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INTRODUCTION

Ip the course of avspectrophotométric investigation .
of the exhaustlion of varlous photographlc developlng a-
gents, 1t was observed that a bathochromic shift in the
ulﬁraviolet‘absorptiondspéétrum of hydroquinone occurred
upon addition-.of sodium sulfite. Shifts 1n'u1traviolet;
abeofption.spectna, éapecially those not. involving the

addition of auxochromes to the reeonaﬁing system or chem-

ical combination:between the solvent and the compound,

have received increasing attentloniin recent. years.

_Stenstrom.and'Reinhardl found that benzene deriva-
tives with a ring hydroxyl 3roup,'9uch as phenol, tyro-
sine or resorcinol, gave a: shift to longer wavé lengths
upon addition of alkali. The band characteristic of the
molecule shifted towards longer wave lengﬁhs and increas-
ed in intenaity whenqa.certain.alkaliniﬁy had beenireached.
These 1nvestigatdrs éﬁtributed the shiftt to:the. change
from the spectrum characteristic of the molecule to. the
gpectrum characteristic of the compound. lonized at._ the
ring hydroxyl groﬁp; |

In agreementiwdith the effecti of alkall on phenol,

Morton and Stubb52 found that thé.absorption[spectra of
hydroxyaldehydes, hydroxyketones, and thelr methyl ethers,

when studied in alkaline solution, show..a bathochromic




displacement of the long wave band. Since a change in
the initial energy state 1s indicated by this action,
they observe that it must be the result of the induction
effect of the substituents on the ring.

More recently, in 1947, Lemon? studied the effect.
of alkall on the ultraviolet absorption spectra of hy-
droxyaldehydes, hydroxyketones. and simlilar phenolic com--
pounds. He found that the absorptibh bands of all these
compounds were shifted towards longer wave lengths and,
with the excéptioh of‘méhydroxybenzaldehyde, the 1ntehsity
of light absorption was increased. Although all the or-
tho, meta, and para hydroxyaldehydés and hydroxyketones
show spectral dlsplacements in-alkaline éolution, it was
the p-hydroxyaldehydes and the p-hydroxyketones that show.
the greatest;wave:lengmh;dlspladement of.the»léng;wave
length bands and the greatest increase in absorption in-
tensities.

Doub and Vandenbelt” studied the ultraviolet. absorp-
tion spectravof‘moho- and para- disubstituted benzene de-
rivatives.. From these studies they formulated a. general

rule. applying to such compounds: "Where ionization. of a

group-attached to a benzene ring enhances the already ex-
isting tendency for electron transfer to or from the ring,
the maximum of the primary band 1s shifted to longer wave.

length; where 1onization diminishes this tendency, a shift

e



to shorter wave length results."

'V However, environmental conditions may produce spectral.
changes without involving changes in molecular structure,
such as the ionlization: mentloned. above. Kiotz5 investiga-
ted the.effects of salte on.the absorption spectra of var-
ious dyes and indicators. He found that although:. the ef-
fect”of salts‘can.bénattributed largely to electrostatic
interactions of the. Debye-Huckel type, many especiflc 1hterr
actlons are found. These interactions are of the. 1on-di-
pple.atﬁraction.type of the electrolyte with the solvent
molecules.

Further. effects of electrolytes 1n§aqueous solution.
were studied by Merrill, Spencer, and Getty® and Merrill
and.Spencer?. In.their 1nves£15§ﬁionﬂof the effect of
sodlunm silicate.on:the“absorptiom spectra of various dyes,
they found spectral. changes not.due to. the alkalinity of
the silicate but attributable to: sorption: and electro-
static interaction of the dye 1oﬁtwith:the sodium siiicate
ions.

It.1s the pﬁrpose,of tﬁis investigation to study the
bathiochromic shift. of ﬂhe absorption spectra of hydro-
qﬁinéne aﬁd related compounds upon: the addition of sodium

sulfite and to characterize the sulfite effect.




EXPERIMENTAL PROCEDURE

Absorption measurements were made with a Beckman
Quartz. Spectrophotometer, Model DU8.~ The absorption cells
wvere made of silica,.the thickness of each being 1.000 =
0.00l‘centimeter. The extinction readings were taken at
intervals of 5 millimicrons, except in a.few cases in the
vicinity of absorption spectra maxima where the interval
was 2 millimicrons. -

The solvent 1n all cases was water. Laboratory dis-
tilled water was rediétilled from all glass apparatus.
The. water was used as soon .ag possible ﬁo prepare the
solutioné to be run. A spectroscoplic determination of
the purity of the solvent indicated the absence of inor-
ganic impurities.

The organic chemicals were of C.P. grade or better,
most of them being Eastman. Kodak white label gradé._ Dufo-
hydroquinone and dliaminodurene dihydrochloride were ob-
tained from Dr. A. Welssberger of the Synthetic Organic
"Research Laboratory of the Eastman Kodak Company. Cumo-
hydroquinone and p-xylohydroqulnone were obtained from a
private source at the same company. The inorganic chemi-
cals were also of C.P. duality or better, being in most
cases elther Baker's Analyzed or Eimer & Amend tested

_purity reagents.




