease ’che 1:ight fastness. ‘I'he sulphnm.o a.o:.& group noma.lly B

favours la.ght fastness but e.zon.o d,yea have, in general a much greater

light fastness than d:u:ect dyes. , Hany of 'L'he yellow and orange benza- S

ma.&oanthrqu.mone dyes have been foumi to be photo-ten&erers bu't: the
benzamido group 18 not necessarlly resgons:.‘ole for 'bheu' reaotzv:.ty
The suggest:.on has been made that the yellow ana. orange vat dyes -

owe ‘bhe:n.r eotiv:.‘by to 'bhe:u:‘ high absorption of blue and ultra—vaolet »

&

l:l.ght. It has been shown, however, that an ac'b:we and an :maot:We B

28
dye. may have a.lmost 1den‘au.oe.1 absorptn.on spectra . Furthermore, the

tender.mg dyes in other classes are not confmed to the yellows ana. S

oranges. R




e

Photoprooasses in a.dealzl.sed systems. 5

| The complexn.t:.es of ‘ohe processes of fad:.ng dnd tended'mg ha'oe 3
| oaused man,y workm:*s to study the aotlon of 1:Lght on model systems. In
_‘these systems oommero:t.al dyes a.re frequently replaced by s:unple oolouflz;g
: ma.tters ’ text:.le mater:mls by orgam.c solvents a.nd the souroe of :.llum:.-

R (nation is normally a morcury-vapour 1amp, the oma.ss:x.on of wh:.ch may or \'

. ‘nay not be fil‘bered. \ 'l‘he rasults :f‘rom such n.dealn.sed systems wh:.le

o 'be::.ng an accurate record of the photoprooesses f'or those systems may

o _A meroury arc wa,s used for the :erad:.ata.on of solution. The only

il ":m faot bear 11t1;1e resem‘blance to the aotion of sunlmght and a.n.r on .
| a dyed 'fabm.c.‘ The state of the dye :m solut::.on :LS en’c:s.rely d:.ff‘erent )
‘both in terms of J.ts degree of‘ aggregata.on and u.ts contaot m.th the f
~ \surround;mg med:\.um. In add::b:.on the mobil:.ty of any. a.ctive sPecies 1, _' B
formed is ln.kely to 'be qu:.te d:l.f‘ferent ‘in the two systems.; R Rt

Couper . has shown :f'rom a study of 'bhe aot:Lon of ln.ght and a:Lr d- L

- on 1,14. bn.s (methylammo)anthraqun.none d.yed on cellulose aoetate and o :

of' 11ght ona solut:.on of the same dye :|.n ethyl acetate through wh:Lch "1“’5

) was bubbled air or n:x.'brogen that the photoproducts produced on the “

' oloth d:xffared from thoso in aolut:.on. In the exper:.ments on dyed o

oloth 'hhe changes :.nvolv:l.ng the formation of some tha.rteen photoProduots o

- were brought about ‘by a oar’bon arc and have already been ment:.oned..

~.'fad:mg produots :Ldentif:x.ed when a:l.r was bub‘bled through tho solut:i.on
. were 1 = :a.m:mo -14. - methylmno and. 1 - am:mo - l;. - methylam:.noanthra—
4 qua.nona When m.trogen was passed through the solution tho ymold oi"

" these two products wes muoh les.s bu’c there were other products ’ one of‘




which appeared to be a 1eucc-ccmpoun&.

| _ The phctochem:.stry of azobenzene and a su'bstituted azcbenzene :m s

propan—-2-—cl and 1so-cctane :x.n the presence of varyn.ng amounts cf oxygen

29
‘has been s’cua:l.e& by Blaisciell . The fad:z.ng promoted by & mercury— B

)Iva.pour lamp emtt:mg no we.velengths lcwer than 290 nu was shown to be D S
820 1:Lnkage to g:.ve m’c:l.ally a au‘bst:.tuted hyd.rezme and le.’cer substn.-
tuted.,an:v.llnes.~- | It was postulated the:b e. hydrogen atcm was a'bstre.cteé. l
L’from the solvent. B o f ‘ B |
. Bamforél a.nd Dewar éo compared the tenderlng act:wity of a num‘ber S
~of va.t dyes on viscose re.yon wn.th the:t.r autoxldatlon of tetral:.n, o

lthemr polymerlsation of etyrene end the deact:.vatlon of the:Lr excn.ted

state by o:s;ygen. : They were unable to f:md any correlat::.on between o

tendermg ac“‘nty on. "i3°°5° rayon and either the ebil:.ty to promote PR

oxygen. There was, however, a very 1:z.m:Lted correlatlon w:l.th the e -
autoxidetlcn of 'betralln. These results led them to conclude that
‘the tender;mg of cellulose by vat dyes, in the presence of moisture,
) ;anolved a prellm;xnery ox:ndet:.on of ‘the vhydro:gr‘l -ion by the ‘exc:.t_ec‘l?: .
- D* ;_ OH--"—?-.;-‘-;« T + 'O’H':" |

'»follcwec'l by the formatlon of hvdrogen percxn.de. |

Ea.ther one- of' these ent::ties could then a.ttack 'bhe cellulose. |
-In the absence of oxygen 1'b was found that 8 num'ber of’ the dyes in

tetral:.n solutlon were f'aded 1rrevers:|.b1y on :ere.d:atlcn. It was-




RV

suggested that th:.s wes &dule to the eventual format:r.on of an, acld—leuco
N ;‘,'compound. whleh teutomer:.sed to a colourless an-bhrene ané. wh:r.ch eould
‘not ea.s:xly be ex:.d:.sed. s | | : |

The suggested formatn.on of en ac:.d-leuco ‘cempound 1s in agreement

s 3\
g _;’Wl‘bh the work of Ciam:.c:z.en and Sa.lber : who found thet in the relatlve

absence of a:u', 'benzoqu:.none in aleoholn.o mech_a. was re&uced. 'by the ] |

. 3'2 S
'act:.on of sunhght to hydroqu:.nene. B Meyer anc'i Eckert la‘ter postu- B

»'1ated ‘t:het enthrahy&roqumnone could be obtalned ‘oy the aetn.on of sun- . .

llght on a.n ethanol:.e solut:.on of enthrequinone. . The presence of a.:Lr
"eaused. the reoxidatn.on of the photoproduot. ; Primery end seeondery
;alcohols in *bhese cases were found. to be ox:.d:.eed to ﬁhe correspondlng
cer‘benyl compounds in the absence of s.:tr. - | | BT
| Bolland. e.n& Cooper5§_ heve studied. the phoﬁesms:\.tmsed autom&at:.on j :
- of‘ aqueous d:hanol in the presenee of oxygen us:x.ng enthra.qu1none )
2 6‘- c‘l:.sodlumsulphona.*be as sens:.tlser. ) The l:n.ght souree of a mereur-y-‘
_-'\vapour lamp was flltered. to give only wavelengths between 350 mu a.nd
i_i'_Lsz mw . ‘ ’l‘he react:n.on was eonsidered to procee& bya non-chaln rad:t,cal
| meehemsm in whlch hydrogen was a'bs‘brae“bed :E'rom the ethanol by the
‘aeta.veted sens1tlser. The eensn.tlser thus formed. a sem:l.-quinone
y A‘: ‘rad:.cel Wthh rep:uily reaeted wa_th om,rgen eﬁd‘f :“éhereby converted back
\:_'to the cr::.g:.nal qulnone. They conf‘n.rmed the v:.ew ef Bamford and
.'Dewar:’?? thet there Was no reactlon o:f‘ the exc:.tcc’i q_uznone wz’th oxygen..

,_'The pr::.mery pho'boproducts were found to be eeetaldehyéle . acetn.e ac:.d o

)‘;;,aend hydrogen peroxicle am’i n.t was ste,ted ’sha:b in the absence of o:rygen :

- “the sensxtn.ser Was converted to the correspond:.ng anthrahydroqulnone.




* 3q,35 L ‘ ’ L
‘Wells ~ has glven detalls of the react1v1ty of alcohols to photo- S

1n1t1atea hydrogen atom trapsfer reaotlons and has shown that 1t 15
dapendent on the ease of attack by the aotlvated sens;tlser on the
.carbon atom in the ) p031t10n +o the hyﬁroxyl group, The rate of
' roactlon is also dependent on’ the aclalty of the solutmon, the oxygen f}} %7f

’pressure and Water eonceniratlon.f‘ | ‘ |

In order to asoertaln the prlmary nature and.inlulal behaolour ofl\
the photo—exomted state of a dye molecule in- such systems the teohnlque
‘~~of-ftnsh photoly51s has been‘employed. ‘Brldge and Porterzf- have con—”r,f?ﬁ
fmrmed the exlstence of 8 seml-qulnone radloal of the type postulated o
by CooPGr and have observed the presence of the 1onger 11ved trlplet 1
)v'statea.‘ They showed that for a poor sen31tzser of hydrogen atom o
abstraotlon, such as duroqumnone, the 51nglet state alone ana not the ,‘Tftfy
_trlplet state reacted w:th the solvent to pro&uoe a seml—qulnone radmcal;g$?;
They conflrmed thaﬁ the photosensztlsed oxmdatlon of ethanol proceeds |
by hydrogen abstraotlon rather than eleotron transfer.y: Brlége anﬁ
“Maoleon37. have studled the "flashmng" of anaeroblc ethanollo solutmons S
A of commerclal vat dyes and.found the meohanlsm to be smmllar.ﬂ It was
number ana of longer 1mfe-t1me than the 1nact1ve &yes.;i The degree of
‘permanent fadlng was also found to be greater for the “tenderlng" dyes.flifﬂ
The effect of pH was to alter the concentratlon,of the semlmqulnone
~:‘radlca1 1on whose 11fe-t1me 1n alkall was. greatly"prolonged.; :”Lii
| In a reoent paper Br:.dge a.nd Reod38 have shown that :E'or Vduroqu:Lnone

‘ Athe exczted state is in fact quenched by oxygen,but the semm-qulnone




raﬂidél“is-héf. _ Ths unlaentlfled exclted state of the more efflcient
san51tzser anthfaqulnone 2 - sodlum sulphomdzis not quenched by oxygen

(as Wél]s 5 has shown) but the seml-qulnone radlcal 15.; The deactlvatlon;éé
of the exclted state by oxygen is ascribed to the llfe-tlme of that |
state. | Th?’pOlnt out that Schenk and Kbltzenbergtsg found that

1neff101ent sensmtlsers, such as amlnoanthraqulnones, promote ‘an alter- ?fi;f
natlve and . presumably less efflczent oxidatlon of a substr&te 1n whlch e
oxygen is transmitted to the reaetlon 31te oomhlned w1th ths trlplet ‘
state 1mp1ynng as. has been dbserved that these dyes readlly'pass lnto ?7fif
the trlplet state. “' el | | '

The general conclusmon.to be drawn from the results of studles on

the photoprocesses 1n solutlon 1s that the problems of fad;ng and ¥

tenderlng are closley related. . To test the applicablllty of the "}v ‘i
theorles suggested it would seem necessary to examlne closely the ﬁotion‘”
of 11ght on solutions of selected dyes 1n sultdble organlc solvents and

on fabrlcs dyed with these dyes and to see how far the two systems are ;gfméi
related, and where they ﬂ:ffer to attempt to accounx for such &1fferences.¥;;
Reduced forms of anthraqunone and 1ts dsrlvatives.:fvj:;" ) S

‘4o - | R
S°h°15flela and Turner . have Suggested that on. 1rrndlat10n the S

actlve vat dyes are phohﬁbﬂuced to the acid - 1euco form.f The work ;;Q*fk?g
carrzed out on ths effeot of laght on dyes in solution of organlc sol-ﬁﬁsiir
vents, already referred>to above, gmves support to th;s theory ;;1£'°“ U:“iw
has also been suggeste& that anthrone formatlon can result from the :,TLETZQJ
exposure of vat dyes to llght?oi,Moran and Stonehalqu; have suggested )

a mechanlsm whereby th:s ceuld ocour and comment that in the absence ;ffi.LET




~of oxygen a dye in the excmted state m&y dbstract hyﬁrogen from an {leEff;f;

‘ _aqueous ethanollc solution to glve an 1ntermed1ate Whlch would be spectfo;ffi

sooplcally 1nﬂlst1ngulsheble from the aoldrleuoo form.u i iy

| It 15, therefore, important to cons1der the preparatlon and neture }{fﬁi
eof the reduced forms of anthraqulnone and 1ts derivatlves. ﬂ*

The reductmon of anthraqumnone vat ¢yes to gmve reaﬁlly oxldzsable,'ifif

jalkall soluble compounds m&y be effected by the actlon of sodlum dl-i}.*ﬁf:.ﬁ

thmonmte and sod:um hyﬁroxlde in water.j Ionlcally th;s process may

, be represented as’ follows.t  o

el
. . - L . fff ‘<}(I)»f;'. e
The 1onic form (I) 1s usuelly qulte stable at normal and slightlyleigfj

eleveted temperatures provaded that there 18 sufflolent alke11 and S

| reduclng agent to malntaln it 1n the ionised state. It 1s ea511y
}‘reoxaaised to the parent qumnone. 1 When, however, the alkalzne vat " 

v:;(I) is ac:dzf;ed the unsteble aoid—leuco compound (II), or anthrahydro—i‘?ié;
-quanone, is precxpitated.l, The anthrehydroquznone recomblnes w1th R

alkali to form elther the 1onlsed.form (I) or an 1ntermed1ate 1onic’i; R

' form (III): ﬁePenﬁlng on the ooneentratlon of alkall.k;»In solutlon L
it undergoes trans-annular tautomermsm to: glve the. oxanthrone (IV)

v . The 1n1t1a1 reductaon.prooess can’ proceed further to gmve an anthrone CV)




’ 1(4(

or for very severe reducing conditions to a derivative of anthracene. -

L 20H

B2 S

O

Thus for anthraqumnone normal reductnon w1th dlthlonlte and
caustlc soda leads to the formatmon of the red alkallnﬁ vat, acmdlfl-
catzon of the vat to - the pale yellow anthrahydroqplnone Whlch is |
tautomeric wmth the colourless, non fluorescent oxanthrone.w 0ver‘
reduction 1eads to the formatlon of anthr-10—o‘ (VI) whlch rapmdly

tautomer:.ses to a.nthr-‘l o-«pne (VIl)




oo W o |
_Anthr-10-ona, whmch is pale yellow, may be more eas;ly obtained by
direct reductlon of. anthraqulnone 1n.b0111ng glacmal acetlc ac;d wmth
1“t1n and hyﬂrochlorlc acidf+?;’“‘ A | " .

i Oxanthrone may'be prepared by hydroly51s of . 9-br0moanthr—10—one
iwmth water, or by the careful oxidatlon of anthraceneh3};; In alcohollc,igtﬁ‘
| ‘hydrochlorlc acid it is 1n eqplllbrlum with.anthrahyﬂroqulnone in the QQ;S}NQ
ratmo of 3 97 but thls ratmo does not necessarily hold for anthraqulnoﬁe ; 1;2
-:derlvatlves.) (k)f‘f’eyu_!']r reports that the acldlflcatmon of the alkallne
vat of 1,hrdlbenzamldo—anthraqulnone 1n1t1a11y gives the anthrahydro—
qulnone whlch rapzdly tautomerlses to the correspondzng oxanthrona.;;_iﬁéfﬂif?
‘vlatter compound is stable to mild oxxdlslng agents and is only slowly |

conwerted, for example by strong alkall, to the nprmal leuco form._gilt?jfiffi

‘is ea51ly reduced further to the anﬁhrone.“ Whereas the anthrahydro— N;}waﬁ“

'quinone 1s a reducing agent tha oxankhrone is 1n fact an OdelSIng agent
for the anthrahyﬂroqulnone and when warme& 1n pyrldlne 1t partmally

1somer;ses to ‘the acidrleuco compound._’ Thls in turn reaots with a fur— TJMH
.ther molecule of the oxanthrone glving, by alspr0portionation, the

‘ or;g:nal dyestuff and the anthrone.F  o
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The stable :c'educed forms of qu:v.mzar:x.n (1 lp-dlhy&roxyanthraquznone )
and 1 lp-d:.ammnoanthraqua.none d:.ff‘er from antbrahyGquuinones and | |
resembla oxanthrones. An oxanthrone stmcture for 1euco-qu:|.nizar3.n» N
is not consmstgnt with its chemical propert:.es and. a 4 ,h-dlqumnone .

t .form _»has been : suggested..




- L
4—dlam1noanthraqu1none. befey points out that the - transfer of

hyﬁregen to the 2,3-pos;t10ne may be responsible for the frequent e11—' B

mlnation of substltuents in these pOSltlonS for compounﬂs such as
,hedlamlnoanthraqulnone~2~sulphnn1c acld during reductlon.ﬂ_‘ThQI
stabillty of compounds such as 1euco-1,4 dlamlnoanthraqulnene mey be

due to. hydrogen bonding ae followe.

46 ' -
Bradley anﬁ.Malsey ' have prepared the anthrones of a nnmber of
anﬁhraqulnone derivatlvez by vattmng w1th sodmum dzthlonlte angd, alkall

at elevated temperaturee.-i They showed that 1-d1methy1am1no— and

1-plperldlnoanthraqulnone gave anthrahydquulnones unaffected by pro~- SR

longed heat;ng and exeess of reduclng agent f 1»am1np—>A —hyﬂroxy— ‘

2-ethy1am1no- 2—dnmethy1am1no- end 1,5-&1am1no—anthraqu1nene gave :

relat;vely etable anthrones._ The anthronea of 1-methyiam1n9vaen&\_;;;1 :

Slmilarly a 1khédiketoimine>strue£ure has been.eSSigned to*leuccéu«

e

2—am1no-anthraqu1none were found to be much less stable.n_' s4-dismino- 7

anthraqulnone beheved d;fferently 1n that ammonla wes lzberated and

after aeration quanazarln remained. V
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It 13 possible to obta:m two anthrones f‘rom“e‘mono-substituted
der:.vat:l.ve ‘of anthraqulnone. Cof'fey B records the peroewtage yleld.‘s - h'v
of' the forms produced by the reduct:.on :.n the presence of low quantit:.es
of elkal:. of a number of anthraqumone compounds. _" Where chelat:l.on
between the @arbonyl group and subst:.tuent was. poss:Lble 11: wa.e suggested ~
that the oarbonyl group removeé. in the formet:.on of the anthrone was ‘
that remote from the subst:.tuent. Thus 1—hyﬁroxyanthraqu1none gave
703m~ of . the 4—-1 0-1somer and 30,e of the 1-1 O-isomer '3 whereae 1«-ohloro-
anthraquinone gave only 1-ohloroanthr—1 0-one. | However, 1'&: would havei o
been expected ‘that as there is ln.ttle 1ntra—molecu1ar hydrogen bond-.mg i
in 1-am1noanthraquinone47 the predom:n.nat:.ng anthrone :E'rom the reduot:.on
of tha.s compound would have a 1-—10 structure. Thn.s :Ln faot was not ‘ |
founcl to be so and Coffey 4reported tha't: 85 / of the y:.eld was 1n 5_ \5‘
the form of the 1+-1O-1somer. L L
Anthrones oannot norme.lly be oxidn.sed baok to the parent qu1none

but usually produce a der:.vatlve of bn.anthrone f;_ However, Bradley

A
ano‘. Ha:.sey “have suoceeded in regeneratn.ng ‘bhe nomal oxldn.sed form
for a mmber of anthrones. e ‘ |

Scope of work.

A spectrophotometrz.c study has been me.de of the 1ight fad:mg of
a.neerobm solutl ons of a number of s:unple aminoanthrequmone com;pounds "
in. ethanol and. ethyl acetate and in a.d.a.:.’ca.on f‘or 'I-amnoanthraqumone -
in carbon tetrachloride and n-hexane. The effeot of the a.dd.lt:.on of
& small quantlty of 'oenzenz or water 'to an ethanolie solution of

h—d:.ammoanthraqumone ha.s been examn.ned.




- Iwo 1:1.ght souroeé' have been usea.‘ one' é,nlow—pres.sure mei-cury-' o ‘
vapour . 1amp s ema,tt:.ng most of :Lts rad:.at:.on at a waveleng'bh of 253.7 mu..
’~~an6. the other, & h;gh-presaure mercury-vapour 1amp, radiatlng wave=~ ‘

- lengths in the near ultra-nolet and v::.s:.’ble rega.on. | |
Ei.‘he absorptmn sPeetra of the solutmns ha.ve baen measured. durlng ;
~the fa.d:n.ng process ancl. the results eompared. with those obts.:mad by

' Egerton and. Roachs'b 1;1 a study of the fad:mg of some of the ayes on
polymer f':;lma. | S

Anthrones of the am:.noe.nthraqumone compounds have, ;where possible, |

. been prepare& and. their spectra measured. :x.n -the solvents used :m the -

photochemn.cal work. These spectra have been compared with thoseof R

the :.rradiated solutmns and also w:.th the faded dyed polymer f:les

' 5,6
of Egerton and Roach .




L .2.,)_ ‘.:;;fi

EXPERIMENTAL .

(A) Dyes:
" The follow:mg dyes were available. 1-am1no- 2—-am$‘.nb- T |

h.—&ma.m:.no—- 5—d1am1no—-, 1 ,4,5—tr1am1no 1,1+,5 8-tetramino-an‘bhra- |
q_u::.none. These compoands had been pur:.fied by several recrystalla.satmns
from ethano'l ana. had been used in a study of the actz.on of. llght on 7
 dyed polymer f:l.lms by Egerton and Roach .%‘.}l Deta:.ls of the physlcal
propert:.es of these compoun&s are g:wen in referenca 5 . A commerc:.al
sample (supplied by I.C. I.Ltd ) of 2 7-d:.am1noanthrqun.none wgs also
recrystallised f:i.ve tmes f'rom ethanol anﬂ the purlf:x.ed sa.mple had &
-melt:.ng po::.nt of 336-7 C. - The value reoorc‘ied in the ll‘berature 3_3
given as’ above 330 0.48' : | | | |
When the pur:x;f':.ed. dye samples were chromatc:graphed by spottlng :
paper w:xth solutn.ons of the dyes :Ln acetone y dry:.ng ana d.eveloplng
with petroleum ether saturated w::.th metha.nol 42 no bani‘_,nseparat;.ogs,. o
were. observed.‘} “ -

(B) Preparation of anthrones.

