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n m i m m T io M

th m  'f i3 ? y  y a l m b l e  p r o p e r t i e s  © f  t h e  m lp t o o n *

plitliaXoiia® 'as indicator for tixe hydrogen 1«  Mrs
been rw o g & la & d  f m  m lo n g  tln o *  Ssp#@ ifilXy n in e *  th e

 „ vstudios of ̂ lark and l4*bs ^mpjriUmntod by thm
w rfc  o f  Q ohol# t M i' o f' Sms

enjoyed wide tmge in aotormina^i^ts" of hydr©g©n~t©t*
concentration * The sulphonphthsleins i h n w m  mroral 
advantage©' as indicator® war ®mm of tho other olaasas 
of m&%m%mmm wim&® color 1# oontaroULod by the hydrogen** 
ion ©©noontratlos* of the solution* Among than# advantages 
are ferllli&noo of ofi&aar* oaao of paNQNKmt&w .in m pure 
otato* and reliability*

lit  I f  IS  raoooododln ayntlio&inlng €1* and
ttts ft*  haloganatod ortbo-atilplioboimoio noldo and th e ir  

an h yd rite*, making poaalb l* the preparation o f -a sarido  

of anlphonphthaleina. baling four halogen atom# in the 
anlphoben&oio sold part of the wiomlo* The general 
formula, for the owpoiindo of tMs aeries is ae fellow t

and. &a aid# In the study and OiagxswiO of pathological

o H o where X to any halogen, and 
T any bo halogen, notbylt or 
h y d r o g e n *



c o n d i t i o n s *

ffee psm&mnt w&irk ia  a s iw tre p h o  terse t r io  in v e s tig a tio n  

o f th e  in d ic a to r  c h a r& c te r ls tie m o f seven o f th e  eo®pem ds 

and© by Ear&adu i*he s n ta ta iiM *  s tu d ie d  i» r®  as fa llo w s ; 

I?l^i^lt^t3?m 'teoi^0nlplionphtlisl#ln C Ffc«n03>4Br)
P h e n o l t o t r m o l i l o r o s u ip b o r ip l i t l i a l - e lB  { fp h s x i0 X **4 0 i)
©»Cr ©s oltetrabrmostxlplionplitlie, 1# in ' (o-̂ C resolHfcBr) 
o ^ c r e s Q l t e t m o h lo r o s i& p h o m p h t h & le in  { e ^ r # ® o l~ 4 G l )  
* f@ t r a b - r € i i0 p h o i : io l t e t r a b r 0 m o o t i lp h o B p ! i t b a lo I . s  { e ^ B r^ p h e n fiO L ^ B a r} 
T o t r m b y o i io p b a B O lt 'O t r a o b lo r o a m p h o n p h t lM i lo ln  ( 4 ~ 3 r*« p h e n © l~ 4 C  1 } 
M t e o m o ^ o ^ 0 r o s o x t 0 t r a 0 l i l c > r o ^ u lp l io i ip la t h a lo i i i  I U -B r -» o ^ o r© s o l* » 4 G l)

© o to m iim tio n  o f t hm S a lt S iro rs  am# P ro te in  J rrre rs  

o f %tm in d ic a to rs  wm.s mot undertaken#



3 .

Tmaama*& m m w m im

s* M i  papa* tbs ipord "ijsdloator*
is vm®& ia tli© mmmmfemt restricted mas© of an "aottebaa* 
isdlmtor** or* mom fully* a bydrosm"»laa. m m m t r s t i m
ia€i#a% or* la  M i  asm s* tbim* aa In d ica to r m y bo dsfim d  

as any im tetaw a ateas color is  sss trs llsa  by tbs byirogm * 

ion eoasantr&tioii o f its  ®m-wir®mmnt* Tte mmm s a tis lte tim  

■of tbs imqnlrmmmt o f tte  d a fl& lttm * hm tm w * is  not by 

mgr » a a s  a c rite rio n  as to  w te tte r or not a g iw n  substanas 

is  a good* o r oroa a s a tis fa c to ry * In d ica to r* M s  ©on** 
© ite ra tio n  is  sm baalm d by ssngMurLRg CXar$cf»^ gsnaral 
l is t  o f In d icators* abas* sm s 16b substansas ©lassod as 

laA im to rs  w o g l « i t w itli a aalsstsd l is t  o f ^gooi1* 
ind icators smelt as th a t o f wit© l is ts  S I sub*
staasss* or th a t o f C lark m i Late2* and Gotea^ a te  

l i s t  IS *

Tbs fo llo a la g  sh am etaris tiss  mrm possessed by a good
indicators

II) ffea Indicator m m t fea s s>sff3c molt or bass* s© 
tb s t Its  own io n isatio n  may not d isturb  tte  byteogpn^ion 

sossoatrstlon *hl*b is  te ing  masurad*
{2 } It m m t tern a bigb tinctorial sbrougtb* m  

tb s t only asry mall amounts of it mod to bo almd 
witli tbs solution muter iJtrostigmtlon*

( $) It sfemld mh&m m larigo sfesas* of color war m 

rs ls tlr s ly  abort rang# o f bydrasm »i0xi m xassatratlm *

Tbls o f s o u rs * stslcss for assmmsy is  a M fiu m a t*
(4 ) T te r* m a t b# a tto flig ibX # tin o -ls g  bstesstt



a aMiiga Im teydrogon îcm. aoaeenteatloai and t to  ocsnrospondtiig 

otoags to  t li#  solor o f t to  Ito la a to r* ¥&x m>mt lttdioator®  

M s  sMngs Is  p r& o tio a lly  Ijmtantansom®, t o t  t o  a nrator 

o f osass'aa ap$«toial& * tin s ' log to  obsoCTrad* fto  prssaas* 
o f tto  tim® lag  doss not to  its e lf  senstltvkts more %tom a 

r& tto r sorioin* is&Kravsmlanos | tot i t  to  o&aally found th a t 

d lffto s is t jntepatottona o f tto  sons IxxdJtotor m a r to rs  Tory 

d iffe re n t r a t e s  o f tm jsstform ttm * t o  w&i®ti m m m  t o o  

ta& lsator Is  jnmstAmXly wwiloaa fo r aoouriit# warit*
{5 } T to  solor ooaAltioa o f t to  ia& ioator mm% to  

topmAm&t upm  too to^ogoJo»loa ootosniratlom  alo.u^, 
Ito ls a to ra  utton© M ls o tilo * «r® vary largo and to u t to  fom  

oollo id& l aggrsgatos u s u a l l y  o i l !  vary to  color s lth  tto  

a ls o  o f  t to  a g g re g a te s * mm w e ll m  w itfe  'tiydr®g®m**l®ii 

oomaatratlGgu aim #® to o  a ls o  o f tto  aggragat® b dsps&ds 

a t loao t oosnsstot on to #  prosomoo of. stsutrsl sa lts  In  t to  

so lu tio n , smeh indicator®  are s a lt to  to r#  ws a lt orrors%
T to  prasanos o f proteins* too* « f  m o d if y  tto  co lor o f  tto  

iskftleator* loading to  a so-toallod^iirgtoto^ a
o f f s e t  i s  p a r t i c u l a r l y  Im p o r ta n t  w to n  t t o  i n d i c a t o r  i s  

to  to used Jjs cssmeetiom w ith . M e le& lea l work' store  

p r o to in ®  o f t e n  sr® l i i s s i y  to  to  present * a s  a m t t o r  o f  

e x p e r im e n ta l fe e t* p r a c t i c a l l y  a l l  in d ic a t o r s  are. 