Thé’éhemical or chemicals were accurately weighed oul,
placed in a thoroughly cleaned and dried volumetric flask,
and then dissolved in the solvent. An.alternate procedure
was to make up separate organic and inorganic-solutions of
such concentration that when combined the resulting solu- ~
tion 1s of the desired concentration. The flask was then
inverted and shaken vigorously, this procedure being re-
peated fifty times to insure complete dissolution of the
solid material or mixing of the solutione. The repeated
shaking 1s absolutely necessary 1n the case of the poly-
substituted hydroquinones and the polysubstituted p-
phenylenediamines to insure_solution. After the shaklng
the absorption spectrum was then.determined on the spec-

trophotometer.




TABLE I

Fig.| Orgenic Compound | Conc. Sodium Sulfite | Maximum Maximum Shift
] Concentration | Organic ] Org. & Sulfite
(ge/mles)]  (go/mle) (m mu)  (m mua) (m mu)
1 | Hydroquinone 0.000045 0.000090 288 305 17
2 | Pyrocatechol 0.000045 0.000090 275 275
3 | Resoroinol 0.000045 0,0000980 275 275
4 | p=Aminophenol o o
hydrochloride 0.000045 0,000090 270 295 25
5 | o-Aminophenol 0.000045 0.000090 285 235 L 0
m-Aminophenol 0.000045 0.000090 280 280
7 | p~Phenylenediamine :
dihydrochloride 0.,000045 0,000090 285 3056 20
8 | o-Phenylenedismine |0.000045 0.000090 290 200 0
9 | m-Phenylenediamine |0.000045 ' 0,000090 285 285 (o]
10 | Elon (Monomethyl- i
p~-aminophenol sul- ;
fate) 0,000045 0.,000090 270 300 30
11 | Amidol (Diesmino- |
phenol dlhydro- _
chloride) 0,000045 0.,000090 2856 ‘310 25




TABLE I (continued)
Jo Compo . | Sodium Sulfite | Maximum Maximum
Fie rganic Compound . Cone Concentration |Organic | Org. & Sulfite §hiﬁ
(g./mL.)] (g./ml.) (m mu) (m mu) (m mu)

12 | Glyein (p-Hydroxy- ‘

phenyil.J glyocin) 0.000046 0.000090 270 300 30
13 Phenol 0.000045 0.000090 270 270 0
14 | Quinone 0.000045 0.000090 295 310 15
15 | p=Cresol 0.000045 0.000090 275 275 0
18 |Diacetylhydro- :

quinone 0.000045 0.000090 260 260 0
17 | p-Methoxyphenol 0.000045 0.000090 288 288 0
18 | Sulfanilamide 0.900009 0.(_)00090 260 260 0

1 19 |Diaminodurene 0.000045 0.000090 270 270 0

dihydrochloride : 295 25
20 |Tetrachloro- _ »

hydroquinone 0.000045 0.000090 305 328 23
21 |Durohydrogquinone 0.000020 0.000090 272 263
22 |Cumohydroquinone |0,000020 0.000090 260 262 2
23 |p-Xylohydroquinone |0.000045 0.000090 288" 252 36




TABLE I (continued)

Fig.

Maximmnl Maximum

Compound Conc. Inorganic Conec. Shift
. ‘ Compound| Comp, & Inorg
(g./ml.) (g./ml.) (m mu) (m mu) (m mu)
24 | Phloroglucinol 0.000045 0.000090 265 275 10
: (Sodium Sulfite)
25 | Hydroquinone 0.000045 0.0001 288 308 20
: Sodium Bisulfite | 0.000090|(Sodium Carbonate) C
26 | Hydroquinone 0.000045 0.000090 288 300 12
. |(Potessium Sulfite) -
27 | Hydroquinone 0.000045 0.0002 288 290 2
Cysteine mono- . |[(Sodium Carbonate)
hydrochloride 0.000090
28 | Hydrocuinone 0.000045 0.0000225 288 295 7
0.000045 - 288 300 12
0.000090 288 305 17
0.000180 . 288 300 12
(Sodium Sulrite)
29 |Tetremethyl-p-
phenylenedisamine | 0.000045 0.000090 250 250 & 300
dihydrochloride | 0.000180 0.000360 285 300 15

(Sodium Sulfite)
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Figure 3. A-Reaorcinol (0.000045 g./ml.)
: B-Resorcinol (0.000045 g./ml.)
Sodium Sulfite (0.000090 g./ml.)
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Figure 6. A. m=Aminophenol (0.000045 g./ml.)
B. m~Aminophenol (0.000045 g./ml.)
Sodium Sulfite (0.000090 g./ml.)
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Figure 9. A. m-Phenylenediamine (0.000045 g./ml.)

