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ABETRACT

The purpose of this resesrch wes to derive, on &
theoretical basis, e correlation between the ultraviolet

absorption spectrs and the molocular structure of benzotriszole.

The ultravioclet spectra of buffered aqueous solutions of
benzotriezole at numercus pH values from strong acid to stromg
base have been determined with & Model DU Beckmsn Spectroe
photometer, and an attempt hes beon made to gorrelate these
spectrs with the moleculer structure of the compound.

A8 & check on the validity of the theory proposed in
correlating the ebsorption spectre with the molecular structure,
the kytetra of 5,(8)- chlorobenzotriazole huve been determined
under the same conditions snd compared with the spectra
predicted on the basis of the proposed theory for the
5,(8)~ ehloro derivative.

Further minor evidence, not related to the absorption
"spectrs, ls also presented which, in part, substentiectes the

proposed theory.



ROTE

The reader will note thzt in the following introductory
remarks the term "light" is usad in 2 loose sense to refer not
only to those electromsgnetic radistions shich ere respounsible
for the sensation of visible color but alse to all sueh
rediations in the nesr-ultreviolet snd infre-red regions of
the spectrum. The author feels thet such usage is justified
on the grounds thet it is easslier to comprehend the general |
phenomenon of "light" sbsorption when 1t is approsched first
from the point of view of those intersctions whieh lesd to
resdily observable results than when it is spprosched from
an opposite point of view. It 1s essler for one tu understand
& pbhenomenon 1 it sppesls directiy tavthﬁ phiysicel senses
ratier than indireetly. Once the basic ides is uhderstaod, it
may recdily be transferred to those situstions which dewsnd
the use of instrusental methods. The phenomenon of "iight
abserption is perfectly genersl ia sny region of the slectro-
magnetlic spectrum; the oniy difference involved being one in
tue megnitude of the emergy trensitions,



INTRODUCTION

it is not &t all surprising thet men, endowed with an
active curiosity, should heve attampted to discover why eértain
substances in his enviorment possess eolor snd others &0 not.
ALl about him sre naturets colorful displays; ranging fromw
certain sznds and rocks to the myrisd colors of autumn foliasge,
Wnat 1s 1%, he must heve wondersd, that csuses some substences
to appear brightly colored and others to be completely devoid
of any color at alli? And of the meny cclored substences, why
are some red, others groen or blue, and still others intermediste
in shade?

These end related questions have besn the source of
exhsustive study and investigation thrcughout the history of
seientific endesvour. Only comparetively recently, howevar,
with the sdvent of guantum mechanies s#nd the thsory of resonsnce,
has man been sble to answer these guestions with any reci
feeility. Even &t his present state of learning, many of the
answers he hes devised sre ewpirical at best, and he is spperente
iy still s long way from fuily undarstgnding the realliy funda-
mental reasons underiying the cause of color.



INTRODUCTION (cont.)

¥uch work remains to be done before it wiil be posslblé
to predict snd fully explein ecolor in the materiel substances
about us, but eventually, through the fusion of empiricsl and
theoretical deta, we shall find the snswer to our questions,

It is hoped, then, thet the work reported herein will
ve a true contribution, &nd in some smaell way sld in furthering
our general knowledge of the relationship between color snd
chemical constitution, If, however, this‘ean&rihutes no ®wore
then hithertc unpublished absorption dete, the work will heve
been Justified in thet it haes edded to the bulk of empirical
data on the phenomsuon of lLight esbscerption; thus placling us

one step closer to our ultimate goul.




HISTURICAL

It was early recognized thet certsin puysical properties
of substances ere intimetely relsted to their molecular structure
&nd not aerely to their ph&sieul stete of sggregation, For
exsmple, crystaliine quartz exhibits the phencmencn of optical
rotation, but quartz in a nun-cryst&ilxnu form feils to do 80,
Clearly then, the ecrystal itseli and pot the individual quarts

molecules must be responsible for the obsarved sctivity.