susceptible t o  s a l t  a n d  pretaim  erro rs* to t  fo rtu n ate ly  

i n  n e s t  oases t t o  e r r o r  1 ® s n a i l *  W tom  a n  In d ica to r i s  t o  

to  toad l a  t t o  presence o f  largo i m t 0  o f  s a lt* or w ith  

p r o t e in ® ,  i t  should to c a r e f u l l y  s tu d ie d  fo r  I t ®  errors  

so tto t c o r r e c t io n s  m y  to  a p p lie d * .



A qimmtl&kt&w®  tiisoapy o f t a i l f e s l r o r l o *  « n  

f i r s t  p ro p s *# #  bar II#  s ta rte d , w ttl&  tb s  s x s w ls s ia ta l

oviao& s# th a t iB & lo s to rs  bo lm w  as wssJfe a c id s  o r toasss* 

s a t s p f i is t  th e  low s o f to  t&am* II#  p o c tiil* t# 4

t& s t th e  s a & ls s s s ls is d * o r m o ls o u lo r* fe a n  o f  "tlk# in d ic a to r  

p*M#s#*& mm m M m 0 sat th# d ts s o o ia ts d , or Ionic* form 
p #s i»® 9® l s a o tte r  s o lo r*  Xm th *  eas# o f an. in d ic a to r  * « td # 

t il#  d is s o c ia tio n  w ould  h#

OTS «=*' H *  f  l a "

.an# t li#  eorrospsadls# 4is&0oi&tlo& ooB&tant

**lss = U)
Host tit# degree sf: dlsooolatlssi, or fraction of 
4|sssslat|#a:f of %im sold Is lives fcp tti# ratio

where .tlx# dsnoedsator is  to  tte  to ta l

ooiM HniitM tia o f tto  isd issto s* MiridiMg |1 | fcjr (4 )
sot ’ solTing fo r or g iw # . th# trsapjr |j#p<)ptMt rs ia tio ii

wtitolt m pM aiss# th #  fo o t th a t  #hai*g#s In  {&*] jpmtmm  

a 0$r*s p o n d l£&  t l i n i i i  in  oc * T ta s  s is o o  [li+J la  *  s p o s if is

oaso tstsrm iasa <K * ( if j Ind iesto# tti#  to  which

p ro p srttss . associated w ith  tuo amlcm or proportion associated 

w ith  tli#  nndlssoo ia tsd  residua* or both, an® prsssat 1b 

mass* X& tom # of tbs postulate o f Ostoold, th is  naans th a t 

the dogroe o f dissociation. o f tft* sold is  spateogaioci* w ith  

the dogro* o f oe ler tra jts fo m atio s  o f .tbs indicator# and



t  *

th at tto  a m to t o f #©l©r tramfow&fclom is  tap im tto t ©mXir

om t to  (b*] mM  t to  % £ BII # f  t to  to b a tto # # *

,4# tto  lmwXs%# lifv ,tto . ##»»##tl© »  totm sxt tto  *#&## 

o f tototmm©#© amt t to lr  mtlaoiaXar sfcrtiotmr# pm grm m d, 

it Mmmmi © v itto t tto .t tto #ibtl#feito a&tli tto lm ts ra  la  

nm% m  mSmpto  00 tto  pm toXst# o f O staalt ia tia a tw *

It to a n  l a m  ttot aertaln ©rgsiii# gsNGra&a* by their 
pposame© to tto Miami* t *pyotm#©*’ eel©*, altoovigfo tto 
SS t̂tlS l © f t& # tSP#t|#Stl©13l © f tbs# 0#iX03j?

i  m mot ymt mppmrmnt* hmtis® w ito  Ida ttooery o f ndtomttmg 

© iM tM ftir to t^ M t mmlmmXmB** Mm not# .m s ta r t, to t to  

© oaplst©  #©ax*s#tt©xi t o t m m  M l# # u lto  © tru s to r*  &»& l ig h t  

fttocHrptlom  Mm  so f a r  to#m  w l # 4  to t* ,,''

• , ' .  of tto m&u®&vsrm o f typ io fd  ito io s to to  atom

to s t tto  ©olor^pro&molmg Cor ©aSUia^liMglag-} im o tito  

tost" to 'a to li as to  g m tm * at. ito b o M rle  s h ift ©f artmstor©  

from a ##X#a&#m. aonfigtoatlom  to  to# #totaixda$ a 
ĥ̂ gŷ-̂ p'hr̂ -ŷ  ' { Or, t i l  tto  #SSS Of

a too**# © lor Im tlem tor, a tam tom ri© s h ift fMn on©

toroMytitiaNi stoMtttr# to *Mtti«r« That# to# slmgl#
tx m ts t by Q s t m M  ©tot to #ri«ato€ to to© m

mmm ©qmlMbrlm* a t le a s t mwm mi nidoh XmmXwmm tto  tto tcw erie
s h ift bmtwmn tm  t |rpm® o f mtmmtwr®* Tm lllm a tra t#  tto

prlmstpX# in  to tlim # , mmmmm t to t  tto r®  are tw© tom tto#rat
EXm mmt BXii*t to t t to t  S s f aloms is  ©apstla o f iom im atito

to  am asl&» Tto s q m ilitr ia  mm Him Him* *==■ Bf + Xm* *

t o r  . to #  t X m % © t t d l i t o i m ,

far la. f 7
f f i f  = %  U>



Combination of them ©cimtl^ai 1®m&® to

3n^po#® newr t in t  la *  ftira la to e  mm ee&or to# i& tto r BXa 

o r 1 2 n f a r o tto r  m3Uxt« S Io t*  e q u a tio n  (S ) b a t t t o  

M 0 I * •  e q u a tio n  Cl} i t  in  obrioua t t o t  tto  eo ler 

*ta » g * t d l l  topmA to  tto  jil4]  in  a a a tly  tto  M anor 

already Oeaorito#* t ie  only M f f  arena* being tto t K otae  

1® rapXaoeft by £%. to #  t t o t  cC# otkXXe a t i l l  t i e  "degree 

o f eoXor t r * 2Mrfo:rmtSeg&*v# in  to  longer e tr le t ly  ito n tle a l 
w ith  t i t  true degree o f tiaeoeXatXTO# Bagardlng tto  n a tte r 