B, m-Phenylenedlamine (0,000045 g./ml.)
Sodium Sulfite -(0.000090 g./ml,)




Extinction

Extinction

Extinstion

2,00

—

-

1.60

1.20

o

HNCH4
Elon

g

0.80

0.00

220

240

260

200

300

320

PP O,

340

Wave Length (millimicrons)

Figure 10, A. Xlon (Monomethyl p-Aminophenol Sulfate) (0.000045 g./ml.)
B. Elon (Monomethyl p-Aminophenol Sulfate) (0.000045 g./ml.)
Sodium Sulfite (0,000090 g./ml.)
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Figure 11. A. Amidol (Diaminovhenol Dihydrochloride) (0.000045 g./ml.)
B. Amidol (Diaminophenol Dihydrochloride) (0.000045 g./ml.)
Sodium Sulfite {(0.000060 g./ml.)
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Figure 12. A, Glyocin (p-Hydroxyphenyl Glycin) (0.000046 g./ml)

B. Glycin (p-Hydroxyphenyl Glvcin) (0.000046 g./ml.)
Sodium Sulfite (0.000090 g./ml.)
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Figure 13. A. Phenol (0.000045 g./ml.)
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Figure 15. A. p-Cresol (0.000045 g./ml.)

B. p-Cresol (0.0000A5 g.

/ml.)

Sodium Sulfite (0.000090 g./ml.)
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Figure 21. A. Durohyaroquinone (0.000020 g./nl-g
B. Durohydroquinone. (0.000020 g./sl.
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Figﬁre 24. A. Phloroglucinol (0.000045 g./ml.)
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DISCUSSION .

THE PROPERTIES Oﬁ SODIUM SULFITE.

Since Stenstrom and Reinhardl in 1925 noted that
sodlum hydroxide degomposed‘hydroquinone.before its ultra-
ﬁiolet,absorption,speetrum in alkaline solutlion could be
determined, few,,ifvany,,further.invest;gations of hydro-
qﬁinone.in.alkaline.watér solutions have been conducted.
It 1s indeed fortunate that sodium sulfite 1s so diverse
in its actionhthat.itvéllowé hydroquinone and related com-
pounds to exist in weakly alkaline solutions. Although
sodium sulfite ;s only weakly alkaline, it can raise the
PH of an. aqueous hydroquinone from the acid to the aikaé
line. side. If this compound did not possese any addition-

al property, the hydroquinone would decompose rapidly

~8ince in.the pHYrange 7.2 to 8.2, James, Snell and Welss-

bergerg'found that its autoxidation rate 1is very'nearly
proportional to the square of the hydroxyl lon concentra-
tion. However, sodium sulfite, the same sodium sulfite
so commonly included in photographlic developers as the
preservati#e, has the property of inhibiting the autoxi-
dation of hydroquinone and othef dihydroxybenzenes, the
aminophenols, phenylenediamines, and similar reducing
agents. . Since the.breakdowntof these cﬁmpounds i1s ac-

celeratedhﬁy the presence of thelr oxidation products,




sodium sulfitelis belleved to act in the reduction of the
oxidation rate By-the removal of the oxidatlon products
which are catalyzing the'reactibnlo. Thus, it 1s evident
that because of its oxidative inhibiting property the
presence of sodium sulflte allows a study to be made of
its effection:compounds that normally would decompose at
corresponding pH values produced by a. stronger alkalil

possessing,no:breservatiye effect.

THE CHARACTER OF THE SODIUM SULFITE EFFECTT

The effect of soﬂium;sulfite upon the dihydroxyben-
zenes, the aminophenols, and the phenylenedlamines 1is at
once evident. from a study of Figures 1 through 9 orVTable
I. This asgent causes a. spectral shift to lbﬁger"wdve
lengths of the ultraviolet. absorption maximum of hydro=
quinone (Figure 1), of the p-aminophenol (Figure 4), and
of. the p;phenylenediamine dihydrochloride (Figure 7).
The .ortho and metsa: members of each of the three series

showwnoo spectral displacement of their absorption maxima.

The extent of the shift to longer wave lengths for hydro-

quinone is 17 millimicrons; for p-aminophenol hydrochlor-
ide, 25 millimicrons; for p-phenylenediamine dihydrochlor-
ide, 20 millimicrons. Iin each case there i1s an increase
in: the intensity of thé?light.ébsorpﬂion; Although it

is true that each of these three compounds ig a well-

- 10-




knownzdeveloping,agent used in photographic developers,

it does not follow .that sodium sulfite causes a speétral
shift with every developing agent. Both o-dihydroxyben=-
zene (Figure 2))and o-aminophenol (Figureus) exhibit
developing activityll, though less powerful than the |
corresponding para isomer. This applies also to o-phenyl-
enediamihe (Figure 8), It?éppegrs, therefore, that the
effect of sodium sulfite 1s not one that can be correla-
ted to developer activity but.rather to the actual struc-

ture of the. compound.

