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The use of Indica tors f or Dete rminin g t he ~te l ati ve St rengt h 
of Acid, ; a (H ass Demon tr tion '.i.' cclµli q_ue . 

~he fact that t h e rela tive strengt h s of c r t~i n ~cids cou l d 
b <l etermi n ea by the u e of i ndic torn ha, long 1rnen 1.,.nmTn. 
One of the f irst t o YJOrk :? thi o su.b j ect w 2, f3a l m (1) ... is 
u ork 8.ncl that of Vel ey ( 2 ) de serv s _::)arti ct1 l 2 r r.1en t i on . ·,Tow­
ever , a l a ter t1nd c learer treat i se of -Lh i s rrork i s e; i ven b~l 
Cl t.fr>k ( 3 ) , nho s e u or::.r i s f ol lowed he r e :rior e clo el - thP n t h e 
other • :2he ab ove ua:9 ers 5 i ve n os t of t he p r e)8 r 8ti on end 
:proc a_ ure us oD. i n thi s rrn r ]:: , t,bere f or e their ,vor' - wi l l not 
b e discuss eci he re lJ ut c' i v en as n cl2 c' s dire c ti on to be fol ­
loi7ed . 

Thi s n e thod , sts.tea i n a f ew word , c onsis t s i n t he conpari ­
s on of the color given by t he U11~:cno-rm 2c i d con-G8 i nin,~ a d f­
i nite amount of i na.ica tor ,ri th t 11e color ,n- i ven 1Jy J..; he G'"'n 
R:riount of i n di c t or i L ""'n e ' u2 l v oll1me of sone str-indrrd bu f -
fe r olution. ~e meth od -here u ea is q r e let iv ly sir~le 

on e cons i s tint" onl y . in h2vin:<s O s erie s of s t Pnda r d olutions 
of va r y i ng bnt 1m om1 p H vri.l u e , det er L1 i -,,, ed f ron the i r meth ocl 
of 1n ·ep arat ion or by el ec t:co;'letr i c compcri sonr . 

: res.n i n8 of the te r m p H. 

S:hi"' i s r.10re ly an a r b i trar y n omen clt:1 t ure i or ·vhe hvcr o CJ'on 
ion concon trc t ion . Thu. a O . 1 IT s oluti on o n ~Te l ( if f lly 
di s , oc~ .t e~ ? i s s a i d :Co hc ve . . hy~r~ s en ~on concen t;~atJ. ~3:-4 of 
1 x 10 , mule " O. . .d s olution OI lie.OH nas Cp- = 1 .,i:: 10 • 
Ev~d~nt a~~? t,here nay ~1 a stea dy ch2ng0 i n CH , t h neutral 
po i n t b 0111:~ CHF- 1 :x: 10 • '.i.hus c nolu t ion mi ·•ln; 1J e of 
c11 - 6 . 6 x 10- • Ao thic, number is soner:h t cunberooine ond 
he.;ra t o t1r i t e a n eu uetho 1 WT' 0 d ivi sotl , .:::is l)Oin,r~ ct:1 l l0C1 
l) ::-I . ':;:hi s ') 1: = l o.o¾rr give? 2 .. '.m1ch_ more Di mpl e e nd cf'sier 
vc l o t o Jan 1 • ~hcrdi or e i n ~~ e bove C8Se p H c lo g 
0 ~ ~:-ro- 5 - log _l - log o . 0000 66. 
u -n c 0 . 00000 - 5 . 01954 . Al 8 . I t i s r oc dily s e en thc t t ~i~ 
i s Lmch. no 1"0 crs i l y 11 s n dl od thrn the other neth oa. , ;vet on e i s 
rc 2dily c o 1v r t cl L1to ·che ot h er . I t nv ,...t b e rer1e 1be oc1 
ho~ever t t~t h e highe r the p H VPlue the ler □ the ~1y 'ror en 
ion concentration . 