Z»-am:.noanthr—-‘l 0-one, 2—&m1noanthr-1 O-one a,nd 1, 5-aiam:|.noanthr—1 O-onei
were prepared an& recrystallised by the mathods of Bradley and Ma.lsey M’
It was found that these compounds eould also 'be made by warm:.ng 1 part
of qumone m.th 25 parts of ethanol and. adding a bo::.l’mg solu"t:t.on of

of water. It was then necessary to 'bo:.l the m:nxture for several
mimtes and to precipn.tate the reduced prod.uct m.th colc'i water or by

cooling. A reduced. fprm. of ‘2,7-j-diam;.r,;oa,.nthraqumone was Lmad_e.zn th;ms




manner. By aneiogf wifh,Bfé&i@j‘anafﬁAisay‘“f thxs should be

,7-&;aminoanthr-10~one.\ The origlnal deep red eolution became a | |
deep yellow orange on bozllng for three mmnutes and 5y yellow cnystal-f.J
llne preclpitate was formad.i_ It was moderately soluble 1n water and -
gave & yellow~green fluoresoent solution. : It nas'freely-soluble in
ethanol 1n whlch 1t exhlbited a marked blue fluorescence, it was also
freely soluble in ethyl acetate but not fluorescent. | It‘melted at
198200 c. | ; |

Bradley an& Malseyl%?Afecoroed thetrz;gmiooenthr—10;one wes foo'aff

unstable for satzsfactory analysis. The pro&uct obﬁazned 1n the |
present work was found to be faxrly stable 1n alr, no change belng |
deteoted emther v1sually or speotroPhotometrlcally after storing a ﬁfj‘v
sample 1n an open Petrm dish for a fortn;ght.: It was dlfflcult to “‘.
determlne the meltlng point since at about 190 c the oolour of the 3f
sample ohanged.» Thc compcund seemed to be arfected 80 that meltzng ’
dzd not take place till about 300 ‘C depending on the rate of heatlng. Ii f;f»
If however, the mel‘bing poin’c tube was placad in 8 preheated block
at a temperature of greater than 210~212 C rapid melting took place.
Mzatkzx.sc> recordea that thls compounﬂ melts w:th decomposltlon at 295 C.
whlch is compareble wlth the first value obtamned."‘ Durlng tr1a1 pre-
parations of thls compound a buff preclpmtate was obtazned on one. “;; o
occas;on that was stable and melted at 179-181 G._\ Recrystall;sat;on
from 50{. aqueous acetone did not alter thms value;__ Later attempts-~‘o
to reproduce the conﬁmtmons under whlch thls compound was. obtamne&

were unsuccessful. It was thought that it mlght be. 3—am1noanthr—1o-one.‘ .




Both 'bhis su’ostance a.nd 2-am:.noanthr—1 O-one exlubn.ted & marked blue ‘

24

fluorescence in etha.nol an& none in ethyl acetate. ) Both were extremely |

soluble :m 'bhese solvents and sln.ghtly soluble in water.

Several unsuccessful a‘btempts were made to prepare 1euco--1 ,Z;.-dmammo— -

anthraqun.none.. ’.L‘he general me‘bhod. of reauct:.on mth sodium dithlonite

anci 1ow qua.nt:n.ties of a.lkal:L resultec'l only m the el:u.m:.nat:.on of the

am:mo groups and. the format:.on of.’ leuco-g_uzn:.zar:m. . The same end p:co- . =

duct was o’bta:.ned by reduct:mn vath t:m a.nd hyd.rodvlmcac:.d in bon.ling

glaclal ace“?ﬁ‘.’lﬁr .A, mi;c’cure,.‘ of _leucprquim@,arﬁ.;.-a ,anﬂx,h.whﬁt was prssf -

sumed. to- be”leﬁco-‘l ,#-diaminoanthraquinone was obtained i:y heéting ‘2"Og'

qua.m.za:rin, 185 ml 18}'5 ammom.um hydrox:.de and 21.5¢. aod::.um dlthz.om.te ,' o

S
for f:we hours at 90 C :m an. autoclave under L atmospher&s pressure e T

It was possible to follow the course ‘of the reduot:.on of 1, l;.-dz.am:.no-

a.nthraqu:.none in ethanol bﬁ sodmm d:.th:.omte spectraphotometra.cally.

It was o‘bserved that two intermedn.ate f‘orms existed before 1euco—quini— |
za.r:m was f'ormed. ‘ Th‘.ls was thought to be due to the forma'bzon of
.1euco-1 l|.~dn.am1noan'ehraquinone followed by the elmnatmon of an am:.no.
group to gn.ve 1euco-1 —amn.no-lq.—hydroxy-anthraqu:mone. o

Two methods were uaed to try and. obta:l.n a sample of 1-am3.noan'bhr-

10-one, nen.ther of which was successful. . The f:.rst method is detailed

1n the foalom.ng react:x.on scheme.
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Flett reports thatlvam1noanthr-10~one may be 1solated from the |

letrates of the preparatzon of hramlnoanthr~10uone by the method of

Bradley and Malsey W “It origmnally passes the fllter in solutlon,’

as the ammnoanthranol but separated on cooling and aeratmng as the ‘
anthrone. After crystalllsatmon from chlordbenzene wmth charcoal 1t"
gave creamy whlte needles of meltlng p01nt 172 C."“ Attempts to pro-

duce thls 1somer by'thls method mat with no success.

AN

It was also not founﬂ possmble to prqpare a stable sample of the

oxanthrone form af elther 1~am1n0- or 1 5-d1am1no-anthraqu1none. :An i~*‘

alkal:ne leuco was prepared in the normal way‘for each and then acidx-‘M*»"

fied w1th either hyﬂrochloric acmd or acetlo ac;&. The resulting f
precxpmtates were rapldly converted to the ormglnal oxldlsed form.of
the~compounds.‘ Attempts to prepare the oxanthrone form of 1,4~d1—

il also falled. In all

benzamidoanthraquinone described by Goffey

eases acmdlflcation of the alkallne 1euco resulted 1n rapid formation

of: the orzgmnal oxldmsed form of the qulnone.

(G) Solvents. |
(1)~ Ethanol.

All ethanol used was refluxea over caustic aoda (25g/11tre) for .

at least smx hgurs and then fractlonally dzstllleﬁ through an all glass

Dufton column af eﬂfectlve length 300m, bore 2cm,‘1agged w1th two,_j
1ayers of in d;ameter asbestos rope.\_aThgvf;rst“anQ‘lggtquggﬁgré
of the dmst;llate ‘were reaected. _‘The ﬁi&dle'fféction was further' 
distilled uslng an all glass Hempel column of effective 1ength 50cm, 

bore 2. 5cm, lagged wmth two 1ayers of asbestos rope and packed w1th




Sy B

| %;in glass Rés cﬁig riﬁgs’. The fract:wn hav:.ng an oPtical &em;ty
""lof less 'bhan 0.1 a‘b 261 muw for 8 1 cm 1:.ght path measured agan.nst
'water, was collected. Pmor 't;o purif:.ca.t:.on the ethanol contamned
in - addlt:.on to ox:l.dat:.on products, 'benzene whlch was detectec’i 'by o‘b- . e
serving the character:.stlc absorption "ban&s a*b 255 mu. and 261 mu
}using 4 om- quartz cells. After the above trea'bment ‘bhe res::.dual ben-;
zene ooncentrat:.on was of* the or&er of 1 in 20 000 at the most wh:.ch |
whn.le low enough for most purposes , Was not su:.table for photochem:.cal |
- work. |

- For spectrascopic aﬁ& p'hot‘oche‘ﬁic"al work the ditstiilea; ethenol -

' was treated as follows - water was removed by trea'bment m.th freshly

preparsd almnlum amalgam” over a period of one week, the amalgam ‘, bt
"be:mg changed every two days. | The ethanol wa.s decanted of’f and dzs-
‘tn.lled via the 50 cn Hempel column, 'bhe rate of‘ ﬂ.s.st:l.lla.t:.on ben.ng
" a‘d"““e& to 5“3 a flow of apprommately 60 ml per. hour, Due o the S
| ;131‘83 amount of d:u.stillate required. the distillata.on was perma,ttea to
o overmgh:b and. GOJ.Iectmn commenced 981'13' in the mornmg a.fter some'..‘ ;
500 ml had d:l.s'hn.lled over, the :.m.tial charge 'be:mg in the order of
1500 ml. In “this way :Lt was poss:.ble to collec‘b about AOO m], o;f'

Sp eetrosc0p1ca11y P“I‘B 501\'61113-, Dur:mg 't:he én.st:.llatlon a constant
, check was made on 'bhe 0pt10a1 dens:a.ty at 261 mw . When the value had o

| “'fallen to less than 0.11 :E‘or a 4-om l:l.ght path - tha‘b is, _e. maxn.mm

benzene impurity of 1 in 70, 000 l't was consa.dere&. that the ethanol was S

suffic:.en‘hly pure a.nd. the d:.st:x.lle.te was collec’ced in the manner to be' Lo

later descr:.b eé..
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-Ground glass apparatus was used w1th electrlc heatlng

(11) Ewhyl acetate.

prkln and Willlams “Spectrosol" brand ethyl acetate was used.‘_EA
It was dlstllled fraotlonally'through & Hempel column.af eﬂfectlve' s

| length 60 e, bore 2-5 cm, 1agged w1th two layers of asbestos rope ::f:f.:

o and packed with % 1n glass Raschlg rxngs.1 The fzrst and last quarters

 of the dlstlllate were reaected. It was found that by dolng 80 1t
© was posszble to obtain solvent of slmghtly greafer ultra—vlolet trans~2:; ‘\
 parency ‘than the orlgmnal materzal ‘ The dlstlllate was allowed to s
‘ stand over 8 mesh Drierite (freshly baked at a temperature of 160 C)
4\for 2# hours, decanted and allowed ﬁo stand over E:? fresh charge of
\ﬂDrlerlte for a further 24 hours. It was agamn decanted off before a
'_ flnal fractlonal dlstmllatlon at a rate of 60 ml per hour.‘v It was
‘possible to collect about 750 ml of pure solvent from 1500 ml of the  “ |
,flrst dlstlllate.: Agaln a constant check was kept on the ultra-v1olet ;15 2

Av absorptlon durlng dlstmllatlon._‘( -

(111) Carbon tetrachlorlde.-:;
| prkmn and.Willlams "Spectrosol"-éra&e carboﬁ tetrachlorlde was CEE
.treated as for ethyl acetate.‘ Slnce thms solvent bomled unevenly an“';?ft”
.asbestosaacket was constructed for that part of the- dzstlllatlon flask .
not surrounded by the Fheatlng mantle and ﬁhls improved the rate of
dlstlllatlon; f.Agaln the 0pblcal densmty in the reglon 265 mu to 5&0 mu.;f;;
was contlnually‘measured durlng d15t¢llatlon. | |
(1v) n—Hexane e

"Spectrosol“ gre&e n-hexane (prkln anﬁ.Willlams) Was treated 1n" w¢'5
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the same manner a8 &hyi acetate and carbon te£rach1§r1de. A'During :
dlstlllatlon a constant check vias made of the 1nfra-red absorptlon
An the reglon 2 5LL to 25;& (sodlum chlorlde cell O 1 i light path)
as well as tha ultra-vzolet absorptlon in the reglon 200 ma to. 300 mux“t
(4 em fused. 31110a cell) | |

The absorptlon spectla of ﬁhe four solventb are uhbwn in Flg-l;

(v) Storage of solvents.

It Was founa more: convenlent; partlculmrly 1n the case. of ethanol
to produce a number of bﬁtches of pure solvent Whlch oould be stored
unﬁll requlred._ ;To thlb en& pyrex glass ampoules were conétructed
Plg.i.:. - After thorough cleanlng in the mannexr to be descrlbed B1#
grounﬂ glass sockets were sealed on to the lea&-ln tube and 51de—arm :;”\
such that thereAa 1ength of about 15 cm of tubmng between the T plece |
or gunctlon, and each ground glass golnt The szde-arm was' constrlcted."
at a pomnt 7 to 8 cn from the Junctlon. Since m01sture Was 11able to fwl
condense 1n the ampoule &urlng the seallng on of the.301nts the ampoule,
before use, was fltted to a vaouum 11ne consmstlng of @ ‘high vacuum
pump Whlch could beylsolate& from a 11qu1& nltrogen trap by a 81ngle f'  -
mmy‘vacuum tap and Whlch in | turn could be 1solated from the ampcule by
a two way. vacuum tap (one sx&e open to the atmosphere) ngb»pressurp :.
rubber tubmng, flttea Wlth ground &lass JOlnt 'y oonnected “the three ;* “ o
sectlons togethar. U'The vacuum thgt could be obtalne& Was of the or&er ;1

of 10 = mm of - mercury." hhe amnoule was conneoted to the vacuum llne

by way‘of the 51ae-arm whmle the lead-ln tube was kept closc& by means |

of a B14 ground glass Stopper.‘ ?he vgcuum-was,applled for a period. of,
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30 mlnutes durlag which tlme fhe-ampoule was twlce warmed up to a tem—l L
perature of about- 500 Cboya gas flame after whleh 1t was allowed to : =
cool slowly.‘ The vacuum was broken at the two way tap and the ampoule(
removed. ' It shouldbe noted that no grease was allowed to comein ,"
‘; contact w1th the ground glass Jointe of the ampoule although all other
Joints were greased wzth hlgh vacuum slllcone grease.’ | When the ampoule B
was removed from the vacuum llne a stopper was 1mmediately placed in the f;\:
side—arm socket. | | | \ -
When required the ampoule could be fltted dlrectly to the dlstll-j‘iww
latlon unlt by means of the B14 socket on the 1ead-1n tube. Water
- vapour was prevented from enterang the dlstlllatlon apparatus by a ;‘fir
silica gel drying tube Flg. 3.‘ Suff1c1ent solvent estlmated v1sua11y,\lfr
‘:lwae allowed to dletil over 1nto the ampoule as would be requmred for
ieach later elngle experlment. | The quantlty requlred was of the order ‘Qaﬂgi
of 75 to 100 ml and the tlme taken to dletil thls amount between 1g
and 2 hours. : E |
The“ampoule?Wae removed when Charged"anaiimmediately etoppered;’
A clean 10 ml measurlng cylinder was put in 1Ls place to collect the

solvent dletllllng over. in- order to meaeure 1te absorptlon spectrum."

e lThe ampoule was fltted to the Vaeuum 11ne descrlbed above but thls

tlme the cone flttlng 1n to the 31de-arm eocket was greased. :The

_solvent.and tube were cooled 1n’aa acetone andcmrdmce elueh bath to’a_‘
temperature of less thaa 77000;1’ The stopper in the 1ead-1n tube was }:\'- )
.remored'andvthisweectioe of ﬁhe ampoule sea]ed off at a point 7 to 10

cm above the junctionm.




- TR

The vacuum was epplled for 30 mlnutes after ﬁhmch time. the twoel
wey tep wos closed, the ampoule remQVed from the cooliny bath and. allowed‘~i
te warm up for 30 minutes. The coolzng beth wes replaced and the sol—
vent eooled,for 30 mlnutes.‘, Finelly the vacuum was reepplﬁed for eome f>']
10 minutes after whech the améoule was seeled off at the constrlctlon.
In thls wey 1t was poesible to. obtaln up to 81x ampoules of pure solvent Ti%
Whlch were stored 1n the dark in a speclal box. 3 When the solvent wes
required for use the smde-erm wae broken and the solvent poured into
the contadner to be used. | | | )
(D) ARE tu o

(1) Abeerptdon and etirr;ng cells.;

The ebeorptlon eells in whlch the eolutions to be irradiated
were contalned were made of fused eiliea and constructed by Thermel
Syndicate Ltd., Flg 4, They consmsted of a cyiznder 3 cm 1eng and
.7 cm dzameter (1nternel measuremenﬁe) w1th a short tube of 6 to 8 mm
1nterna1 diameter attached to the eentre of the 51de of the cyllnder. o
To thls wae seeled a tUbe of pyrex, of 81m11ar bore, by way of a graded
seal. This enabled the eell to be sealed on to other pyrex gless
apparatus. A : | | [ |

The degassed eolutlone were preparedxln pyrex gless vessels fltted
w1th a’ vertlcel reczprocetlng magnetie stirrer which eould be 0perat§d }}}}}}
un&er vaeuum (F:Lg 5 ) The solutlons could be transferred whn.le |

still under vacuum to the smlmce abeorptlon cells and sealed off. :>

The st1rrer consxsted ef a thzn pyrex glass rod 1ooped at the stlrrzng Ll

end wh;le et the upper end wes sealed a piece of tublng of the same :Ad
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__ dz.ameter conte:mng a r:z.g::.dly held one :mch long, iron roa.\ : he : i

e

- st:xrr:.ng cell could be f:rhted to the vacuum 1ine by means oi‘ a s::.de arm

) termn.natn.ng in a B'Uq. ground glassf cone. The sil:ma a‘bsorptlon cell

. was sealed on to the upper ené. of the s‘bz,rrn.ng ce:ll. E To fac:.litate

'sealn.ng off under Vaeuum a shor’c 1ength of glass tubmng which had a e

‘th:.ck walled eonstr:wtn.on in :Lt was seeled on to 'bhe starr:mg cell

between n.t and the absorptlon cell. The stzrr:mg cell and the a‘bsorp-' ,

t:.on cell were thus 3o:med by a stra:.ght pmece of glqss tub:.ng in wh::.ch
: 'there was &a s:.de arm eng,'blz.ng them to be ettached to a vacuum lme and
also a constrmtion at a set dlstance from the absorpt:.on eell. I_t |

'was :wxportant that the constmct:.on wa.s not more than 25 em from the

o 'base of the a.‘nsorp'b:.on cell as this wes the max:umm 1ength that the

 cell box cover f:.tted. to the apectrophctometer could conta:m.

(:u.) Vacuum -11!16.

‘ The vacuum 1:.ne eons;sted of an Edwards Speedivee rotary oil pump,

_'type 2820, fitted mth a phes,phorus pentox:i.de tra.p and eapable of glv:mg

a baek:.ng pressure of at least 10 -3 . mm of mercury, followed by a ’cwo--._ lﬁ
| ,atage mercury dlffusion pump eapable of predueing vecua in ’che order .
of 10 5 mm of mercury. ‘l‘he pressure could be meesured on ‘a red.ucedi‘

| Mc]leod ga.uge fitted into the 11ne between a 1:z.qu1d nltrogen trap and o

’ the diffusion pump. ‘The 1::.qu:1.d nn.trogen trap served. a dual purpose:_ : N o

by preventmg beek streaming from the two pumps a.nd in cond.enszng any; S

orgam,c v)apqurs\ carried_ over from the cells. | A block d:.agram of the ;; L

 set up is shown in Fig. 6 . The connectmn between the rotary pump BT

end the aiffusi“’ﬁ pump was of; Tubber pressure ktu'b:l.ng but there.afte?“_
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all aozmect:.ons were of glass tubing termmna.ting in ground gla.ss Jo:mts
greased w:.th Edwards‘ S:LliconeH:Lgh Vacuum graase. - After each run it
was customary to strn.p down the appara'hus, clea.n and regrease a3.1 Jo:mts.
The &:Lffusion pump was. heated by a 1 50 wa'ht Electrothermal heating.
mantle wh;wh wa.s found. to give the correct ra.te of 'bo:l.l:mg without the '
need of a voltage regu.la.tor. ‘ _ _ ’ |
The re&uced McLeod gauge was sealed into the vacuum line between
the cold trap and diffusa.on PumP The mercury column was ﬂrawn down
between read:.ngs by means of an Edwards' metal water pump. A we.ter |
trap m.th a. vacuum release valve wa.s fltted between the pump and. gauge , |
'bhe connec-ba_ons be:mg of rubber pressure tubing. |
The arrangement for connectn.ng the cells to the vacuum 1ine is’ |
shown i-n F:lg.wg . It was possible to degas two solu'b:}.ons simltaneously,{.,i-“
the cells be:mg cannected by B 12;. .cones and sockets to ind:.ndual s:mgle

way vacuum stopcocks. . These in turn were connectad by B 14 cones a.nd

sockets to the two branch lines which term:.nated a.t the common openlng L

of' a two way tap. . Through 'blu.s tap :Lt was poss::.’ble to oonnect the
cells to any atmosphere or to the vacuum lme. - Agam all connectiona SR
were greased with Edwards' sil:mone grease. " | R
The magnet:.c. stirrers were 0pera.ted by external coila through

uh:tch passecl an mtermttent d:trect current. . They had 'been constructed
s0 as to £t closely on to 'bhe st:.rrz.ns cells. and consn.sted of approxa.—- - 8 -
mtely 2,500 turns of 35 s.w.g. enamelled copper wire. . The 1nter- L
mittent eurrent vras supplieﬁ by e. Post Off:.oe ‘relay wh::.ch ‘was compa.ra,— |

: s -
t:urely slow :m operation. R The c:.rcu:xt diagramkgiven in F:Lg.7




CL

M
CD

CL

g—

[=JS

CD

to
cr



The two variable r351stors 1n the oircuit en&bled the rate of stlrrzng
anﬁ the amplltuae to be partzally-regulate&.. The ourrent passmns o
through the o01ls was of the order of amp and thls oaused the stzrfor
to be drawn.1nto ﬁhe coil and when the clroult broke for it to fall
under its own. wemght.

(iii) Cleanlng of apparatus

Apparatus that haﬂ come 1n contact wmth silicone grease was degreased o
1n petroleumrether (60-80 ) and then sorubbea in hot water oonta;nlng
some Teepol. After this prel1m1nary treatment all glassware and qnartz
cells were cleaned 1n the aame manner. They were washed successxvely
1n hot d;stzlled water, hot ethanol and in bozlmng dzstilled water, and
then allowed to stand at room temperature in contaot wlth freshly pre~
parea ohromlc acid for at least four weeks. . The aoid‘wgs=chapged |
two weeks prlor to the apparatus belng raquzred. | Finally-before‘oseﬁi-f
eaoh pzeoe of apparatus was washed 1n 500 ml of bo:llng ﬁlstllled water,‘f‘-
twice a day for six days. Between washlng treatments apparatus such .
as stmrrlng oells and quartz cells were f;lled with bozl:ng water and -
allowed to stand._ Short lengths of glass tubing, ground glaas 301nts
and stoppers were kopt 1mmersea in beakers of distllled water. . It
was oon31dered that thls procedure would ensure the oomplete removal
of all absofbed d;ohromate 1ons. Thls was 1mportant since these ioms j“?lﬂ
are known to effect the pbotochemlcal oxmdat:on of alcohols in a smm;lar 33”
manner to qulnoneSSQ:*ﬁ | - | : | |

After the final washlng the agparatus was placed in an eleotrlc

oven on trays covere& wmth chromatography paper.- ‘The oven had
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‘previously been waehed‘out with ethanol followed by water.and driedV
B _oﬁt at a temperature‘of 1CO°C for 24 hoursi< Drying of the apparatus

f_;took place over two days at a- temperature of at 1east 120 C.