THE EFFECT<OF.SULFITE ON SUBSTiTUTED BENZENE DERIVATIVES
The actlion .of sodium sulfite on substituted p-disub-~
stituted benzene derivatives is further illustrated by
Figures 10-12. Elon or Metol (Monomethyl-p-aminophenol
sulfate), Amidol (diaminophenol dihydrochloride), and
Glycin (p~hydroxyphenyl glycin) show. a shifyv to longer
;wavexlengths in thelir ultravioleﬁ absorption spectra
upon the addition of sodium sulfite. Diaminophénol di-
hydrochloride shifts 25 milimicrons, Monomethyl-p-amino=--
rhenol sulfate andip-hjdroxyphenyl glycin each shift 30.
mil}imicrone. There 1s a hyperthqmic shift in each case
alsé.v Again, each .of these ﬁﬁf;;w:ompOunds.possess
photographic,developing activity énd represent. some of
the most useful developling agents of!tbday. However, it

should agaih be emphaslzed that the sulfite effect 1s
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based on structural reasons rather than coincidental
developing activity. )

Each of these last.three.compounds_possess increased
stnucturai_complexlty from the parent compound, p-amino-
phenoi, Diaminophenol differs from this parent:. compound
in that .1t has aniadditidﬁéi éminn.groupvortho”tocthe
hydroxyl group.. Although the extent of the. spectral
shift 1s the same for both compounds, the increase in the
extinction.vaiue of the absdrptibn;is_greater for the di=-
aminophenol than for p~aminophenol upon the addition: of
sodiumqsuifite. Monomethyl-p—éminophenoi sulfate has a.
methyl group substltuted for an amino:-hydrogen; p-hydroxy-
vphanyl glycin has a.carboxymethyl group in place of the am=-
1no:hydrogen. Since the unsubstituted p=-aminophenol. shows
a bathochromic shift of 25 millimicrons and since each of )
the_substitnted p~aminophenols give a bathochromic dis-
placement of 30 millimicrons, itis evideht that the methyl
group and the carboxymethyl group when: substltuted on the
amino .group-in place of a.hydrogen glve an. increased batho-
chromic effect of 5 millimlcrons.

‘A possible explanation.of the above observed differ-
ence might.be contained in: the évailability of the elec-
trons in.the resonance structures of the amino. group: in
both cases.. ThHe amino.group, possessing an unshared palr

of electrons, is a. group that releases electrons to the
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benzene ringl2. The methyl group, as shown by electrical
ﬁeasurements, possesses a dipole with the carbon nega-
tivel3.. Thus, the monomethylamino group would possess
greater electron-releasing tendency than the amino group
due to the repulsive action on the electron pair of the
amino nitrogen by the negative carbon atom of the methyl
group.. The explanatlion of the effect of the group
~NHCH,oCOOH would have to involve the study of the group
~-NHCH2C00™ since the sodium sulfite-glycin solution is
alkaline. The negative charge resulting from the ioniz-
ation would greatly intensify the electron-releasing
power of the nitrogen of the amino group. Apparently,
the increased freedom or avallability of electrons for
resonance 1is a prerequisite‘for increased bathochromic

effects by the sodium sulfite.

EFFECT OF. SULFITE ONIVARIED BENZENE DERIVATIVES

| Since many 1nvestigatofs have lnvestigated the effect.
of alkall on phenol and reported a bathochromic shift, a-
>c6mparison with the effect of sodium sulfite on this com-
pound would be instructive (see Figure 13). The ultravi-
olet absorption spectrum of phenol falls to show a spec-
tral shift . in a solutlion of sodium sulfite of the same
concentration that produces the shift in hydroquinone

solutions. Evidently, the other para substituted hydroxyl




group 1s essentlal before a phenolic compound will be
affected by sodium sulfite.

As mentioned previously, the carbon.atom in a methyl
group Jjoined to a ringléarbon.atom 1s the negative end
of a dipole and the 1oosely-hél&‘electrons of the carbom
atom of the methyl.group are attracted by. the ring carbon.
atom. Thls loss of electrons to the ring is somewhat

akin to the action.of the nitrogen.atom of the amine group

'and the oxygen atom of the hydroxyl group, both of which.

can and do furnish unshared electrons to conjugate with.
the ring carbon atom. Although the electron-releasing
?ower of the amino and hydroxyl groups 1s greater than
the m?thyl.group, it would seem that & compound such as
p-cresoliwould'bé somewhat the electronic equivalent of

hydroquinone and should glve the characteristic batho-

- chromic. shift of 1ts absorption spectrum upon the . addition

of sodium sulfite. Hoéwever, as shown in Flgure 15, the
addition of sodium sulfite to p-cresol f#ils to produce
any spectral shift.

Further substitutions were then studied in which a
part .of the original substituent was retained instead of
being replaced or displaced in its entirety. Hydro-
quinone diac;ﬁate (Figure 16) has a hydroquinone nucleus

in which each hydrogen atom of the hydroxyl groups has
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been replaced with am-GCCH3 group. ThHis group has the
net: effect of making electrons less available to the
ring. Apparently, thie actlion is of such magnitude in
1ts effect that the unshared electrons of the hydroxyl
oxygen are not.released to the rihg as freely as in:
hydroquinone. Addition of sodiﬁm.sulfiﬂe falls to pro=~
duce a .spectral shift in this substlituted hydroquinone.
The substitution:of a.methyl group for the hydrogen

of one. of the hydroxyl groups of hydroquinone should;
from. what has been said before, increase. the electron-
- releasing properties of the oxygen. This methoxy group.
stlll possesses electron=releasing powers as shown:by
the fact that it-.1is an ortho-para.orienting substituent,
as 1s hydroxyl, in benzene substitutions but it does not
have the power of the hydroxyl group. The addition. of
sodium. sulfite to an-.aqueous solution.of p-methoxyphenol
produces no,bathochromié effeét.on:the ultraviolet ab-
sorption spectrum.

