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IRTRODUCTION

The very valuable properties of the sulphon-
»phﬁhaluinﬁaa&Hiﬁﬁiﬁaﬁuﬁm for the hyérogen iom have

been reocgnized rnr & long ttmw* Eﬂpaaiully sinee the

| gdreril #tudies nﬁ‘&lawu and, Lahﬂ wupyxamantaa by the
ﬂwurk of Sahsaﬁ this uiaaa af a&gaﬂiﬁ aubﬂ%angea has
enjoyed wide usage in aaturminaﬁians at hydrogen-ion
concentration, The sulphonphthaleins possess several
adventages as indleators over #ﬁmﬂ of the other olaases
of substances whose color is ocontrolled by the hydrogenw
ion concentration of the solution. among these advantages

are brillisnce of eolor, ease of preperstion in a pure
state, and reliability.

in l928 Tﬁimaﬁ'wunawndaﬁ in syntheslzing 4i- and
tetre~ halogenated ortho-sulphobenzoic acids and their
achydrides, making possibdle the preparstlion of a serids
of sulphonphthaleins having four halogen atoms in the
sulphobenzolo acid part of the molecule, The general
formula for the compounds of this series is as follows:

- where X is any halogen, and

'5{ yi 'y’ Y may be halogen, methyl, or
hyérogen.

In 1928 Marden® prepered
eleven of the possibdle members
of the sexies, and studied

X p X them qualitatively as indicators
and as sids in the study and dlagnoshs of pathologleal

x¢ N5 0,H
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sunditlions.
The present work is & spectrophoetosetric investigation
of the indicator charascteristics of seven of the compounds
made by ‘srded. The subatances studied were as follows:
Fhenoltetrabromosulphonphthelein {henol-4lw)
Fhenecltetrachlorosulphonphtualein (Phenol-401)
o-Cresoltetrabronosulphonphthelein (o-~Crescl-4Dr)
ceUresoltetrachlorosulphonphthelein (o-Cresol-4C1)
Tetraebromophenoltetrabromosulphonphthalein {(4-IHr-phenol=45r)
Tetrabromophenoltetrachlorosulphonphthalein {4~Ir«phenol-4C1)
Hiromo~o-oresoltetrachlorosulphonphthalein (2-Br-o-cresol-4Cl)
Detornination of the Lalt Irrors and frotein Irrors

of the indiestors wns not undertaken.
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THEORETICAL DISCUSSION

Indientors. Throughout this paper the word "indicator”
is uvsed in the somewhat restricted sense of an "acid«base
indleator," or, more fully, a hydrogen~ien consentration
indicator, In this sense, then, an indicetor nmay be defined
a8 any substance whose color is controlled by the hydrogenw
ion concentration of lts enviromment. The mere satisfeotion
of the requirement of the definition, however, i3 not by
eny means & oriterion sg to whether or not a given subatance
is s good, or even a statisfeotory, indlcator, This con-
siderstion is empiwmsized by compearing clark*sﬁ general
list of indicators, where scue 185 sudstences classed as
indloators are glven, with a selected list of “"good”
indicmtors such as that of Sgrensen, who lists 21 sub-
stances, or that of Clark and Lubsd and aﬂhaag who
list 13.

The followingz e¢harsoteristies are possessed by a good
indicator:

{1) The indicator pust be e wesk acid or base, o
that its own lomization may not disturd the ﬁyﬁrngwuwiﬂn
gonsentration whieh is being measured. .

{z2) It must have s high tinetorlal strength, so
that only wery small amounts of 1t need to bdbe mixed
with the soluticn under investigation.

(3) It should show a large change of color over a
relatively short range of hydrogen-ion eoncentration,

%ﬁi@ of gourse mekes for accuracy iy neasurement.

{4) There must be & u@ﬁliﬁlbl@ tiﬁhﬁlég between
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a change in hydraﬁﬁnwiam soncentration and the correspondéng
ghange In the color of the indiecator. For most indiaaﬁmra
this change is praoctieally instantsuneous, but in a number
polable time lag is observed. The presence

of onpes an appw
of the time lag does not in itself conatitute nore the
rather serious inconvenience; but 1t is ususlly found that

i a

different preperations of the same indicetor may have very
different rates of transformsation, in which case the
indicator is practécally useless for asccurate work.