As esrly as 1815 - 1817, nowever, Biot (1,2,3) discovered
that certein orgsenle compounds exhibit opticel asetivity not
only in their solid states but in thelir liguid and geseous
states as well, Clearly then, in bthis cass, the observed zetivity
must be due to svwme inherent property of the iuaivi&u&l moleculas
thepselves and not werely ©o tneir physicel errangesent in sny

particular state,

Similar consiqerations have likewise Desn found to exist
in the puenomenon of light sbsorption. Miiier (4), for exeuple,
writing in 1864 on his wessurements of absofptian in the ultree
violet region, stetes, "The most interesting fect, bowsver,
disclosed by these verious experisents ls the persistance of
elther the disctinie or tne sbsorbent property in the compound
whatever be its physicel state- '



HISTORICAL (cont.)

& clrcumstance which proves thet the property under exemination
i3 intimagely connected with the gtomic or molecular nazturs of
the body, and not merely with its state of aggregetion.t

A purticulsr substence appesrs colored becsuse it sbsorbs
from the white light illumineting it ail but & few of thy wave-
dengths which go together to mske up the white light. These
relatively few wavelengbths not being sbsorbad produce the
sensetlion of color upon reuaching the ays, The fact thet 2 given
substanee 18, say, red pesns merely thet it is sbsorbing the
blue, green, and yellow components of the wnlte light and
taflecting (or trapsmitting) the red component; tast is, ﬁna.
red component is the left-over guentity foilowing the intersction
of the substence with the light ilncident upoa it. It should be
evident that the red or refiected component 1s of little
interest in theoretical considerstions, for, a&s indicated above,
it is merely & left-over guantity, The components of interest
are clesrly those thet suffer ahsorptian by the particulsr
substance; and the guestion of foremost interest is why theose
particuler components are absorbasd, In'other words, some funds—
mental resson sust exist which explaine why certain substences

absorb light selectively and others do not.




HISTORICAL (cont,)

It is of interest to note thet the first report of the
existence of & relstionship between color and molecular structure
wes herelded in the first voluwe of the famous Germen Jjournel

Berichte der Deutschen Chemischen Gesellschaft (5,6). Shortly

thereafter, Witt (5,7) presented to the world his theory of
chromophores end suxochromes, While it is perfectly true tnat
his theory wes entirely empirical, it was nonetheless velid and
useful. Today, seventy-four years later, it is every bit es

true and useful &s it was when first presented.

Briefly, Witt postuleted that in order for a substance to
possess color it must contain certain charscteristic unsaturated
groups, which he called chromophiores. Representative of the
class egre the cerbon - carbon double bond, the nitrogsn - oxygen
double bond, etc. He further postulsted that the color of
compounds conteining such groups was intensified by the presence
of other groups, which he csllied suxochromes, such as -OH,

~-Ni;, ete.

In the years thet followed, Hartiey, Bely, Heari and others
(5,8), working with the repidly sccumulating bulk of absurption
spectral date, attempted TO correlate the absorption spectra

with the chemleca. constitutlon of the absorbing compounds,



BISTORICAL (cont.)

In sddition to Witt's theory, it wes soon discovered, {or example,
thet similer structures had similer absorption spectra, Thus it
was found that all simple Ketones and aldehydes exhibit absorption
peaks, churacteristic of the cerbunyl group, in the ssme general
region of the spectrum (the nesr ultraviolet). With observations
such &8s these in mind, Henri (8) extended Witt's definition of a
chromophore to luciude any group which produces a cheracteristic
absorption peak in any region of the spectrum - not only in the
visible, but the ultraviolet and infre-red &s well.

Following the initial periods of experimentetion in the
field of light sbsorption, wherein meny empirical relstions
were observed and noted, several theories were proposad to
account for the phenomenon. Amongst the eariiest of these was
the belief azdvanced by Hertly (5,8) that the sbsorption wss
cheracteristic of the parent compound snd was mersely sltered
by‘the presence of substituent groups on the parent; thet is,
the parent compound responsible for the absorption retained its

identity from one situstion to another,

Contrary to Hartley's beliel, however, &nd representative
of modern theory, the theories of Baiy (5,10), Ksuffmenn (5,11),
end Hentzsch (5,12) embodied the genersl principle thet color
(light sbsorption) is due to valiency chenges in & particular

molecule (5).