r::.'hcn. t o c;et 1 ric : t o onr Geri es o:f ,.:, t cnd2ra_ s olution:-- , ·:,lie 
yroc ec 're cons i ,_, to s im:9l y of a c din-; t o 2 r iven c; 1o nnt , u ually 
10cc of t ho ,_,cries of standa rd. ,.;, olutionD a a. f ini t e Pnomrt o:: 
t he p:.•o:)or i n ice tor, , ·iJOut 5 ro_pf3 of :--- 0 . 04:·, rolu -~i on . ~21i._ 
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,c,• ives a serio r oi' s:w c! of' ,o 8ch corro . . _:i o01C: L p, t o, c c_,.i 1i'Le 
:p'.I Vf' lv - • :-1 0 11 5 d:co_ys o _~ the c,"'1:1e i nc"'.. ic .tor ir t1t. in 
J.Occ o l ✓.:;h e 11 117:n.ow11 rci c. !On, t •1 s eri oP rn'1 ·' chod .. i t:1 thoco 
,...iVEU · )~T the s tc ndP r d 2 .. he:.1 P ' 1r• tc 'l if.:' . o rnc: L,~ G 1) -- o: ihe 
E0lu Lions i G t ·-i e fJO Lle . '..:ho cLio:::· l1l"0C vtion is t }~e r,o ­
loction o f the :· op er indi c otor . 

I 

It 11a 0 b e en a l onr '·n o m :i. e.: ct hr t f e\l L cl ice.tors ha ve r··,c r 
color c~cnge i n goi~G over f rom ['C i d t o b.G e bu t uhc.:t ·LJ ir 
ch o.nr e if: c i-· r-i u.. ..... l 0 :L v:Ln r• a serie s o· slirJ~e .-- a.:, t~1e conceri-
t r c... tio.1 of ·tho rcid if' :l n c r o2. ,.., o,. or d. i _in i uhoc1 ct v',c -'cur -
i nc; oin ·L . - L .,o , :i:01, i nclic a to1·s hr v e t:r"'o m: ·10 Ju1 rninr point 
1..:he :..· e :c. ore , :n0J' C-' r• i ve n .. ci cl sn i nd ic r tor 'lU,./c lJ selectua. 
·1,-hich ha 1·c3 -~ur n i n oiut 2 t • -,, · va l u cb o1Jt Li.1c f"''lG rr 
·t ha t :i:'u1'11 ir :1ca. by the d i ..., "ocir>t ioi1 of t:i'i e cicl in _voct:\.011 . 
An :i. :nc1ica tor uh oce t 1 r ninr 1o i n t i s r b oy or licl o•,7 ·t/ c, -J-~ :i.r;r 
:.1i shocl b~r ·t"10 f' Cid C8J :1o·c be Uuod • . h e c r on tcr t· e di:i_;_ re cc 
j_ u oh::i dcs botrrncn t u o ::]T' vc l ucs -Jhi cl1 2r c c l or:.'c , --;,;10 no1° 
vc:...l UL ble ·L ,, c j_n dic <., tor :I. or ·:;:1 0 ranee 

... : e cao i oo t ·.rry to ccloc t 8.j1 i n<l~_co.tor i r, t o 11 " vo ._ c 1 1c rt 2 f' 
~iv n l);r .., 7,., r J- (' ) • '.::hi..., conoi ots of a ·'llc te or fbich t}, e 
transiti on s b a. cs of a r:un be r of the im ort n t i:1c1j er-tors '.:re 
t'.r iven c s u e l l C,:., ".;Le co 1°reo::_:)O;:~c. i ·1.r, pH va l110 f or " Oc h c'if'ce . 
ii th ::-. e; 1.8.l't of thL.J ' i:1C mu c}-, ti .o L'.18 ·1, iJ e c vo ,· :-- c ,, 11 · c 
t} ... e ll. lG CO f Sc:.r ,.,. ;rir t c o·n t' C rt2:nCc rd Polu'Lio ~1r . 