~(1v) Preparatlon of apparatus for use on the vacuun llne.vf

As far as was poe51b1e abeorptlon celle were matched in pairs ;

"so that any two for a partlcular “run" were the eame. Matchingrwas

'carrled eut at the cleenlng stage 1mmed1ately prior to immersion in -

chromic ac1d by determlnlng the absorptlon at the followmng wavelengths. -
200, 210 220, 22}, 230 235, 240 2bs, 250, 275,»300 350 \400 '500
and 600 mu, measurements bemng made agalnst an air path with the cells‘
contalning dlstllled water. | |

Normally all glass blowing was done the day before the apparatus
was requlred. Each item was 1eft 1n the‘oven untll-requlred.”' The;‘.
constrlctlons were . first constructed and sealed on to either the
followed " .
ampoule or etlrrlng cellkby the glass 301nts or qnartz cell.( Imme-»
dlately glaes blow1ng was completed for one. plece of apparatus the.
0pen ends were securely stoppered to prevent the entry of forelgn par- f
tlcles. ‘Moisture conden31ng durlngvseallng on“was removed at a~later }f‘ﬁ

stage.

(v)  Operation of vacuum line..

(1) M ground‘giass jeints were greased.“
(2) All taps were closed. The water pump turned on and also

the coollng water for, the dlffu51on pump.‘
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i'1:(3>‘ The twn way tap on the McLeod gauge was gradually opened
and ﬁhe air in the lana pumped out via the meroury resarv01r. c ‘T: ‘
‘(#)‘ The rotany Pump was swztchad on and when most of the air in f{lf 
j_the 1ine had been drawn out by the watar pump the tap between the
: Lrotany and d:ffu31on pumps was slowly 0pened The mercuty in the
;HcLeod gauge was: pulled down as far as posszble 1nto the reservolr and o
- vaeuum shut off at the two way tap. ‘ | |

| t!‘( ) Pumpzng was allowed to contznue for a further five. mlnutes
;; at whzch tlme a readlng was taken on the McLeod gauge of the preasure
"1n the sectlon as far as the maln two way tap.i Then themercury'wasl .
Hidrawn back 1nto the reserv01r.,,'f;” YJ .

'(6) Provmded the indlcated pressure showed that there were no
gkleaks the maln two way tap was qpened and evacuatlon of the line as far.N_'?
(7ias the 31ngle way taps was oarried out for flve mlnutes.“ The pressure
\;‘was reaa agaln and, if aat;afactory, the Dewar flask containlng 1iqu1&
‘ n1trogen was placed.in.p031t10n.-v | | |

L If e 1eak 1n the system was suspected durlng one of the above ;'7"

‘ :sequances an Edwards' Spaedlvac hzgh frequenqy tester, Moael Tz was

 ‘used to detect any holes in the glassware. If thls failed to 1nalcate':i:-
o anythlng the vacuum was released in the reverse mannar to being qpplied. f
'?fiThe apparatus was strlpped down and all 301nts were regreased and at
‘>the same tmme the penformance of the rotany pump was checkad by maans
->of anﬂ Edwards‘ Vacuastat.:. Emnrholgsvlgvglasgware vqre_temporarlly;i
:’”;}stopped with Plcaen wex,. A‘ o . ,' \ | A.b )
N (7) With ths cold trap in p051t10n the stlrring cells were o
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' fi;Bted to the 15.:19 (Fig. 8 ). The B 14 cones were only very lightly
'_greased S0 as to avoid blockiné the narrow ‘opening. The solut::.on to
be degassed was poured. 1nto the cell through this opem.ng at a later
.stage.

S (8) ﬁiéﬂsingle wa.Sr taps we‘re‘ opened and evacuation continued
For five mimutes before meaauring. the pressure. If unsafisfactory the
cells wex‘e cheoked 1ndividua11y and approPrn.ate steps taken to trace
and. prevent leaks. Removing a cell from the line coulc’i. be carried
out by lettlng air in at the two way tap. _

(9) ’J.’ha cells were gently warmed with a £lame to emsure tha‘b
all traces of mcisture were pumped off and the glass degassed as much
as possn.ble. . This was done extremely oarefully and a,t no time did the
glass reach its softenlng po:mt. The oPefation was’ repeated after an
:Lnterval of 30 minutes.

L (10) The solut:v,ons to be dégass‘ef. were prepared next. . An ampoule
of the required solvent waé opened.i:few m:.ll:.lmtres used to wash out
two 25 ml graduated flasks. A 3 om quartz cell was f:.lled. with sol-

; "_f.ent and the absorption spectrum _‘determined aga:.nst an air path.

Th‘is'- indicé.tea. whethér' thé solvent had become contaminated on storage.
One of the flasks was half f:Llled wa.th solvent and & few dye crystals
added. When a reasonably conoen’crated soluta.on had been prepared
pazjt .. was transferred to the rema:l.nn.ng flask wh:.ch was then made up

%0 the mark with fresh solvent. After sheking, some of this solution
ﬁas rémo#ed; poured into a clean 3 ci .celid and the oiatical density of |

| ‘the main ultra—violet}band of the dye determined, using the first cell
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as a’ solvent blank. Where possible fhe concentration of the solufion‘
was chosen so as to give an optical denmty of 1.5 to 1.8. For sol— :
_ vents which were opaque in the region of this band another band was
selected ancl the optical dens:rby at this wavelength adjusted to give
a f:.gure that would normally ‘have prov::.ded an ultra-violet band height "
| of the requz.red strength. Where the dye was particularly :msoluble,
the flask containing the solvent and dye crystals ﬁas placed in an
electric oven at a temperature of a‘boﬁt 5906 to facilitate dissolution |
 of the'aye. |

(11) The two way tép was closed and air let into the end section
of the line. - The liquid nitrogen flask was removed and any éondensed
water pumped owér. | | |

(12) The reqﬁ:ired voiume of dye sollﬁt:i:on‘ wes measured out into
a measuring cyli:iﬁéi*, a stirring cell removed from the line and the
solution carefully poured in via the B 14 cone. The volﬁme of sclu‘bion
required if no evaporatlon took place durlng ‘evacuation was approximately
7 ml but, in practice, it,was_necessany to use more than this. .For
ethanol and ethyl acetate the volume measured out was 8.5 xﬁl and for
carbon tetrach;l.oi'ide and n;hexane ﬁO ml. It was more conveziieﬁt to_
over’estimdte losses as the excess coulﬁ always be gvaporated off

before seal:.ng

(13) The cone. was regreased the cell reconnected to the 51ng1e
way tap and the coil of the magnetic stirrer clamped in posmtlon
This was repeated for the second cell and the single way taps closed
The two way tap was opened and the line evacuated as far as the 51ngle‘
way -taps. ' |
(14) The liquid nitrogen flask was refitted and slush baths of acetone
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and. car&:me pos:rb:mnea so as to cool the contests of the st:.rring cells.~:' : :,'
It was found that eva.poratn.on of the solvent from these cells could be .
more eas:.ly controlled. :.f some 1:Lqu:u1 n:.trogen wa.s added t0 ths slush |
bath to 1owe:r the tempsrature to about ~90 G. L

(1 5) The heater of the d.iff‘us:.on pump was sw:f.tched on. _

(16) A per:i.oa of one hour was a.llowed to elapse before the s:l.ngle e
way taps to tha cells were slowly openeﬂ. to permt degassing of 'bhe SRR |
solutions. _ The st:l.rrers were sw:.tchecl on ten mi.nutes 1ater and the
cells evacua:bed for one heur. _ . '

(17) The single wa.y taps wers elosed the slush ba,ths removed
snd '!:he cells and. contents allowecl ‘bo warm up to ~room tempera.ture over :
a. period. of one. hour dur:l.ng wh::.ch t::.me the call contents were kep'h 1n
the dark 'by msans o:f‘ clo‘bh oovers fittsd over the cells. | | J

(18) The oooling baths were. repla.ced and after L5 minutas the .
si.ngls wa;y taps wers 0penee1 a.nd pump:.n,g cont:mued for l|.5 mlnutes.

(1 9) The prenous two steps were repeated twice, the warm up .
t:.me was, however, cut to 14.5 m:umtes. . A |

(20) Dur:l.ng evacua.‘t;:.on a cons'bsnt check was maln"ca:.ned. on: the
pressure 111 the system, an& st:x.rmng was conta.nued. o “ |

(21) At th:.s st;age :Lt was consn.ﬂerea 'bhat the solutn.ons were.
sufflc:.ently &egasseﬁ for- all pract:x.cal purposes anti could be trans- |
ferred. to the quartz cells. \ K . | E _ |

(22) W:Lth tha two s:mgle way 'baps shut ‘bhe two way ’cap was-

opened. to lst a:u.r into tha lzme be‘bween it and the single way ts.ps. .

Ths stu.rr:.ng coﬁls were sw:.tched off and removad from the cells.
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The stlrrlng cell and 1ts 51ngle way tap were removed from the llne }W,Pa.f&

and the cell carefully inverted thus transferrlng the eolutlon to:
the qnartz cell.\ The B 14 cone on the elngle way tep was regeeased“;‘iiae
end the complete unlt reconnected to the vacuum 11ne. The process';;“

was repeatedefor the other cell end:from then;on»each'oell_wastreeoeajﬂjiﬁg
separately. : o N - ‘V., ‘ |

(23) The two way tap was opened to permit evacuatmon as far as

the 51ngle way tapS, the slush baths fltted round the quartz cells and 53‘*;

the solutlons allowed to cool for h5 minutes. I

(24) . One of the eingle way taps was opened and the cell evacoeted};;i
for 15 mlnutes at the end of whmch tlme the pressure in the syetem was
measured. - |

(25) e cell-. eod its contents were sealed off at the 'oons;triofioe:
by means of an oxygen-gas burner. - L | | » o

(26) The process was repeated ﬁor the remalning cell.;

The seal-off pressure as’ meaeured by the McLeod gauge was nor—‘
melly 1 to 3 x 10 m of mercury. V ' |

The cells were etored in the dark until required.,

(E) Measurement of absorption epectra.

Abeorptlon spectra were measured on a UnzcanlsP 500 quertz specﬁro-<$;il
photometer, usually at wavelengthe between 200 end 800 mt&.» j?;' i

A specially constructed holder was ueed thh the 3 cm. querts
eelle, two of whlch oould be accommodated 1n the holder (Flg 9. )A\
The cells were always pleoed the same way round and in the same‘wooden

rest. Slnce the external dlmen51ons of the oells were not unlform a
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nunber of these wooden suppo¥ts were constructed to énablé the cells
£o be supported without undue strain.

TO‘accommodate theilong stéms on ﬁhe-cells a special light prqof:

' 11d to the cell box was used 1nstead of the standard flttlng.

In all experiments measurements were made agalnst a standard cell
containing solvent sealed off in the same manner.as the dye solutionsf
A freéuent check was made dn the-spectra of the solvent sténdérds to =
see that they d1d not deteriorate with time. -

o The accuracy of the wavelength dlal of the 1nstrument was checked
ie.a:dhiweek by the method recommended by the makers.

(F) ZIrradiation technique.

(i) Light sources.

A “Vitan" qﬁértz\meréﬁry—fapdur lémp‘manufactured‘by_Thermal Syndi-_
cate Ltd. was uséd tdiprovide ultré;violet radiation; This iow préssﬁfe»
 d1scharge 1amp emlts over 96% of the total radiatibn at a wavelengfh :
of 253.7 mu . Other weak llnes occur at 313 2 mw, 365 mw , 4Ok 9 m\L, -
435,8 mu.and 578 mw. . The arc tube is U shaped, at ‘each end there
being £ubular_eiectrodes. A small amount of mercury is contained in
the tube and the lamp is filled with neqn to a pressure sufficient to
’permit_a luminous discharge. . A SPeciallj ﬁesiéned,fransformer'is
required to operate the lamp. It sﬁpplies a sufficiently high voltage‘
to iqﬁise ﬁhe neon which warnms thé tube~enablihé thé ﬁefcﬁry_to vapdriée. o
When sufficientﬁmercury has vaporized it is pfeferantially ionised and
the mercury discharge is thus malntalned throughout the greater part

of the arc. The neon dlscharge is v131ble only round the electrodes.
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The 1amp was set up in a vestlcal p031tlon with the electrodes at the
base. It wes held 1n a specially constructed stand whloh enabled the:uf-ez
cells . to be qulckly set up in. their exposure frame at a definlte dzs-
tance from the lamp. f The lamp~wes sw1tched on 30_m1nutesibefore
solutions were 1rrad1ated. o o

A 400 watt Osram hlghppressure mercur&—vapeur lamp manufactured
by G E C Ltd. (type MA/v soft) was used to provlde visible radiatlon.>‘jli“i
The spectral dlstrlbutlon of thls lamp has been determlned by Bernes .
and, Forsythe S The most 1ntense wavelengths emltted are at 577 to"
579.1 mu. 546 1 mu., 435 8 mu , #04 7 mw and 365 to 366 3 nu . ‘It«'
consists of two ooncentrlc glass tubes w1th the spaoe between evaouated,‘{~fv
thus malntalnlng operatlonal oondltlons by mlnlmising heat 1osses from‘fj
the dlscharge and varlatlons in temperature. >The 1nner envelope 1s o
of speclal refractory glass whlch absorbs almost all radlatlons below :
330 mu.. _ It contains the electrodes and the mercury and is gas fllled |
to glve a pressure of one atmoephere at 600 C after “five mlnntes"
operatlon.: The outer envelope is of llme-soda glass. -This lamp wae~{-
operated 1n a vertlcal pos1tion wlth oap uppermost.,> In clrcult w1th TE 1):“
1t was a serles connected choke to 11m1t the current.and a capacltor
to 1norease the power factor. |

The surfaces of both lamps were'kept scrupulously clean.v; Tne_”‘;
Osram 1amp,whmch ran almost contlnuously throughout the research oork,
was cleaned onoe every three weeks.~l The Vitan lamp, belng used.only
1nterm1ttently, was - cleaned befcre use . and onoe a. week 1f used for

any length of tlme.sgs '__ﬂy
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The Osram lamp was - dlscarded after 6000 operatlonal hours and a

new one was glven a 500 hour runnlng—zn perlod. ‘~Before dye solutlons Ln_~j.

were exposed to this lamp a warmtup perlod of at least 30 mlnutes was
'f‘allowed when - startlng from the cold. . The. cleanlng prooess used 1nvolved

- -washlng the partlcular lamp 1n hot soapy water followed by a thorough

~wash in hot water and a rlnse in acetone. Lamps were drled in an v”yf U

\~61&0trlc oven at a temperature of 90 C. A Oare was taken to see that, ;jifiﬁg

after cleanlng,the damps were not touched wlth a bare hand but held ~{: ‘;;f

only in a cloth.»

(11) Exposure apparatus

The arrangement of the cells for exposure to the Osram lamp 1s-l?ﬁf

shown 1n.F1g.10 and for the Vltan 1amp 1n Flg.ll e The cells were\ 3;1f:u

supported in a wooden freme (the type dependlng on. the lamp, Flgs.lz‘k

\3) whlch could be placed near the lamp S0 that each cell recelved a . R

smmllar quantlty of 11ght radiatlon.‘ The cell holders were rlgldly

flxed 1n place and the p031t10n of the cell in the holder noted s0° that ;j,éf

the cell was always returned to 1ts orlglnal poeltlon after absorptlon A{If,‘

measurements.

The heat generated by the Osrem 1amp caused some of the dyes to

come out of the solutlon and to- adhere to the quartz stem. - To mlnl—?:i s

mlse thls effect the cells were removed from the holder and shaken o
twice a day and, on repla01ng in the holder, the reverse face was
exposed to the 1amp.

The lamps and cells were surrounded by cablnets cons1st1ng of a

wooden frame w1th harboard walls. In the Osram 1amp hous1ng two vaF“”V‘ﬂ'U
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aébestoe écreens Qere‘plaeed,.one”on either side of the 1emp and each
heving a Qindew‘cut to the ehape'of the lamp. - Two Chance ON 201filters‘
were fitted over éaéh opehing.to cut'down the amounf of heat reaching
‘the cells. The diseance from the centre of the lamp arc to the cell
centfe was 8'inchee and tﬁe epefating temperature was 35 to 40°C.

Whlle it would have been possible. to place cells on elther side of the
lamp, in practlce only one side was used. It was pOSSlble to expose

up to three cells at -one tlme. |

N ‘The Vitan iamp is of the cold dlscharge type and heat filters were
-not used. ‘ Slnce exposure times to this lamp were short a hardboard
shuttef was cpnstructed thet,could be quickly slid between the cell and
lamp fhue reduciﬁg the numbef offtiﬁes.the lamp needed-ﬁo be switched
on end off; ‘ The cabmnet surroundlng the lamp was fltted w1th a power-
ful fan whlch led any czone producedeﬁrlng exposure to the outside of
‘the bulldlng. It would have been possible to irradlate four cells at -
a time but in fact on1y~one position in the cell_holder‘Was used for -
all tﬁe experimeﬁts. The distaﬁee between the centres'of the 1emp and
the cell was 2 1nches and the operatlng temperature 15 to 20° C.

(iii) Treatment of cells after exposure.

After exposing a cell to an Osram lamp and prior to determlnmng
the absorption spectrum the cell‘was allowed to stand_lnverted in the
dark fer up to one day. This ensured £hat fhevmaximum amoent'of dye
that had.come out of soldtion was redissolved.

The spectra of cells exposed to the Vitan 1amp were normally

'measured within a few hours after 1rrad1ation.- Before subsequent
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éxposures the cells weré,kept iﬁ the‘dark; “Where éontiﬂuousxexposure:"
times of'gréater'thén‘five minufes_were necessary, the 1ampzﬁas 6Qvéréd
and the cell and contents shaken every five'minﬁtés‘to-ensure compiéfe
mixing. Cells were also éhaken-atlshorter intervals Qhere~thé fading'>
was extremely rapid. |
Before'detérmining’an"absorption'sbectrum all‘celis were sfood
inlchromic acid:fortaboﬁt ten minutés, washed with distilled water‘énd

driéd with filter paper.




RESULTS AND DISCUSbION

The results have been set out as follows
(1) Spectrophotometrlc study of the fadlng of anae?oblc solu-
tions of various amlnoathraqulnone compounds on exposure,too

(a) a 1ow-preosure mercury-vapour lamp (Vitan)

(b) a hlgh-pressure mercury;vapour lamp (Osram)

The order of compounds is 1=mono-; 2 2—mono-, 1 4~d1- 1 2 }~

,5*&1- 2 yP=dimg 1,4 5—tr1—’4and 1, 4 +5, Bmtetrau amlnoanthraqulneno._' 

Absorptlon spectra have ‘been drawn to 1ndlcate the changes taklng ’
place after varlous perlods of time. These changes have been f-
compared wlth results obtalned by Egerton and Roach i - after -
exposure of some of these amlnoanthraqulnone compouods on polymerw\'
substrates and in the SOlld state. |
(II) Absorptlon 5pectra of anthrones;w The relotlon between the
fadlng products of amlnoanthraqulnone compounds and the corres;‘h
pondlng anthrones is dlscussed |

(III) General dlscu851on.'
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PART I

" PFading of anaerobic solutions of aminoanthraguinone compounds.

1 = Aminoanthraquinone.

A summary of the positions of the band maxima in'the absprptiog«
spectra of 1eaminoaﬁthraquinone in the solvents ethanbl,_ethy; acetéte,
carbon_tetra&hloride and ﬁ-hexane is givén iﬁ Tableé i.aﬁd IT. The
~ spectra of the unexposed solutions are very similar except thét in
n-hexane there is an additional péak‘at 275 mu and alse for thisxsqivent
and carbon tetrachloride there exisés_a slight inflection at 327.5 mu..

Included in Tables I and II and siﬁi&ar tables for compounds con-
sidered later in this thesis, aré‘detgilsﬂgf.éhe'positions of the band
maxima of the solutions:after exéosure,to_the two light sources.  The
lbcaﬁions of the peaks wéfe‘deﬁefminedlwhen the fading products were
. well defined and nét after any definite length of exposure. Since
the spectré'of the fading'producfs in some cases weré found to resemble
those of anthrones prepéred frbmjthe unexposed dyes‘the wavelengths'
of the absorption-bands for the correspoﬁding anthrone are also recorded
in the tables. 1 niAmiﬁbaﬁthraqﬁinone is capable of giving two
anthrones, 4 - aminoanthr-10-one and ﬁ - aminoanthr-10-one. The latter
compound‘could not be prepared and only data.fgr the former is given.
Similaritigs in the positions of the ultra—viplet{abgorption bands for
4 - aminoanthr-10-one in ethanol and the finéi fading products of
1 = aminognﬁhraquinéne in the same solvent will be noted but it is
thought that the complete spectfum of‘fhe j — 10 - isomer would cor-

respond more closely to that ofvthe fading pfoducts as the absorption
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band in the #egidn of 390 mu Qould most likei§ Ee at a shorter‘wave?
length than for the 4-10-isomer.

The spectra of some exposeaisolutions havg been found to undergo
 ‘changes éﬁ prblongedVStorage ofAthe éolution in‘the dark. Where thié
has éccurredﬁthe positions of ‘the new maxiﬁa are also given in the
tables. |

In all cases a-réferencé iévgiven to the figﬁre nuﬁber of the
solution concerned. :

Observations on the changes iﬁ spectra during the light fading
of amihoanthraquinone‘compounds on films of N—methoxymethyl nylon
have been made by Egerton and Roachsga. -in some instances the changes
-in solution have followed similar courses. lWhere thisvhas occurred
:thelposiéions of the.absorption‘mé#ima of the dyed poljmer film before

and after exposure have been given in the tables.

Fading by Vitan lamp.

Considerable changes were.dbserved for each of the four solutiohs
after irradiatipn.A _With the exception of the carbon tetrachloride
solutibn kFig.‘s ) a new, weli defined absorbing system was produced.
With all four solutions (Figs.!S\7,1%,19) the absorp£ion in the
originally non-absorbing region‘df approximately 300 to 400 mu was
increased while thap a£ the initial visibie band wavelength decreased. .