| Para-phenylenediamine dihydrochloride undergoes a
bathochromic shift of 20 millimicrons im 1ts absorptiom
spectrum when:placed in:a sodium sulfite solutiom. If
one of the aminnﬁgroups of this compound 1s combined to-
fonm the --SOQNH2 group, it:might be presumed that. since
the -S0,- part of this group is highly electron-attract-




ing that there will be little chance for the amino: group
to furnish its unpaired electrons to: the ring. This

'pneaumptdon.is supported by the fact that the -SO02NHo

group 1s meta-orienting for substituents during substi-
tution: on: the benzene ring. This action requires an e-
ffect on the ring which makes electrons less avallable.
As seen.from Figure 18, introductiom: of the -S02NHy group
in: place of one of the amino groupe of p-phenylenediamine
gives“amcompound.whichmin1the.pnesenee of sodium sulfite.
fails to give the 20 millimicrons bathochromic shift of
the p-phenylenediamine 1tself, ;

THE POSSIBILITY OF COMPOUND .FORMATION AS THE SULFITE EFFECT
Sodium sulfite does not react. with aqueouns solutions

of hydroquinone. However, 1t does react with an oxidation:

product-bf this componnd,,namely,_qyinone, to- give a.

colorless compound, hydroquinone monosulfonatelo

e As can
be seen . from Figure 14, the maximum of the curve repre- '
ééntiﬁg the ultraviolet absorption of a quinone-sodium
sulfite solution: is at. 310 millimicrons while the maxlmum
for: the hydroguinone-sodium sulfite solutiom occurs at
305 millimicromns. Thies similarity in absorptionaspectrai
caused some concern lest the sulfite effect. be ome of

additionztO?hydroquinone.1nisolutionztowgiﬁe & mono- or

dlsulfonate of hydroquinone. Such a compound formation:
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would result in a shift of the absorption spectrum to long-

er wave 1engthsl4.

However, to postulate the existence of hydroquinone
mono- or disulfonate as the cause of the bathochromic
gspectral shift. of hydroquinone upon addltion of sodium
sulfite is a highly lmprobable explanation. First, hydro-
quinone monosulfonate 1s a very weak developlng agentl5
while hydroquinone-sodium sulfite solutidns are active in
developing photographlc materials. It seems highly unlike-
1y that an unused developer like the latter would contain
a sufficient.concentration,of the sulfonates so as to
affect the. light absorption. Secondly, potentiometric
titration.of 100 milliliters of sodium sulfite (0.000090
grams per milliliter) by hydrqquinone (0.006045 grams per
milliliter), and the reverse titration, gave no results
indicative of compound formation. Although not conclusive,
this evidence would tend to support the concluslon that
hydroquinone mono- or dlisulfonate formation does not ocecur
in sufficient concenﬁration so as to be a factor in the
light absorptioh.. Next, sodium sulfite could only form
compounds-through substitution on'the benzene ring. The
removal of the elementary oxidation products of developlng
agents 1s a process of compound formation between the oxi-
dized form of the developing agent and sodium sulfite.
Eion (Monomethyl-p-aminophenol sulfate),.hydroquinone,
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p-aminophenol, p=-phenylenediamine, Amidol (diamino-
phenol dihydrochloride), Glycin (p-hydroxyphehyl gly-
cin) as well as pyroeatechol and O@aminophennl_form at.
least monosulfonates when. their oxidationaprdﬁucia are
formed 1in:sulfite-containing solutionel®. If the effect
of sodium sulfite was one of. addition. to: the oxidatlon
productes of the various develapingiagenﬁs studled in this
work with the result. that the compound formed now: 1s able-
to absorb light of greater wave length than before, then
both pyrocatechol. and o-eminophenol . should give a: batho-
chromic shift. of some extent inthelr ultraviolet absdrp—
tion apectra.‘ However, as we have. glready outlined, the
absorption. spectra.of the ordisubstituted benzene deriva-
tives thataexhibitideveloping activity are unaffected by
the addition.of sodium sulfite, 1nd1caﬁ1ng,that;possible
sulfonate formation has not: occurred to> & great. degree.
There are &lso  two. further reasons indicating im-
probability of actual sulfite-organic compound combl-
nation: into-a: formal compound. Sodium.éulfite is a. re-
duclng:agentLthattexhibIté preservative action im ag-
uveous solutions of photographic dewvelopers. Cystéinn :
ies a-reducing agent: that: exhibits preservative actionm in
aqueous solutions of photographicrdewelopers.lo Both of

these reducing agents act in the same manner, by the re-




moval of oxidation products through compound formationﬂ
Cysteine in-the presence of quinone will give hydroquinone
cysteine. As ev_g.:_i_enged from Figure 27, cysteine mono-
hydrochioride in-an aqueous solutionzof.hydpoquinone does
not.give the béthochromic.spectralfdisplacement:thaphsod-
ium sulflte would have glven had 1t been present.