~ o s t2,d2 r d r ol utio3f' Lrc 7rcJe rc ~~ he Pro of bc:~er 
r·c lt c , crc~1 r ., ci t ro.to c , pnof' nr tc c , cn r b or".'\ tor· , · )01•[-!to::-- .c 
·1cny ot]rnr "" '.d-io:· br or·)O. iono b:· i'o 15 j · r lo re dir• -
rJ oci c. t o "C i d . 171 ,tiG i n o ooJ.u·;, j_on o-~ a h i "'hly a.isr::oci"'L0d 
:- cj d r nc·1 "G · Cl it 1·:t J. l 1J o uo:.0 0 ir r oci a:c e ·L'10 no1--o it j_ .... 

c1 i J.11tc(l . 1~:1en j_~. i:1 U:L o ri o J.u·L i on ·L~ 1 o r e i..J pl.P e e CC'l"'hon"'to 
io11s , obvi ou, l ~r ,,o 10 of ·L" .c ~-- ionr of t · 10 -~G l \I i 1 l :1i te · rj_ t:' 
tho er rb o112tc ions ·co :rorm TT0 0 .J ' . ."1ich io re l •uivo1i· slit:htly 
di~ oocic t o . • ~~ cy tbuc r e "rco t l e ~ydro 0 en ionr in 1n 
,.)o.,_u-tion . :J;r 1·0 .;:t1 l : tine t o noun·c oi Duffer i n thL., 11a.1.mor 
t ,1c _p -I v2l uc of the coll1 t ion riry 7J e r ogn l o t o, 

C.1h o bm.fe1· s oln·c ions us e . i ...-1 tJ,is , ,o_.,, conc i tcd of c. ten-ch 
t10l2r :Jol\1 •cio:1 o:i: ro a. iur1 ci tro.to , -~o r-;oth0T .ii t:.1 r- -cc 1th 
mol~r s olution of ~81 , J~opar cd "8 f o loTTe : 
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:?rc·02rL tion of Standard [ olntionG . 

7irst calibrate o pair of burcttos . If tho conroctionc 
a re gnall however th calibrations mcy b e di □ c 2rdea ~ T~on 
t~o ±irot rolution to uake U] is tho acid solution~ 

Crlculrte the " □ount of conceatretca 7 ~ 1 (co . ~r ~l 20) rc­
c.tiiret. to nrJre up two litcrc of r, O. l r colu.tion rL-o u, 
·chi G coln t ·' on cnct 1 ct ,c;·~rinc1 for sever"' 1 honrG befo r ,_,t,.,na:­
ordi7'in · , then standardize l)y titrr-t ion "1:itl1 2, ·, n m7n bc:c-e 
or by t1~e ·rav · r:1etx·ic :-1cthoa. . I:;:" it :Ls not c:::2ctlzr ., l"J it 
shoulcl be n:cico so by dilution or 2e. in-<; n arc rcid whi·· 01 evr:ir 
tJ10 cr> se nay r e nuil~e but in -~., e le ttor c1:1 sc t110 ti trc tion 
□uf:/c 1)e ru nL ove1;:, 2goin . '"o'.revor , L. L1 i2 l'0 l ire s too r.rnch 
ti.1e t ',e .,TCl c:,n l)e uc e 1 2..s it if' , carry:i.:v, tho :.ccto1" 
throu ':'11out . 

:Tc:::t c2J.cul"te the 2x:10unt lr· \7t . of ~rcoH requirer' to n2., e 
up a liter of o 1 . = solu·~ion 1 ·d" , licht cxccrr ( □ cvor8l 
grams) of thic a:1ou t :::i no co:·m1cr6i 8l i~r or1 is :pure . J~ot 
this solution st2nd over ni~ht in a ~yrex or better ati 1 e 
:;}ar 0 ffinod bo;t t le ond then stand2rdize by ti trotio:1 ·"~'" inst 
the ncid lre~rrod ebov . ~ e Ptmo □t c~re should te useC here 
es we arc ti tratinc a O. lU ccid c0 inst 2 1 OIT b8se ~~d r 
very small c'iang in IT1:0H uiJ J. re .._uire considercble rcid . 
,/hoi1 t l o no lity o:... the ~:aOH is found it cen be usoc vvit h 
t~e factor sn~ not be re f uccd t o exactly I .on. 
:. ei6h out carefully 21 . 008 gns of citric c cid . ( 0110 - tcnth 
its molec tJl2 r u eicht ) . Dissolve in rrc tor 'nC add 21 0cc of 
the l li llaOTI then dilute t o one liter . S:his D k es a O. l~ 
s olution of s oc1 i un citra te . 