(5) The eolor condition of the indigator must be
dependent upon the hydrogen-ion concentration aloue.
Indicetors whose moleoules ere very large and tend to form
soclloidel aggrecates usually will vary in color with the
size of the agerogates, as well as with hydrogeneion
concentyation, iinee the size of the aggresetes depends
at least somewhat on the presence of neutral salts in the
solution, such indicstors are said to have “"salt errors”,
The presence of proteins, too, nay modlfy the color of the
indicator, lesding tov & so-galled®prgtein srror™., This
effect is particulerly important when the indicstor is
to be ﬁmaﬂ &w:@@mmaatimmuuﬁﬁh.bxai@@iﬂax work where
proteins often are likely to be present. As a natter of
experinental fact, practiocally all indicators are
susceptidle to selt and protein errors, dbut fortunately
in most ocsses the srror is small, Vhen an indleator is to
be used in the presence of large amounts of salt, or with
protelins, it should be carefully studled for itas errors
80 that corrections may be applled.
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4 gquantisdtive theory of indlcator bdehevior wmus
first proposed by OGstwald. He started with the experimental
evidence that indlicetors belmve ag weak aclids or bases,
and applied the laws of equilibrium %o them, lie postulated
thet the undissccisted, or molecular, form of the indicator
possezzed one coldw, and the dissoslated, or iomie, form
possessed another color. In the case of an indicator acid,
the dlssoeletion would be

M = H O+ In

and ?;i;a a-ampﬂng dissooiation oonstant

. LB {1)
‘Now the dsgree of dissoclation, or fraction of
disgoolation, of the asid is given Dy the ratio

where the denominator is ecuivalent to the total
consentration of the imdicator. Dividing (1) by (2)
and selving for o gives the very impomtant relation

(&}

whioh emphesizes the feot that changes in [K'] produce
corresponding ohenges in . Thus since [17] in a spesific
case determines A , fﬂf’ ] indiocates the 4ezree to whieh
properties asscciated with the anion or preperties associated
with the undissocisted residue, or both, are present in

masz, In terms of the postulats of Ostweld, this means that
the degree of dissoolation of the acid 1s synonymous with

the degree of golor trapsformation of the indlcator, and
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that the smount of solor transformetion is dependent only
on the (7] ana tre Egiee Of the substanss.

it beosme evident that the ﬁiﬁaﬂﬁiwm'wi%hnimﬁiaamﬂwa is
not as simplie as the postulete of Letwald indlcates.

It is nﬁw-kaﬁﬂn that sertalin orsanie groups, by their
presense in the molecule, "produse” color, although the
actual physieal mechanism of %&a ppoduetion of the ooloy
is not yaz‘apparant.'zuuisﬁ with hiz theory of vibrating
eleotrons end"044 molecules” has made a start, but no
somplete sonneetion between molecular structaxu and 1ight
abaarptiaa haa aa—tmr b&#n ﬁurmaﬁ au%*

. ‘Stuly ef the etfuctures of typlosl indicators shows
that the aeinr-gmm@uaing (or «nlar»uhaaainsi Teaction
must be sueh as to produce o tautomeric #hirt of structure
from e solorless sonfiguration to one containing a

.}?ﬁ-p&wym‘(anlawaumﬁﬁzﬁg)~sxaﬁ@g or, &n the cuse of
a two-color indicator, a tautomerie shift from one

shromophore strusture to another. Thus the single
aq&il&h&iﬁm treated by Ostwald must be expanded to two or
more equillibris, et least one of which involves the tautomerie
shift between twoe types of struoture. %ﬁ illustrate the
prineiple in cutliine, assume thet there are two tautomers,

HIn and IXn', and that Eln' alone is capable of ionization
a5 an acid. The equilidria are WIn = IIn'== H + In*,
Por the first equilibrium,

5§E§?==Eg (4)




7.

end for the seocond, el =~ Ep (5)

Combination of these evuations leads to

[%’! . !%g ) - % = gt {8)

Suppose now that In' furnishes one color and either Hin
or Hin' another color. Since equation (8) has the

gpoame form es equation (1) it is obvious that the color
change will depend on the [II']in exmetly the mammer
already described, the only difference belng that Kgqus
is replaced by E', and that «, while still the "degres
of color transformetion”, is no longer strietly identienld
with the true degree of dissonlation. Begarding the matter
Prom &anthuw(»a&#ﬁ of view, we see that a determination
of the ecullibdrium constant from the data for the color
change would not revesl whether this constant is &

simple aeid dissocimtion constant Kgipg, OF & eomplex
constant X'. |

The simplified treatment glven above nay be elabbrated
to teke into acecunt the ionization of both tautomers
instead of Just one. &ayaa has analyzed the situation
and has shown that the elaboration does not change the forn
of the final eqguation. The considerstion of the tautomerie
equilibria only modifies the originel Cstwald treatment
to the extent that the found dissocistion constant 1s &
funatzuﬁ of the several aquilibriuﬁ end ifonimation |
constants 1nmn1vlﬁ$ the aitrawwmt tautomers., It is
what ioree? calls the "total affinity constant” or what
Noyes” oslls the “apparent disscoiation constant."
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It iz perfectly proper, therefure, for the sake
of convenlience, to ﬁi:wwg&r¢ completely the complioations
introdueed by the sotual mechanism of the eolor change,
since snslysls shows that the Ustwald treatment gives
an sdequate ploture of the relationships invelved.
Henoeforth Iin thds peper the symbol ¥ will be used without
prime or subseript, it being understoof that it stands
for the spparent, not the true, dissociation constant
of ths indicator. Bimilerly, o will be used to rep-
rezent the degree of color transformation end not the
true degree of dissocolatliom,