HISTORICAL (eont.)

The similarity of certain of these theories to wmodern theory
(based on quantum mechanics and the theory of resonance) is
indead remarkable, Hantzsch (5,12), for exsmple, "attributed
color to changes in the distribution of affinity without
accompanying changes in the relative positions of atoms, B

phenomenion whieh he calied vaiency isomerism.®

During this sawe period the belief was also sdvanced
(Baeysr -~ 5,13) that color in certain compounds is csused by &

tautomeric shift of some particular atow in the compound.

Apparently Campbell (5,14) wes the first to sttribute the
phenomenon of light absorption to vibrating elsetrons. His
stand was later championed by both Lewis (5,15) and Wells (5,16).

The theory of light sbsorption as we know it today was
probably conceived by Bury (17) in 1885. In his now well known
paper he made the first attempt to explain color ( - of certain
organic dyes) by a combinstion of Witt's theory of suxechromes
and the theory of resonsnce (17a). In brief, he showed how the
presence of the suxochromic groups intioducea the possibility

for resonance in the wolecule,
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HISTORICAL (eont,)

The post-Bury period has yielded a great wealth of new
data and idess on the genersl subject. Probably the grestast
singls lmpetus to carry oubt research in the [isld campe in the
early 1940's in the form of the Beckmen Quartz Spectrophotometer
(18) - & versatile, ressonebly priced instrument of high
precision and accuracy, yet simple snough tu be opersted by s
reletively unsklllied operastor. This one instrument wust be
credited for the majority of the work done in the field in thls
country in recent years. It has made possible the extensive
application of the methods of light abscrption in both the
visible snd ultraviolet regions, and through such epplication
has greatly expsnded the bulk of available informstion on the

general subject.

It would be out of place in &« paper of this sort to attempt
to develop further the histury of such & brozd fiesld of
endesvour. It is hoped thet the sbove gives a reasonsbly

representative and sccurate pleture of the field ss & whole,

For further and more deteiled inforwation, the reader is
referred to the many excellient and luteresting reviews oun the

subject which have appesred in recent yeers (5,18,20, and others),



THEORY

As indicated previously, the generally accepted view held
today is that light absorption is intimetely relsuted to electron
oscillations within & perticulsr absorbding molecule.

Specificelly, it is believed that the sbsorption of electiro-
megnetic radistion ceuses the stom or wolecule to underygo
certein energy trensitions; that is, the energy of the sbsorbed
radistion incresses the energy of the absorbing species sbove
its normel or ground state energy. The Bohr equation tells us
that the difference in energy betwesn the ground and excited
states is proporticnal to the {regquency of the radistion
absorbsd: B, - B, = hY , whereV is the frequency, h the
Planck constent, and E, and El the energies of the ground and
excited states, respéctively. (Nota that the excited state is
the state resulting upon the absorption of energy by the stom

or molecule,)

We are now in & position to ask Just what happens when an
atom or molecule passes from its ground state into an excited
staete. Tha answer in the csse of individual atoms 1is quite
simple; ths absordbad anergy Causss certain electrons in the stow
to wove f{rom their normal energy levals to levals of higher
energy. Sinecs such transitions are restriet:d according to the
principles of quantum mechsnics, only & definite number of

discrete excited states are possible for sny given atom,



PHEORY (eont,)