fsra* another p o in t oar rle«r9 * e  see t t o t  a to te ra lm tia m  

o f t t o  e q u ilib r ia ®  eeaetM t fro m  too 4ata fo r  t t o  e e le r 

etonge w o til#  n o t wmwmmX a b e tte r  tb lo  eonetTOt i®  a 

s im p le  a o M  dim oelatlTO  e e ro tro t K#!®®# o r a  eenplex 

eonetTOt Ef *
tto  a ta p llfl# #  trm ta m it f l i t s  mbore m y be elaborate# 

to  take la te  aoeavrat t ie  iosodootion. o f both tmutmmtm 

Instead o f Jmat one# Jiqyee^ baa analysed t ie  s itu a tio n  

to# la s  atom  tto t t it -  elaboration. dees not ©tango tto  fo ra  

o f t ie  f in a l equation* Tto eeM ldsratlon. o f t ie  tamtTOerie 

e q u ilib ria  only nodiftee tto  o rig in a l O stm ld trrotaMm i 

to  tto  e x ten t' t to t  tto  feeafli d iaaeeiatlTO  oonatant la  a 

ftaetlG B  o f tto  sever* 1 equilibrium  an# le n is a tle n  

mmtmmtm lxwolvtag tto  d iffe re n t %mmteae#** ? t la  

e ta t toroo^ oaUa tto ' " to ta l a ff in ity  ©too tau t ** or w tal 

tayes? o o lla  tto  ^apparent dissooim tioii eeastTOt#*



It I# porfootly proper, ttor#f«#, tm tto mmkm 

of m n i t o A f  to dlimqgato eoapXeteXy tto otoplloatiooa 
In&roimeoi. to tto aotuaX ieotii»i» of tto ©oler «to&g*» 
sta## SB&Xsiiis stow tli# C)s%iibX4 trsstsMflxt itlrss
mi mtoquat# plotmm of tto rstot&oiislitps 1w#Xt#4* 
toitosfortk to %bim papsr tto mym$ml K will to tissd without 
prime m ratoerlpt, it tolas utoershoot ttot It stss&s 
for tto i B M m t »  not tto *rue, fttssoslstlss eons taut 
o f  M i#  ItU&oetor* i l a l l a r l f ' * .  o  w i l l  to' «ss& t o  ro p *»  

resttt tto Ififm of ©©let trimsfermiXeo. ato not tto 
to n # ' tagres o f  - dissociation*

& p a n ti# n  Cf) atov#* Involving t to  ro l& tio n s & ip  

to tto o m  t t o  d eg ree o f c o lo r tm x u K C to m tis a t t t o  hydrogen* 

ion sotos&trst loii9 and tto indicator eo&stsiit, 1# tto 
fundamental equation used lit this work to m s & i  tto 
IMitotour constant* It 1# mere oeniremioiit* tomvear.
In tto Xegirittosl# form* Solving equation {§) for

Mdtag tto los^ritlM of tto reciprocal of both ai&ea 
of {7} leads to tto expression

(?)

e q u a t io n  ( 8 )  to e o m e s

l»H = pK + log  x ~ y  *®)(® )

Equation (9) la on# of tto moat useful equations



ftm a t te  to d to s b e r wmgk* I t  mlmm  t t o t  i f  t t o  pi* o f  

am to&loate? 1» known, ato its oc can be oeajwed* then 
t to  p li o f t t o  s o lu tio n . is  t e t o » i» € *  © r on t t o  s i t e  

toto* if oc ®mn bo at a Imotm pH, tto p& of
t t o  l& A io o & o r oon bo dotoao&M tfU

ftao tbo- pE (cor tto E) of a gl*rsm IMIomtor is 
per-tops its memt- iaqporboat q o s n tlts tlv o  e ta fM to r to t lo *

It 1* this oonotoxxt obiah is totermixted for ooeh of tto 
mmwmm indicators otitiiot la tto present «Mfc# Xaopeotlcm 
of ooootion (7 ) or of oqtoiloo It} give* a slue a® to tto 
physios! towing of tbo "ltoleoioor ootetaiit*** K Iks tto 
fk * ] at ohiob « equals 0 *8 0, ttot Is, at whioh tto- Itoleatw 
is to&f t m w f o m i N U  la logmritialo fora* tto 98: is 
tto pH at whleh tto in&loator to tolE txwofcamiA*

Im  a l l  o f  t to  fw o & o lo s  a n a ly s is  i t - t o o  boon mmmm& 

t to t  tto- itoieater tto o o o io to d  as a w m k  ooidU u h llo  this 
is  t mm  fo r  a  la rs e  m u te r  o f J to lM tw o *  t to r o  a re  a  

few wfeieh, S is s o e ls te  as weak t o $ t and at least a few 
o b lo b  a re  oopto tocrlo  i»  so tw o *  I t  is  t ^ i i l i y  oooa- t t o t  

if tto dissooiatlon is a tools m m 9 tto only sto&g* la 
o fo o tio n  it } .  w e lf t  to * -tto  m to t ito t lo s i o f p ^fi fear f f i*  

lot s in e s  to  aqoooos ■ so ltitlO E t ( j f ] mat (p u ] w o  
related ttoosgls K^= /b? [pij r o « r.to^watorst .
it fellow .that -tto pte seals Is lSe&tle&l to foto tot 
x e m rs o d  to  ft iro e tie n  to tto pH s o *Is* i*«u pan —  1 4 ** pll* 
It thus toeomes very simple and ecmvoalesktt and quite 
rig o ro u s 9 to  t r e a t  all to d ie a to n  m  i f  t t o r  6 1 & s o e i*t*d  

mm soak 0 0 1 to* M i  only sorra# to wptosls* again ttot



1 0 *

t t o  m a a ix rto  & £a an a a o a ro n t (n e ld } A to n to ia tle a  

# o to ta a t»  ®m& t t o t  tto to p r# #  off - to la r  W m nm tnm m t&m  

(X dees m>t m # & . to  e p to iffff thm tra is s ffo w a tle a

1© ffrw  mold to  to n #  c o lo r o r  Tim# Term *

It is at first m ffettoff otol&ing ajtparlaamtal ffaot 
tint all iJkilaatnra off v t e t i w m  p& ham atoat tto i m  
rattoi* small awffal range* >dx? tMs in.** tooeato 
otoieaii after stotj off oatntlm'(t)* t o  m g!t« p&. 
tto- roago of pH .la OtotroXXet tytto raflAtloa off**
S im ®  tto la t te r  o n  Tary* p ra c tic a lly  #pmlcl&gt only 

ffress 0*99' to  9*01* tto  Tala# off tto  toxn lo t  y%gg» 

o n  w r y  to ly  t o  i  t© **€ * . g iving a to ta l j*e  rang# 

off only 4' pH oof to *■ Ao a  s s tte r .off fa c t t a t to# ertrOBs# 

.onto off tto  tm m m tom m tion a n o ll ©tango# la- tto  re la#  

off « are antotoetoblo a*. co lor otonffoa except w itli tto ' 
Tory fin e s t optim al oo tto to * and tta a  to t #4to  m ail 

ftoow ooy* a re e tilt tto  ."taeffal Tm rfatlto** off oc
Has almya b t t o a  #«f# and 0*1O, ao ttot to# Waeffal 
pH range* o ff toWflar all in d ic a to r#  1# loss tta a  M