Equation (3) above, involving the relationship
betuween the &agtu# of color transformation, the hydrog
ion concentration, eand the indicator eonstant, is the

smental equation used in this work to measure the

_inﬁiua%ar constant. It is more convenlent, however,
in the logerithmio form. Solving e uation (8) for

oy glven
U [®] = i Lz (”
'ﬂhxdng %ha lagarﬁthm of the reciprosal of both sides
of (7) leads to the expreassion

| hieg[éﬂa 108 $-+20g ¢X=-  (8)
S ﬁﬂking use of tha mwllwknﬂuu ﬂymaai pH "1ﬂ$dé1

introdueing zhm exaotly aaala@wuﬂ wyubol pk = log la
squation (B)

= pK+ log y o (9)

Equation (9) 18 one of the most useful equations
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found in indieator werk. It shows that 1f the pi of
an indicator iz known, and its X can be u s then
the pH of the solution is determined. Or on the other
hand, if < gcan be neasured at & known pi, the pk of
the indlestor can be determined.

Thus the pk (or the X) of a given indicator is
perhaps its nmost m,pmwﬁ guantitative scharssteristic.

It is this constant which iz determined for each of the
peoven indicators studied in the present wirk. Inspeoction
of eqguation (7) or of eguaticn {9) gives & olue a5 to the
physical mesning of the "indicator constant“: ¥ &s the

Ei’] et whieh « equals 0.50, that is, et which the indlcator
is helf trensformed, In logeritmic form, the pX is

the pH et whish the indicator is hal¥ transformed.

In all of the foregoling anslysis it has been assumed
thal the indleator disscciated a8 a week seid, “hile this
is true for a large number of ludisators, there are a
fow whioch dissociante as weak bases, and at least a few
whielh are suphoterde in nature. It iz readily seen that
1f the dissociation i a basic m, the only ehan
squation {9) would w the substitution of pOH for pli.

Bat since in s-uecus selution &Z"] - [cH] are always
mlamﬁ through % @i] [@ﬁ] = 3014 at room ana,

it mnm that the poH scele is mmt;imz. in form m&,
reversed in directiom to the pH sesle, i.e. pﬂh =14 - yﬁ.
It thus becomes very simple and eonvenient, and guite
rigorous, to treat all indicators es if ther dissooliated
as weak acids, This only servesz to smphasize asgmin that

ge in




the messured X is an gpperent €Miﬁ} mmemtim
aumatnnt, and t&at ﬁhﬂ ﬂagrua at aﬁkmv transformation
& does unot need to epucify whether the transformetion
13 from mold to base coleror viee versa.

It is at fivst & rather striking experimental faoct
thet 21l Indicators of whatsoever pk have about the seme
rather small useful renge. ~hy this is so beconmes
ohvious after study ef equation (9). For a givem pX
the range of pH 1s controlled by the verlation of «.
Simee the latter ean very, practioally speaking, only
rrﬂ& 0.99% to Q,ﬁl, the value of the term &ag'xwwmm
can very «fm}.:y fm'm 2 to -8, giving & total pH range
of only 4 pHd unite, iAsn % m&t@aﬁ of feot, at the extrems
ends of the transformation small changes in the value
of x are undetectable as color changes oxeept with the
very finest optical methods, ané then not with mueh
a@eﬂ&&@k‘ 48 & result the ™aseful variation” of
lles always between 0,90 and 0.10, so that the "useful

nearly all indicetors is less then 2

useful rangs of uﬂy indicator csen be &anvnmi#atly
measured simply by preparing & series of buffer solutions
.ﬁf known pH, the individual members of the series
differing by a small senstant smount (ususlly 0.8 pH
unit). To equal volumes {e. g« 10 co.) of each member

of the series is added an squal volume (9.2 0.5 00.)

of thes indisstor stock #alntimn, which iz usuelly 0.04%.



The limits of the renge of soclutioms wherein eclox
differences are visible to the eye ars then recorded.
Somatimes it is posalble o axtanﬂ slightly the useful
renge of an indicetor by using & color comparster in

the emﬁramﬁé of the rﬁmgw; this however is hardly necessary
since enough gana 1n¢iaaﬁara ar@ available to cover

' _{n&y éﬁ@ireﬁ range. br'thg proper sa&»eﬁian; Hany ingenious

attenpte to extend the range of one indicator s@lutian
by using s mixture of indicator substances have been made,
In thangréasaa the rgnga'at one indicator is simply
1a§y§1ém$ﬁ@¢¢”br thn'iange of another, or seversl other,
indicators,

The method ocutlined above is that useéd by Harden
in his investigation of the ranges of the halogenated
-un&ghangh&h&iaiﬂﬁ used iﬁ the p&tﬁﬁnﬁ work.