When desling with & simple monstomic substance, composed of e
tremendous number of individuel stoms, ell of the possible
iransitions are observed simultensously; that is, sowme of the
individusl stoms will undergo ons of the possible transitions,
others & second, still others &« third, ete. The net result, of
course, is an instentenscus sppearance of all the excited states.
The observed result is the familisr snd cherscteristic line

sp ectrum -~ esch line of which corresponds to & single energy

gransition,

The znswer in the case of even bhe siwplest polyatoulc
molecule is, however, wuch more complicated thsu that given
above for sn individusl atun; Hot only are the sswe relistivs
electronic transitions possible, but slso, associeted with 2&ch,
certain rotstional and vibretional transitions. The ensrgies
required for the latter twe are of & much smaller magnitude
then those recuired for the former. Meny rotational and
vibrational transitions will therefore scecompany each electronic
transition. This résults in a series of lines very closs
together; many of which are so closs ahét existing disperazing
instruments are unable to seéarate them. Ths spsctrum; for this

reeson, is known as & band spectrum.
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THEORY (cont.)

 Heving thus considered the fundamentel aspects of the theory
of light szbsorption, we mey now take up & specific cases
ebsorption by orgsnic compounds, The following presupposes the
reader to be familier with the general principles of the theory

of resonance,

The organic compound sthylene sppesrs colorless in the
visible region of the spectrum, but when exsmined in the ultrs-
violet region it reveals a definite absorption peax at &yproxi-
metely 180 mwu. (2l). No such behavior ls exiibited by cospounds
such as ethane, pentune, hexene, ete. (the satursted Lydro-
corbons), We must conclude, then, thet color and unssturstion
are somebow intimetely relsated. In the light of modera rescnance

theory, the explenstion is quite simple.

From the wavelength position of the absorption pesk we see
that, relatively speeking, the energles invoived are ratisr
great (thst is, the frequenciss corresponding to such reletively
low wavelengths sre large). Aeccording to the Bour relation,
this meens thst the difference in snergy between the ground and
excited states wust ba raletlively graat. Such mey indesd be

shown to be the case if we consider resonence in the wolecule.



THEORY (conte)

~ We mey conveniently picture the ground stets of the
ethylens wolecule es having structure I, below. The possibilities
for resonence permit structures II snd III plus contributions
from other resonance hybrids of these two for the excited states
(82, p. 147). Since relatively great energies sre necessery to
meintain & cherge sepsration, the energy of the excitsd stete
is necessarily wuch grester than that of the ground stete; that

is, the ground state ls fer wore stabie then the excited state,

I. HgCiiCHy  II. HGrs B,  III. HQ 110K,

The above explains the absorption of ethylenic compounds,
out does not indicate why such sbsorption is cherscteristic of
unsaturated and not of sstursted compounds. The answer to this
aspect of the general guestion lies in the nature of the bvonde

ing ele¢trons in the two types of compounds,

In the case of the unsaturated compounds, one pair of the
four bonding electrons of the unsstureted linksge is comsidered
less rigidly fixed in position than the other palr; thet is, one
of the two pairs is reletively free or mobils. (Such electron
pairs are often referred to &s "unssturstion", "mobile", or

"pi" electrons). (21, p. 108-089).



 PHEORY (eont,)

These mobile electronz sre easily displaced by energies of the
meguitude corresponding to alesctromagnetic radistions of the
uitraviolet ragion of the spectrum; thus lesding to axcited

states sueh as postulated sbova for ethylene,

The saturcted hydrocerbons possess uo such moblile electrons,
howaver, and sre thus unsble (upon interaction with smergiss of
the mugnitude coasidersd) to yield corresponding exeited statos.
Thay therefore show no elesetronic sbsorptio& speotrs in sny

essily accessable renge of the ultrsviolst region,

In conelusion, let us consider the absorption of butadiene

&8 representative of conjugsted unsatursted compounds.

¥neress 1t ls observed that & compound such 88 pentadisne~
1,4 (contalning two isolated unsaturated linkeges) absorbs in
the same genersl region of the spectrum ss ethylens (but with
the magnituds of zbsorption about twice thet for e single
unsatursted linkage) (e.g. 21, p. Ll2-13); 1t is found that
butadiene sbsorbs at relat&vgly wuch grester wavelengths
(approximetely 217 mmu.) (21, p. 1l4). The Bonr eguation teils
us in this cese, then, thst the difference in energy betwoen
the ground and excited stotes must be relstively less thep in
the cese of ethylene; thet is, the excited stutes must somehow
be stebilized relative to the ground stute, Resonence theory

gives us the answer,



ig
THREORY (cout.)