Motto&a off soasarli^ imlloator etar&eterlatle* * TtolOijiwlMi' ipMBata  ̂ enjOiî winM t .■ a i *mmmp

n m tn l  m » p  off an y In d ic a to r  can to  e e n ve m to n tly  

a M tw H  otopSy W  p re p a rin g  a e e rle a  off toffffor s o lu tio n #

off know * pit* tto  ladiTldm al « l # f i  off tto  a e rle a  

differing ty a- o o n ll. o o n o ta n t mmmmt {aroally 0*9 pH 
unit),* fo eqml Tolossea (#* $* 10 «#•) off tool, sMmtor 
off tto series 1# added to  #%tiaX reXone (#•£+ 0*5 ##*) 

off tto  in d ic a to r  *te e &  e o la tio n *  a b le ! ia n m a lly  0*0#^*



T to  lim its  o f  t to  ran g # o f m im kim m . a to m te  m olar 

& iff# r * 8 M #  mm rim ihXm  to  t to  ay# mm  t t o  m o er& ad * 

S e m tlm *#  I t  1® p o a s ib l*  to  ex ten d  s l ig h t ly  t t o  m anfu l 

ran g # o f mm te d to a to r  W  to im g  a  © o lo r oosspirmbor to  

t t o  t s t o i i  o f t t o  rax»@#j t l l i  te a o w r  to  to r d ly  nmommmmry 

mimm m^m gh  g o o f to d to a te rs  a r t  a tm ila b l#  to  a a ro r  

t o y  d a s ito d  rapn© . b y  t to ' 3pfPdp#f a a te o tio n #  Many Xngamiom® 

s t iw p te  to  to te & d  t t o  rang # o f on# im d te a te r s o lu tio n . 

by, nato&  a  m is te r#  o f In d te a io r  am bstanoas to r#  to#®  mad#* 

'In  tto s o  #«### t t o  ran g #  o f  oao in d ic a to r  i m s im p ly  

.a o iflo m o o to d  by t t o  to n g a  o f a a to te r , o r s w a im l o t te r *  

in d ic a to r * *

T to  m atted  o u tlin e d  a to m  is  t t o t  mood by Hard#®  

in  him o f th e  rmm^mm o f t to  teXogammted.

an X p te& p te teX s in #  uaad in  t t o  pmmmnh w ork*

a mmbmr of mttoda tow baa® darldad for tetartslnlng 
too todteator c o n s ta n t*. PmrlmpM tto tot of

a
Balm  wfeo d a rla a d  a  m atted  fo r  d e te rm in in g  t to  pH a t  

*& i# h  t to  in d ic a to r  la  t o l f  trm m to n m ® *  I t  c o n s is ts  

in  p re p a rin g  t o  a o lto im s  caob c o n ta in in g  #® #~teX f 

t t o  mamal astot&at o f in d ic a to r *  Qnm a o lm tito  to  im te te to c d  

a t  a  pH h ig h  mmmgh to  kmmp t t o  In d ic a to r  e n t ir e ly  to  

i t s  a lk n U n *  fo rm  and c o lo r i t to  o th e r to  a t  a  pH low  

a m m g b  to  keep t t o  in d ic a to r  e n t ir e ly  t o  if®  a c id  fo rm  

and o o lo r* U ton a^m X  layaara o f t t o  to o  s o lu tio n s  mrm 

om porto#oto€f t t o  c o lo r  o te s rv a d  to  da# o n * ~ te lf  to  

t t o  a lk & X ln #  fo rm  and o n o ^ to lf to  t t o  a c id  fo rm * T to  

aa^pHartopowd U | m  a r#  b te n  m ta to d  a i t l i  a  s t e l la r  p a ir *



mm mt toish eontains tto  f u l l  str*B&tfe o f tto. ta d ls a ta r
at a town p'Hf and tto ottoar of totob is a water blank*
Wtoa a aatoh is obtained, tto tons pH o f tto ustoMmg
to lm ti* . is  o to lo w lF  tto  p& mf tto  te ftles to r*

mA lasitoA in s  to O illo s p i#  Is  wmtw s im ila r tot
At •jMSt'Ur Ak ml 46h«Mkti3B jM>| OdftUlfe. MAtr ~t l >f l i l LJf f rS ifcjlB ilffejUlL 1HlllMim*>_imi A*’ Sr

m W ^m m W m .%  m m s rm  ,  i J »  i g * ¥ S »  W xaW w  * P * O Z H I S S * O B k *

A stole sssiss of solutions is prepared oontatmlii^to 
toii font of tto ifidioator la  sssounts ranging twmm 

mm drop im tto tint into to alto traps in tto lost*
S' «Mk> S -MB *M* S' *M*. Jk S' .ate BB-rflb.'IWpa *flW .̂ ĵAfP A  tkJB riBtt ’̂ fc % 'S S' MJMl S *0Kas e&ftotx^r souas of tto  s ito iito  f  ora, is
pnpsysi" i11 rBagias fro® «f *** to ooo drops*
Tkmmm m m  n&totod to pairs wibli a solution oootolsAsg. 
ton traps of tto intfeator At s. t o s  ’ps» tootoi to *■ 
wstor blank* Thm toto«»ratl# of tto sastofelng pair is 
tto® tto eolor trsnsfosmtlon ratio ac, so ttot instead 
of olrtatotog pH tor a « 0 *8 0 axons* os in d*2» ffa »sttoA» 
at least .mine points on tto tool# pIM* onrro are 
Oitodtoto' and tto onrto near to As toto**» of
ismsi, pi: is tto pH at toi#!*** = o*SA»

Tim M tto d  o f a u is s p is  ton. tosn Mato more 

saeiirat* and osssrsnisnt bp on ingenious adaptation  

o f a ooloar fo r ' tto  M ttM ig  o f sssplss*
fto  soS iflsaticm ' oonsists is  tto  uao o f tores into®* 

oas stows an o tto r, to  one s i to  o f tto  eompar&bor*

Thm first brnto is fat to narrow ant .tto tMft toto gait*
w it# , so t to t  tto  soeoad sedlusMsidto tu to  a s  s lid #