The rate at which the initial visibie band was degraded depended
on the soiventj. The éstimation_ of the fading rate of all the com- -

| pounds Qonsidered_has'been_based on the percentage change in optical




4y

density of thelr crlglnal v151b1e'acsorptlon bands w1th time, on the{“:
aesumption that Beer s law was obeyed at all tlmes, and that the
"wphotcproducts were non-absorblng at the wavelength consmdered. The
amcunt of fadlng has been calculated as i. |

37.°Pt1031 densmty of the orlglnal v151ble absorptlon
o band after exposure :

X 100%
oPtlcal den51ty of the sane band befcre expcsure

and thls has been plotted agalnst tlme of exposure.* :The time taken

" to produce a. 50% loss 1n 1ntensity cf the 1n1t1a1 v151b1e absorptlon . e,_‘ff

:_band for sclutlons of 1 - amlnoanthraqnlnone cf smmllar concentratloc ‘
exposed to the Vltan lamp was about 2.25 minutes for: the ethyl acetate "-
'solutlon, 2 75 mlnutes for the carbon tetrachloride sclutlcn, e 5
: mlnutes for the ethancl solution and 25‘mlnutes‘for*che'n—hexene
‘sclﬁtion (Fig.\h ) | | o

It is of interest to note>that tﬁe fadlng occurs faster 15 solvents
.that abscrb strongly the maln radlatlon emltted by this lamp, v1z
’*253 7 mu. ‘In a hydrogen atom transfer reactlon 1n1t1ated by llght
~1nvolv1ng dyes and organlc solvents the dye is said to act as a sensie‘”‘ i

tlser of the oxldatlcn of the solvent. Where the solvent 'is the

prlmary absorber of the radlatlon, as in the case of solutlons ofeﬁhyl_ ﬂ;;fg

acetate and. carbon tetrachloride, a pthOS&ﬂSltlSEd reactlon can only -
_oceur by excltatlon of the dye molecules at the front face of the cell}ji
and the rate at whlch all the dye can. enter 1nto the reactlon w111
depend on the rate cf dlffuslon of exclted dye molecules through the“A

solvent. - Such a reactlon 1s 11kely to be olower ‘than one where the
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solvent is completély transparent to'the radiation and exdited dye
molecules are formed throughout. The other possible reactionsl
cauéing'fading of the dye may involve.photolysis df.the solvent or
an‘energy transfer fromthe'solveht‘to the dye which then can react
with‘the solvent. The latter reaction is again 1ikely.to be relatively
sldw. The fading of the dye in carbon tetrachloride cannot take place
by hydrOgeh atom abstraction from the solvent and it seems likely that
with far ultra~violet radiatibn fading may occur by reaction of the dye
with radicals formed by pﬁotolysis of the solvent. The similarity

of the fading rate of an ethyl acetate solution to a carbon‘tepra—
chloride solution may mean that the mechanism is similar and the dif-
ferént pﬁotoproducts are due only to the different natufe of the radi-
cals prbduced from the solvents.

The main spectral changes observed during the fading of“the _
ethanol solution (Fig. S ) were a loss of absorption at 477.5 mu, and
an incréase in absorption résulting.ig_the_formation of a new band
maximm et 387.5 mu. The peak at 307.5 mu was gradually eliminated
but with little loss of absorbance in that region. The band at 270
mu increased in intensity and moved hypsochromically to 262.5 mu
before finally merging with the band originally at 245 mu, which, on
irradiation had decreased slightly in dintensity but had ﬁoved batho-
chromically to alposition at 262.5 mu. Affer irradiation for ten |
mihutes most of the original spgdtral character haq.been destroyed
and the new ébsorption.band_at 387.5 mu was of the same intensity
as the peak formerly at 477.5 mu.b Aﬁ isobestic point existed at

L4O mu.




A pecullar effect was. noted after the eolutlon had been exposed
3for a total tlme of 20 mlnutee followed by storage in the dark for
two months. Although remeasurement of the spectrum revealed 1o
' chengee, further lrradlation for flve mlnutes produced~a complete

change 1n the ultra—v1olet absorblng eyetem W1th the formatlon of -

) twin peake at 2#5 and 262 5 mu (Flg.\G ).. The abeorbance at 387.5 B

- mu was sllghtly decreased but noe other changes were detected | Fur- :
\ther prolonged storage in the dark caueed no more chenges but enother3

iflve mlnutes 1rrad1at10n 1ntensif1ed ellghtly the peak at 245 mu and -

, ‘weakened that at 267 5 mu. The abeorptlon spectrum in the ultra—\ff
v1olet at thls stage resembled cloeely that after flve mlnntes total
irradiation . (Flg.\S ). Prolonged etorage in the dark resulted in

no further changee and it was conoluded that the changes in the spec-

trum were llght 1nduced rather than the reeult of tautomerlem of the

’ photoproduct or a reactlon between photOproducte.
In ethyl acetate eolution abeorptlon by the 501Vent precluded

'meaeurements below 260 mu, but above thie value the reeums obtalned ’

_ after 1rrad1at10n (Flg.|7 ) were generally eimllar to those obtalned»f

dw1th ethanol solutions.\
‘Tt was not p0551ble to record the chgnges in epectra occurrlng

Cdin. carbon tetrachloride belcw 265 mu (Flg 18 ) ~ The band at 304 mu

lost all character but unllke the prev1oue two solutlone, there wae~

- no correspondlng decreaee in absorptlon in that reglon. . Abeorptmon
-either smde of. 305 mu 1ncreased whlle that at wavelengthe greater ‘

”than #OO mu, where there was an 1sobeetlc point, deoreaeed. Nol
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Fig. 16
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"~ No observéble new béna was produced.
Irradiation of a solution.pf the dye_in;n-hexaneucaused,a new

band to bé produced at about 392.5 mu while the original.§t 451 mu
was degréded (Fig.V9 ). An isobestic point was produced at about

415 mu. As for the ethanol and the ethyl acetate solutionsvthe band
" at 300 mu lost its character but with only a slight loss in intensity
in that region. This applied also to the bénds at 265 and 2?5Amu‘

and; to a lesser extent, at 240 mu. Thé last was degraded more siowly
than the others and éppeared to undérgo a progressive-hypsoéhromic
shift unlike that in ethanol (Pig.15 ) which initially moved batho-

chromically.

Fading by Osram lamp.

The changes in the absorption spectra of solutions of 1-amino-
anthraqﬁinéne eiéoséd to thisvlamp were“very simimar tolthose‘produceé
by the Vitem lamp. The rate at which these changes took place was
much slowef_and‘the speed at which the visible band decreased in
Aintensitytwas this timeAgreatest for the n-hexane solution followed
by ethanol, ethyl acetate and finally carbon tetrachloride (Fig.\y ).
This ordef was almost the reverse of the réte;of fading to the Vitan
lamp. Fading prodﬁced by the Osram lamp is unlikely to involve
photolysis of the,soi#ents and photosensitised reactions aré more
| ﬁﬁéiable. If hydrogen étom.transfer takes place the ease with which
it'doés pfesumably depends on the ease of the‘attack by the excited

dye molecule on the solvent and the availability of a hydrogen atom.




It would not seem 1mp0551ble for ethyl acetate to be able to glve up.
a hydrOgen atom from the carbon atom alpha to the carbonyl group.
Hydrogen atcm abstractlon from the solvent cannot take place in carbonfﬁ>’f’i
tetrachlorlde and the fadlng must occur. by & dlfferent mechanlsm.
Brldge and Porter have observed 1n flash photoly51s studles that
duroqulnone in carbon tetrachlorlde solution may abstract a hydrogen»
axom from 1tself. -

The changes 1n the spectrum of the ethenol soluticn of 1-am1no-
anthraqulncne on exposure to the Dsram 1amp (Flg.2C>) were 1dent1cal
to those recorded 1n1tia11y for the Vitan 1amp (Flg.\s ) although the - .“
rate of fadlng was much slower.,‘ The band at 270 mu flrst became an
1nflect10n durlng 1ts hyperchromlc and hypsochromlc shift to a band
at 262 5 mu whlle that at 245 mu decreased in 1ntensmty as it mOVed tA
bathochromlcally to the same 1ocatlon. : It seemed aleo that the |
v1smble band moved to shorter wavelengths as 1t 1ost 1ts spectral
character and there was evzdence of a band at 420 mu in the results
for a 300 hcur exposure, at whlch time there was a maxlmum concen- :
tratlon of photoproduct. Prolonged storage 1n the dark of the solu-;
tlon after a total of 4?5 hours expoeure caused a change in the ultra—'i
v1olet spectrum that could not be reversed by a further 25 hours A
exposure (Fig.ZA ) The change was ' 51m11ar to that recorded fcr the j
ethhnol solutlon after 25 mlnutes expcsure to the Vitan lamp (Fig.lb ).
The band that had been formed‘ at 262 5 ma moved hypsochromn.cally to
the p051t10n of the shortest wavelength band of the crlgmnal solutlon,‘~f“’

v1z 242 5 mu, leavnng only an 1nflect10n. A There was, however,




approx1mete1y a 50% 1ncreaee in absorptlon in. the reglon of the p051t10n df
of the orlglnal v1s1b1e band as well as a mnrked decrease in absorptlon
for ‘the correepondlng band of the photoproduct." If thls were due to Zf’
reformatlon of the orlginal compound 1t would account for the re~ @
appearance of the peak at 242.5 mu.1 | | .
Between 350 and 600 mu the changes observed for the ethyl acetate
solut:non (F:Lg.’ll) were :J.dentlcal to those observed on exposure to the :A 8
Vitan lamp (Fig.‘? ) The photoproduct band ageln appeared at about

400 mu. Whereas prev1ouely the band at 305 ma was degraded and the

absorptlcn in the reglon 260 to 300 mu had remalned almost constant in

thls case 1t eteadmly 1ncreased cn 1rrad1atlon w1th the band at 26? 5
mu beccmmng more pronounced and shlftlng apparently to 265 mu. o
The abcve applles also t0 the changes cbserved on 1rradaat1ng
the carbon tetrachlorlde solutien W1th the Osram Larip, (Flg.233)
There was a greater 1ncrease in aheorptlon from the cut eff wavelength
to the isobestic p01nt at about 410 mu. After a 50/ loee in 1nten51ty
of the orlglnal v1sible band very llttle further loss in 1ntensxty ’
resulted yet the 1n1tial fedlng was qulte rapld.._ : |
The spectrum of the fading prcduct produced by 1rrad1at1ng the RPN

n—hexane solut:.on, (F:.g;.24) was more well deflned than that o’btalned -

when the - same solutlon was expcsed to the. Vltan 1amp, (Flg.\9 ). The d} e

rate of fadlng to the Osram 1emp was much greater than would heve been
expected from the Vlten 1amp results. The new bend max1mum was et
390 mu and the 1sobesblc p01nt at 410 mu, both located only 2 5 mu .

to ehorter wavelengths than those obeerved for the Vitan lamp.' ‘The
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I-Aminoanthraquinone in ethanol
Fiq 21

exposed to Osram lamp

a. After 475 hours exposure.
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I-Afllinoanrhraquinone in n-hexane
Fig. 24
exposed to Osram lamp
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pfogressive ioss infintensity of the bands at 265 and 240 mu was -

again observed, the latter undergoing a hypsochromic shift.

Comparison of the changes in absorption spectra taking place

on irradiation of degassed solutions and dyed Apolymer £idemig,

' - % 5,6 ‘ Lo :
Egerton and Roach *" have studied the spectral changes produced

by the exposure to an Osram lamp of films of cellulose -acetate, nylon

27

and ‘N-methoxymethyl nylon dyed with\ﬁ-eminoanthraquinone. Only the

chagges~oecurring in the N-methoxymethyl nylon film in an atmosphere
of‘nitrogeﬁ were strictly similar'ﬁo.these obeerved in the preeene
work.  The cgt‘eff.wavelength of this dyed film]prevented'eccurete
':measuremehte below 250 mu but there was & marked Similarity in the
absorptlon spectrum of the fadlng product to the spectrum of the

-fadlng product 1n the ethanol solutlone after five minutes exposure

'to the Vitan lamp, (F:l.g;. 1S ) and 150 hours to the Osram 1amp, (Fig. z.o)

Peaks were recorded for all three 1n the region 250, 270 and 390 mu
‘ wlth an_;nfleetloe around 425Amu. The two short_wavelength bapds
j‘wefe nef‘obsefved for the fading ﬁfoduct in n~hexane solution, there
apparently being degradatlon of these bands, (Flgs.‘? 2k ).
Unfortunately there is no record of the dyed films of cellulose
acetate andAnylon hav1ng been exposed 1n an_etmospherelof nltrogen
- butlin oxygen there was no evidence of‘a fading product of the type.
.described;‘ "In fact fadlng was found to: proceed on tone. The
changes occurring in the N~methoxymethyl nylon film in an atmosphere
of oxygen were not the same as 1nun1trogen althrough there were some

similarities. They showed more resemblance to those oscurring in




carbon tetrachlorlde solutlon an exposure to elther lamp, (Flgs.\% 23)
Because of changes 1n the polymer fllms themselves the only |
exposures made by Egerton and Roadhs.G to the Vltan 1amp were of solid

dye fllms on quartz., An equal loss of absorbance at all wavelengths
was recorded for exposures made 1n atmospheres of oxygen, nltrogen and ‘ 5;:”

m01st alr.




2 - Amlnoanthraqumnone

The p051t10ns cf the band maxlma in- the solventskethenol and
ethyl acetate, together with some anclllery data, are glven in Table
IIT1. An 1nf1ectlon at 320 mu- was more.pronounced in ethyl acetate
solutlon than in ethanol and there\was ev1dence of an 1nflect10n
located around 287 5 mu for th15~solvent.~ | :

Reference 15 made in the table to an: unstable form of the anthrone.f'di
As stated earlier two forms of an anthrone of 2~am1noanthraqc1none '
were prepared, one of whlch had been prepared by the method of Bradley |
and Maisey end was thermally unetable.-‘ Thls 18 the form referred
to 1n the table andaccordlng to Bradlexka-amlnoanthr 10-one. irit
1s 1ncluded as 1ts spectra more clcsely resemble the fadlng products j{:fif{f

than those of the cther form. R

Fadlng by Vltan lamp.

Slmiler overall epectral changee tc ﬁhose recorded for the
exposure of solutlons of 1—am1noanthraqudnone in ethanol and ethyl
acetate to thla mamﬁ were observed for solutlone of Z-anlneanthraqulncne
in the same “two solvents, (Fige 21928) ‘i The observatlon of the pro-
gress. of the fadlng was compllcated by what appeered to be a post-
1rrad1atlon effeet whlch was noted only after eeveral hundred hours SRS
etorage 1n the dark of. the 1rrad1ated solutlon. However thls effect
was mlnlmlsed by cerrylng out the 1n1t1al exposures in- a.short space'b

of time.

Fading occurred most rapidlj'in;ethyl<ecetete’oﬁiy‘B.S“minutes  “;)\
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expoeure bexng requlred to produce 50% degradatlon of the main’ v151ble _;ﬁgi

*i band, while 23 5 mlnutee were needed to produce the swme 1055 1n .

N _1nten51ty for the ethano] solutlon, (Flg 25 )

. After flve mlnutes 1rrad1atlon of theethanol solutlon, (Flg Zb )
‘the band at 242 mu was 1ees 1ntense and had undergone a bathochromlo

.»»shlft to produce a new band w1th a maximum at 265 mu., Coupled W1th S

' ‘th1S the band at 297 5 mu became an’ 1nflect10n and appeared to have Lo

moved hypsochromlcally to 280 ma Ieobestmc 901nts occurred at 350 ;Jiiﬁ;fé
' and 405 mu, the absorptlon between these wavelengths havmng 1ncreaeeo

There was. evxdenoe of & new band belng formed at. 377 5 mu.‘lUThe‘ 

\orlglnal band 1n the V131ble part of the spectrum became lese mntenee f‘lﬁii

-uand underwent a hypsochromlc shlft._ Further 1rrad1atlon contlnued R

‘-j3thle ehlft and 1oss of 1ntens;ty, coupled w1th the rlse 1n 1nten81ty

of the new band at 3?7 5 mu. , The band at 2#2 5 mu contlnued to

rdecrease in 1ntensmty whlle that formed at 265 mg( ?be former:ex;ggeif;ffg

only as an 1nf1ect10n-after 20 mlnutes total 1rrad1atioh;' The baﬁd ;¢¥7,lﬁ
"formed after flve mxnutes at 280 mu steadlly increased in 1nten51ty,1:¥éigél
' merglng with the banﬁ at 265 mu to remain’ only as an 1nfelctlon. - |
- There was ev1denoe at thls stege of a ban& belng formed W1th a maxlmum

~;at 350 mu. - The absorptlon spectrum recorded after 45 mlnutes
1rrad1atmon however showed a complete revereal of the trends previously
observed 1n the ultra-vlolet, (Flg.27 ) ’ A band maxlmum exleted -
once agaln at about 245 mu, followed by an 1nflectlon at about 260- mu; e_,;ui
The curve obtalned dld not paes through the 1sobestiu.p01nte of thetiri:'

others and there was no evmdence of a band at 37? 5 mu but one dld




e

B

however exist at 350 ou. The recocdmng of thls spectrumhoas
unavoidably delayed for a. period of three weeks and from the prev1oos
absorption spectrum, measured after a’ total of #0 mlnutes 1rrad1at10n,‘iiftﬁ
1t seemed that these changes could have occurred only as a result of
storage. A further flve mlnutes 1rrad1atlon reversed the posztmonsy*iii:fV
of the ultra—v1olet bands, (Flg.27 ), so that they resembled more
closely those prevmously observed the band at 350 mu remalned un~-
affected. Storage for one week 1n the darkk aused a partlal rearcenge-{éjij
ment of the. ultra—v1olet bands to glve a spectrum 51m11ar to the 45
mlnuteSabsorptlon spectrum.: }'e,f | .

The 1rrad1ation 1nduoed speotral ohanges\lo the ethyl aoecate
solutlon, (Flg.ZB), 1nvo1vedwhumructlon of the band at 295 ma to.f:
produce 1n1tially a new peak at 257 5 mu ; destruction of the band
at #27 5 mu and the productlon of a new band at approximately 32? 5
mu whlch subsequently ﬁlsappeared. ‘ Isobestlc pomnts occurred at
265 and 385 mu. Storage in the derk after four mlnutes total (
1rradlation produoed sllght alfferenoes (Flg.Z?) Uhlch apparently |
could be nulllfled by further short lrradlation.-A No 1ntermed1ate

band 1n the 325 to 400 mu reglon was produced unllke that observed

for the ethanol solution. >_1' o
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2-Aminoanfhr aquinone in ethanol

exposed to Vitan lamp

Total exposure time
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Fading by Osram lamp.

The most surprising feature of the results obtained on exposing
‘the two soiutions to this laﬁp was the extremely rapid fading of the
etﬁyl acetate solution.. The degradation of the band in the visible
region after only five hours irradiation was equal to that after 1000
hours irradiation of the enthanol solution, (Fig.25 ).
| The shape of the’spectrum of the ethanol solution after irradistion
for 1000 hours (Fig.30) compared well with that obtained éﬁter storing
the solution exposed to the Vitan lamp (Fig.27 ). Bands existed only
at 245 and 351 mu.  During the course of the irradiation the band in
the visible region was slowly degrade& and.there was an increasg in
~absorption between the wavelengths 335.to 400 mu. At one time it

appeared as though a band might be forming at about 380 mu but instead

one was formed at %51 mu which steadily increased in inteﬁsity to twicé“f

that of the original visible band. The two ultra-viclet absorption -
bands were slowly degraded, that at 297.5 mu being completely destroyed
after 1000 hours. During its destruction this band initiélly shifted

to 280 mu leaving an inflection in its place. On storage in the dark

midway through the experiment very slight changes in the absorption in -

this region were observed. _

When the ethylkacétate solufion was irradiated (Fig.su ) the
band at 295 mu,-ﬁogebher with its infTection increased in intensity
and moved hypsochromically to 280 mu. The weak band observed in
the ﬁnexposed solutign»at 325 mu became an iﬁflectioﬁ located around

315 mu but was poorly defined. = The absorption band at 427.5 mu
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2-Aminoanthraquinone in ethyl acetate

exposed to Osram lamp

Total exposure time

O hours



was completely degraded after five hours exposure. Further irradiation
lowered the intensity of the new absorbing system. The initial changes

dlffered markedly'from those observed for the solution exposed to the
V:L‘ban lamp (Fige 28 )e

Comparison of the changes in absorption spectra taking place on

_1rrad1at1on of degassed solutlons and dyed polymer fmlms.

The absorptlon spectra of films of cellulose acetate and nylon dyed
with 2-aminoanthraguinone on exposure in oxygen to an Osram lamp were
Se ‘ |
shown to undergo, in general, a progressive loss of intensity at all

wavelengths with exposure. There was a slight rise in absorbance in the

region between the ultra-violet peaks similar to that recoraed for an

ethanol solution exposed to an Osram lamp (Fig.3®). There was, however, .

no increase in absorption’in the region 350 - 400 mu unlike that for the
solution. The £ilm of N-methoxymethyl nylon d1d exhibit some increased
absorption in thls region..

 In nitrogen the changes were different. TheAeellulose acetate'énd
ﬁylon films showéa a slight rise in absorp%ion in the 350 - 40O mu region
and agéin the changes in the ultra~violet regionlaround 250 mu were
similar to thﬁse occurring in tﬁe ethénol solution exposed-to the Osram

lamp. The cellulose acetate film eventually showed a singie peak at

245 mu as did the ethanol solution. The N-methoxymethyl nylon £ilm behaved

differently but the changes were comparable with those which occurred
initielly for an ethanol solution exposed to the Vitem lamp (Fig.2b ).
A peak was formed at 270 mu and there was a slight inflection at about

396 e

)




‘The éhahgesbccurring:cn quartz did not indicaté___ the formation of a

‘new ‘absor‘bing system. |




o

1, L-Diaminoanthraguinone

‘Table IV summarises the positions of the band maxima of this compound

in ethanol and ethyl acetate. It also includes data on an impure form of

leuco-1,4~diaminoanthraguinone, the.impurities being sodium dithionite and -

water. Attempts to make an anthrone from'1,hrdiaminoanthraquinone, were
unsuccessful aéareduction by'the'géneral mefhod whigh gave anthfones for

_ other.compouhds, resulted only in the formation of leuco-quinizarin. ‘$he'
1a£t§r compound itself requires exfremgiy vigorous reduéing_conditions to
N give an anthrone, presumébiy because of the chelation of the hydroxy
groups with the qarbonyl £roups, \However thg_values obtained for the
ﬁbsitidns of the bands of the sample of 1euco—1,A-diéminoanthraquinoﬁe

in ethanol corresponded very closely to those of the photoproduct and. so
no attempts to make an anthrone by other methods were made.