If we picture the ground stete of the bdutsediene molecule
&8 Boving structure I, the excited states, corresponding to
thogse dresn for ethylene, are represented by II snd III plua
contributions from other resvnsnce hybrids of these two., (22, p.l48),
In addition, however, one further resonsnce structure msy be
drewn: IV, in which the dotted line represents & forwsl bond.
Eesonence theory tells us thet the esnergy differsnce vetween
these two stetes is lmdeed smeller than the corresponding
energy differsnce in the cese of the ethylene molecule; and that,
therefore, the absorption peak should be locatéd #t & reletively

greater wavaelength.

* ”
e BQCz:C’imﬁ:aCE&& 15 HBC ucmnm:ﬂz

* -
;& HECxCHztGE:CBQ v, BﬁQzCﬁtzﬁﬁjgﬂk

Por & more detalled and cempieta secount, the reasder is
egain referred to existing texts, srticles, snd reviews,
(8‘3‘, 17, 80,23’,2&’29'6'19’21'25)27’28) -
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THEORY (eont.)
Part Two

The fundamentsl lew of ebsorption photowetry, the Beer-
Lembert lsw, relztes the fraotion of the incident light absorbed
to the number of absorbing wolecules present in the peth of the
light beem (e.g. 21, p. 107). Methemsticelly steted;

di/I = -Kdn

where I 1s the intensity of light, K a proportionslity

constent, and n the nuwber of moisculss.
Integrating vetwesn tue linits IQ - § end C - n3
In 1/I, = -Kn or log I /1 = k'

At constant tempersture, the number of molecules is
determined by the concentration end the amount of absorbing
meterial present (that is, the lengtu of peth through the
asbsorbing wedium). The law msy then be steted in its ususl
working form:

log I/ = kel

where ¢ is the councentration and 1 is the length of path.




THEORY (eunt.)

Part Two

The logerithw term is given the newme optical density,
extinction, or sbsorbancy; snd the corresponding symbols
b, &, or Aa. The latter term is & part of tiue new terminology
in use by the National Buresu of Stenderds. (20). Throughout
the present work, the former term will be used. '

The units of the proportionality constent ere elesrly
dependent on the units chpsen for the concentrstion and rath
length, (Eincs we srs here concermed only with sbsorption in
sclution, the path length corresponds to the inside dimension
of the cell used to held the solution, end will heresfter be
referred to simply as the ceil length.)

Almost without exesption the centimetar is chas&n‘as the
unit of cell length, but no such uniforsity of ussgs 1s true
regerding the units of concesmtrstion. imong ths several
possibllities, two of the wors widely used ure the gres par
diter and the gram mole per liter, The latter is, of course, the

wore fundswentel and willi b2 used iun the present work,

The proportionelity coastant iz numericeliy equel to ths
density of & sclution of unit conceatrativn contained in & aell
, of unit lengti. I the centimeter and the grem per Liter are
chosen as the units of celi length and concentrstiovn respectively,
the proportionality constent is given the symbol k or Bg &nd 1s
known as the specific extinctlia coellicient or the sbsorbancy
index,
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THEORT (eont.)
Part Two

If the centimeter and the gram mole per liter are chosen
&8 the units, the proportionsliity constant is glven the symbol
€ Or s, and is Enown as the malar.sxtinctiun coalliclent or
the moler susorbency index, (In both cases the lstier expressions
are from the Nationel Buresu of Btandards tarmlnology).