% 4-

o itto r  up sratanft tto  - f i r s t  or toss in to  tto  tM rd * 

r*m upper ana lospsr tubes s m  fxjsas vin p o s m  on., so tnat



thm &X®twm® trm z  thm M t t t  o f thm u p p er tmh® to  thm 

bottom  o f thm Im m r  tu b e  la  a lw ays thm ®mm$ hmt tk »  

tt&A&ie t e le  im mmmhlm rm w ti& m llj mm t t o t  i t #  bottom  

n y  ta k e  any p o s itio n , betw een thm o ilie r  tw o . I f  worn t i e  

m erab le  tu b #  is  f i l l e d  wttfe. thm mmi€  fo ra  o f t t e  im d lsatssr 

i s l  th e  bottom  tnb® km f i l l e d  w ttfi thm mXkmlkm tm m § 

end thm trymtmm km wkmm4 from  thm to p  tte m g lu  tlse  

t t § M  tu b e  (whkmh may hm mmphy o r f i l l e d  w ith  a  b le a k  

s o lu tio n ) ,  thm omUm r a t io  n r  be r a x le i e o m b iiw m s ly  

f m  <x? 0 * 0 0  t#  <x -  1 *0 0  s im p ly  by m rim g  tb s  m id d le  tmbe 

K o t in  o f t i l ls  tu b e  Is  ra # e r is €  by a S e a le  u au m lly  re a d in g  

from  0 to  ira ****£ « e * in . p m a l  r a m  tra m s fo ra a tie m  * A 

n t e b  fo r  a giirem  s o lu tio n  &®m th m  a lw ays be e o a rv n io x itty  

o b ta in e d , i d i  tb a  mmkm n l i s g  m te b e &  s ire s  

oc in  p eraem t* A r a r a i t i t  I n t r a n e t  em bodying fb ls  

par£iie£$>Xe bee boom d esig n ed  by r *  r *  B e a re r^  r a t  is  

M sfeotfM l by ttie  J & e tt M am m fnturtm g 0«*®>eajr o f H t  fo ra *  

A m etber p rim e lp le  o tio h  Has tmmm p u t  to  n o  im  tb e

e s tim a tio n  o f e e & a ra ra tlM  lo  th e  '* e e lw  n fte o *1 o f
isB J o p iw  t  T h is  la  a  lo tts  ra o tc m g O ln  b n  w ith  g l M  

s id e s  m at m d ia g o n a l g la s s  p a r t it io n  trtslob d iv id e s  thm 

t a t e r t e r  In to  to o  o g p o l wodgse* to o  ooo^Mttrtaowt o o n to in o  

thm  in d le e te a r Im  It®  m o lt fo rm , am i th e  e th e r im  i t s  

oUEftllsso fo r a *  A irlo w  thm m gk  th ese  m l p i  efeenld  

im ita te  thm n o w  o f a l ik e  dep th  and e o M n tra b le m  

o f th e  im & ie a ie r im & e fe ra e d -. to  th a t degree m hloh km 

rmpwmmmmtm4 by thm 'r a t io  o f wedge th ls im s a s e ii mt t i e  

p o in t mmder o tm a rra tio a *
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e o la tio n , so th a t th is  d is c u s s io n  may c o n fin e  i t s e l f  

to  substances w hich  a re  c o lo re d  b y a b s o rp tio n  d a rin g  

tra n s m is s ion .

G cm atter a. hmimgmtmmiB s o lu tio n  o f morm ab so rb in g  

au to tam M  oont&lm ad im  a  g la s s  m a il t to  «&n&~pXai#s o f 

l i l f l t  mm  fia a o ^ p a rm il# !* and a o g la a t f o r  thm mmmmt- 

as y  a b s o rp tio n  h j  thm mXvas&t .o r  by to o  g la s s * L o t to o  

d lra a tta a . o f t t o  t o m  o f im a ld a a t L ig h t t o  p arp o iiid io m lar 

to t t o  o to -p la to #  of to o  * * l i «  In i t m o i i ig  t te m g h a a  

tm ftm itm m ixm l Length  jJ l o f  to o  e o la tio n *  t t o  ra d ia n t  

sm srgy o f a  s in g le  w a.vo-leng6fc s u ffe rs  th e  lo s s  o f 

some fr a c tio n  o f i t s  in te n s ity .  J .  W ith in  th e  n e x t 

to n a l in f in ite s L a a l ■ L sn gth  t t o  rto ia te f-a ic  in to s s s itf 

is  ra to a a d  by t to  sans fv & s tlm *  t t o t  i s * : t t o  d ecrease  

o f . in te n s ity  to r  e lip e m t o f lo ^ t k  ia  to o to r t io to l 'to

l & m f .«? %to fa llin g  'to  " tto t length* Or*

<*** r  ÎcX (1 0 )

t o t  t t o  l ig h t  itm ite m t to  t t o  f i r s t  la y e r  to re  am

In te n s ity  o f  i s * and t t o t  m a r te n t  I t o  t t o  la s t  L ay er

te w  in te n s ity  1 * In te g ra tio n  o f o tm atlom  (1 0 ) te te w m  

tto s o  U n its -  g iw s

-  *°® e  i »  ■ ^

The r a t io  ^  la  t t o t  f r a c t io n  o f t t o  L te i& em t in te n s ity  

w hich  em erges, a n d . is  o a lla d  t ii#  t^ y a ^ iitta i^ s y  J?* uslm g 

t h is , and a m w r ti& s  to  mmmmx la g e rd tta s  g lw s *  from  

« fm a tio ii (1 1 ) e-e lo g  = ka 1 (L i)



i lM)  1 m am m pm m m lm . o f  lam heart*®  Law* w hioh  

states th a t mh&orptimm o f  lig h t X m p ro p o rtio n ® ! to  

thm le n g th  o f  thm m e d lm  tlirom gh whioh i t  tra v e l® #

Thm d e e lim e  o f  lm ta m e lty  w ith in  amy 

lem g th  o f  iiiadi®®! ehom ld b® p ro p o rt i  s^yiiX to  th®  .mmisb®3f 

o f ahocofbimg p a r t io le s  e M o n to a ro d * fit i®  sxntoer » |  ho  

mmm&$mt®%. to  b® p ro p o rtiim a l to  ih®  mmmmmirmtimi &  

o f  th e  ab s o rb in g  mfeataxMMi n ^ o r  a  glvom  e a t o f  

eodXtlom s* Hem®* e fw tio m  {1 0} may ho w r it te n

*•* ~ * * *  tin)~ mJL

Xm togroilom  o f (1 8 } betw een th e  lim it®  X0  and 1# 

eetflrorolcm to  lo g a ri tto a ,, and mm o f  th© %rmm**

m ittO M y * g iv e

lo g  — K ̂  o l (1 4 }

th is  im  B eer ♦ a Law* w ideh  s ta te s  th & t th e  a b s o rp tio n  

im  a g iv e n  le n g th  o f medium is  p ro p o rtio n a l to  th e  

oom® e m te a tio n  -of th e  ah a o rh iag  ape®!®®* la m b e rt*®  Law 

is  b e lie v e d  to  Im  mxiwmtwm&iw a p p lie a b l® * b u t th e m  a re  

m mw^mr o f ommm mthmrw o b aerve i. d e v ia tic e s  tm m  Boor9® 

imm hmwm mot beam oxpXaim od* 1%® X am feeerlpte im  

ofm atlom ® { IS }  and |M 1  e e rv e  to  mmphmBlz® thm fo o t 

th a t thm eq o etion ®  n o - s t r ic t ly  v a lid  o n ly  whom th e  

eevw ^lo& gth  la  s p e c ifie d *

Am im atrwsm t which mmmmmB the re la tiv e  in te n s ity  

o f Im eM ent mn&'wmmp&mt rad ian t energy a t m given 

m w ^X irag b h  1® ® a llo t  a  ape® trcphetOBietey # Mme® o»  