4+ number of methods have been devised for determining
the indicator constani. Perbaps the simplest 1id that of
Selm® who deviged a method for determining the pi at
which the indicator is helf transformed. It consiste
in prepaping tqusalutianﬁ sach sontaingng one~half
the ususl amount of indioator. Cne sclution ds maintaeined
at a pH high enough to keep the indicator eutirely in
1t alkeline form and eolor; the other 1s et a pii low

ough to keep the indiocator &nti:u&y in iﬁa asid form

and oolor. When egusl layers of the two solutions are
superimposed, the color obssrved is due one-half to
the alkaline form and one-half to the acld form. The
uuywri@yaa&d layers are then matehed with a similer pair,
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one of whioh eontains the full stremgth of the indieator
at & known pi, and the other of whioh 1s'a'watur blank.
¥hen a matoh is obtained, the known pi of the mmbtehing
solution iz obvicusly the pi of the indicater.
4 method dus to G1llesple’® is very similar dut
awhat mors elaborate, and gives more information.
A whole series of solutions is prepared aaata&n&ag%ha
aplid form of the indicetor in amounis ranging from
one 4&rop In the first tube to ninm‘&wunu in the last.
An exmetly similar series of the alkaline form is
prepared in amounts ranging from nine to one ﬁwmyaﬁ
These are matehed by peirs with a solution containing
ten drops of the indicator At e known pil, bdasked by &
atio of the metehing palir is
thus %hm soler transformation retieo «, so that insteed
of obtaining pH for x=0.50 slone, as in Salm'’s method
at least nine points on the whole pl.d ourve are
cbtained and the curve may be drawn. 55 before, of
oourses, pr is the pH at whishoa = 0,50,
The method of Glllespie has bdesn nade much more
«f’inﬁ'ant by nn‘imguﬁianm adsptation

The modifiestion consiste im the use of thres tubes,

ene above enother, &n ome side of the comperstor.

The first tube is quite narrow end the third tube quite
wide, so that the second medium~width tube cen slide
/Q&tﬁaw up around the first aﬁlﬁmun iﬁtm the third,

" ¥he upper end lower tubes are fixed in position, so that




13.

the dlstamee from the bottom of the upper tube to the
bottom of the lower tube 1s always the same; but the
aidd3e tube is movable vertioally so that its botitom

pay take any position between the other two, If now the
movable tube is filled with the aeid form of the indleator,
and the bottom tube is filled with the slkeline form,

and the system ls viewsd Tfrom the top through i

sppat tube {which mey be empty or £illed with e blank
solution), the color ratio may be waried contimuously

from K=0,00 to0 X = 1.00 simply by moving the middle tube.
Hotion of this tube is recorded by & soale ueually reading
from 0 to 100--i.0. in perocent oolor transformation. A

matoh for a given solution can thus always be convenlently

obtalined, and the seale resding when matehsd givos

« ia percent. i sonvenient 1natrnﬁﬁaﬁ enbodying this

prineiple has been designed by J. J. Beaver:l and is

marketed by the Klett Manufaoturing Company of New York.
Another principle which has bDeen put to uge in the

estimation of color-ratios is the "solor wedge” of

Bjerrunl?, This is & long rectengular box with glass

sides and & diagonal glass partition whieh aivides the

azes, (ne compartment oontailns

interior into twe egual wed
the indicator in itz seid form, snd the other in its
alkaline form. A view through these wedges shoulé
initate the view of a like fepth and concentration
of the indicator transformed to that dogree whioch is
represented Wy thﬁ'm&tiﬁvﬁr'wua@a thiﬁkﬁmmu#ﬁ st the
point under ohservation,
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The indloator constant cen be most acourately
measured, and the greatsst amount of information adbout
the eawew of an indicator oan be obtained, by means of
gpeoctrophotometric messurenents., In dealing with “eolored”
substances, a speotrophotometer glves & quantitative
measure of the color in a detalled way thet no other
instrument imitates. 4 discussion of the principles
of spectrophotometyy and «wu»n.awswweaapgﬁvaa indicapors
follows.