Historicaliy, it is of interest to note that the funds-
mental law wes not darived as & unit as pressnted abdbove, bdut in
tw#o parts:; Lambertts lsw (31,38), which relstes sbsorption to
the length of path through an howogeneous medium (succussive
layers of equul thickness absorb equsl fractions of the redistion

‘at constant wavelength); end Beerts law (32,34), which reletes

absorption to the concentration of sbsorbing meaterisl st
eonstant cell lemgth. The two laws sre essily combinsd to give

the final fundamentsl law as slready presentad,

- There are no known exceptions to Lambertts lew, but oftsn
Beerts law does not hold (thst is, density does mot alwsys vary
linearly with apperent comcentrstion st constsnt csll length),
It-is now generally sccepted, however, thst devistions from
Beerts law result only when thers is & change in the nature of
the absorbing species (through dissociation, sssociction, ete.);

~ that is, as long &5 the nature of the absorbing molaculss
remains the ssme, Beer's law is strictly followed,
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EXPERLNSRTAL PART

Appareatus.

The spectrs were dstermined with a Kodel DU Beckuman
Spectrophotometer (18), Serial No. 3210, equipped for ultra-

viclet messuramsnt.

The sensitivity control of the instrument was set at its
counterclockwise limit (winiouwm sensitivity) for all determine-
stions, thus sllowing messurements to be mede down to 210 mmu,
wavelongth. 81lit widehs varied from spproximately 1.6 to 0.7 am.,
as the extreme limits, Except st the lower wevslengihs (210-220,
spproximetely), the asversge slit width used was in the range
0.5 to 0,3 mw. (This corresponds to s nominal band width (38)
isolated of 1.0 0.2 miu,).

in no instsnee wors resdings teken &% wavelsngth intarvels
grester than 5 mmu, Near the regions of main intersst readings
wore taken overy 2 meu., end in the lsmedliste vielnity of the
hqxiaa end minime peadings were teken a2t 1 mmu, intervals.

The cells used were mstohed, fused-silica celis of sjuare

eross-section; 10 me.? Q.01 wue on the inslde.

The pH of all buffer solutions wss checked with & Model @
Beckman pH Meter,

¥elting point determinations were made with ¢ simple Thiele
tube appsratus ceiibrated st variocus imvervals with compounds of
known purity snd melting points,
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EXPERIECH2AL PAKD (cont,)

Calibration of the Appsratus,

The spectrophotometer wes checked end eslibreted sgsinst

the hydrogenx -line (658.3 wmu.) approximetely once & wonth,

A complete wavelength - density test spectrum of standerd
ehrosute solution (B38) wes run approxisstely every two montis.
In ail cuses, it was found thet sceurste and reproducibie results
were obtalined for both wevelengti snd density veliuss over the A

renge 210-500 wwu.

The pH meter wes checked end cslibrated periodically with
Hationsl Teclmical Leboretories cuncentreted buffer solution
(1:28) «t pH 7.0. Yhen soliutions of bigh or iow pH were to be
geasured (graatar thwn PE 10 or less Lhsn pH 2), the meter was
calibrated sgainst Natlionel Technicsl Leborstoriss buffer
golutions of pH 10.0 or pH 2.0; sinece it wes found that &
discrepency of & few tenths of & pH unit was introduced in the
ends of the scanle il culibration wes made in the midile of the
seale (at pH 7).



EXPERIMENTAL PART (cont.)

Preparation of the Compounds.
1. Benzotriazocle

The material used was obtailned by benzene extraction from
4 photograpnic anti-foggant, "Orthazite", distributed by the
Edwal Laboratories and purchased from & retail photograpinie
desler. Apparently the benzotriazole was present &s a2 mechanical

mixture with & benzene-insoluble residue of unknown composition.

After extraction the meaterial was recrystalliized from
benzene solution until & reascnably sherp melting point compound
was obtained. The melting point of the final white product,
after drying in vacuo at 77° C, was 98-98° ¢ (corr.)

2. 5,(8)~Chlorobenzotriazole

The chloro-derivative wes synthesized frow 4-chloro-o-
phenylenediamine (Bestmen Pract.) by diszotizing and self-
coupling, sccording to the procedure of Damschroder and Peterson
(37) for the synthesis of benzotriazole from o-phenylenedismine
(87,88).