mm  a t present eomcermed w ith  the absorption o f v is ib le  

lig h t o n ly , the- fo llo w in g  d ls im s s ltm  doe® mot include



tomigm©& to naaswr# atoorptim to ultra- 
Tldtot or imfra~r»d nglons*

to ortor to iatrniy tto totoxuilttoo at a gifiii 
imv#*~X#issth* m m tf ©footroptetoiaator wmStmm ms# of a 
©poo tromsbor* tfeiel 1© an tmmtrmmut for dividing 
tto sour## of light into. a ©footnm and thorn ©olaatlmg 
a narrow portion or band of tto sproir*® for urn a® 
a tolmgl#1* muNliiigtl# 4 aooaiat# of an
ordinary spootrasoop# flttad with an amftr* slit at tto 
mar^mt and a® wall as tto msmal ©lit at tto l&altont 
and* and with a moan® of rotating tto pri« om am axis* 
Tto ©artem illt mmrmm to isolat# a m  narrow portion 
of tto sp##tet®&f and tto rotation of tto prism mmwmm 

tto ontly# ®p®iiw mrmmm tto aacbra silt, so ttot 
any tostrai. portion nay to isolated* Hi# rotaticm 
of tto prism is, aoatrnliad by a 4 m  whioh la usually 
gimtoabod to. m i  tlrootly la ww#»langtto# tot whioh 
©cant %# oaHhratad. front. tlMs to tlna lupins aoaixmta 
wwtc*

Optimal spoetromstors male# us# of two- twin booms 
of i»ltomt light* mfiiah tor# oaparato potto through 
tto aystom and or# #«bl»at by moans of a bi^prism 
im tto ayo-*plooof so ttot tto mhmmrmt mmm both tows 
si to by oito and may oaslly aaatob itom* On# bosm pas®#© 
through a ©oil oontalning tto solution toing moasmrsd* 
and tto ottoar pas®#© through an itomtioml ##11 oontmlning 
tto MivositaXoxio* fhm© th# t i f f a r o m b ia l  m ftm et Im ttot 
too to tto--' mint# alamo* aotolticmod of nmmmm by, t to
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long m» thm oorraat prodnood by thm photooall is a
siraight*JJ.m® ttmatX-cm of thm intensity of thm imoidoat 
light* im* thm dafloottom of thm q^rmmmamhmx . f a  a

function of thm ourr*&t« thm z&othod mmy 
hm mood ftooaratoljr uitheat reaort to a rotat&iog aaotor*
im additional advantage i® that only emo I*MK-of light 
1 m mmmmmmmy (jowvtdod the souroo earn b# rolled upon 
a® oosstaat over short ixxtortsl* of tin©} tta* obviating 
the nmss l t y  for M^priooo ooA oomplioatod optimal 
®yst#«§*. At a giwm oeve^laagth tho bona is passed 
through the blank osllf and tjie roasting or tho p l f ^  
motor is taken* Thom tho solutlsR i « U  is plaood im th© 
h#mmf ami. tli® 1 0  reading. obsorrol* The transmlttanoy 
is glvem W  thm ratio of the seeemd reading to the first f 
provided oooh reading is oorrootod far the reading ahem 
mo light pmmmm through the instrument* In praetlee 
the roadies are repeated Im a syetematte wayf and the 
averages ar® used to oaloul&t© the ti^aemittamay*

im'Imtrmmmt of this type to® mood im the present 
ijrreatlg&tlom* A Irodhm rotating eeotor being available, 
it m s  iMerperated in tho. system*. ehleh greatly inereeed 
the conventerne© and rapidity of thm memsurSsieiits. wham 
the senior is used* tho preoeditre is as follow* with 
thm solution m i l  In thm bem* and thm see tor fall open 
(10# on seals)t thm reading is meted* than
tho solution soil is replaced by the solvent sail* and 
the seetor owning is adjusted mat 11 thm galvimomater 
reading daxplieete* thm first rea&ls&# Tho boons ar©



m m  ied% thm bootor re&dlmg g£trea thm pereemt
t  rainifsiieiil ©m*

A, p|§olM!is##l 1 i n  need* thm ehereterlaties
of wkimh M €  beep. ©erofhllsP studied* that
the relatleeshlp between mll.mrremt and light Intensity 
mxa very nearly hmt mmt ©mite a straight X£m®u Tbio la 

that the rotmliiif; see tor ymm wm&$ :®m m 

stmlght^iiae rslmtiometiif im wmmmmmw this '
coBdltion»

a® tm tT m m nt m d  m s  easy  meh store semsitlTe 
im the red**orang© region mt thm speetron than in the 
violet end* fills m  duo to two eaumss (1) thm oeii®
@#11 itself 1 m very mmh m m® smaltlve. i® red imw® 
them to  v ih le i f  am i (s ) thm

mowtm worn wmmh riohm* in .rod reya than £m violet*
Bar aalig a very narrow alit*w£<lth is the rod region 
■and opealmg this a® the violet mm® was tjpwHMit
ImmqmkXltlmm im sensitivity were partially a&Jested*
Ualmg ®. aider alii at the violet end did not iaater£«*lly 
offset the result© bseause of variation im the width 
o f  m v e~ la n g £h  band* ®£mm® thm  dispersion o f tins- prism 
« #  mo aeeh greater im tin© violet, and. than im the 
red end that seleotloa im the violet end Alt mot seed 
to be very fine* The sensitivity im the violet end m e  
further ■ ii^roved by using filters im tils region 
whieii yoMOTed the red ami yellow ray® free the araaree* 
tUi preremted *strsy light* from -faliifig. ®s the phot®-*

a.©ell and effooting  the ridings# Amy absorption e ffe e t

of the f ilter m e  of eouree blamked omt heestxse the



filter warn la feotfe t!m mlntlm tem oat tkm 
mtrmkt ta m u

Tte t o m  of thm tnmtmmmmt m m
bof om- w m  by wmmm of m 'tellm tub®

.amitet W  ft alternating oarreat* Thia
tub® mm® wftftft -tur W m  mmmrmm mi light, witboot any 
toll* «p flit*** In tts* ftprtm* it waa pMftifel* 
to' fiat tte laofttl'oa- of-a psptiotiimr Xiao 1st tte 
WdLmloa m i tm lim i hy  ofetetoiag bh® vmmdSSn®

ta tte tom whom tte pltotooftXX -rnmmmh
m i  at a :m&xtnam* 3te M E r m t  rrwN-lMgtli of a mtoter 
of tho hollm Xiao* m m  ettolted txnm talilM, mat

w ith  tfc*. m o tla g *-*  a  m lt t e a t lo t t

darro wtts tomst *x*A ma#t to  oh t a in  eosmfttiftM for 
x i« t in g 8  U m t f o i t  t t e  mpmmt&m*-