when radient energy of any glven wave-length
travels through a material mediom, 1t may suffer a
diminuticn in its power or intensity. The medium is
said to absorb same of the eneTsy. “Iransperent oolorless”
materials are those which 4o not absord appreciably
any rediant ﬂﬁﬁ&@% in the "visibvle vange” { A from
400 to 800 mp.) A "oolored” substance 1s cne whieh
does absordb some particular wave-length or wave-lengths
in the visidle range, 8o that inoident "white™ wk@was
containing all visible wave-lengths at full intensity
is defislent after travelling through the medium in
some of the visible weve~lenghts. The resulting emercent
pu%#ﬁ is bhence colored. "Opaque” substancesz are those
whioh absord all of the visidle weve-longths so that none
of the ineldent light travels axﬁaﬁkw‘wwa medium, (It
;a&aﬁwa va.g&aapﬁﬁa& w&ss that the syaﬂa classification
.maaa not take into acoount those subatences whileh may
reflpation of certain wave-lenglhs. i1l

indicators are ugaﬁaaﬁaa& whioch impert ¢oclor to a



solution, so that this discussion mey confine itself
to substances whioch ars colored by absorption during

solution of some ahbsorbing

Conslder a homogeneous
sabaﬁann@ contained in a glass cell thafsaappiuﬁas at
which are plenc~parsllel, and ngﬁxa#% for the moment
any absorption by the solvent or by the glass. Let the
direction of the beam of ineident light be perpent
to the anﬁwpla%aa of the e¢sll. In advanoing through an
inrinitesinmal langth,ga_af the solution, the rediant

;;_W;W,. AA nehh &wrturm the loss of
some fraotion of its«;ghggg;gz, X thhin the nth
aquul infinitesimal length the remainine
is redugsed by the same Ifraction. @ha% iu,'tha ﬂ#ﬁr&as&
of intanﬁity pey ala&ﬁnt of 1aagtk;ig yrﬂgarﬁimunx o

‘ they mmw of m W fnllim m thﬁﬁ Wﬁ% Ory

-—-% xI (10}

Let tka light inaiéent tu tbﬁ first inywr have an
intensity of I,, end that emergent from the last layer
have intenaity I. Integratiom of &quatian.iléi between
these limits gives

~ logg ¢, = K1 (11)

The ratio-%a is that fraetion of the incident intensity
whieh emerges, and is ealled the bransni ttanoy T. Using
this, and comverting to common logerithms gives, from
equation (11) = log T, = K1 (12)

15.




Bguation (iz} is an expression of Lembert's Law, which
states that absorption of light is propertional to
the lengbh of the medium through whieh it travels,

The decline of intensity within eny infinitesimal
length af‘muaium-u@wEZé e proportional to ﬁh#4ﬁgy:
of sbsorbing partivlies enccuntered, Thils number may de
aﬁﬂﬂiﬁﬁrﬁﬁ to be proportional to the soncentration g
of the sbsorbing substance under a given set of

goditions. Hence egustion {10) may be written
- % = k*ol {13)

Integration of (13) betwepen the limits I
on logarithme, and use of the transe

and I,
sonversion to oomm

- log T, = K} el (14)
‘This is Beer's Law, whic¢h states th-t the absorption
in s given iamgmh of m@#&ﬁm‘ia proportionel tc the
concentration of the absorbing specles. Lambert's Law

is believed to be universslly appllieadls, but there are
e nusber of sceses where observed deviations from Beer's

Law have not been explained. The X subseripts in
equations (12} and {14) serve to emphasize the Pact
that the equations are strictly valid only when the
wave~length is specified.

Lo instrument which messures the relative intensity

of inecfdent and emerpgent radlent energy at & given
wave-length is ealled a spectrophotometer. Since we

are at present goncerned with the ebsorption of visible

light only, the fellowling dizoussion does not inelude

1é.
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med t§1ﬁ£ﬁﬁﬁr® a%aﬁxpﬁiq& in ultra-

viglet or inrr&ﬂmaﬁ'rmgi@na.

In order to study the intensities at & gliven
wave~length, every speotrophotometer makes use of a
gpectroneter, whioh i# an instrument for dividing
the source of light into a spectrum and then seleoting
e narrow portion or band of the spectrum for use as
e "single* wamva-length, 4 spestrometer sonsists of en
crdinery agéutﬁnam@yﬁ fitted with an exbra slit at the
emergent end as well az the usual slit at the inai&aaz
end, end with & means of rotating the prism on en axis.
The extra 811t serves to lsolsie one narrow portion
of the spectrum, and the rotationm of the prism meves
the entire spectrun aocross the extra ﬁliﬁ, 80 that
any desired portion may be isolated. The rotetion
of the prism is econtrolled by & &rum whiech is usually
gredusted to read directly in weve-lengths, but whieh
mast be calibrated from time to time during scourate
work.