~hen v.rit,h the O. L . ac-i s olution 2nd a O. l N socliun citrcte 
colution rrn e..re reedy to mo, e u1J ·L,he series of st2ncL ... rd 
s olutions , the s odimn c i tra,t e ·being usec1 in ·chis c2se 20 

tho buffer . 

Celect 28 flasks ca~a ble of holding 100cc Cech , tho8o should 
, e prefer bly nyrcx , glass , t o •}J ere '. , 'nd gradu2tea :?or 
J.00.c c . 1:i.10 ·, h e first acld fron r:i burette 90cc of the • lIT HCl, 
to ·che soconcl 80cc , to 1e thj rd 70cc , c tc ~1,en as -~ 11 c11:..·ve 
lie re becor,rnp 1~m ch stoe~er , ( shown in 2 cc or1ponyi :-1::; dio .::_:1 en) , 
solutions should be n de up i or smeller vrriet ions of the 
ocid . Betueen 70c c e.c i d f'Ud. 50cc 2 cia. na: ce U) a eolu tion for 
ever3r c hf'1'1g in 2cc . S:hus ac cl. to ·Lhe serie 68cc , 66cc , 64cc , 
etc .--- --50cc -mi . ~o the next b ottle ftor ~hie series rfd 
'15cc 1-IC l "nd then 40cc ,rc1 . ..:·or the re:st oi' t>e curve v2ry 
the strength by 10 c c portions , tius ~Occ , 20cc , 10cc . ~hen 
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nr-:, e u J each of the ab ove to 100 cc by c.ddine fr o .1 r bure tte 
the req_uj_rec.1 emount of s od iu;11 citrate 0 oln·Lion . If the 
b ot-'cle, ere P'r 8du2 tc c.· thi s m2,y be cone by Eirl.!_)l~, c1..i1nt i ng 
uith the . lr sodiun citre.to 11!) to the gradl1stion If 
these so~utions e re kept in a pyrex gla ss sto~perc~ b o~tle 
they 112y bo 1:e-o t f or sor:1eti'1e \"litl out 811 a :prccieb1o lo , 
dle to the solution of tlle gl eDs . ':'he bottles should b e 
l 2bele c.. ·.ii tiJ their pE value as t 8.:_en fr or1 the cu.rve .. 

'J:he above olutions Give 2 r nge in pH fron 8 bont l t o 5 . J 1) 0YG 

and belm7 t he , e values 1ihe sLipe of t.h0 curve b oc ome r s o 21,1211 
as t o be impr ctib le f or use r or .'.::re2 t er or le rr v::luc ,.., 
of pH othe r bu ffe r s MPY b e uc e • See Cler~. 

j}o1~ the al) ovc series the f ol lo·,- i ng incl.icntors wore found t o 
be tho no~t desirable . 

Indicator 

':' . I3 . - C:h;ymol Blue ( o.cid 
E - Ethyl Or2.n{'.O 
J . ? . B .- 3Jrom :?henyl lue 
I,: . :Z . Eethyl J.cd 
1: . -1lethyl Orcn°·e 

pH 

1 2 
2 . 6 
3 . 4 

4 . 4 
2 . 5 

r[',nge. 

t o 2 . 6 
to 3 . 4 
to 4 .. 6 
to 5 
·~ o r . 1 

I:: these i 11.c1icatorc , re not in s olu l; ion in _._he l2lJ01 t or~r 
nrke UJ a o.o~; colution of e a ch n n keep t1ou i n a we l l 
sto more . l)ottle . 

Ac i ds lL1der B::c..r:1in2 t ion . 