^hmn. of tte tmMmm&btmjmy m m  wmM®

mb a  wmbmm. o f  ifta o to ^ a fm  te r t e l jM B t t e #  t t e  s to t t lt e  s a y  

te atertef tout a m u  Mmmm tbmmgk tte point** ©wait 
a m r m  i» mmM®€ mm m b m ^ b b m  mmrrn m  - tmmmkbt&my 
m jrra toftortiag to tte M*gtto of -■ shaifttmg# W m  M m m m ®  
wtkiab will bmmmm. ftfpammt teiiwr* im iMiOfttos* w®A it 
1# temlXy moot oftwpteiftmt to plot~~lo£ ^

fte Inftloater totot&iit toft %ft obtalmt toon
as fo llo w ®  • fh o  

tm a m it t f ta o y  mmrwm® f a r  a  s tm a  ia t lo a t e r  la  ifeo t o o  

© o a fto a tm tio a  a t  mmmmmtvm pH .v to te ft‘o o fftrlB ft t e *  

mm®- of tte iatiftfttftf m  ofttelmt oat plotttoU At m 
pH high mmmmh bm mmmm® that t M  iaftloato? la oatimly



lit It* altoUm f e a t  it will to  tmrnM  t tm i t t o M  to 
a oartftto wftro*lftagt& wtor® t to ■ teamed ttaaey is m 

mtototaa (wttae fttoorpttoiil * {fbis ©herald to tested by 

ohiatzitog thft 0itfi at a still big tor mlta# ant observing 
that .iter* is no further eliaag:# is th# rmlnm of thm 

%mm$mk%%*kmy at that- m%#*laaagih} *• fto traiiaMitamy 
index E^ at this wmT#-X#ngth 1* obviously a #toraet#r t® ti # 
or tli# alkalis# tm m only or tla® to&iaator* mimm thm 

acid foam 1* sot prasaiat* wton bto p© of tto solution is 
lowers! far mmwgh to tmnftfodRn tto toftlsatar sexaplately 
to It# ftoid imwm$ thm m inlm m of thm mmtwm 1# at soother* 
usually widely distant * mwa^laiigtZu tor# tto absorbing 
sutotai*## 1# the a# id form only* and imxmm thm index El • 
at M s  now t««v»*Uiigtt is a atormtarlftttor of tto 
meld foam* At any latomadlat# pfl both forms are present*
t o t  t t o  fmfttlftml mammt o f "tto  a lk a l i n e  tm m prsMxit

%#*•

s t o o l* .  t o  mqmmX t o  thm  r a t i o  s t o r e  & w  i s  t l #  v a in ©
**XJft

o f  t t o  iftdftx a t  Wftfftwlftftjptk X  mmA a t  tto pH to  q uestion f 
t o i l s  W*m Is tto- itoaae at. tills «iw-i#tigtti a n d  a t  tto p H  
w to r#  tto ia d if t f t t f t f  1ft f a l l y  in it® a l t o l l m  fe rn #  ftoe#  

in d l o s #  t o a d  n o t  t o  saloiilatsd, ftiaa# t t e y  a r e  pSNS^parfdmil 
t o  - l o g  %  t o  ««fth #ftftftv a n d  t t o  r a t i o  to t t o  q p a & t i t y  

JUmfrrad* l o w  t t o  f t oot&onal a m o u n t  of  t t o  fora, p m m u t  

to Just 0C t t t o  i ® c r # s  o f  o o l o r  t r a t o f o r a a i i o m *  ##■ that, 

a m a a f t  1® a t  b a n d  o f  f i n d i n g  oc a t  a  g l r a n  p H  f r o m  to© 

spa# t r opho torostrl® data*

A t tli®  ftftiift pH to. ^ ftftfttlo n  t li#  f r a o t io a a l  amount 

o f  thm- s a id  tm m  p x s ftto t earn to  found to  s x s e t ly  t t o
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K F f f is u m  m m

fh e  Ira tiffm  © e lu tio n s  used « ir »  th e  s ta n d a rd  n & xtu res  o f  

C la rk  and lu b s * ^  ftmm® e o n e ie t o f  th e  fo llo w in g  

m&atfgwmmz p e ta s s im  © aid  phtHaXat© and MUl# potassium  

a o ld  p h tb e la t©  and Ma.OHt p rim a ry  potassium  a c id  phosphate  

and HaOH, and t o i o  © o ld * KOI and BaOH* They « w «  th e  

rang© fro m  pH 2 *2  to  1 0 *0  In  atop® o f  0 * 2 *  S la b o ra ta  

p u r if ie a t lo n  o f  th e  s a lt©  used was n o t u n d ertaken  la  th is  

woricf In s te a d  th e  S , P . © a lts  w are used a© ©not* and th e  

f in a l.  pH o f  eaeh In d lT id o a l b u f fe r  vm® o a r e fu lly  m easured 

potentlceoae t r l o a l l y  ♦ A q&Lnhy&rone a ls o  tro d #  was used fo r  

m easurem ents below  pH 6 *0  and a  Hydrogen © le e tro te  fo r  

th e  r e s t *  A l l  o f  tb s  m easurem ents wore made in  a th e rm o s ta t 

a t  25°c  ±  0 *0 3 ° *  T a b le  X H ire s  th e  r e m it©  o f  th ese  

m easurem ents *

m m a .

pH*© of standard Buffer Mixture®*
Intended Measured Intended Measured Intended ;Measuredfh pH pH . pH pH pH