Gptical gpectrometers make use of two twin beam:
of imeldent light, whieh have separate paths through
by means @f‘a.b§fpwiwm

the systen and are sombined
in the eye-pisce, sc that the observer sees both beams
side by side and may easily mateol them, Cne Dean passes
through a esll conteining the sclution belnz measured,
ua& the other passes through en identiosl ocell e@at&iﬁing
the solverlalons. Thus the diffevential effest is that
due to the solute alone, sonditioned of course by the
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pressnce of thé solvent. The Leam passing through the
solution suffers reduction in intensity, and the anount
of this reduction is measured by artifieislly redueing
the nu&m&ﬁw«%.w& the other beam & known amount until

& mateh is obtained. The means of reduoctiom of intensity
varies in differant types of instruments, The Xeuffel
and Esser Color inalyser makes use of a rotating
varisble seotor, the magnitude of whose openings can

ve ingeniously controlled while the sector is rotating.
The soale for the reading of these openings is usually
graduated in ome hundred parts, so that the reading
indieates directly the percent transmission ( = 100 T.)
The Konlg-M¥artens type of instrument utilizes a systenm
of Nieol or YWollaston prisms to ﬁﬁmﬁw& the intensity

of the beanm by polerization Qhﬁ rotation, and 18 usually
graduated in angular degress from whielh the transmittaney
¢an be celoulated by aw.aaﬁwvﬁas depending on the indl-
vidual cheracteristiecs of the instrument.

easurements depending upon the use of the human

eye 88 s natohing instrument ere always open o the
objection that the identity of the cbserver will have
some effect on the results. Horeover such measurenents
@Hﬁ elways tiring. These difficulties are overcome in

the photo-electrioc type of spectrdphotometer. ilere the
relative intensities of the two beams ave measured by
eonverting thelr ensrgies into electrie currenta by

use of s photo~eleotric cell, and measuring the magnitude

of the ouwrrents with a sensitive galvenometer, i
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longz as the ourryent produced by the photoowsll is s
straight-1line funetion of the intensity of the in@idegt
light, and the deflectlion of the galvanometer is a
stralght-line function of the current, the method may
be used accurstely without resort to a rotating sector.
An additionsl advantage is that only one heam of light
is necessary (provided the souree osn be relied upon
as constant over short intervels of time) thus obviating
the necessity for bi-prisms and complicated optieal
sgystems. At a glven weve~length the bean i3 passzed
through the blank cell, and the reading on the galvano-
meter is taken. Then the solution call is pleced in the
beam, and the new reading observed. The tranmmitnanay
is given by the ratiec of the second reading do the first,
provided each reeding is corrected for the reading when
no light passes through the lnstrument., In practicc
the readings are repsated in a systemativ way, and the
averages are used to onleulate the tranemittency.

in instrument of this type was used in the present
investigation., 4 Brodhun roteting seotor being avellasble,
it was inaﬂ@g@ﬂa%ﬁﬁ in the ayﬁ%am, whieh gxaatiy incresed
the aeﬁvunaam@a and r&pi‘iﬁy of the méasureéments. When
the sestor is used, the procedure iz es follows. With
the aalmzianjﬁall‘iﬁ the ﬁéam, and the sector full open
{189 on scals), the galvanamwﬁﬁr reading is noted, Then
the solution aall is rayianad by the solvent cell, and
the sector opening is adjusted until the galvenozeter
reading Quplicates the first reading. The boems are



now “"matohed”, and the sector reading plves the percent
transmission.

& aaa&ﬁm y§ﬁ%ﬁéa1&‘ﬁam ussd, the chareteristies
of which had been #arerully studied, It was found that
the relatiemship batwaum cell current and 1ight 1ntansity
was very nmﬂrly but not quite a aﬂrmight linm. Thiﬁ is
the veesen that the ra&utin? sector waa uwﬁﬁ, ﬁﬁ a
ﬁtxaightﬂliﬁﬁ rolationship is WINOCESBRTY uaﬂer tk&&'
sondition.

The instrument used was very much more sensitive
in the red-orange reglon of the spectrum than in the
violet end, This was due to two causes: (1) the cesium
wé&lrinawmr 1s very mueh mﬂ@ﬁ sensitive to red rays
thsn to vidlet; end (2) the coiled-tungsten-~filement
source was mueh richer in red reys than inm violet,

By using & very narrow alit-width in the red region
and opening this as the vioclet end was ay@ruaﬁkeﬁ,
inequalities in sensitivity were partially adjusted.
Using a wider slit at the violet end 814 not materially
affest the results Leoause of variation in the width
of wave-lsngth band, sinee the dlepersion of the priem
was 50 mueh greater in the violet end than in the

red end that seleotion inm the violet end &1d not need
%0 he'#ery fine. The sensitivity in the violet end wms
further improved by using filters in this region

whieh removed the red and yellow rays frum the source.
This prevented “siray li@hﬁw:fwmm-falling_@u the photo-
cell and affecting the redings. iny absorption effect
of the Tilter was of course blanked out because the



£ilter wae uged in both the
golvent hean.