Obviously, for compound formation as projected above
to-occur, a . ring position-must.be free from substitution.
Thus, sodium sulfite does notl exhlbit 1ts preservative
action onm durohydroquinone since there is no ring position
free from substitutionl?. It would exhibit little, if
any, inhib;ting action on.such compounds ag dlaminodurene
and tetrachlorchydroquinone. As can be seen from Figures.
19-21, Bodilum sulfite'solutions of these compounds under-
go .spectral shifts, apparently indicating no necesq;ty of
an unsubstituted ring position. Likewise, from Figure 29,
it appears that complete methyi;tion of Eoth amiho-groups
of p-phenylenedlamine does not render the cbmpound in-

active to the action of sodium sulfite.

EFFECT 'OF SULFITE ON POLYSUBSTITUTED BENZENE DERIVATIVES

| - There 1s a.change in:the ultraviolet absorption
spectrum of dlaminodurene dihydrochlorilde upqn;the addl= -
tion of sodium sulflte, as shown . by Figure.l9; A new

maximum is formed at 295 millimicrons while the original




maximum at 270 millimierons of the sulfiteless solution
of the comppund is retained. Tetrachlorohydroquinone
undergoes a bathochromic shift from 305 to 328 millimi-
crons upon.addition of sodium sulfite. There is a. possi-
bllity that the halogens may be'séiitAoff in alkaline
solution but 1tvis.doubLed that. the pH was high. enough for
this actlion to.occur. Ih both cases, however, there are
apparently shifts to,longér wave lengths with increased
light absorptlon. But. durohydroquinone, a.compound very‘
similar to.diaminodurene, undergoes a shift to shorter
wave lengths with a large increase in the intensity of
light. absorption (Figure 21). While the hypsochromic
shift.of durohydroquinone is of the extent of only 9
Wmiliimicrons, the hypsochromic shift of p-xylohydroquinone
is 36 millimicroms. And yet. the addition. of another meth-
-yl sroup,to-p-xylohydrbquinone.to.give thé,compound cumo
hydroguinone (Figure 22) renders this éompoundvalmaat,ln-
active to the action of the sodlum sulfite, the magnitude
of the bathochromic.shift'being_only 2 millimicrons.
Pplbroglucinoi.(Figure 24) 1is not. so-highly substituted

as the above discussed compounds but is a2 1,3,5=-trihy-
droxybenzene. Although thlis compound does not: have two:
hydroxyl groups para.to each other and although it 1is

not. a developing agent}a, its ultraviolet absorption

spectrum is shifted by sodium sulfite to longer wave
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lengths to the extent of 10 millimicrons.

The above stated facts do not lend themselves teo
clear interpretation. Both durohydroquinone and diamino=-
durene have a durene nucleus, and thus the methyl group
moments would cancel in pairs. Since the small size of
‘the amino (and hydroxyl) group does not:give steric in-
hibition of resonancelg, the expected spectral -shift would
be. to>longer wave 1engtﬁs as exhibited by p-phenylenedi?
amine (and hydroquinone). Since the spectral'activity is
not as indicated it must be assumed that other mechanisms
must .be at work. It is possible that structural factors
may inhibit or prohibit.the action.of the sulfite. The
iowwsolubility_of.polysubstituted benzene derivatives as
well ags the question:of pﬁrity also tend to complicate
the problem and add further questions as to: the exact

nature of. the action. of sodium sulfite on-these_complex

modtecules.,

POSSIBLE SUBSTITUTES FOF SODIUM SULFITE

An extensive attempt!. was made to find a substitute
for sodium sulfite that could produce a like actiom on
the spectra of the various organic compounds‘sﬁudied. A
logical starting point. was to:use another éulfite salt.
other than sodium.. Potassium sulfite does give a batho-

chromic. shift in the ultraviolet: absorptiion: spectrum of
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hydroquinone, as would be expected (Figure 26). With
hydroquinone, sodium bilsgulfite in a. concentration equal
_tosthat of the éodium sulfite gives the usual spectrum
that 1s associated with. the hydroquinone alone. However,
addition of sodium carbonate to the extent.of 0.0001 gram
per milliliter to insure complete dissociation of the bi-
sulfite ion.glves the spectral absorption characteristiec
of the sulfite ion on hydroquinone (see‘Figure‘QS).
Sodium arsenlte, sodium hypophosphite, sodium phos-
phite, sodium nitrite, sodium selenite, sodlium sulfate,
Kodalk (sodium metaborate), and potaseium metsbisulfite,
as well as selenious and phosphorous aclds, were all
trieduunsuccéssfully. In: each case the organic compound.
wéé‘hydroqqinone (0.000045 gram per milliliter) while the
concentration of the inorganic compounds was 0.000090
gram. per milliliter. Itiwgs concluded.thatponly sodium
sulfite, or a:-sulfite salt other than sodium, or a. salt
that can be converted in.solution into sulfite ions, pro-
duces the spectral shifte observed upon its addition to
the organic compounds capable of this actiom, Apparently,
similarity of structure, as in the sulfite and selenite
lons, 1s not: a: sufficient: factor to- produce spectral ac- .

tivity characteristic of the sulfite.