6 .4 B #40 4.8 4 *7 6 7*2 7*15
2 *6 2.60 9.0 4 *0 6 7.4 7.286*6 B.aft 9*2 3.16 7.6 7*513*0 6 *00 6 *4 5*96 7 . 8 7*663.2 3*20 5.6 5.39 8.® 7.783*4 9*40 5.8 5.7® 3*2 8.055*6- 6 *6 0 6*0 '  5.95 8*4 8,243*8 6*00 . 6*2 ■ - 6 *1 9 8.6 8.444.0 3.99 6*4 5*354.2 4*18 6*6 6*974.4 4*33 6.8 6.754*4 4 *6 7 7*0 6.96



indicator prepared by Harden tod toes pmMrved
£n mall battl.au aad war# umA without
further pm ±£lm tl® n.« 40 allligraa® of ®mh dya mmmi

is a iaorî r witti ssffi a 1 ent 0 * 01_ is ifaO’M to fors

to  100 a#.* T h is  Hanna a a ta a k  s o lu tio n  o f  to o k  la A la a tm r  

at 0*04$ aaMtotratlos*

o f  e s to  b u f fe r  mssd in  m M srlaa  aa a  added 1 ee* o f  

s to to  in d ic a to r  eolation* Xn ease it w ia  found by trial 
tb a t  thm re a tiitin @  a o lu t lm  m i  to o  &m p is  a o lo r  fa n  

Ml&ftfratmy ApMto^totoMtrio torle, it was tllstod 
111 w ith  sore of t t o  buffer seXtitios, or o o o a s io s a lly  

wltb distilled w a te r*  His m th o d  of v a ry in g  tto te p th  

o f  m Xm t o f  tto solutions m s  fo osd  nor# e o m rto ie & i 

ttoa etosglsg t lio  le a g th  o f  tto tuba ased ia tto apootro-* 

p to b M » i* r«  T to a  t t o  tu to  lo s ^ tb  mas m X iorm X y 40 *0 nnu9 

tot tto c osoostratios. was 0*001$ for six of t t o  i& H o & to ar* 

mmM o^oofitfer tto Mrvm&iu
Tto pH range eoir«f#d for oaoh of tto indicator 

aoqrioo was dotomisod aogposrlamtally by making up tto 
serin® to at least one stop beyond tto point wtore so 
fart tor oolor ohasgo mm® visible to t t o  eye to botk tto 
neld and tto alkaliss aid#*

mat® imi# m  tto ptotontiLMtrlo ajHMttroptotmMrfcar as
iiidteabei. is tto ttoovetie&l mottos of tbla paper*

t t o  m & iu »  m lt »  to d  t t o  r to s t lt la g  a ix ts r o  to ®  d llt ito d

i £ sm M m *t to  so #o*

♦ 'fto  m to srb fiu m ta
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4 » f *
4 *9 #
8 *1 #
5 *8 #
0 *8 0
f #f f  
8*§S  
6 .1 5
6 .5 5
# .5?
6 *7 5

7 *1 8

? *m
? *##?.?a
8* 0#
8 .1 4
8 *4 4

.0 0 6
•1 58
.20?
*887
*448
*§ m
*669
.8 0 1

*021
•# 0 8
408?

*0 H
.0 0 1
.8 8 5

*898 •23ft .XBX *05? *087
###0 *100 *106 *0#@ *074.

#089 .2 9 4 *105 *1 28
*4X9 .4 1 5 .18? *1 71
*559 *581 *246 .2 5 23848*4#711 .7 6 4 .5 6 0 .5 4 9
,8 9 0
♦ ̂

.8 6 1
Imn
.68?
.(>54
*905

* 4®S$ 
■ '##90 
.696

*fa§

3^T®tm .br<m ®ph®m Xt®trm hFm m &®l.§M^k$&»3Lm £m  
0*



9.0

X—G-Crefal-yCI
O X

7 .0 -

O-PAen • i-V B r  
*-P *e«o l-V £<

6 . 0 -

3 f—<J.Sr -o-£.l*«So^- y C l

3 0- O — V/9r Phe***l-H &r 
x  -  P h tH 'l v c i

0 .7 o.eO .i0.0 O.J> /.o

F r j u r t  &  „



b e  a e m t t i  t o  0 * 0 3  p H  u n i t *

X n & leateo  O o m ta n ia  

X n d le a to r j j£

f*ttra% 3PO ^pli@ »ol|firtrm birO To#iilp lio iip litlm l© iii 3 * m
^l^r«»o «K S 3rtto €»0o lt# tra -0 !iio T O #iilp lio isp ‘lith a l.© iB  5 *0 4

7 *0 4
Ammmltmt^rnbTmmmmXphmmphttmXmim - 7 *£ 5

o m i i I ^ i i | l i l M i i i  7 *51
O ^ to o ^ s o lta tM te ^ io a tilij^ o a p litfe a l© !!!  ?*SS

r d s c u ® 0 io n  o f  H e e u lta * t h e  r o m lt a  b rin g  o u t  th e  

in te r e s t in g  f e a t  th a t  th e  n a tu r e  o f  thm  h a lo g e n  mtrnm 

a t t s o ile d  to* thm m lphetM nim ale a c id  p a r t  o f  th e  n o la e u le  

a p p a re n tly  Mmkmm mm mhmrwmbXm d lf fo re s e e  .is  In d le a te n  

b e h a v io r* Thim t m t  im enph&nlssed i s  F ig n re  B§ ehmm  

m m  c u r v e  s e rv e s  f o r  a  p a i r  o f  in d ic a t o r s  i s  e a c h  o f th e  

ih & a e  e a s e *  t t t r t  c o r r e s p o n d in g  p a i r s  w a rs  s tu d ie d *  f h i a  

b e h a v io r m s  m ated by  Barden when be am etxred  th e  

S n & ie a te r im a g e s  o f  t h a w  wuhBtmtmmm*

B a rd e n  observed th a t  f o r  a  g iv e s  p a i r  o f  In A le & to re , 

th ose c o n ta in in g  c h lo r in e  in  th e  sm lphobessei# s o ld  

n u c leu s  had s l ig h t ly  le s s  t in c t o r ia l  s tre n g th  th a n  th e  

ecw m ep o o d lm  i i w * »  ecm eonds* th e  n e v e ra e  was found is  

t h is  work i s  two o f  th e  th re e  ea se s , me eaa ha m a n  

by ocm parisg co rresp o n d in g  trsm ss& t tamo le a  i s  F ig u re s  

1 to  7 * I t  sh o u ld  be n o ta d y how ever, t h a t  th e  d if fe re n c e  

i s  t in c t o r ia l  s tre n g th  is  n a i W t o  th e  eye w is h  s m a lle r  

th an  to  th e  a p e e tx ^ h o te m ta r#



A eompesrisosi o f  th e  in d ie  a to r  w m t a i t i  o f  th ese  

toewr flro lphesai^thale iz^  -w ith  th ose o f  th e  eo rrespoa& ing  

eo&pmmds a & th e iit hele& en in . th e  &%flpkmbmnxoi©  a d d  

n& eleus shorn th a t  th e  toxmmr a re  s l ig h t ly  M r©  a e ld f 

th e  d if fe re n c e  in  In d ic a to r  eo n s ta n t ra n g in g  fro®. 0 *5  

to  O f9 pH u n it *
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