aolution beam and the

The spectrometer drum of the instrument was
‘ealibrated before use by means of a helium tube
exeited by % hi@??;wﬁ%aga alternating curvent., This
tube wms M ag the ﬁww of light, without any
ml‘ia or filtere in the gysten, and it was posslible
" %o fina the laeatiﬂa of a parﬁiﬂalar lins in the
emission spectrus of helimn by obt&ining the reading
#n the speetrometer drum where the photosell surrent
was at a maxirum, The correst wave-lengih of a mumber
of the helium lines was obtained from tables, and
compared with the spectrometer resdings. A ealibration
curve wes drawn end used to obtaln corresticns for

iihen Mtﬁmwﬁim of the transmittancy are made
et & number of swoeessive Bmve-lengths, the results may
be oherted and a curve drawn through the points. Sueh
a ourve is oalled en &mmim Gurve ‘m- Lttaney
curve scsording to the memner of charting. For Seasons
whieh will become apparent below, in indisator work it
is usually most convenient to plot ~log T againgt A.

The indiocator eonstant ean be obtsined Trom
apectrophotometric meesuresents as follows. The

tracemittansy curves for & given indlcator in the zame
sonsentration &t suwocessive pi values ‘cMm the
range of the indicator are obtained and plotted, At a
pH high enough %o assure that the indieator 1s entirely

21,
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in 3ts alkaline fornm, it will be found that there is
) w&r@n&n‘waWﬂwlamgah‘whara the tranamittaney is a
minimum (meximanm abm@rytiaa}w (This should be tested by
obiaining the curve at a atill hishey value anﬂ observing
that theru is no rurthar echange in thﬁ valuu af the ,
%rnaﬁn&t@dmay at that #ﬁ?ﬁﬁlﬂ%@ﬁh} ﬁ&ﬁ tzanﬂwittanwy |
inSex E, st this wave-length is ahvi@naly a eharas@&riatie
of the alkaline form only of the inéieator, since the
soid form 1m~n§% present, Yhen the p¥ of the solution is
lowered far enough to transform the indiostor ecmpletely
to its scld form, the minimum of the curve is at another,
uaualiy'mﬁdaly distant, wave-length. Here the absorbing
substance is the a0id fmrm only, and hence the Index Ky’
at this new wave-length 15 a eharscteristie of the
acid form. it any interuediate pil both forms ere present,
but tﬁa rrmatianmi amount of the alkaline form present
should be equal to the ratio %ﬁ, where Ky is the value
of the index st weve-length ) and at the p¥ in question,
while K, is the index at thls wave-lengih and at the p¥
where the indleator iz fully irn ite slkalime form, These
indices neoed not be aalﬁu&aﬁaa, sinee they arye propordiondl
to —log Ty in each case, and the ratio is the guantity
involved. Kow the fractional amount of the form prosent
i just «, the degree of golor transformation, so that
a means 1s at hand of findling « at a given pi from the
spectrophotometrie data.

4% the same pi In guestion the fraetional amov

of the seld fornm presdent oan de found in exmotly the
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family of ourves obtained by the speotrophotometer
provides a eonfirmetion of the theory of indicator
action used, The ourves all intersect st the same point--
within the limits of eorror. Ths probablility of the
ogourence of §a&, an "iscbestio gwﬁaaua would be wvery
low indeod unless two "eolored” substances, and two
only, are preaent in the solution and ohange of pi has
the effect of trancforming one of these into the other.
In faot, the relatlonship between the isobestlis point
and the theory used 1s such that wu,mu.ww.p makes the
following remark:

e b CEET 200 acentie, Polet, thouie

should be modified, and that, in the spestrophotom

netric method....0urves thaet 4o not conform %o
the isobestie point are to bhe avoided.




EXPBRIMNENTAL WORK

Preparation and Stendardizetion of Buffer Siolutions.
The bduffer solutions used were the stendard nixtures of
Clark and Lubs«ls Those consist of the following
mixbures: potassiws asid phthalate and L), potassium
aqid phthalate and HHaCH, primery potassium acld phosphsate
and Nell, and boric socld, KC1 and Mall. They cover the
range from pH 2.2 to 10,0 in stops of 0.2, Elaborate
purificantion of the selts used was not underteken in this
worki instead the C. P, salts were used as such and the
finel p¥ of esoh individual buffer was carefully neasured
potentiometrioally. 4 quinhydrone electrode wee used for
measurements below pll 8,0 and a hydrogen electrode for
the rest. All of the meesurements were made 1in ¢ thermostat
at 25° £ 0.03°. Tadble I Jives the results of these

measurexsents.
Table I
pi's of Stendard Buffer Wixtures.