2D




- gram per milliliter) has a pH of 6.7. Addition of sodium

DISSOCIATION AND THE SULFITE EFFECTT o 1//,;/////////////’

—

The effect qf pH on the spectra of varlious compounds
has been thoroughly studiedl»2,3, Increasing the alkalln-
1ty of a solution results in the lonization of ring
hydroxyl and amino groups at definite values of the pH.
The lonization .of a hydroxyb or amino group would glve a )
spectral shift to longer wave lengths,. according to the
rule of Doub and Vandenbelt”.. The loss of a proton.by
elther group would cause.a négative.chargeron the group..
The nature of this charge would enhance the electron-
releasing power of the group and thus the electrons 6f'
the nitrogen.would be more readlily available for resonance
structures. The spectral effect.accompanying.such;loosén-
ing of the electrons 1s a shift of the maximum of the ab->
sorption spectrum to longer wave lengths. “

Sodium sulfite ddes raise the‘pH_of aqueous sblutionsv

of hydroquinone. A solution of hydroquinone (0.C00045

sulfite (0.000090 gram per milliliter) raises the pH to
9.1.. This latter value is very close to 9.8. the vélue of
the pKj of hydroquinone. The value of the pKj represents
the pH value at which 50 per cent of the compound 1is
dissociated. From these facts it is a possibility that
sulfite may be céusing the partial dissociation of hydro-

quinone.. This in turn.would give rise to a bathochromic
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shift .in-the ultraviolet absorption curve of hydroguinone.
To ~test the“vaiidity of the above possibllity requires
raising the pH of a hydroquinone soiuﬂionzin#the absence of
sodium sdlfite,toothe-vaiue of the pH in the presence'of,the
sﬁlfite. However, hydroquinome will not.exist unchanged in.
aqueous solutions of that alkaiinity. As mentioned previ-
ously, cysteine ‘1s a . .preservative agent.superior toc even.
sodlum. sulfite. Addition of cysteine monohydrochloride to-
hydroquinone soclutlons does not:. affect. the spectral absorp-
tion of the hydroquinone (Figure 27), but: due to: the hydro-
chloric acid that is released, the pH 1s lowered. Hydro=~
quinone (0.000045 gram per milliliter) in: soIution with
cysteine monohydrodhloride (0.000090 gram per milliliter)
gives a= pH-value of 3.30. To raise the pH sédiumicarbon—
ate (0;9002 gram per milliliter) is added to-the solution
of the above tworconstituents. The pH:is thereby railsed
to 9.86. Even at:this value which is equal to-the pK, of
hydroquinone, the absorption: curve (cﬁfvé C, Figure 27)

has not: shown the spectral shift shown at a pH pf 9.1 in

- the presence of sodium sulfite. The curve of the hydro-

quinone-cysteipe-sodium carbonate solution showé a re-
duction in lightt absorption as well as a.small (two milli-
microns) bathochromic shift. On the evidence discussed
above it would seem that although some dissociation of

the hydroxyl and amino groups may occur, this”dissociationA
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is not the primary cause of the spectral ahiftgtobserved
when benzene compounds containing these groups are placed
in sulfite-contalining solutions.

The alkalinity of the solution seems to be a critie
cal factor, however. ThHe addition of only 0.0000037

gram per_miliiliter of hydrochloric acid is sufficient

to cause a hypsochromic. shift.of a: hydroquinone-gulfite

solutlion. absorption spectrum to the spectrum character-

. 1stdc of the hydroquinbne alone. The effect of the hy-

drogen lons of the acid would tend to: suppress the loni-
zatlon: of the ring hydroxyl groups. Although.this effect
and the lowering of the pH to. 6.6 are effects of the acid,
the further actlion of the hydrogen ions to.convert the
sulfite lons to bisulfite 1lons is the prabablé reason for
the necessity of alkaline solution. It has already been
demonstrated that. sodium bisulfite is without. effect.:on
the absorption.spectrum of hydroquinone (Figure 25).