The crude yield was recrystallized from xylene., After
drying in vacuo at 100° C, the final white produet melted st
156-157° ¢ (corr.).
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EXPERIMENTAL PART (cvont.)

Preparation of Solutions.

Solution concentrations used for both the parent compound
‘end the chloro-derivative varied between 10 and 15 wg. per liter.
The reference liquid used in every determinstion was frow the

sewe butch of solvent thet wes uged to make the solutiuvn.

Because of the extremely limited golubility of the chloro-
derivative in aqueous solvents, L1t was found necessary (for
rassons of ease and sconowy In the tiwe of preparation of
solutions) to dissolve the semples im 2 ml. of stock ethanol
before sttewpting to schieve sn agueocus solution., The presence

of even sucn small ethenol coneentratioualw&s sufficlent to hold

the samples in solution.

Beceuse of the presence of the etuenol In the finei sevlutions,

& solvent effect on the spectrs wes possible. In order to
determine this effect, if any, & solution was prepared sccording
to the procedure outlined sbove sand checked sgeinst a solution
of the chloro-derivative in pure aguecus solvent (pH 7.0 buffaer
in both cases). ldenticel mﬁlgr extinetion coefficient values
(well within the renge of experimental ercor) were obtained for
both solutions &t like wavelengths over the renge 210-300 smu,



EXPERIMENTAL PART (cont.)
Buffer Solutions.

It was found luposaible tu obtain & single seriés of wuffers
~whieh were sulteble lor the present uﬁe over the entire pH range.
The main difficulty is that the bulfer necessarily has to be
free of ultreviolet-absorbling waterisls in order not to interfere
with or mask completely the absorpticn of the material being

studied.

The Clark snd Ludbs buffers (89,40) were found ideally
suited as solvents, bowever; except in the rangs pH 2.0 to
pH 6,0. (In this region the buffer solution is made with &
biphthalate sslt, which csuses the soluticn to becowme opaque
below epproxisately 300 wmu.). 3¢ran5§n's giyeine - hydrochloric
seid buffers (41,48) were found tu possess the necessery
transparency in the region not covared by the Clark and Lubs
buffers, and were therafore used; zlthough thsy presented
gdditional diffioultlies in that they provs thewseives excellient
media for the growth of fungi.




EXPERIMENTAL PART {cont,)
Temperature Bffects.

All detarminationg were made at room temperature., The extrenme
varistions in temperaturs encountered wers 17° C and 28° C,
=X

In the mein, howevar, temperature [{lucuations were confined to

the region 20-25° C.

The spectre determinsd at the temperature exiremes wors
subsequently rechecked at 20-25° C in order to determine if
there were any temperature eifects on the spectrs in the normal
tempsrature rangs encounterad. No apparant deviations resulting

from temperature fiucuations were deteetsd in any case,.
Solvent IZIffect.

The effact of solvents of varying polsrity on the spectra

was found to be in accordance with previous observations recorded

‘r@r the solvent effeet (23,43). It is resdily spparent (see

curves on next page) thaet on passing from poler to nannpolaf
solvents tiw spectrs exhibit e genecral hypsochrowic (24, p. 814)
shift aeeonpsu&cﬂ by & noticesble lucrease in the resolution

of the fine structure. (8ee elsv 21, p. 109).
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EXPERIMENTAL PART (cont.)

Potentiometric Titrations.

It was felt that potentiometric titration curves might
yield useful informstion regarding the pH ranges wherein
significant chsnges in the structurs of the compounds occur.

The following potentiometric titration curves indecd show polints
of inflection, but, &s will be shown presentiy, the pH reg.ons
of these inflection points do not correlate at sll well with

the pH reglons in which the sbsorption spectra changs
significsntly. No explanstion of tils observation is offered,
except for the general thought thet it points to the conclusion
that sbsorption spectra afford & worse sensitive messure of

structural chenge then do potentiometric titrations.

The potentiometric titration curves do, however, lndicste
that & chenge in the structure of the compounds does oeccur with

& change in pH.
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EXPERIKEENTAL RESULTS.