Fading by Vitan Lamp

' The stfiking feature of the'résultSiobtained when an ethanol solution
of i,hrdmamlnoanthraqulnone was exposed to short-wave ultra-violet

radiation, (Fig.33 ), was the production of a new absorblng system in

~ the visible spectrum. It was identical in structure to the original system N

which was simultaneouSly'destrqyed; but it wag,displaced by about 100 mu .
to shorter~wavéiengfhs. The intensity of the,strong:band~at 251 mu was
 weakened only slightiy and Was‘not displaced. The iﬁflecéion at 237.5 mu
was displaced hypsochromically to 230 mu while that at 300 mu was

smoothed” Qut. The band maxima in the visible fegidn‘moved from 552.5

and 593 mu‘fo 457.5 and L87.5 mu, respectlvely whlle the 1nflect10n
precedlng the shorter wavelength band was dlsplaced from 322 5 to 0375 éu.

The spectrum of the fading product obtained on irradiation of the
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1,4-Diaminoant hraqui none in ethanol
Fig.33
exposed ro Vifan lamp

Total exposure time
O minutes
20 o

40



1,4-Diami noa nrhraqu inone in ethyl acetate
Fig. 34
exposed to Vitan lamp

Total exposure time
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400 500 600 *
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e
ethyl acetate uoluﬁlon, (Tlg.34¢),'was much 1ess well deflned than that 1n‘:kf
- ethanol. The rate af destruotlon af the orzglnal absorbxng system in the
v1uable reglon was some flVO tlmes faster than Lhat for the ethanol
‘solutioh. The 1nfiacﬁ10n at 300 mu was very qulchly smoothed out and
'affef four m;nuﬁes exposure there was ev¢dence of new tw1n peaks 1ocatedi
'érouﬁd h30»énd hS? 5 mu; A further four minutes exposure consolldated the
position of the ban& at 430 mu but there remamned cnlj an 1nf]ect¢on at
455 mu. There appeared to be no: ev1dence of an 1nflocb10n precedang the
ABO'mﬁ‘peak as had_been observe& 1n the ethanol solutlon.,3<

Padlng by Osram Lanmp

" The ethanol solutlon, CPlg-:SS) ethbnted great stablllty on ekposuxe } 
:> to thls lamp. After 1500 hOUfS exposure only a 12b loss was recordea in: -
- the absorbance of the banas in the vmslble-reglon.i Cou@léd with this sﬁéli-f'
loss in 1nten51ty there was.a slight 1ncrease in aﬁsorptlon between 350 andifz
500 mu.> There was also a plateau at 4)2 5 mu and a sma11 peak at 460 mu -
‘:together Wlth an 1nflect10n at 495 mu. _These were approx1matelf the\
wavelengths of’ the 1nf1ect10n and twn bands obsérvé& éffér ekpoéﬁre ofvén:
ethanol solutlon.to short-wmve ultra—v101@t r&dmatlon, CFlgf33)

| The ethyl aoetate soluu:i_on, (I‘:Lg. 36) vas very much 1ess s'table bu"c o
:as w1th the exposure to the Vntan lamp, qupCSQ), bhe fadmng curve’ Was

| poorly deflne&. Up to 500 hDULS exposure a twin band absorblng sysﬁem was
belng formed with maxima at about 4,30 and 452.5 mu. but on further
1rrad1at10n thms systam 1ost 1ts character. Progressave 1rrad1at10n'g
caused a hypsochromlc shlft in the ares of maximum absorptlon, ‘aftefiéOO'-‘j
hours: thls was at L427.5 mu, after 800 hOUfS at 400 mu and’ after 1000 hour

‘ ‘at 387 5 mu.
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l,4-Diaminoanthraquinone in erhyl acetate

exposedl ro Osram lamp
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Comparlqon of’ the changes in absorptmon spectrn takzng;p]ace on

rradlatlon of degassed solutlons and @yed polymer fllms.v |

A 1engthy exposure, in oxygen, to the Osram lamp of a iyed cellulose‘,\'
C 5,b . D
“acetate fllm ’ resulted 1n a sllght overall loss of 1nten51ty and mofe —

lmportanu, in & merglng of the tw:n peaks in the v151b1e reglon of" the

:spectrum to glve a alngle band at about 550 M. Por nylon a small peak 4 ]3_7

was formed at about 325 m and there was a progre551ve 10uS of spectral
character of the twln peak system in the v131ble whlch resulted in the‘
Jfornatlon of a smngle band with maxxmum at the shorter wavelengtb Qf the
;tw1n peaks. The changea 1n absorptmon spectrum of the @yed fmlm of the
| N-methoxymethyl nylon were more profound 1n that absorptlon between 250
 Aand 500 mu 1ncreasod slmght]y‘as the tw1n peak system between 550 and 600
mu was degraded. A progr9331ve hypsochromlc shift was observed of the U
1atter system after ‘the longer wavelength band had almost completely o
been destroyed. The new band maxxmum was 1ocated at about 535 mu. The
fadlng in- solutlon was therefore markedly dlfferent from the fadlng of

the &yed polymer fllms.




6

The effect of solvent impurities on the fading of
1,4~diaminoanthraguinone in ethanol by a Vitan lamp.

Rigorous éfforté were made to ensure that the solvents used in all
experiments were of the same quality and aé pure as possiﬁle. The
pﬁrifioation-of ethanol is not easy as in‘an anhydrous condition it is
extremely hygroscopice. It is difficult.to see how the presence of water
in ethanol, even in 6nly fractions of a per cent, can be entirely eliminated
where-the meking up of é dye solution to a required strength is involved.
It was therefore considered important to observe fhe effect on the light

fading of an ethanol éolution of a dye in the phesence of water.

The drying of ethanol is carried out commerically by azeotropic

distillation with benzene. The presence of benzene to any extent can | k

: \
severely alter the ultra-violet transparency of ethanol and Gillam and Stern -
3% recommend that beﬁzene should be removed by stirring the ethenol with
silica gel. In the present work itnwﬁs found thet in removing aldehydic
impurities, also present-in fhe ethanol, by refluxing~for several Lours

in the presence of caustic soda and distilling through an efficient
column‘much>of the beﬁzene was remdved.ﬁ Treatment with silica gel was

not found to:be really efféétive in removing the final traces of benzene

and it was also thought that its use could introduce further impuritieé
which.might.be less easy to remove and vary\from batbh to batoh. It was

for this reason that caustic soda was.useé in preference to 2,4-dinitro-
phenylhydrazine for ‘the removal :f:‘cf.aldehydic impurities. Multiple

fractional distillations, while taking a considerable time, ﬁere found toi

remove compietely all traces of the benzene absorption bands in thé region

of 255 mu for a 4 cm light path. In view of the lack of detailed
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infnfnation on the absorbance of\ethanol in this'ﬁéﬁeiength région it was
conbldered reasonable t0 assume that the absnrbance giving an estlmated
' maxlmum concentratmon of benzene of 1 in 70, 000 referred to 1n the
- experlmental section on’ so]vents, was in fact due mainly to the ethanol
and it was possmble that benzene was completely absent. It was thought N
:ithat photochemleal studles of ethanol dye solutlons where 31gn1flcant
quantltles of benzene were present mlght show dafferences to studles
’ Hwhere 1t was completely absent. If thls}were so.lt was o£<con51derable“”
,‘1mportance to know what these dlfferencés¥Weré;b, |
. The rate of faalng of 1,4—dlam1noanthraqu1none 1n ethanol by a Vltan
lamp was found to be 1nterme&1ate between the fastest and slowest rates of
those compounds whose fadlng in ethanol to thls radlatlon source was
llnvestlgated. Tt also haa a characterastlc absorptlon system in the
fivmsible regzon oon31st1ng of thn peaks precedcd by an 1nf1ecﬁ10n. Ifsqy'
"‘fadlng product in ethanol also exhlblted thls unmlstakable, characterlstlc;_¥n 
'absorptlon. It was therefore declded to use thms compound 1n studies on k‘\A
. the effect of" benzene and.water on the fadlng af ethanol dye solutlons
by a: Vitan lanmp especlally as the. fadlng pro&ucts would be more readlly |
notlceable than for compounds exh1b1t1ng only a single absorptlon band.
Two ethanol\sqlutmons of the dye were_made up, one of which containe&‘,~'
1Q§, v/#,.benzene-nn@ thn'pther1Q%,,v/v;\distilled wgter,. Theyiwene,
-degaSSéd and~sca1éd\off in the nornél manner. Their»épéctra were meaanre&f,‘*
'agalnst ‘pure ethanol in the wavelength reglon 300 to 800 mu.~"

Experlmentally 1t would have been extremely d1ff10u1t to seal of £ 1dentlcal 1\

comparlson solvent blanks slnce the amount of evgporation of the sqlvent,k




. vsolu'bn.on weak peaks were f’ormed at 345 and 365 mu and in the 1atter

68

"‘dur:.ng degassmg coulci. not be confrolled to tﬁe fine 1:Lm1ts requ:xred.

The posz’c:.ons of 'bhe band méxima for these solu’clons are g:.ven in Table '
V:,.;\. ‘l‘hey do not d:Lff‘er from the-lgcatn.ons of the same bams in pure

| - ethanol (Teble IV). Tﬁesg solutionsﬂwe;re} exposed only to the Vitan
>>.1amp. g RS ‘

‘The rate of destructlon of the peaks :Ln the v:.sfole reg:x.on on
exposure was founc't to be much greater f‘or the solut:r.on conﬁa:.nlng water o
| r(Fa.g.?)_]) than that conteining benzerie (Fig. 38). Fuz*thermore,‘ the rate )
of fadivng" o}f) 'bhé etlianoi/ﬁateri 'solut io’n was ‘much ,faster‘.’cha‘n jbhé,t Vof_ th'e_ _
solution conta:m:.ng no ac‘lc'led water (I‘:.g. }3) ~E[.‘he itimek}‘takén to'produce S
h 50% degradat:.on of the band a.t 557 5 mu was 1.5 mlnutes for' the etha,nol/ .
water solutlon, 18 mlnutes for the untreated sqlutzon and 475 minutes,

:{‘or the ethanol/benzene solut:l.on (1‘13.32,) Simiiar fading _rétes were
, observed for the band at 592 5 mue | | \

‘\Iew absorptn.on maxima were recorded for all three solut:.ons R aftef
xposure, at 437. 5 (1nflect3.on), 457 5 and 487.5 mu and in th:.s respec’c
_the fadlng was not d:.f‘ferent. However addltlonal max:Lma were bu:th up in |

the ethanol/water and ethanol/benzene solut:r.ons. In the f’ormer(F:Lg. 37)

(Fig. 38) extremely strong banc'ls were crea‘ceci a’t 335, 350 and 370 me
Af‘ter 90 ninutes total :eradn.atn.on of the ethanol/benzene solu’clon thé
1ntens:Lt1es of the two shox-ter wavelengthz bands were too great to |

measure. Prevn.ously the:Lr shape had strongly resembled that of tha B
characterlstlc absorptzon 'band.s of benzene in the 25 5 mu. reglon.‘ It Wés
thought that they might have arlsen throug,h a complex reactlon of’ benzene -

w:.‘bh e‘bhanol.




"-.‘ Prom.the rate of fadlng of the ethanox/water solut;on 1% seems

likely that the water enters dlrectly into “the reactlon. It is pcsszblé‘ S

_therefore that the reactlon scheme suggested‘by Cooper for the photo- e

',sens1tlsed oxldatlon of aqueous ethanol requlres mod1f1cat10n to 1nc1ude
water. Water 1ncreases the rate of lmght fading of many dyed fabrics
yet in thefgas phase water is a deactlvator of excited states, aIbelt‘af:f s
‘pobr one.l'Wellssaphés studiédithe“fOIe of'wafer on tﬁe.ratevéf ﬁpféké :

- of oxygen by‘propan—z—ol contalnlng anthraqulnone 2-sodlum sulphonate, B
under the,mnfluence qf light., He Pound that for 1ncrea51ng concentratlcn :

~of prOPan-2—bl the rate df oxygen uptake 1ncreased to‘a maxlmum but
thereafter 1t decreased. The maxzmum rate of uptake was found to ocour” -
at an alcohol concentration above whlch the structure of waten/alcohol

‘ 59
solutlons changes merkedly ? « It 13 p0331b1e that in predomlnantly

,aqueous medaa the excltea de is deactlvated by water but 1n,predom1nant1y , -

aleohollc meﬂla changes in the solvent cage by'hydratmon of the aleohol

‘v'wull aid the attack of the photo-exclteﬁ sen51tlser. Although the system'j-lnf

_ of an. anaerobze ethanol dye solutlon exposea to a Viten lomp is
fdlSSlmllar An many respects to the system stuﬁzed by WellsBs it is

: posszble that the role of water 1s the same 1n both cases. it may bé-’ y
that in the complete absence of water the fadlng of’ ethanol dye solutlons

- "exposed to a Vitan 1amp is very slow, and under these condltlons the
fadlng rate may approach that 1n n-hexane. | o
The fadlng of a dye in aqueous ethanol by a Vitan lamp is most

.frobably due to a photosen51tlsed reactzon. As- benzene absorbs strongly ?ng
_radiatlon of a wavelength.of 253.7 e phOtOSGHSltlseﬂ reactmon |

~1nvolv1ng the fad;ng-of_a dye in an ehhanol/bgnzene golutlpn‘ls l;kely




;f76;v,
’ ohl&'ét the facé of the réédfioh cell'expoééa_fo-the’radiaﬁion. .Thé rate'-'m
'Qf'féﬁiﬁg of the dye isréhen eréhdent7oh the‘ratevof diffusiﬁn of the

.féded:@ye‘mélscules into;the‘remainderfof thg.solution and of ﬁnaffeetea
..moleeules to taﬁe their place;\'Other-reactibnS that may bccuf wduid |
- ~1nvolve the photoly31s of benzene or an energy transfer from the benzene

‘to the dye follcwed by hydrogen atom abstractlon.from the ethanol. |
’,Enerpetlcally 253, 7 mu radmatlon is not capable of openmng the benzenej
Go

rlng dlrectly. Anderton, Chllton and Porter have su#gested that thef»]

" .prlmany reaetlon of benzene on photolyszs in v¢scous alxphatlc solvents AR

. is a four centre reactlon in whlch the ring opens and a substltuued

) hexatrlene is formed. In.flula solvents polymerlsat10n~of these-photqf S
products occurs.“ The reactlon of" benzene with ethanol is therefore
p0531b1e and the bands observed in the 350 mu region after the exposure'
~ of the ethanol/benzene c'lye solu'b:n_on, \(1‘15.38 ), may be the result of
‘-such a reactlon. It is not unexpected that fad_ng of the dye solution 'i"'
is slower in the presenee of benzene than in its absenca as the radlatloﬁ -
‘13 employe& for reaetLQns other than dzrect hydrogen atcm transfer. o
| The unlntenﬁmonal prgsence'of benzene in eth&pol in photoqhem10a1
‘experiments usiﬁg 253.7~mu rédiatibh”may fhereforefléad to~misleading
results both in terms of the rate of reactlon and 1n the photopro&ucts
dbtalned.\ There the benzene concentratlon is 10w the fadlng rate may
not be greatly affected but the photoproduets formed as a result of
benzene photoly31s may ea511y be mlstaken for photoproducts from the

'nrlmary constmtuents‘




1,4-Diaminoanthraquinone in efhanol plus 10% wafer
Fiq-37
exposed ro Vifan lamp

Tofal exposure rime

O minures



,4-Diaminoan rhraquinone in efhanol plus IO% benzene



1,5-Diaminoanthraguinone

The positions of the band maxima of this dompound in ethanol and

ethyl aceﬁate.togethef with other data are giveh in Table ¥VI. The main

dif'ference betWéen the’spectra of these solutions is that an inflection

-occurring at 302.5 mu in ethanol exists as a peak at 300 mu in ethyl

acetate.

kel

Only one anthrone of 1,5-diaminoanthraguinone exists, it is 1,5~

diaminoanthr-10-one.

Fading by Vitan Lamp

As with compounds that have aireédy been dealt with, the rate of
destruction of the visible absorption band of 1,5-diaminoanthraguinone

was greater in efhyl acetate than in ethanol solution and in this case

7

it was about 6.5 times faster,'(Fig.:39). In each solvent new absorhing -

systems were produced. That in the visible region for the ethancl
solution was more complex és-more than‘a singleAnéw band ﬁaé Pormed.

| A short eﬁposuré of the ethanol solutibn to thisAlamp_resulted in
destruction, but without loss of intensity, of the band at 277.5 mu,
(Fig. 4O ) and the emergence of anew, well defined band at 260 mu. It
would seem that this was the result of a bathochromic shift of the band

at 232.5 mu since the new band intensified as the latter decreased in

intensity on further irradiation.. Destruction of the hand at 487.5 mu +.:

caused new bands to be formed with.maxima at 395, 420 and 447.5 mu, the

strongest being that at the shortest wavelength. |
The production of these three peaksiin the 400 mu region did not

ocecur on irradiating the éthyl acetate solution, (Fig.4' ). A single

band with maximum at 400 mu was produced, iﬁcreasing.in intensity with
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I,5-Diaminoo nr hraqui none in ethyl acetate
Fiq.41
exposed to Vitan lamp

Total exposure time

a. O minu tes



mcrease& exposure tlme a.t tho exPense of the band at 477 5 ma, The
B weak band at 300 mu was qu::.ckly destroyed. A new peak was formed at
260 mu which: :anreased in :.ntens:Lty With cont:n.nued ::.rrad:.at:.on, o
: presumably arn.s::.ng from a bathochromlc sh:.f‘t of . the peak in the far
ultra.—v:.olet a8 had occurred mth the ethanol solut:u.on.l E

A Fad:.ng by Osx'am Lamp

'I.‘he changes :mduced in the e‘bhanol solut:;.on (F:Lg. L;,Z) were 1dent1oa1
to: those reported for the solut:.on exposed. to the V:.ta,n 1a.mp. Th:.s was’
’ *’not 50 for the ethyl acetate solutn.on (F:Lg.‘-l-}) The new absor‘blng |
‘system was not nea,rly 80 clearly defined. Absorp‘b:.on in the ~whole of

« rthe regn.on from 255 mu 't;o the n.sobesta.c pomn’c at 425 mu :Lnoreased. The

ban& formed at 260 mu was flrst observed as an 3.nf1ectn.on e.nd was st:Lll

.‘ | 111 def:.necl af ter 1000 hours exposure as was also a band f‘ormed at
’ »apprommately 397 5 mu. | | _
The rate of fadlng of - '{:he ef;hyl acetate solut:u.on was somewha‘t _
»_ slower 'than ’shat of the ethanol solut:.on (F:.g. 39) After 600 hours -
‘ ex_posure of the f’ormer solu'b.:.on the 1amp was change& and an :anrease in - |

the :E‘ad:mg rate was observed.




I,5~Diaminoanrhraquinone in erhanol

Fig.42
exposed to Oiram lamp

posure time

O hours

600



I,5-Diaminoan thraqui none in ethyl acetate

exposed to Osram lamp

> » A ;

Total exposure time
a. Ohours
i b. 400 -

c. 700 -

Fig.43



Gomparlson of the changes in absorptlon spectra taklng plaee on ‘

1rrad1ation of degassed solutmons and dyed polymer fllms

" The spectra of dyed fllms oft cellulose aeetate and nylon showed that': 
’kon exposure in oxygen to an Osram 1emp progressmve on tone fadlng took :
places’gi The absorptlon in the region about 550 mu 1ncreased sllghtly
.for the N-methoxymethyi nylon £ilm an& there was also a marked rise at
wavelengths below 275 mu. A similar ehange was noted. after 1 mlnutea
: exposure of the. ethyl acefate solutlon to the Vitan lamp (Flg IND )

) In nltrogen there were speetral changes observed for the cellulose E

'aeetate and nylon fllms whlch were’ 81mllar to. those ocourrlng in solut1on."

‘The changes occurrlng for the nyion fllm were mo;e notlceable as there was:jfiﬁ

a marked rise 1n Sbsorptlon from 250 to. h25 mu. Inflectlons were formed lj“,f

: at about 265 and h02.5 mu and these 1ocat10ns corresponded closely to
.’those in ethyl acetate solut:t.on exposed to an Osram 1amp, (Fig. 4—3)

iThe greatest changes occurrea for the N-methoxymethyl nylon fllm. They"'
were apparently 1dent¢cal to those ocourrmng in ethancl solutmons CFlg.;‘

» AOJ&Q Bands were formed Wlth maxlma at 265, AO2 5, 437 5 and 460 mu.

Prolonged exposure was found to suppress the 1atter two peaks.




R

2, 7=Diaminoanthraguinone

‘The spectrum qf this compound in‘ethanoi-differs markedly from the
other simple aminoanthraquindﬁé cgmbounds in that the most intense ban&.
- recorded in the ultra-violetﬂis not that at the shortest observed wave-

. length. The band maxima p031t10ns are given in Table ViI.

Theoretlcally it is possible to prepare two anthrones from 2,7~ dl- ‘
‘ aminoan#hraqulnone. One is the 2,7-diaminoanthr-10-one and the other
3,6-diamipoanthr—10?one. It is to be expected that they will have.