~h cidc should b rec r y,t~l iz ed even thou~h it i s PC . ~ . 
ccid . ' co·~ rcirl 2cid should be crystall ized several 
t i ae , • 

Se t □ r2te a hot colu tion of the ocid Lnd f ilter TThile hot 
throu,r:;h r fluteC. filter :98..:)er i n 8 hot 0:mtor funnel . If t11 e 
solution i s :; olored bo il u ith ani mal ch2rcoal before f' ilt. or­
L1{; . Set \,he fil tr8.te 2 side t, o cryotallizc /hen. it is 
thorou~hly cool f ilter using su ction 2nd dry in the a ir . 

·. "110n thorou.thly dry i ake up a .our solution oi the ~,cicL by 
cl iss ol vin(s one hundretJ1 of its molecular 17eight , ( i f it i, a 
moiloba sic a cid) in l :i ter of •.1 ter . Let uhe solution sj_ t 
for several hours before me.king the tests . 
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Choic e of Indicator 

Take 10cc p ortions i nt o sev era l test tubes f::'nd add t o 
each 5 drop s of a d i fferent indica tor 1hose u orring r ange 
is SU!)po e a. t o be near the pH va lne of the a c id . Comnar e 
these c olors wit h the shades g iven by .a col or cha rt :p re ­
pared as the one given by Clarr . If t he color of t he 
solution wi th a ce r t i n indica tor come s wi t h i n the re nge 
of shade s f or th2 t i ndica t or it may be u s e d i n the com­
parisons . I f such a ch rt cannot be obta ined the c olors 
g iven by certa in indica to r s wi t h i n their a ctive range may 
b e s o memorize by wor k ing with t he s tan d rd s olu t i ons 
t hat these prelimin r y tests may b e carr ied on satisfa c­
to r i l y . 

Comp ri s ons . 

Selec t the r ange of s t andar d s olut i ons c or re spondi n g to 
the e f fe c tive range of the indicato r determined as bove , 
and po.u.r 10c c of e a ch s olution into series of tes t tubes 
arr .nged in order . ':'he pH va lue increasing in regula r order 
through this r2.nge . Into each test t ube place 5 dro:ps of the 
indi ca t or and "'hake . ':'hi"" should g i v e a serie,.. o::i: sha de s 
of i ncreas ing bright n e ss of color . 

To 10cc of the ac id solution i n 2.not her tePt tub e ac..d 5 
drops of the S[)ne ind. ic"'.to:r as was used in the stand .r d sol­
utions . A c olor 11ill :cc r;ul t uhich matches sone 1,1cre 2,long 
the sc le , of stand2rds . J.:G.tch this color by conporioon r>. 
nearly 2s p ossib le • . !hen 2 match i s obtaine t the pH V8lue s 
of t 10 so lu\,ions is the same . 

I f the chang e i n co lor between tvro r:tdjr cent E.o lu t i on"' i 
sl i - ht Jvhey are best com:')a red- by u:2e of a com:perator Jn''de 
ns f ollo,,rn : 

Bor e two hole a".,o u.t an inch nd a hal f apnrt i nto l1loc.: of 
rrn od . ~he ,..,ize of t:1ese holes being just 18rgc eno •"·h :[or 
t he tes t tubes to f it i nto them . ~hen obout 8n inc_ froJ 
the bottun of -~ 11e bloc"..: bore - ST'loller hole 2t l"iGht PDGlC'"' 
throurh e:c>c:1 of t11c ot 1er holes . ':i:l1 ece 2re _ or _pur)ore 
of 1 o~: i ng r t th e test tubes f1on placer i~1 -',lie u ri ht 
holes . S:1i c entire bloc- sho11 lc:. -'u11 cn be ::_)f' inted bl- c· • ·.:i th 
such rn 8 1~'.)8 r tu very 2ccurrte conp2ri:::0110 crn be '1"de . 

If t~o solu~ions of t~e 8Cids ere c ol ored or uu~y they 
choula_ ·be :i12nd ca. 2 s ;011 011s : 

Bore t'JO :r.iore holes :for the teat tubes b c· o· those rlrer c..~ 
in the bloc- c nd 2lso intcrcocti1,."l ti o holes :i or obccrV' tion . 
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~hen in the ±ront hole of one pair, p l ec e the stenderd 
solution iii th indicator 2nd bac,: of it 8 test tube full of 
the 2..cicl lJu·c iii th n o indicator . In the other front nole 
pl8ce "L,he tu}Je of cicl ui tr.. indica tor to be to Pte d n1d 
back OI it a t be o~ clea r uetor . ~hen neke the c om. 1 risons 
as above . 