Intended Leasured Intended Heasured Intended leasured
pii pH : pH pH pH i
Bath 2,40 4.8 4,76 T8 7el5
gq'ﬁ 2.% ﬁdﬁ 4096 7'4 ?Qm
2.8 2.68 S.8 S.186 7.6 7.8
3.2 320 5.8 5.55 8.0 7.98
30& %n@ 50& ‘ 5'79 3.% ﬁ,ﬁ&
Gelh $.89 8,0 B.85 B4 8,24
Ge8 3.80 Cel - 6,15 8.6 B.44
4,0 3,99 Oed 6.35
&c‘i 4-0:5‘5 6."3 60 '!’5/

4.6 4.57 7.0 D498
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ion of Indieator Steek Selutions. The
inﬁiaatar ocmpounds prepared by larden had been preserved
in small gless-stoppered bottles and were used without
further pmwification. 40 milligrems of each dye were
- ground in a morter with sufficient 0.01 N NaOK to form
~m'mixtﬁx® vag diluted
to 100 se, Thim gave & stock solution of each indicator

at 0.,04% oonsentration.

Preparation of indiwidunl
of sach buffer used in & series wss added 1 ce, of
stoek indicator solution, In cese it weas found dy trisl

that the resulting solution was too deep in color for
satisfactory spectrophotometrlc work, 1t was diluted
1:1 with more of the bMuffer selutlon, or occcaslonally
with distilled weter. This method of varying the depth
of solor of the solutions wes found more convenient

than ehanging the length of the tube used in the speotro-
photomster. Thus the tube length was uniformly 40.0 rm.,
but the concentration was 0.001% for six of the indieators
and 0,0088for the seventh.

The pH range covered for each of the indlicetor
series wes determined experimentally by making up the
series to at least one step beyond the point where no
Turther oolor change was visible to the eye &n both the
scid and the alkaline side.

wore made on the photo-electric speostrophotometer as
indicated in the theoretical section of this peper.
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be acourate to 0,02 pH unit,

Table IV
Indicator Constants

Indientor PE
Tetrabromophenoltetrachlorosul phonphthalelin S50
Tetrabromophenoletrabromoselphonphthalelin 3.58
BAbrono-orthosresoltetrachlorcaulphonphthalein H.64
Phaméltetrachlorosulphonphthalein 7.04
Fhenoltetrabromosulphonphthalein 7 .03

Orthooresoltetrachlorosul

pho

oupbthalelin 751
B TGROS &§Mm

hthalein 7«53

biscuseion of Results. The results bring out the
interesting fact that the nature of the halogen atoms
sttached to the sulphobengocie acid part of the molecule
apparently makes no ¢bservadle difference in indioestor
behavior, Thig faet is emphasized in Figure 8, where
one curve seyves for a palr of indleoators in each of the
thiee ocsses where sorresponding palrs were studied. This
bvehavior was noted by larden when he measured the
indloetor ea of these substancges,

Iisrden observed thet for a glven palr of indioutors,
those containing ehlorine in the sulphobenzole asid
nucleus had slightly less tinetorisl strength than the
corresponding bromo- goumpounds. The reverse was found in
this work in two of the three cases, as oan be seen
by eomparing coryesponding transmittancles in Figures
1 to 7. It should be noted, however, that the difference
in tinetorisl stirength ig2 smalle-to the sye much sua
than to the spestrophotuameter,

ler

S50.



. gomparison of the indiostor gonstants of these
new sulphonphthalelins with those of the corresponding
compounds without halogen in the sulphobenzole acid
nueleus shows thst the Tormer are slightly more acld,
the 4ifference in indicator constant ranging from 0,5
to 0,9 pi unit.



37.

JINMARY aMB COHCLUSICH

The pH reange and Indicstor Constants of seven
honphthelelins csontsining
halogen atteched to the sulphobensole seld part of the
molecule have heen neasured by mesns of & photo~electric
spestrophotometer. The resulis are swmerized below.

members of a series of sulp

Indloator Gone, (%) % m a&m =1 wmmmm PE
Tetrabromophencl~ 0.001 —~

tetrachloro~ Yellow-greaen-blue

sulphonphthaleln 440mp., 810mp, 2.8-4.4 3.56
Tetrabromophenol-

tetrabromo~ Yellow-green-blue

sulphonphthalein 0,002 440 810 Labud,d4 3,56
Dibrono=-o-0resol-

tetrachloro- ;

sulphonphthelesin 0.001 %@MWMﬁrmﬁﬁawmwwﬂa 4.8-8.6 5,64
Phenoltetrabromo- Yellow~violet .

sulphonphthalein 0,001 &35 576 5a8uT.7 7,08
Phenoltetrachloro- Yellow-violet

sulphonph¥helein G,.,001 435 575 DBV .7 704
o=-Crosolitatraochloro-

sulphonphthalein 0,001 ﬁwmwwagrﬁﬁwwwa G838 7.5k
o~-Lresoltetrab Yellow-purple

Qﬂﬂ%ﬂﬁﬁ%ﬁ&ﬁ@?ﬂwﬁ Qsﬁmw 430 590 G4 5=B8.8 T.53
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