- slightly différent absorption spectra. Tﬁe loéations of the peéks fof
~an ethenol solution of 2,7-diaminognthr-10-one are given in Table VII,

Tading by Viten Lemp

Up tq a total of 36 minuteé intermittent exposure carried out ovéf
an experimental period of 18 hours the absorptibn spectra had undergone
‘chenges similar to those recqrded peviously for other aminoanthraquinone
 derivatives, (Fig.h1¥). The most intense band in thé ultfa—%iolet région,
at 297.5 mu, was. slowly degraded on irradiation as were also the bands at
‘227 5, 345 and 477.5 mue A new band w1th maximun at 260 mu. was steadlly
Aformed apparently from the band at 227.5 mu. The character of the
absorptlon curve in the region of 395 mu alteréd' thé band‘maximum at -
that point moving hypsochromlcally to about 370 mu. 'Isobestic points
occurred at 240, 357. 5 and 387. 5 mu. | '

A.post—mrradlatlon effect was dbser?ed when the;irradiated soluﬁibns
were stored in the dark for several weeks, an& some experlmenbs were
~carried out to stu@y thzs effect. After 30 minutes exposure the cell
was stored in the dark for four weeks and then the absprpfion spectrum

remeasured, (fige45). It was found that the new curve passed through
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s

none’of the 1sobestlc‘p01nts on the prevlous curves. The absorption at'v4;‘
297 5 ma had fallen by about h o whlle that between 325 and 425.mu.:
The ban& appearlng around 370 mu had 1nten31fled and centred on 372. 5 ﬁu o
‘and was. then of comparable 1nten31ty to the band at 350 mu whlch had :
also 1ntensxf1ed. | |

A further five mlnutes 1rrad1at10n reverse& these trends to a o
11m1ted extent, The band height_ofAthe peak at 295 mu 1ncreased by AO%'.:ZTV
which was the revérsé éffect‘of,irradiatioﬁ‘up;to storing. The. bands "
ét 350 and 3?2.5 mu, however, beééme‘less,intense.i On storlng the cell
7 in the déﬁk'an& measurihgvthe abso?pﬁion spectra at weekly 1nteryals!1t o
was ‘found'that changés, silhilaf ?co' fhoée re'coi*_d.éd a.f;ber the first stozjé.ge
“were Stlll taklng place after three weekss There was a pfogressive'1055‘>
of absorptlon at 295 mu aﬁd a slnght 1ncrease in the reglon 325 to hDO |
mu, In addltlon.the maxlmum at 350 mu ex1sted only as an 1nf1ect10n.

New 1sobest10 901nts also existed at 270 315, 355 and 400 mu..
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2,7-Diaminoanthraquinone

in ethanol

1

exposed foViran lamp
Total exposure rime
a. O minutes
b. 30
i i = e .| !
b after prolonged storage
SK1* in dark
P 411 M i s d. "c* exposed for a further
4 m Vit 5 minutes followed by pro-
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Fadlng by Osram Lamp

In view of the post-lrraﬁlatlon effeot dbserved when the ethanol

usolutlon exPosed to the Vitan lamp was stored exposures to the Osram"

7%

Vlamp were made as contlnuous as was practlcal. The spectral changes fo

5fwere very 31m11ar to those recorded for. the solutlon exposed to short—gl

O

wave ultra—v1olet radlaton. Bands Were formed w1th maxima at 250 and

A

362 5 mu, the latter belng more 1ntense. Agaln 1t seemed.that the

shortwwavelength band was . the result of a bathochromlc shif't of the 3

band orlglnally 1ocated at 227 5 mu. The peak in the near ultra—v1olet B

was formed after absorptlon in the reglon of 37) mu had 80 1ncreased
thab the peak at’ 345 mu merged with 1t,(F\3 ‘*b)
Storage in the &ark of the solutlon after a total of 400 hour '

exposure caused no alteratlen to the spectrum.




2,7*-Diaminoanthraquinone

Total exposure time



"7j |

1 h,5-Tr1am1noanthraqu1nonﬁ

The absorptlon sPectrum in ethanol strongly resemhles that of 1. h—l
dlamlnoanthraqulncne in the.same solvent. The band maxima are 1ocate&
at the positions given in Table VIII.

Fading by Vitan Lemp

The exposure bo shortwwave ultra~v¢olet radiation of an ethanol

‘solutlon of thlb compound caused a progre551ve &egradatxon.of the bands ST

at 237.5, 565 and 605 mu, (Fig. k), but they did not lose their spectral_
charscter comnletely until after a total exposure of one hour, During‘ |
-desiructnon of the original absorbing system 2 new. ‘one was set up whxch

~din the. vlsible part of the spectrum, corre5ponded exactly to that of the :f,

- original solut:on. An inflection existed at ng m and peaks at 475 and

307.5 mi. A band was also created with its méximum at 280 mu together
with another at 255 mu. An isobestic point existed at 520 mu.

’»Fading‘by'OSram Lamp

It waé féuﬁd oxbremely difficult to keep 1 L 5 trlsmlnoanthfaunnone‘k
in solution when exposing an_ethanol'solutlonbto the Osram lamp. Part of
the fa&ing, CFig.i;S), muét be aééounte& erlpyra certain.degree of -
permanent adsorption on o éhequgrtg sten of the absorption cell.
'ﬁ0wev§r~alferatidns to the absorption 5pectrum were observed on |
irrediation whlch were 1dent10a1 to those recor&ed for exposure of a
smmllar solutlon‘tokthe Vitan lamp. New peaks were observed in the

regions of 475 and 510 mu after 1300 hours_exposure.
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1,4,5-Triaminoanfhraquinone in efhanol
Fig. 47
exposed ro Vifan lamp

Tofal exposure rime

a. ® mfnufes
b. 20
C.. 6.0

. ¢ * f



exposed To Osram lamp



Gomparison of the changes in absorptlon.Spectra taklngAplaco on i

'vlrradlatlon of degassed so]utnonu and dyed polymer fllms. .

The f&dln& of films of cellulose acetate, nylon and N-methoxymethyl :lif
f'lnyion, @yed wnth1 h S—trlamlnoqnihraqulnone, on exposure to an Osram ”
’1amp 1n an atmosphere of oxygen.was foundfsjb to be spectrally very -
similer to that recorded for these fllms dyed wmth 1 h-dl?mlnoanthra-
7llqu1none.) The first two films showed slight increases in absorbance - .
betwéén 300 and #50 m on eﬁpoaﬁréJand a-gréater increase-was recorded
fcf tﬁé N—methoxymethyl nyloﬁ’film. The twmn peak system oecurrlng
”between )50 and 650 mu was progressmvely degraded the longer wavelength o
: band belng-more sen31t1ve. Tor cellulose acetata ‘and nylon thls aystem

remalned after a long exposure only as an 111 deflned.band with maxzmum e

| at the shorter wavelength. Tor N-methoxymethyl nylon, however, was

'_1ocated at 550 mu and not at 575 mi. These ohanges are completely
A]d1331m11ar to those occurrlng in solutlon where a new absorblng system l{;l
~in the vxs:ble reglon, 1dent10a1 to the flrst was set up. ~lad1ng of

- the orlglnal tw1n.peak sysﬁem occurred without 1oss of spectral characterg’




,4, 5, 8-Tetramn.noantbraqulnone

There were dlfferenoes eX:Lst:Lng in the spe otra o:f‘ the two e'bha.nollc

solutlons useé.. ”he solut:;on exyosed 0 the V:Ltan lamp - (P:Lg. 1»9)

) exh:Lb:Lted a peak at 585 m whloh occurred only as’ an :Lnf'lectmon J.Il the

‘so]utlon exposed to “the Osram 1amp (F:Lg. 5‘ )e - The longest wavelength
peak was located at 627 5 mu for the soJut:Lon exposed to the V:Lta.n lamp

and at 640 mu for the other. ‘Two absorpta.on mexime kex:._st_ed_:m the ultraff'

violet region. The most intense vas 1ooated at '2'40 ma ahd “the weaker at ‘ S

270 mu. The pos:.tlons o:t‘ these peaks are sununar::.sed in Ta,ble VIJI.

I‘ad:.ng by V:Ltan La,m_p

On exposure to th:w ra.dlatlon source sn_mllar ohang;es in the

absorptn.on spectrum of the e’chano] solut:l.on were obsorved (F:Lg. l&?)

to tnose reoorued for 1 lp-substmtuted amn.noanthraqulnone compounds. The\ ‘  ‘¥

1‘1g;1na1 bends in the v:Ls:Lble part of the spectmm were slowly destroyedf ’\
_but malntalned the:nr spectral oharacter, Whlle new peaks were forme& a’c E
485 and 520 mu. An :Lnfleotion was: proclucea. at 462 5'mu and an 1sobestn.c: :
point at 535 mu. The bands at 240 and 270<mu were steadlly degraded, ;
l:ﬁ:tle orlglnal struoture rema:n_nmng after 60 m:mu'bes 11‘rad1atlon. The ) .
1e,t’cer peak a.ppeared to undergo a bathochromlc sh:;,ft to 280 nu. After

a 'hotal of 120 m:n.nutes e:\posure, (I‘ig. 70) the new tw:m peaks. in the
v:Ls:Lble reglon had merged together w:Lth a’ sl:.ght loss in 1ntens:.ty,

whlle the band at 21;0 mu emste& only as a.n Mlectlon at about 237. 5 Mue




1,4,5,8-Tef raminoa nrhraqui none in efhanol



M#5,8-Tetraminoanthraqui none 1in

exposed to Vitan lamp

| - ) [

ethanol

¢
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, Fadlng by Osram Lamg

: foding
2000 hours exposure to thls 1amp produced negllgblgé The change

R -I-w\.l._l.‘lb u‘y W AR CLE JJCN-H_E

in spec | T vy

2000 hours exposure to thms 1amp produced negllgblgé The . change

“out of sviuveuvu aiu ucpun.:.u.n.us LUBELL UL uLe BUEM L4 LHB oL Lovm WIL.Lbh

it was extremely dlffzcult to remove ‘and redmssolve.,A '

Comparlson of the changes in absorpﬁlon spectra taklng place on

- Virradlatlon of dqgassed solut1ons and dyed‘polymer fllms.

| The fading of. dyed.polymer f11ms on exposure to an Osram lamp in R

b .
an atmosphere of oxygen, dbserved by Egerton and Roaeh.S does not

'resemble that occurrlng in solut1on.~ A new absorbmng specmes was

produced 1n solutlon.but the fllms exhlblted only prOgr3351ve loss of “‘

absorptlon. As was notea for the 1,4» and 1 4,5— aerlvatlves on polymer
substrates, the tW1n peak system lost 1ts character to glve a swngle .

band at the shorter Wavelenbth of the two pe&ks. Whareas before, N-

methoxymethyl nylon in most cases flnally exhlblted thls peak at a shorter »

Wavelength than thls, 1t dld not -do - so An- thls 1nstance.-
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PART IT

. Absoggtlon spectra of anthrones and, thelr relatlon to

the absorptlon Spectra of' the photoproducts.

Since énthro@es‘are capable of tautomerism‘fo givé thé'corresponding":» 
'anthranolvif cannot'Bé Cerfain:that the spectra recorded in this section’
are completely free from anthranol 1nterference. To minimise the "

pOSSlblllty of a tautomerlo change solutlons were prepared in the col& |

and spectra recorded as quickly as possible afterwards.t All the anthrones o

examlned were found to exhlblt a marked flucrescence in ethanol but not‘v
1n.ethyl acetate and. other non—polar solvents. Anthr-10~one is said tp. ;
be non.fluorescent but it 1s belmeved that ﬁraees of anthr-10-01 can
cause fluorescence to be exhlblted by thls c:cunpounﬁ&'l

In general the absorptlon spectra of the phctoproducts\werélless:.i i

well def1ned than the parent compouhds and thelr anthrones. This is

vprobably &ue to the presence of secondapy fadlng pro&ucts whlch woula

cause an apparent general,rlse in absorptlon. They, together w1th sllghtik‘jy

changes 1n the nature of the solvent 1n&uced d1rect1y by . 1rrad1at10n or- ‘_ f .

as a result of a photo-sens;tlsed reaotlon, probably modlfy the observed

p051t10ns of the band max1ma to some extent.
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The'absofptidh'spectra iﬁ the foﬁ: éolventé'considered,'namely :1
'ethanol" ethjl acetate,(carbon tetfachloride aﬂd'néheiane, are\gifen
‘1n Flg.72 . In all a sharp band occurs at about hOO mu, dependlng on
'.the polarlty of the solvent. The hypsochromlc shlft of the v1s1ble
 absorpt1on band of the parent qumnone to thls wavelength decreases for
decreasmng polarlty of the solvent frcm about AQOO cm -1 for ethanol §m>
to 3700 cm 1 for nrhexane. In the two ultra—v1olet transparent solvents,hf:.
eth&ncl and nwhexane, thls anthrone 15 found to exhlblt two further ;
peaks. In ethanol they are located at 2hﬂ and 260 mu, and in nshexane
:at 239 ‘and 256 ma. ‘There is ev;dence that_ln‘ethyl acetate there BX1S#S::H
é‘maxiﬂum at 259 mu. A sﬁmmany\df the prifiSns Of.the bana‘maﬁima‘inu‘
the varlous solvents is glven in Tables I and II. | j |

| f Comparlng the spectrum in etbanol Qf the anthrone w1th that of the (
fédlng pro&uct 1~am1noanthraqu1none in ethanol solutlon producea by |
‘elther lamp, it 13 seen that the ultra—violet regxon corre5ponﬁs closely
w1th that of the phntoproducts halfﬁway through the total 1rrad1at10n E
recorded in Fn.gs.\S,zo. Prolonged Alrra.d:t.atlon aestroyed the sm:.larn.ty ‘. |
sinchthe twin peak system gave W?N‘fq a single band witﬁ.maxiﬁum‘at  t-
,262 5 mﬁ, ﬁidWay-between'fhe twb.  Sférage of“the irradiafed soluﬁionsz./ 
: 1ed however to a dlrect or 1nd1rect return to the tw1n peak system )
dependlng on the 1lght source., The so]utlon exposed to the Osram 1amp,
CFlg.Z\ ), also showed a rise in absorptlon in the region of the orlglnal
band max1mum at 477.5 mu. It was poss;ble that thls was que t0 one of;“

the followlng:e
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"‘(i)< :reformatlon of' the orzglnal cbmpound‘b§ a dlsproportlonatlon o
| | reactlon, | |
,:(ii) tautomerlc change of the photoProduct rever51ble én re—exposure, 
- (111) ox1dat1on of the reduced dye by another photoproduct |
B (iv) 1nstab111ty of the photoproduct.
_. The band maxlmum of the anthrone at 397 5 mu is 10 mu to longer '
. wavelengths than that of the photoProduct, the peak of the Alatter |
4under~went no change in posxtmon on storage. AIt haS“been suggested’qu
that the structure of the anthrone obtained by the reductlon of a mono-\ ’
sabstltuted anthraqnlnone compound w1th alkallne dlthlonlte depenas on
the degree of chelation between the substltuent and ﬁhe carbonyl group. - -
Where chelation ocours the carbonyl group removed is that remote from
the substltuent. It 18‘11ke1y>therefore'that if an anthroue is formed,(:ﬁ'
by the 1rradlatmon of an ethanol solutlon of 1-am1noanthraqu1none the | tt
’1somer favoured is 1—am1noanthr-10—one since there 1s 11tt1e, 1f any |
-chelatlon between the amino and the carbonyl group in the pafent compound.l
It is to be expeeted that the absorptmon band exhlblted by &~am1noanihr—
10-one in ethanol at 397 mu will for the 1~10~1somer be at a shorter
wavelength as the elactron donatlng fect of the substltuent w111 not
be so great for the.latter form. The entlcxpate& posztlon at a shorterﬂ 
wavelength than 397 5 m would be nearer to the locablon of the peak at
387 5 mu for bhe photoproduct.. It is also p0331b1e that the photoproduct o
eXlstS before storage as exther the anthranol anthrahydroqulnone or
oxenthrone, The flrst would.probably exhiblt a band at a shorter wave-

length than the correspondlng anthroneﬂand 1t is also.llkely‘that the‘.x""
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ultra-vmolet spectrum would be dlfferent from that of the anthrone or o
. the parent qumnone and correspond more closely w1th the ultra—v1olet

: fspectrum of . the fading photoproduct before storage. It 13 dlfflcult to

-f_:predlct the speetra of the other two re&uced forms but 1t is 11kely that ,7" '

'the p031t10ns of the K bands, 1ocated at 597 5 mu for Aramlnoanthr—10—one,
would be at 1onger wavelengths.v The spectra of the 1rrad1ated solutlons
: appear to show bands at aboqﬁ 425 mu whlch‘would“lend—suppqrtrto this o
"suggestlon.r K L | o
In ethyl acetate it was possmble to recordmonly the spectrum above -
260 mu w:z.th any clegree of accuracy, (3313.52) : The an’chrone shows a
'_'peak at 392.5 m1, some 5 %o 7. 5 m to shorter wavelensths then that of
_the photoproducts, (Flg.l7 22) ‘ Thls shlft 1n band locatlon is the reVGrse‘l
of that observed. for the ethancl solutlon. | .V‘A |

In carbon tetrachlorzde the anthrone exhlbmts a peak at 387 5 m
'f'CFlg.SZ )'but thlswas not dbserved in the spectra of the irradlated
* solutions, CPlgsJS ﬁQ although absorptlon in that reglon was much vreater o
after 1rra&1at10n than before. If the ohanges on 1rrad1at10n 50 far -
‘observed have been due to a process of" hydrogen atom abstractlon then it
-Kfls not surprlslng that the anthrone has not been found to be present in
thls partlcular 1nbtance. ‘ ' ""“- R f R - :‘H

There was ev1&ence that contlnued 1rfadlat10n of the'nrhexane‘A
:’solutlons of 1~am1noanthraqu1none would have led to complete destructxon e »
of all the peaks in the far ultra—vmolet reglon (ﬂlgs.\9,lu) The anthrone o
‘Vshnws a tw1n peak system in this reglon, one han& at 237 5 mu and the other f

at«255 mu. These 1ocat10ns‘are elose to those of the-correspondlng peaks o




;of fhe unfedueed fofm. The photoproducts also show an’ absorptlon band
| - at about 392;5 ma Whlch is some 10 m ‘to longer wavelengths than the :
correspondlng peak in the anthrone. Thls alfzerence is. comparable to

that observed for ‘the ethyl acetate solutlons. i’

The fadlng product observed by Egerton an& Roach ’ resultlng from;'

the exposure in nltro en of a f11m of N-methoxymethyl nylon dyed w1th
1aam1noanthraqu1none to an Osram lamp, as stated earller, bore a strong
resemblance to the. 1n1t1a1 fadlng products in ethanol solutlon. The

spectra of these products at that stage were also very smmllar to thaﬁ

of the anthrone in the same solvent. I@\cannot be certain, however, thatéf"- 

the spectrum shown is not the resultant of’fwo aﬁsorbing systems*as,ié .
llkely for the ethanol solutlons. The posmtlon of the abSOﬂptlon band o

is at a shorter wavelength than would have been expected from the relatlve

9051t10ns of the K.bands of the pareni qulnone in ethancl and N-methoxy- fu"

C her ,
methyl nylon and thus exhlblted behav1our 31m11ar to occurrzng for the

1rrad1ated ethanol solutlons.'
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~ 2eAm1noanthr-10—one

| The reﬂuctlon of 2-am1noanthraqu1n9ne by the method of Bradley and
‘MalSqu‘ gave an anthrone presumed on thelr results to be 2-am1noanthr~:;:
‘.10-one. In ethanol 1t exhlblted Well deflned ban&s at 250 and 355 mu |
'(Elg.fiS) In ethyl acet&te the latter peak was: located at 556 mu -
’ CPlg.fS}) As reported, in the exper;mental sectlon on. anthrona preparatlon;.
. on one occa51on a slzghtxy different product was obtalned by the reductlon }:a
| . of 2-am1noanthraqu1none by alkallne dlthlonlte by uulng a dafferent method
“:to thatwof Bradley and Malsthb; Thls seconﬁ form,was more stable to |
E heat than the flrst and also possessed a sllghtly dlffereni SPectra. 'It \ M: 
v{showed peaks at approx1mately the same Wavelengths as the flrst form and
‘~1n addltlon a Weak one at 290 mu in ethanol (Flg‘fiﬁ), and 286 mu in |
,'ethyl acetate. The band at about 355 mu 1n ethanol was found to be:
' Aalmost as 1ntense as that at 250 mu whereas for the flrst form the 1onger
‘1_wave1ength band: was only of half the 1nten31ty. |
Exposure of a degassed solutlon of 2-am1noanthraqu1none in ethanol
1CF1g.ZC:), to short-wave ultra-v101et radlatlon caused the tw1n peaks~1n-
..the ultra—v1olet part of the absorptlon spectrum to coalesce and give a
 band mldway between.the two. A 51m11ar change was noted for 1-am1noanthra~;j‘
qulnone under the same eondltlons CFlg.\5 ). Storage in the dark of the
exposed solutlons of,2—am1noanthraqu1none caused.the new peak,to mo#e'bgckig
to its original 1ocat10n‘at>2£51mﬁ;* Thé intefmediate bandfwasnnot |
observed in the changes recordea on the exposlng of a 31m11ar solutmon to
an. Osram lamp (Fige. 70). ~ The band at 297.5 mu did not coalesce with that L

at 245 mu to_glveva_31ngle peak~at about 262.5 mu but]appeared t0~move |
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Unstable formj in
a. ethanol
b. ethyl acetate

eth”]l acetate



hypsochramlcally to 245 my to. glve a speCurum 81m11ar to that of the A
solutlon exPosed to the Vitan 1amp after storage. The p031t10n of thls
~max1mum was veny close to that 1n both forms of the anthrone. | ‘

The ethanol solutlon of 2—am1noanthraqu1none exposed to a Vitan o
| v‘lamp, (F:Lg. '2(:) 5 xalso :m:l.tlally gave a small peak at 377 5 mu. The energy
-dafference between the 1ocat10n of the new- peak an& the oorrespondlng |
 ]peak_for_the{unegposed so;utlon was ofwthe sgme‘order as’ that between,thé_ffx‘
poéitions bf‘the.correSpondinojﬁaxima for 1-amingéﬁfhraquinone and. A-T«;;r‘“'-

,;amlnoanthr*10-one in: ethanol.. Prclonged exposure of the ethanol

- ’solutlon of E-amlnoanthraqulnone to the Vltan lamp moved the peak at

7577 5 to 350 mu equlvalent ‘o an energy shlft of half the flrst.v The.

ethanol solutlon exposed to the Osram lamp dld not show a peak at 377.5?~f"v
m. but one- at 351 ma. The spectra of the flnal forms of the photoproducts‘
5:1n ethanol corresponded very closely W1th the spectrum 1n ethanol of the |

| "Bradley“b form of the anthrone. It is poss:r.ble that the f':l.rst photo-

E product formed in the solutlon expose& to the Viten lamp is an oxanthrone
ior the anthrahydroqulnone and 1n v1ew of the marked dlfference 1n the
"ultra~v1olet spectrum to that of the unexposed solutlon more probably

the latter. _ o ’ ‘ (

The 3pectra of the photoproducts in ethyl acetate proauce& by the
"two lamps ‘differed con51derably from.each other and only that formed
through expoaure to the Va.tan lamp, (F:Lg. 23) resembled tha.t of' the
_ Braaley form of the.anthrone. The changes in spectra of the solutlon I

xposed to the Osram 1amp, CFlg.!ﬂ ), resembled closely the 1n1t1a1 changes

in the ethanol solut10n~exposed +to the_Vltan‘lamp,-CFlg.Z&ﬂ. The~bandv;[‘ﬂ'
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ormglnally at 427.5 m moved to 365 mﬁ whléh 1nvolved 5 szmilar frequenéy
shlft to that for the ethanol solutlon. In addltlon the band at 295 mu

moved hypsochromlcally. Thls fad;ng product mlght also be an oxanthronelmfll
or the %nthrahydquulnone. ~TWO forms of an~oxanthrone are»p0551blevas ;i  "
the amino . group can be in ea.ther the 2- or 3- posa.tnon to the C.D.T\:'on\f\ Sfou.‘:

Leuco-1,Ardlamlnoanthragglnone

The absorptlon spectrum of thls compound cauld be reoorded only 1n .
ethanol and also only in the reglon above &OO mu since a pure sample could
not belsnlated the contﬁm,lnants belng sodlum dlthlonlte and degradatlon o

products of the dye.