In this I'Jf' .ner the sar10 thic!rness o:f solution end sa.r:~e 
ar:1ou.11t of c olor is l ooked t l r ough in ·,Joth '"'id e. and thus 
elininates 2lmof't entirely Hny e rror duo J. o the colorution 
of ·che s olu ·cion . 

s:'ho above method e lthJuch rn P 0 roxin tj_on , i veG sonc very 
clooe ro"'DltR , 1T11ich i n f'.lcny c"ses mcy be oll ·chat i s :i.:e ­
c~u ired nd this nethod i s very s2ving both in t,j_ri10 and ex­
pens e to so:,rn OJtJher r.10r e exr'ct 11cth od s . 

'.~1110 p otent iometer ]'j1et~1oc1 is enother no re ex ct rnet}10cl but 
requires T'lOi' e ;u i :i,1enont 811d t ~:i.e met11od s of r1311j pulr -Lj_on i::u·e 
not 2 s sim 1le es t 10 one {' i ven . ':::here1:ore t:i.ie colorine t ric 
r1etbod o:;. deterninL1e the p:I yalue i ri cor'lin~ nore "no.. more 
into tlse es,) eci ::- llv in connnerci 2l labor .torios 17he1,e the 

p ?roximate. pH of a solution is re qu irea. C nd r qui·c r nethoc 
of t i na.in~ it io deoired . 

Several or~anic acids ucrc run throuch the obove ,roce rure 
ano. he ir Ji{ vn.J.ue found . In e2.ch er o 0 . 01 :·· r,ol utio:n 
,-res n oc Pnc found to b e tho 1:10 st sa tisfac tory . r:1 sane 
cascc ho·:rnvcr tr1 e 2cid may not be r..,oluolo t o t}1:i.s extent and 
a n ore dilute solution ,rnu.lcl have to be used. \"lh i lo ii1 other 
cases the scid moy not lend its elf at e l l to thi~ netlod on 
a ccount of unshlbili t;f or i nsolu.1)ility . In thL, uor~. Cin­
namic acid \"Y'S t r i ed end found not bo g ive very s2tisfcctorJ'­
results . 

7 or each of the acido used the hydroPen ion concen~rat ion of 
each of the 8cids nas calcu1a,te CL BS ·, -chec1~ end in eech case 
no error nas f ouno. gre~ ter than ,-rou.ld be ex:-.9e ct ec:t :fron 'L,he 
nature oi the ,..,-or:::: . 

r:i: 1e1,e nere tr/0 nethods used to ca lcule to ·i;ho :? 1I vrlue from 
·uhe dPtc g V n. 

C·- ~ C 
(1) '.:he irst me t hod iG br>Gecl U'JOH Ll10 l2n thP,t -c·-- . - - l( . 

';l1is ., being gi ve11 iJ1 ·cl1e t bles . HJ 
_ r:: 

':1hus from Scl, elder ( 5) • t 25 fo r benzoric 8 c id -~- 6 . 6 x 10 
1.Cho:i.1 ;or 2 0 . Ol H s olut ion ·:rhich is ~\. c. i croc iP ted 
X X 6 6 ~,.. 10- G 000066 -.on-·-· ,.. = • -"~ = • • - X 
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:x:2 
- 0 . 000066 

'> . 01 - x 
i = 0 . 0007 8 : 7 . 8 X 10- 4 
P H : . J .. 2 

( 2 ) ~h o next meth od i,:, .b e.so d U) On the e ·j_uivs lcnt conductivj.tie, 
t vary i ~: dilutions . Thus Scu dde r c ivo" a t 25 for c 1 

mol . t]1 0 conductivity is 22 . 3 . ~; ~ .. 1 mol co11ductiv -
ity is 59 . 8 . ~or i nfinite diluti on512tho conductivi ty i 351 . 