With the foregoing inforpetion &t hend, it was decided to
determine the absorption spectrs in neutral, scidic, and basic
solutions in order to learn Just how significantly the spectrs
varied with pH., If significant changes were noted, additional
spectra could be run at intermediate pH's to complete the
spectrophotometric titration. Such indeed turned out to be the

Case.

The following curves represent the absorption of banzo-
triazole and §,(8)-chlorobenzotriazule in buffered aqueous
sclutions ranging from strung scid to strong base. In all caszes
the moler extinetion coefficient is plotied against the wave-

length.
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 EXPERIKENTAL RESULTS (cont,)
Analysis of the Hydrochloride of Benzotriszole,

The nhydrochloride was preparsed by bubbling hydrogen cihloride
through sn etheresl solution of benzotriszoie (44). The solution
lmmedistely beceame cloudy snd then slowly precipitated long,
colorless needles of the hydrocnloride. The needles were 1solated,
washed, recrystallized, and asnelyzed to determine the number of

woles of HCL associated with esch moule of the perent compound,

Inasmpuch &s benzotriszole forms a silver salt, it was
impossible to comduct the analysis by silver nitreate precipitation,
As an alternate mesns, cation exchange wes employed- & method

whieh proved highly effsctive,

An squeous solution of the hydrochloride was weshed through
& column of "Zeo-Karb", a sulfonsted coal product of the Permutit
Co., and the efiluent titrated with standerd base. Within ths
limits of experimental error, the results of the suslysis showed

the compound to be the wono-hydrochloride.

able
Calc. equivs. (for wono-HCl) wev-e 8,43 x 1074
Determined «-w-we B.2 W
6,30 "

AVerage ——--—- G6.28 *



EXPERIMENTAL RESULTS (cont,)
Determinstion of pK.

hdecording to Brode und others (39, p. 61;45,46,47), it is
Possible to determine both pKa end pr of & compound from infor-
mation of the type Just presentsd; sbsorption spectra for the

compound in buffersd solutions of varyiug pH veiues,.

The following curves were obtained by plotting ageinst pH
the molar extinctiou coefficients of the second (higher wave-
length) maximum of the absorption spectra at various pHYs, The
PK 1s egual to the pH at which the meler sxtinetion coefficient

is midwsy between its upper and lower limits.

The pK velues may slso be obteined by calculstion from the

same general informstion (48):
pK = pH - log (x /1 =)

wherea = (€, = €,)/(€4 -~ €y). The subseripts m, i, enda refer
respectively to ths molar extinction coeflicients at a given
wavelength of the unionized or molecular form of the cowpound,
the ionized form, and & mixture of the two,

The calculated pK, of benzotriszole agrees nicely with the
graphically determined velue; but for ressons which thusfar have
escaped detection, the calculsted values of PEy of benzotriszole

&nd both pK's for the chloro-derivstive do not agree with the

graphicslly detsrmined values,

&5
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EXPERINENTAL RESULTS (cont,.)

The resder will no doubt wonder sbout the appurontly
fnomalous points in the pH range 2-4 on both of the proceding
Curves, While the author is st as wuch of & loss as ths reader
Yo explain the spparent snomely, he hss investigsted the follow-
ing possibilities end ruled them out as probabie ceusesg

1, Expsrimental error- Numerous determinstions sni re
determinations im the pH range concerned were run. In ail cases
there was no doubt but what the apperantly out-of-line points
were resl. Since the deviations could not be Justified on any
Teadily econceivable theoreticei bssis, it was felt thut they
Bust be caused by sowe axtranecus but unknown factor,

2. Time change due to oxidation or similar causes- 4
buffered squeous sample (pH 2.8) wes exsmined st ths wavelength
of the second maxiwum (274 mwu,) on successive days in order to
determine if density varied sppreeiebly with time., After four
days, the totel change (demsity decresse) wes not st sll
Slgnificent compared to the deviation of the appsrently anowslous
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