The absorptlon spectrum of é solutlon of 1 hpdlamlnoanﬁhraqulnone 1n f :
ethanol and Water was determlned agalnst a pure ethanol llght path, CFlg. !fi;
Sq) : The solutlon ‘was . made up of 5 ml of & stock solutlon of the dye to {s
which was added 10 ml of’ alstllled water and 10 ml of pure ethanol. When
the spectrum had been determlned a few gralns of sodlum dlthlonlte were |
‘added to the remainder of the solut;qn whlch'was tben allpwed'toistan&

for two minutes during whlchithéféjwés a méfked doloﬁr ohange;‘ The‘épéCtrum -
of this solution was rapdily deférminei.. After one week the spectrum.of the;€j
remaln:ng solution was agalnudetefmined. The upectrum of the untreate& \fﬁ‘;
solutlon showed maxima, at 531 and 591 mu, Wlth an 1nf1ectwon at 522 5 mu;f}f ﬁ*
These vaiues corresponded very closely w1th those Obtalned for the
degassea ethanol solutlon prlor to 1rradlatlon, (Tab]c IV) The flf%t\h
reduaed form had absorthan max1ma at h27 (1nflect10n) h;O and 480 mu,
an& on storage gave a seOOnd.reuuoea form wnth_peaks at h25 ‘and 452 5 .
The shif‘t-to the 1atter form wasAacQQmpanlad by a loss»of absorbanoe.

There was evidence to suggest thdt“furthef étofage led té'ahothér'hypsog\




n 60% aqueous ethanol
with sodium dithionite

V after storage for one
week
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cﬁromié shift to give bands at about 395 and 415 mu,
The locations ofxfhe'ﬁeaks in the firSt reduced form cofrpspond‘

"very closely to those of the phot0product formed on exposure of an

ethanol solution of 1,4~ daammnOQnthraqu1none to a Vitan lamp (Table IV)
_The final set of values (395 and Aﬂ5 mu) are veny 31m11ar to those given -

by a sample of 1euoo~qu1nlzarnn in ethanol, The progressive shifts are, |

th@refore, most probably due to formatlon of leuco—1 h-ﬁlamlnoanthra»

quinone Pollowoa by the successive 1oss of amino groups to give leuco~

qu1n¢zar1n. | "

' The ﬁroduct obtained as;a’resﬁlt-of heating ammonia and 1eudo- '
qulnazarln under prpssure showed absorptlon bands in ethanol correspondlng ,!_
in posltlon.to those of- 1euco-qu:nlzax¢n and also to 1euco~1,4~d1&m1no— ‘
mnthraqulnone.

While the absorptlon spectrum of the phﬂtop"oduct in ethanol
corresppnded exactly with that of the first reduced sample it cannot 5é;<'
categorically stated tﬁat thé photoprodﬁct is'1eQCO-1,4~diamiﬁoanthraquin§ﬁe:

. without a knowledge'of the ultra«viOIet absorption spectrum 6f that .

compound. It is said that this compound probably exists in a diketoimine
'forméﬁ'éﬁd it is posSible‘that its ultra~violet spectrum is the same as
thé,original conpound-&s was obsefve&wfor the photoproduct. No change
~ooeurs 1n the location of the most intense ultra-vlolet absorptlon ban&
of~qu1nlzarmn on re&uctlon to leuco-qulnlzarln. Thls su5gests that in
solutlon that the diquinone structure postulated by Zahn and Ochwat145

the latter compound is less in evidence than either an oxanthrone structure f?
or a structure where the hydrogen atoms added on reductlon are only in theb
2 and 3 positions . This may also,occurvfor 1eucq—1,A—dlamlnoanﬁhraqulnonefhf

-

X5 s s
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It seems 11kely that the oxanthfone form of thls compound predominaﬂes
-_1n solutlon as the structure of the absorptlon systen 1n the v1s¢ble‘
'1reg10n 15 1&entleal to that of the unreauced compound. The ohwnge of an lh
~ amino group to an imino group would probably have had a marked effect on-:i=
»ythe absorptlon bandslln‘the visible rgglon; _GouperQl reoords that 1,4» :
diimiﬁqgnthréquinonévand jfiﬁiﬁé#4~methylimin§ahthréquinpne do not have -
'fwih;peéksxiﬂ'%hé visible spectrum unliké;fhe‘diamino coﬁpounds. Tt is
belleved that the tw1n peak 1s assocldted w:th the posslbllwty of a
" mesomeric shlft of electrons from a 1 h.pamr of amino groups towaras the o
'anthraqulnong nucleq4ezl t,hrdllm;noanthraqu;none 15‘511& to possesé a |
~single bénﬂ‘with maﬁimum at‘5201mu in'éthanol2 ‘, a locatlon oon31derably
‘dlfferent to the tw1n peak system observed for the preseni photoproduct. \
The spectra of the photopro&ucts in ethyl acetate solutlons, CFlg.Su,

35), were much less well deflnud than those in eth&nolwo solutlons. The

twin peak system was much less evmdent although not entlrely absent..

The posutlons of these bands were, however, in the reglon.to be »
'anilclpated from the ethanol results and ¢t seemeﬂ likely that the photoproducté
in the solvents were the salmes .
The general trend found in the fadlng in oxygen by an Osram 1amp of fi":
- the polymer fllms dyed w1th 1 4~dlam1noanthraqﬁmnonéagés the productlon
A:of a 51ngle absorptlon band in the VlSlblB reglon as a result of ’
aegradatlon Qf the~or1g1nal tw1n peak system. ' The p031t10n.of‘thls band“
'was usual]y to shorter wavelengths than elther 8 the two orlglnal bands.'”’ ;
For N-methoxymethyl nylon the shlft was from 560 and 600 mu to 540 mu.,l

This is con31stent wmth the - formatlon of a dllmlno compound as postulate&li{’pf

by Couper although the locatlon of the peak is at a 1onger wavelengtﬁ“ Sl




“than would be expected from its location at 520 mu in ethamol.,




,5-D1am1noanthr-10—one

In ethanol thls compound possesses only two abeorptlen bands in the
reg:.on 200 to 600 mu. Thelr peaks are at 2&.2. 5 m and. 390 mu, (Fﬁ.g.'is)
In ethyl acetate the 1etter band 1s centred round 387 5 mu. Even after
recrystallmsatlon there was evmdence of a smel] amount of the band
structure of 1,5 dlamznoanthraqulnone in the reglon of 480 mu but the
ooncentratlon was estlmated at less then 27 A summany of the p031tloes
of the bands is glven 1n Table V., ‘, |

The effect of both shortnwave-ultra-v1olet and v131b1e radeateons |
on a degassed solutlon of 1,5—d1am1noanihraqu1none in ethanol wes the .
productlon of a number of bands in- the reg10n.39) 0 44745 mu, CPlg.MhWﬂ, L

Whereas the anthrone dlsplayed only one in this solvent. The photoproducts

also possessed an extremely well deflnea'bend at 260 mu, not exhlblte& by i\fef

the enthrono Wthh possessed a. peak ai 242 5 m1 not shown by the photo-._‘,57'*

proﬁuct.: Cleerly the spectrum Of the photoproduct was not attrlbutablei'e'xn -

solely to anthrone formetlon. It 13 qulﬁe llkely th@t the presence of -
other absofblng specles wmth maxlma apparently at 420 and hh? 5 mu ‘
affected the loeatlon of the band at 395 mu causlng 1t to be posatmoned “
et 1onger wavelengths. The ultra—v1olet spectrum was probably modlfled"xj‘WQ
also by the presence of the othor fading products but it 1s questlonable

that 1t was affected to any greet degree. The leck of correspondence of

the ultraPV1olet spectrum of the f%dlng product W1th the anthrone suggests=erf;

that the peakk395 mu is more 11ke1y due to the anthranol._ The other S
absorblng speoles mey be the anthrahydroqulnone and omanthrone.

In ethyl acetate the spectrum of the photoproduct showed a smngle

bend at ebout hQO mu. ThlS 1ocat10n 1s about 10 mu to longer wavelengths 3“"ﬁ




b.

ethyl

acetate
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than that of the correspondlng peak of the anthrone. A 51m11ar dlfference

was noted fcr the photoproducts an& the anthrones of 1~ and 2-am1n0~

anthraqulnone 1n ethyl acetate.‘5‘ o o |
The spectrum of a £iln of N-methoxymethyl nylon dyed with 1,5—d1am:mo— }

anthraqulnone after exposure, in n:trogen to an Osram 1ampswowas 1nnt1a1ly

1dent10a1 +o that obtalned for an ethanol solutlon exposed ﬁo the same ::~»“

lamp, CFlg.QQ-) . It 13 p0531ble therefore that the faalng products in

the two systems were the same.’ The result of prolonged exposure of the |

iyed polymer film. was the ellmlnatlon of ﬁhe two longer wavelength peaks  1_  5

leav1ng only that of the anthranol or anthrone. The changes in the uli::z:'ez,-—:_lr,_‘___ ’.“‘\l

v1olet reglon Were masked and thus the flnal p051t10n of the band at one .

t:me located aroun& 265 mu cculd not be ascertalned. For thls product,flii

to have been the anthrone it was requmre& that thls peak should have.

moved hypsochromlcally'by'about 20 ‘I whlch would have 1nvolved a largBIZi

energy change.




' ]—Diaminbantﬁr410ééne :

It was observed for the absorptlon spectrum of 2 7~d1am1noanthra-‘“‘

QMlnone in ethanol CFlg.lH+ ), that 1t was unusual for ‘the most 1ntense

"absorptlon band not “to be that at the shortest wavelength. Thls was also-f;é{i

gtrue for the anthrone whleh in ethanol dlsplayed‘well deflned bands at L
251 and 3624 5 mu, the 1atter belng more 1ntense, CPlg.SL:) .An 1nf1ect10n€ if,
existed at 320 mu. | “ B N
The post~1rradlatlon effect noted for the ethanol solutlon of 2 7-i BT
dlamlnoanthraqulnone exposed to the Vltan 1amp dl& not affect the |
posztlons of the band. maxlma as it dld.for 2-am1noanthraqu1none.' The‘f\; x
correspondence between the absorptlon sPectra of the anthrone and the

fadlng pro&uct was excellent.
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| GENERAL DISCUSSION .

' Changes in spectra. bn:fading‘

The: fadlng of anaeroble solutlons of smmple amlnoanthraqulnone ;f"xe -

compounds in organle solvents by short~wave ultra—vmolet radlatlon or L

‘ enear ultra-v1olet and v131b1e 11ght gave smmzlar photoproducts but the

o rate at whlch fa&ang occurre& was con31dereb1y greater for the hlgher fﬂ;lfi?f

energy radlatlcn.

The 1rra&1at10n of* the solutmons resulted in a progre531ve

§ decrease 1n optlcal denelty'of the absorptlon peaks in the vmslble reglon A?;fi

Gf the SPectrum- COUpled.W1th this there was a rlse in ebeorbance in the s

formerly nonrabsorblng regmon between the ultra~v1oleﬁ an& v151b1e
absorptmon bands resultlng 1n the formatlon of new bands.‘ The new ‘V”"

o absorptlon.peaks were usuelly loeated et a p031tlon of about 100 -

'(ln nost cases equivalent to a wave-number shlft of 4000 to 5000 o’ 1)_)‘f->“'

~‘  to shorter wavelengths than the or1g1na1 absorptmon maxlme ana were

» apparently related to them.» ThlS was most strlklngly demonstrated by

the 1,4~ substltuted derlvatlves and 1n partlcular for 1,4rd1am1noanthra~ %:T;é

g_u:l.none in ethanol exposed 1:0 a V:Ltan 1amp, (F:Lg. 3}) The orn.glnal
absorbmng system 1n the v131ble reglon for thls dye was unnsual in that
it exhlblted tw1n peaks. On xrradxatlon these peaks and the 1nflect10n

Aeprecedlng them Were.degraded and reformed at shorter wavelenghtarc The«‘

spectrel shlft 1nvolved was greatest for the 1nflect10n an& least for the “ﬂjif

1onger wavelength band and as a reeult there was a- sllght spreadlng of
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~the new absorptlon system compared to the orlglna]...Toe‘ohefecﬁeffof‘
the latter system was malntalned durlng fadlng and there was ne dls-i : |
plecement of the peeks other than that descr1bed. The orlglnal absorptlon
bands in the v1sib1e reglon o; some other compounds dld however, show a ff}i‘
| ﬂsln.ght hypcochrom::.o sh:;ft dur:i.ng fadlng (e g. I‘:Lgs.ls ‘Lu )
-~ Tor 1-am1no- end 1,5~d1am1no— anthraqulnone the dlfference in
frequency between that of". the new band and that of the orlglnal was found
tc be about 1000 om greater in ethanol than in ethyl acetete and as, a fd;t?d
result the photoproduct eahlblted an ebsorptlon band at longer uavelengths ir}ﬁ
in the reletlvely non—poler solvent. Thls was the reverse of the trend
: observed for the unexposed compounds, (c.f. Tebles I, IT & V), where |
deereeszng polerlty of the solvent caused e hypsochromlc shlft of the |
vmsible max1me.‘ The p051t10ns of the peaks 1n the spectra of the photo-t;;b;”*
;_‘products for’ soluumons of 2-am1no- and 1 d—dlamlno- enthrequlnone, (faﬁles
lI & IV) were found to be at shorter wavelengths in ethyl acetete than 1n
ethanol. o e o L |
Por all ﬁhe eﬁhanol solutlons irvadlatdon ceused{e 10;3 1n optical
denslty’of the shortest observed wavelen#th bond and Wlth the emceptlon of thei
,4rsubst1tuted derlvetlves a new band was 51multeneous1y produced fheiﬁ7x‘#f
‘dnew peak was 1ocated epproxlmately 20 to 30 m to 1onger wavelengths Wthh
o 1nvolved an energy change comparable to that occurring in the shlft of the
_ormvlnel v151b1e ebsorptlon band to lts posmtion at shorter wavelengths.  };;;,
‘Storage in. ﬁhe dark of ‘the- ethanol solutlons of* 1-em1noenthraqu1none efter
exposure to the Osrem lamp, (Flg.ZJ ), end 2~am1noanthraqu1none efter |

exposure to the Vitan 1emp, CFlg.Z7 ),'both exhlbltlng the shxft of the | _
'~1n1t1a1 for ultra-v1olet peak to longer wavelengths on 1rvad1atlon, caused iif

the new band to. decrease in 1nten51ty, end become less merked as a peaP
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and for thelorlglnal band at the shorter weeelenéth to bereformed;
Purther 1rrad1etlon of the solutlon af 2-am1noanthraqu1none cause& :’.
reversal of thlS poet-zrradlatlon effect CP13-27), but for the solutlon‘;?}
of 1-am1noanthraqu1none thls was not apparently 80. The post—lrradlatlon |
effect shown by the latter solutlon 1nvolved an 1ncrease 1n ebsorptlon of
the degrade& orlglnal band in the v131ble reglon and thls prebably '
accounted for a magor pert of the chenge. It seems 11ke1y that the
change exhiblteﬁ for the solutlon of 2-am1noanthraqu1none was due to

an 1nterna1 molecular rearrangement of the photoproauct and whlle thls
was p0331ble for the solutlon of 1~am1noanthraqu1none a. ehemleal reactlon-f

1nvolv1ng the photoproducts, or photoproduet and orlglnal qulnone was -

more probable. 2 7-diam1noenthraqu1none 1n ethanol exposed to the Vitan ;‘Q o

lamp, (Flg.!+5), d;splayed a dlfferent post-mrré&matlon effeetlb those |

observed above. Tha spectral changes causea by 1rrad1et10n were found to"

contlnue on storage 1n the darh but thls behavmour was not dbserved for i

T

the solutlon exposed ta the Osram lamp, - The 1rrad;ated ethanol solutlonsi
of 1,4~d1— ,5-dl ,4,5—tr1~ and 1,# 5, 8—tetra amlnoanthraqulnone were
found to be completely stable on storage. - ‘ |

Nature of the fad;gg;products

With the exceetlon of 2 7—dlam1noenthr—10-one the 3pectra of the -

anthrones in ethanol showed that there were no radlcel ehanges 1n

1eoat10ns of the shortest observed wavelength ban&s of the parent qulnonesxiﬁx'

on reduetlon and 1n thls respect many of the fadlng produets dlffered from}ff;f

the anthrones.

On anthrone formatlon the absorptlon band in- the v151ble reglon for

the parent quinone was. found to undergo a hypsoehromlc shif't, the
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,nﬁegnitﬁde”ﬁfgwﬁich depended on whether the sﬁbetituentfwas‘origineliy ‘

~ dinan o or 13“positibh to the cafbenyl group. fFor exaﬁple, “the frédgency“,i

“ -change in the formatlon af 2-am1nanthr-10~one was about 5800 om =1 énd in f"'

the formatmon of h-amlnoanthr—10~one about h200 cm 1; Thls was probably
_’connected wlth the greater reduetLon 1n electron donatlng power of the o
:3subst1tuent when din the 2-10— p051t10n rather than the 3=-10~- posmtlon and a
a 31m11ar exfect maght be expected for formatlon of a 1~10- substltuted
compound compared to the 4~10~1somer. The reduotlon of 1,4—d1am1noanthra—.
“” qu1none 1n ethanel to the 1euco form caused an energy shlft in the v1sib1e ff 
'ifiabsorptlon‘system comparable to that in the formatmon of Aramlnoanthr-10-,
} :qne_from;amlneanth;aqulnone¢but)was‘less ﬁhan that for formatlon pf\an

'.anthrcne,from'1'5~aiaminaaﬁthraquinone.\

The locatlons for ﬁhe anthrones of the abeorptlon max1ma in the reglonﬂe“

iof 400 mu were dependent on the solvent mov:;.nb hypsochromlcally for ,

\“deerease in solvent polarlty, as had been observed for the parent qulnones R

l.(c.f. Tables I & II) ‘ The locatlons of the corre5pond1ng peaks for the

y,,)photoproducts were also aependent on the solvent but for 1-am1no- and

,B—dlamlno- anthraqulnone they were at 1onger wavelengths in ethyl acetate' »?

4than 1n ethanol.’ This 1ndloated that a dxfferent flnal sPecles of. photo~~;'f)
ﬂ":product was formeﬁ 1n the two solvents and possibly that an entlrely
“_idlfferent overall reactlon mechanlsm was 1nvolved.
| bor only three compounds coul& the result of Lhe.mrradlatlon of the
'dye solutlons be S&ld to glve a reduced form of the dye comparable to that

,prepared in: the 1aboraxory.l They were 2-am1no- : 7~d1am1no~ and 1 h—-

\v“dlamlnoanthraqulnone. It is 1nterest1ng to note that anthraqulnone dyes PP

_'_,w:L"bh substn.tuente :m the /g-pos:Lt:.on are sald to . show & greater tendency

to promote the phntOMtenderlng of textlle materlals « It has been
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suggested that thls may be due to the freedom of the carbonyl group from ;2&2 :

1nterna1 chelatlon anﬁ sterlc hlndrance caused by substltuents in. the Ck—fjfi

p051t10n and the subsequent ease 01 electronlc tran31t10n5 whlch could
d1srupt any llnkage that ex1ste& between the carhonyl group and the -
'substrate. - - R

Leuco-1 Ardlaminoahthraquinone is'not!gnhahthrbne b@ﬁgthére"iéi.gif;;_f"

evideace to'suggest thaf*iﬁ the solidustaté it‘possesses a diketoiminé"1*' f

structure . It seems’ 11kely thut ‘this 1s not strlctly 80 1n solutlon _ §f‘ﬂ

and that an oxanthrone form is favoured.‘»mhe fadlnv products of - other
,4 substltuted derlvatlves (Flgs.h7uﬁu§ would appear to be the result '

of the formatzon of smmllar compounds. -

The o 1ntermed1ate peaks 1n Lhe reglon 400 to 450 my - exh¢b1ted by fﬁflﬁ;

the faded ethanol solutlons of 1 g-dlamlnoanthraquanne (Plgs thz), were'\7*‘3

probably due to the presence of the oxanthrone and anﬁhrahydPOqulnone. f]{ r§€£

The thmrd pe&k 1ocated at a. shorter Wavelength'U3an the other two, was
probably that of the anthranol since the ultra—v:i.olet syectrum d:l.d not ‘

correspond to that of the anthrone.'

ihe variable post-lrraalatlon effeots on the ultranvlolet absorptlonﬂfffji

of the fadlng products of 1-am1no—anthraqu1none 1n ethanol (Elgsdk 1\)

and 2-am1noanthraqu1none in’ ethanol and ethyl acetate, (Tlgs.l?l?),;mxy e

have been ﬁue ﬁo a tautomerlc ohange from anthranol to anthrone, or-a -f;=i“w~

dlspr0port10nat10n reactmon g1v1ng the anthrone.‘51ram1noanthraqu;nope;jjTV'”J

may fade in ethdnol to glve 1~am1noanthr-10~one.» L
In v1eW of the alteratlons to the ultra—v1olet spectra of the eﬁhﬂnol ‘
solutlons on. 1rrad1atlon, the lwck of 1nformatmon on- Lhe ohanges 1n Lhat '

part of the spectrum for the ethyl aeetate solutlons prevean flnal




anmly51s of the fudlngléroducts of 1«am1no— and 1,)«d1am1n§; anthraqulnone
in this’ solvent. The p031tlons of the long wavelengﬁh bends relatlve to
thelr 1ocat10ns 1n ethanol suggests that the phobopro&ucts were not the
same 1n the two solvents and also were: not anthro nos in ethyl aoetate.f
Both ?uam¢n0~fa1d 1 4md1am1n0m antﬁrﬁouLnone appeareu to glve the same: ;~ii
photoproaucts in ethyl acetate as in ethqnol the fgrme?kcompound g1v1ng
an anthrone an& the 1atter +the. 1euco-compound' | o | |
The statemenu thatianuhrones are‘colourlgss3F{w0u1d appear to Ee'
m:sleadlng. Their coloufhﬁiil &épehd‘onithéwstruéture‘of>the‘oniginél :
unreauced qulnone and on the type of anﬁhrone ﬁro&uced.* |
Tho sxmllarlty of the: fadlng by the Vltan lamp to that caused by the
Osram lamp . 13 perhaps surprlalng ﬁs many vat dyes are able to reduce the
phpt01yszs of GOUton cellulose by far ultra-vuolet radlablon yet are: ab]e

26
to accelerate the oxmuatlve degradat;on oauwe& by sunllght and air = .