THE EFFECT OF VARIATION IN THE CONCENTRATION OF. SULFITE
The effect. of varying the concentration of sodium
sulfite while ﬁaint&ining aaéonstant concentration df
hydroquinone was studied (Figure 28). The concentration
of hydroquinone was 0.000045 gram per milliliter. When
sodium sulfite of a concentration of 0.0000225 gram per
milliliter is added to:the solution of hydroquinone, the




absorrtion spectrum decreases 1n.lighu;absorption and
shifts 7 millimicrons to longer wave lengths. This curve
is characteristic of curves obtalned during the breakdown
of hydroquinone into varied oxidation products. “The gsod=
ium sulfite is present in sufficient concentration.to
raise the pH from 6.7 to 7.1 but it 1s not: present: in
sufficlent concentration to: exert. adequate preservative
action. to:prevent.the 1ncreaséd.oxidat1ve rate caused by
the higher alkalinity of tueAsolutioﬁs A concentration.
of 0.000045 gram per mi;lilitar of sodium sulfite gives
~a spectral absorption. maximum at. 300 millimicrons; a
concentration of 0.000090 gram per milliliter glves a
maximum at 305 millimicrons and the highest light ab-
sorption. Increasing the qoncentrationAaf the sulfilte
10.0.000180 gram per milliliter gives an absorption maxi-
mum at 300 millimicrons but.slightly decreased extinction
values. Further increases of concentration: of sodlum
sulfite up to 0.000540 gram per milliliter d4id not change
the wave 1éngth value of the absorptionxmaximum but. the
extent. of the‘liéhtvabsorptionidecre&sed slightly with
increasing sodium sulfite concentration. As can be seen
from Figure 28, the curves for hydroquinone-sulfite so-
lutions have a simllar form once that sodium sulfite has

reached a concentration. of 0.000045 gram per milllliter.
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A similer series of sulfite concentration variations
was run with p-phenylenedliamine dihydrochloride. The p=
rhenylenediamine dlhydrochloride had a concentration of
0.000045 gram per milliliter in each case.. Sodium‘sul-
fite of‘aaconcentration.of>0.000009m5ram per milliliter
did not: affect. the absorption spectrum of the p-phenyl-
enediamine diliydrochloride which has a maximum at. 285
millimicrons. Concentrations of sodium sulfite of 0.09,
0.0009, and 0.000090 gram per milliliter showed in: each.
of the. three cases a.spectral.shift.of 20 millimicrons
t0 305 millimicrons. Ih the case of this more stable
compound variation in. the concentration of the godlium
sulfite had no-effect once & sulfite cohcenbrationzhad
caused a .shift in: the ultraviolet. absorption. spectrum
of. the p~phenylenediamine dihydrochloride.

As shown by the above case, the spectral shift. due
to-sodium sulfite does not. occur until a certaln: concen-
tration value 1s reached, then the sbsorption: maximum
characteristic of the organic compound shifts suddenly
to ‘a-maximum value of both light. absorption and extent
of spectral dlisplacement to longer wave lengths. Wilth
hydroquinonerghis value occufs when the sodium sulfite
concentration. is twice the concentration of the orgqﬁic

compound. Further increases of sodium sulfite céncen—
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tration fall to give any further bathochromic shifti.

The sudden shift at.a.definite sulfite concentration is
somewhat: similar in action. to-lonization ati a. definite
alkalinity value, indlcating that. the specific action of
sodium sulfite requires definite conditlions before 1it.

- oCCurs.
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SUMMARY

A general rule regarding the sulfite effect can be
formulated: ThHe addition of sodium sulfite to aqueous
solutions of disubstituted benzene derivatives, contaln-
ing either hydroxyl or amino groups, will produce a
bathochromic shift in the ultraviolet gbsorption spectira
of only those compounds that have thelr substituents
orlented para to each other.

Substitution of one amino hydrogen by a group en-
hancing electron transfer to the ring increases the ex-
tent of the bathochromlic shift in substltuted amino-
phenols. |

The insulation of an amino group from the ring by
an intervening group, an electron-attracting group, has
the effect of making the absorption spectrum of the new.
compound impervious to the action of sodium sulfite.

The replacement of one or both hydrogen atoms of
the hydroxyl groups of hydroquinone by methyl or acetate
groups renders the compounds formed 1inert to the actlion
of sulfite.

Complete methylation of both amino groups of p-
phenylenediamine épparehtly does not inactivate the com-
pound to sodium sulfite.

Although sodium sulfite combines readily with the
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oxldation products of p-disubstituted benzene derivatives
studled, compound formation has been.shown not to be the
explanation.of_the action of the sulfite. |

Sodium sulfite causes both bathochromic and hypso-
chromic spectral shifts with polysﬁbstituted benzene
derivatives, structural and resonance factors probably
determining the end result. |

A sulfite sglt other than sodium, or a salt con=-
vertible to sulfite ions in solutlion, are the only com-
pounds of the many tried that resulted in the actlon
characteristic of sodium sulfite 1ltself.

The alkalinity of the solution alone has been shown.
to be unable to produce the spectral shift credited to
action of the sulfite.

The spectral shift due to sodium sulfite does not
occur until a_certaln concentration of sulfite 1is pre-
sent, then the absorption spectrum maximum shifts to the
maximum extent and thereafter the shift is not 1ncfeased
by increasing the concentration of the sulfite.

The sulfite effect, occurring even when the ring of
amino substituents are completely blocked with methyl
groups, appearsuto be an.action-in which the sulfite,
elther alone or in conjunction'with the solvent, acts
upon the p-substituted substituents to effect increased

electron release by the oxygen and nitrogen atoms. Such




a loosening of the electronic structure would result in
the absorptlon of light of greater wave length (and less
energy) than would be possible if the sodium sulfite was

not present.
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