Bvlageeﬁ haq suggested bhat the aculve radlatlon in photosen51ulsed

tenderlng by many vat dyes 15 of a wavelength of about 400 mu, It seéms‘
probable therefoxe ﬁhat the reauctlon in photolytmc degradat¢on caused by
the presence of the &yo is &ue to the ﬂje act&ng as e fllter by absofblng B

mos+ 01 the 1n01deﬂu raalatlon and a subsequenﬁ 1nab111qy to use ‘up” the -

: ‘\Qo’ :f

energy 1n promotlng a. chemlcal react¢on., The meohanlsm of photosensmolsedA )

tenderlng apparenuly 1nvo]ves 8. hydrogen atom abstract¢on reaction in whﬂoh',”
the dye forms a seml—qulnone.raulcal. In Lhe Dresence of omygen this

r%dlcal is reox1dlsed to the parenﬁ qulnone buu in the absence of oxygen f

1t can prooeed to a st&b]e reduoed state.' It does not seém unreasonable 41f-"

to suppose that 1n “the absence of oxygen the rate of re&uctxon of the @ye _;\-

and hence the fadlng W111 &epend to a con51aerable extent on the pxesence .
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of - radlatlon of a wavelen gth- of the arder of 400 mu. The Osram 1amp§ ISR
emLts strcng radlatlon 1n thms regzon qu Lhe Vltan lamp does not

- and” it would be expected on the above reasonlng that the fadlng oaused

by*the Osram 1amp would be greater than that by the Vltan 1amp.‘ HCWeve;“ &
it has been shown theL bhe rate of fmdlng of anaeroblu so]utlons of dye°i5=:
is farhgreater to the Vitan lamp. It is poqﬁﬁble that bhe Vitan 1amp,

can promote phoiosen31tmsed reactions 1n so]uolon to glve photoproducts frifof
51m11ar o those observed for exposures made to the Osr m_lamp.'“ " |

Rate of fad:ng

The fadlng‘af the}ethanol SOluthnb of the dyes exposed to a Vitan é‘{;;fi
1amp was 1ess rapld than that of the ethyl acetate 501UU10nS and general]y‘
‘thls was true for solutlons exposed to the OSram 1amp. The fate of o
fading causéd by short-wave ultra—v1olet r&alatlon.was for all solutlonsﬁffﬁrﬁf
much greater than that omused by near ulbra—v1olet ana v151ble 11gh$..1591'

1, Thls is. in agreemenﬁ w1thrthe rate of fadlng of dyed fabrlcs on exposuf f?i*lii
‘*to these radlatlonsb?bﬁ;A
Tor’ 1-am1noanthraqu1none exposed to the. Vltan laﬁﬁ thé fadlng 1n- fﬁﬂi‘?ﬁt
7‘carbon tetrachlorlde wa.s almost as. raﬁld as 1n ethyl aeeﬁate an& faster
than the rate in ethanol or'n—hexane. Fadlng in- the lattor solvenp'was f7
‘[found to ‘be the slowest.\ The exposure of S1m11ar sojutlons ﬁo bhe 05ram*i‘
lamp dlﬁ not foliow the same pattern, the most rapld fadlng occurred 1n;lf
neheyane and the slowesb in carbon tetrachlorlﬁe.g_'.» fﬁ‘j' |
An.ethanol solutlon of" 1 4~d1am1noanthraqu1none expésed to the Viuén'

\1amp was found to faae more rapldly when water was added and more slowly

when benzene was present than the untreated solutlon.;>"“f55"

The 1lght fastnegs of the dyos was dmfferent 1n dlfferent solvents i; ;
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‘  forAex§osures made>to tbe samg 1amp and alsonlffered for expﬁsures of
'"the sanie so]uflons maﬁe o the two lamps. In ethanol the order of
. Es&lncrea,s:,ng stabxllty to the Vltan 1amp wos 1-m0no- < 1 ,5-&1- ( 'I ,L..—ri:;_- (
2~mono~ ana to the Osram lamp 1-monp-< 2—mono— ( 1,5 dl— (_1,h~d1- |
In ethyl acetate the stabllltles were . 1 5—d1— ( 1~mono- { 2-Wono- (' B
‘_fl ,4-&1-‘t0 the Vltan 1amp and 2-mono- <'1,4*d1- ( 1-mono- < 1,)—d1— to ‘VRf‘
‘the Osram lamp. ‘ |
The nature of the fadlng products showed that reductlon of’ the
‘_g [@ulnene was the most 11ke1y reactlon durnng fadnng and‘was probab1y~dve to
lf hydrogen abstractlon from the solvent. The case w1th whlch a reaction of ¥
B :thls sort can oocur &epends on the nature of the medlum surroundlng the
~sensmﬁm%er. A prlmary consldaratlon is that a hydrogen atom should be )
 av@1lab1e and that the sen51tlser shoul& be in reasonably close conuact :
f: w1th 1t. hodaflcatlon of the comp051t10n of that medlum, for example,::
l‘ﬂby the addltlon af W&Ler to an ethwnol solutlon Wlll change the n@tur -
..of the solvent cage arouné the dye.i‘Thus Moran and Stonehmllqj observe&'
an &eorease 1n the 1nduct10n perlod for the photosen31tlseﬁ polymerlsatlon,<i
{iby aetlve vat dyes, of methyl methacrylata 1n ethanol by the addltlon of-
'Vlvwater. Berthoud and. Porret67 5 however, founu that the reactlon between jl' L
kh‘p4benzoqu1none and propanPE—ol under the 1nfluence of llght ﬁecre&sed.by ‘
o 50% when the alcohol concentratlon was re&uced from 5 molar to 0. 02 molar.
*‘DWelils‘Bv5 has shown.for the photosen51tlsed ox1aat10n of propan-Qnel that
: :».Wlth 1ncrea51ng Water concentratlon the rate of oxygen uptake 1ncreased {}
‘to a maxlmum and thereafter decreased. The max1mum rate of oxygen uptake v
oocurred at an alcohol concentratlon.where marked ohanges were kncwn to

,’oceur 1n the structure of the solvent The 1noreased rate of. fadlng of N 4-1_ 

‘ ]a;am;noanthraqulnone in ethanol by_short-wave_ultra—v1olet radmatlon in thealf}f
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ﬁfesonce of abouf 1 ﬂIOf ﬁater was probably due to a slmllar effeot to that,ﬁf
noted by'We]ls and for larger concentratlons of water the rete of fadlng
mlght be less. In predomlnantly aqueous meﬁla the exelted dye molecule
13 deactlvated by the water but 1n predommnently a]cohollc medla the . |
changes in the solvent oage &ld ‘the attack of " the sensmtlser on the solvent;}i
It should however be p01nted out that by the actlon of llght and air and
1n the absence of organlc materlal aqueous suspen51ons of plgments such'

263'f5“

as zinc oxlée and vat dyas are- capable of proﬁuclng hydrogen per ox1de s
whlch 1s one of the photoproducts from the photosensmtlsed ox1dat10n of
ethanol an& &ye& fabrlcs. It is p0531b1e, therefore, that phototenderzng e
does not always 1nvolve hydrogen atom abstractlon from an orgenlc |
substrate by an excmted dye molecule.:_A‘ |

The 1nh1b1?1ng 1nfluence of benzene on - the fadlng of an ethanol
solutlon of 1 A—dlamlnoanthraqulnone by & low-pressure mercuny-vapour :,-‘w
1amp may~be due to (a) the preferentlal absorptlon of the radiation byl
the benzene followed by an energy transfer to the dye or the ethanol |
(b) reactlon of benzene w1th ethanol which woula account for the formatlcn
of peaks in the near ultra-V1olet regmon, (ﬂlg.ZSS), and (c) aeaetlvatlng-
effect of benzene on the exclted dye molecules.‘

The greater rate of fadlng 1n ethyl acetate than in ethano] caused
by short-wave ultra~v1olet radlatlon may be due to the greaﬁwease of
phot01y51s of the former solvent and 8 subsequent reactmon wmth the dyes f jq
to glve photoproducts 31m11ar to those ar351ng on exposure to an Osram ;f:
1amp. S | o

The fadmng of!&-aminoanthraqulnone in Qafben tetrachlorlée on -

exposure to the Vltan 1amp, (Flg.\g ), may 1nv01ve solvent photolysms
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fol]owed by a reactlon w1th the dye. 0w1ng to the strOng absorptlon

by the solvent of the radlatlon emltﬁed by the Vitan lamp a photo-
sen51tmsed reaotlon Was 11ke1y to oocur only at the cell faoe, and theij;l
fadlng of the solutlon as & whole would have been dependent on the rate

of d;ffo51on of the - dye molecules through the solvent. An 1nterna1
hydrogen abstractmon reaotzon of the type observed by Brm&ge and Porter
for duroqulnone 1n oarbon tetrachlorade n1ght occur 1n the present work
through an energy transfer from the solvent to the dye rather than by
d;reot ex01tau10n of the &ye. Brldge and Porter also found that the
adaltlon of chloroform to tha carbon tetraohlorlde solutlon of duroqu:.noné~
greatly facllltaﬁed the photoreductlon of the duroqumnone. Traoes of
chloroform were not thought to be present in® the solvent useﬁ in the
present woﬁk. Its presence Would not however explaln ﬁhe dlfferences 1n "
)

the aegree of fadlng of the solutlons, prepared from the same ampoule of -

Solvent, oXposed to the two 118ht SOuroos.. Tho fadlng of the solutlon ]‘“‘:

exposed to the Osram lamp reaehed a maxlmum after only 5 b of the orlglnalff‘f

band 1n the v1sible roglon had been &estroyed yet the same absorhlng system =
wa.s completely destroyed in the solutlon exposed to the Vitan lamp. o
The slow rate of fadang of 1-am1noanthraqu1none 1n n—hexane relatlve
to that in ethyl aoetate on exposure to the Vitan lamp compared Wlth the
relatlve rates of fadlng of these solutlons on exposure to the Osram lamp
(Tlg.‘ﬁ.) lends support to “the suggestlon ﬁhat the prlmary fading react¢on:;i5;
1n ethyl acetate is dlflerent for the two lamps. Solvent photoly51s is \ 
unllkely for the n-hexane solutlon exposed to the Vltan 1amp and the fadlngh;'T
probably oocurs through a photosens1tlsed reactmon, as woulﬂ seem 11kely

for the fadlng cause& by the Osram 1amp.' The fadlng of the ethyl acetate
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‘solut10n>§xpose& to the Vitan 1amp is llkely to 1nvol§e sélvent
4photoly31q whereas the fadlng by the Osram 13mp probably'lnvolves a A 
f‘:photosen51tlsed»reactlon. The dlfferences in the fadlng rate of these |
?_ solutlons exposed to the Vltan 1amp woul& then be dependent on the “

‘relatlve speeds- of solvent photoly31s followed by reactlon w1th the j"

’dye Por the ethyl acetate solutlon and of the photosen31tlsed reactlon‘f}iﬁglk

1n n—hexane.-
: The dlfferent rates of fa&lng for exposures maae of the solutlons

) the Osram 1amp nay be the result of the mode of bondlng of’ ﬁhe dye to

the solvent and the %vallabillty of 2 hydrogen atom for. abstractlon.~4_, ﬂﬁ?}f}

: Fadlng of . dyed polymer fllms

- The modlflcatlons to the absorptlon Speetra of anaeroblc selutlons jfl§7‘”

of 1~mono—, 2"m°n°‘ and 1,5-&;— &MInoanthraquinone durlng 1rraélatlon TR
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showed a marked sxmllarxty to those observed by Bcerton an& Roacb durlng 3 ¥i;

, »the 1lght fadlng ‘of these des on. N-methoxymeﬁbyl nyion fllm in an-.

- atmosphere of n;trogen. There was also a 11m1ted resemblance to the ~ﬁ“'*

fadlnb of 2-amino- and 1 5-d1am1no— anthraqulncne or" oellulose acetate ﬂ ‘7 N

and nylon fllm under the same condltlons. The consmderable changes

 &ur1ng fadlng in nltrogen for dyed N-methoxymethyl nylon ab f¢rst dld S
not appear: to occur 1n oxygen but a close examlnatlon of ths spectral H;;:“”‘

changes showed that there were 31mllar1t1es in the two systems. Th15 RS

was. not the case for the other polymer fllms.'
The greater ease Wlth Whlch the modxfled nylon fllm promotes the
_ photoreductlon of the dyes oon31dered, compared to other substrates, is

[Aprobably connected w1th the presence of the N-methoxymetbyl 51§e group
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in the polymer chaln;_ It is- p0351ble that by the actmon of 1lght either
thls 51de group 15 spllt of f to 1eave an N—methyl subSultuent w1th the ‘
evolutlon 0¢ form&laehyde whlch could react with the dye to glve an

1ntermed1ate, as Egerton and Roach have suggeste& or; as now seems mor

11ke1y, is able to’ aonate a hydrogen atom to tha actlvated dye molecule. et

The fadlnb in nltrogen and oxygen would thefefore occur more rapldly than:_

for Ouher polymer fllms and the dye in the reduced state would be able to{vi

enter inio further reactlonﬂ 1nvolv1ng ﬂeGOMPOulthn. The presence of
oxygen appafently aoes nourprevenu the 1n1t1a1 photoreduotlon of the dye,‘
as is seen from the spectral changes, but the iate of reoxldatmon of this
form to the parent qulnone w111 &epend on the raﬁe of dlffu51on of’ oxygeﬁf}i 

1nio the polymer Illm.

The polymer fllms dyed Wlth 1 a—substltuue& &erlvatlves apnear to . -

fade 1n oxygen by the eventual formatlon of a dllmlno compound.

Conclu51ons

(1) The faalng of anaeroblo solutlons of 31mp1e amlnoanthraiulnoﬁe
compounds 1n ethanol and eﬁhyl acetate by short—wave ulbra-V1olet or neaﬁ ’
ulbra»vmolet and vlsible radlaulons glves photoproducﬁs whlch appear to  :
be reduced forms of the dyes.;?'J ‘

(11) The rate of fadlng 1s much greater For exposures made to the hlﬂh




1venergy radlatlon and is. usually faster 1nketmy1 écetaﬁé than 1n‘ethaﬁol
for bot types ofradlatlonf The 1mght fastness of the dyes depen&s both
fon the solvenb and on the radlatlon employed and there are no general
tren@s, | |

(111) The’preéencé‘of a éﬁall quaﬁtity 6f Watér.ih éﬁ‘éthanol éoiuﬁi&ﬁbof
1 &rdlamlnoanthraqulnone exposea to short-wave ultra—vlolet radlatlon canwr
greatly increase the rate of photoreductlon of the dye. The presence of 'ﬂ;i
Vbenzene can reduce the rate. ) | | L

| (1v) The fadlng products wnuld appear to be %nthrones for the Z-Sdbstltuteﬂ :Jl

eompounds and some form of a dlketommlne for 1 A»substmtuted derlvatxves.Allilf

Other fadlng pfoducts may 1nclude omanthrones, anthrahydroquLnones,'.
anthrones or anthrenols. j". ‘ | ‘w |
“(v) The fadmng of iyed Pilms of N—mnthoxymethyl nylon 1n nltrogen by an ﬁl}ﬁ*?
”Osram 1amp glves fadlng products spectﬁﬂly very 31m11ar to those arlslng
on exposure of anaeroblc ethanol solutlons of the iyes. It seems possmble
~’that in’ oxygen these products are elther reox1d15ed to the parent qulnone ff:i;
 and then undergo fadlng reactlons w1th other phatoproducbs, or, undergo |
‘further fadlng whlle stlll in the re&uced state. The rate of reoxmdatlon4

' f the flrst fadang product w111 depen& on. the rate of dlffu31on of o
' oxygen 1nt0 the polymer.: , .4 v IR |

(V1) The photoreductlon of the dyes on. other polymer fllms for examplé 5},lfll
~cellulose acetate and nylon, does nOu take place 50 readlly and as a’

consequence the fadlng is slower.

Suggestlons for future 1nvest1gat10ns S

- The work presente& in this the51s could be extended to a study of
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the fadlng OL N-substltuted amlnoanthraéulnone compounds and publfled
commerlcal vat dyes both 1n sultable orvanlc solvents under anaeroblc
oondltlons an& on polymer fllms.x The anaxy31s of the fadlng productb
would shaw Whether photoreductlon of". the @yes occurred in these systems,k
and 1t Would be p0331b1e to determmne the wavelength of the radlatlon .'
most actlve in produc&ng the change. If photoreductlon were‘founﬁ to
oecur, the ease w1th whlch 1t aid. mlght be related to the tenderlng
act1v1ty of these dyes. A study,of thevfadlng«of,dyed cellophgne £i1ms
under care;ully,controlledj@tmpgﬁheric conﬁitiﬁns_couid include

measurements of the tenderiﬁgvprbdﬁcedrfor different degrees of fading.
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. SUMMARY .

‘ A spectrophotometrlc study has been made of the llgh Iadlng of

“anaeroblc solutlons of some 31mple ammnoanthraqulnone compounds 1n ethanol

and in ethyl aoetate and for 1-am1noanthraqu1none also 1n oarbon tetra-{j}}lkff

ohlorzde and 1n n—hexane. The sources of radlablon used were a 1ow—*' o

1pressure mercurynvapour 1amp (Vitan) emlttjng short-wave ultra—v1olet

f>;radlat10n an& & hlgh~pressure mercury-vapour 1amp (Osram) emlttlng near.ffiff{ﬁ

_1u1tra-vloleb and. v131b1e 11ght.

Solutlons exposed to the former 11ght souroe Were foun& to fa&e much!ls?‘

faster. Por both Sourees fadlng was normally more rap1& 1n ethyl aoetateéff;f7

“’ than 1n ethanol.J The sﬁabllltles of ‘the dyes followed no deflnlte trendst;f@Q

elther for exposures made in the two solvents to the same 1amp or for‘} _f“ffﬁi

A~exposures made 1n the same solvent to the two lamps.g The addltlon af

about 1@6 of water to an ethanol solutlon of . 1 hndlamlnoanthfaqulnone wasif_fff

'.‘found to increase greatly the rate of fadlng by the Vitan lamp but the ﬁ .

’addltlon of about 1Qﬁ of benzene was found to. decrease the rate of Iadlngi~ijf

by the ‘same radlatlon souroe.

The fadlng of all Lhe solublons 1nvolved a. progr9551ve decrease 1n »51*§‘~

absorptlon oz the peaks 1n the vmsmble part of the spectrum,ooupled Wlth

a. rlse 1n absorptloﬂ at shorter wmvelengths. With the exoeptloa of

solutlons of 1-am1noanthraqu1none in carbon tetracnlormde the 1norease 1n

absorptlon 1n the formerly non-absorblng reglon 1ed to the formatlon of

new poaks whlch were closely'relatea to the orlglnal absorblng gystems

at longer wavelengths.: The loc tlons of the new peaks 1n ethyl aoetate
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were to longer wavelengths thanxln ethanol foi 1—mono-and 1. 5~deam1ne-fi¥ﬁii¥§£
1 anthradulnene but to shorter Wevelengths for 2-mono— and 1,4—d1am1no~ @yffefbi_
anthraqulnone. Irredlatlon of the ethanol solutlons also caused o
destruotlon of the maln ultfa~v1olet ebsorptlon bands and, w1th some .
,‘exceptlons, there were correspondmng rmses 1n ebsorptlon at sllghﬁly
,1onger wavelengths resultlng in the formatlon of new: peaks.' Tor the |
mono—substltuted compounds prolonged storege in the daﬁk tended to reVerseﬂi;ﬂf
\'the changes 1n the ultra—vmolet spectre., In the presence of benzene aﬁ.:ig;ig}
'.ethanol solutlon oF 1,hrd1am1noenthraqu1ﬁone exposed to a Vitan lamp wes
found to glve addltlonal ebsorptlon bands in: the reglon 300 to 400 mu.ﬁi
‘They bore a strong resemblance 1n shape to  the: characterlstlc benzene
‘ahsorptlon bands in the reglon 250 to 275 mu and’ probably arose from *i
complex react;ons of benzene Wlth ethanol. ,e |
Dyes W'J_t‘.h subst:\.tuents in the ﬁ -pos:l.t:.on were found. to’g::.ve 1e.d:|_ng

‘products whose spectra were very 31m11ar to those of anthrones prepared
'vfrom tne unexposed compounds. Where substltuents were present 1n the

4rp051t10n the spectra of the fadlng produets strongly resembled the
'SPec*cre ‘of’ the correspond:n.ng 1eucoeeon1pounds._ The. fad:mg products of
other eOmpeundsiwere nof‘idenﬁifiedwbdt ﬁere thought,to.be‘either\ﬁ;lf‘
oxanthrones, anihrehydroqulnones, anthrenols or. anbhrones.wﬁrd j ,

. The fadlng of the ethanol dye solu‘l:n.ons was found to g:.ve photoproducts; .
s?eetralky 51m11er to those produced when the seme dyes on N-methoxymethyl :fi

nylon were exposed in an atmosphere of" nltrogen, to an OSram 1amp.
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