Then t h o 
dDcti vity 
Tbu.s ~ 

conductivity t any c:.ilu tion c1i vie.cc y t h o c on -
ot i nfinite dilut ion e ives t h e p ercent di s~ ocic tion . 
= de gr ee of issociPtion : 

/1 .0 
n1, o-.. e·"'or"e t 1 r:101 22 •3 
.J. - L .L ~ , • 651 
Lt ~ - 5g ; c1 0 1'703 

V.l.l:., L101 . · ,)0 = ., 
=- 0 0635 

? lot thee values 2s ordinate:: ll s i -:1{" the volume f's b:: ei Er~ , 
'.i:J1e curve i ncs r enou'{h "tr2i,,.,.ht li·ie to b e P O re£;2rd o<, . 

nb t , ., l 1 -f-' J...h . I"or l J t .L .on ·c :::e c 1e va ue .~ron l, is cn1 .. e 100 we , co cha - i .,l, i,:, 

8.bout O . 0655~; di SOCi c ted . 
0 . 065 X 0 . 01 - 0 . 000655 = 6 . 55 X 10- 4 
J? ~r = ~ . 18 

:~ac h of t h e a ci c1s used 'ff' s c2,lcnla te d by t h e:s:c n ethods 2nc.l 
t i1e L102,n l"O Gults t r" :en for 1=-r . 
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Tbe '.i' o l lmrins tcblo Ci vep the BC ids u DOC 'Ji th the r GU'_"t, 
ob·LrinoJ ~o well os tlo celcvlotod pH . 

l cicl 6~} Indicctor ::iceult Oo lcul ·ted. 

Sulf .:1ilic 
:::J c. i zo ic 
o- --:;:,-tr o::::y<~ OllZ O _ .. i C 
r.1-' :-crdro_~y J cnz o __ i c 
D - -:ydro~:y .::; en zo .:"ic 
0-~..::1_· no -Jen o...: .. ic 
u - 1-.I:'.lino :Jonzo ic 
p - _'J'n.ino -:-~ en :rn "ic 
~ - Yitro ~or o~ic 

:3 • .:.. . l e 
~G . ~· .. 13 . 

. i ) . J . 
B II :_ I) _...) • 

:;_3 . p . :[j . 
II 

::._') H: 2 • 3 5 - ~ • 6 0 
:9 ~I= 3 .. 1 - ;j . 12 

-- 2 . 8 2 .. 55 
::C"'-I= ~ . l - 3 o!..>6 
"H- '"" , 15 - ~ o3 

., - 2J 3 3 w6 
pH- 3 . ? 5 - ;J 45 

1·=0 ., 45 3 ! 5 
~')J I:: 2 . 60 - 2 ?8 

In no c~ ~o is tho C c let lated p~I rrnch cli:: ferent fro!n. t'· e 
eX})criL1 ntcl vri,l.l1 c oi pH th8n ·..ro11lo. b e e:::)octod :fron t':e 
uethod of dctcruin, tiona 

'.:::ho student ,:ill find. ·chr-t -oy f o _lm1iJ.~c; ·GLo c lJoye 1roccdPro 
so 10 v e ry ccur2..to ~nc.. j_ntorosting rcoul to nc y lJc obtri ned. ., 
~li i n met}1 od give..., 2 clooro1" und rct ... ,11clL1c o·" · .. hrt i,, reclly 
r.::ioant bzr :re stron.:-·th oi' c,cicl0 · ,, o:C}"'rcs O( 1) 07 jv eir h;vch"o ­
co ion concentro.tion , ~rot it ic sir.1.9lc onouch to be c '" rier' 
011 "by 2ny 0:10 1ho · n ou,.., only the :. irst ft111dc . .L1on tr1l....: of 
chemistry . 

B:r this co :1:._')ari...,0 11 the ro}:L,ti VO stro11{;th, o:i.' )'l_[';_"\2T r cic.r 1JO-
cone L1t1c 1 clearer 1,1~cle1~,_tood . It coor not give 2 lot o:f: 
ft1ctr ·to l)E) ne11orizca. m1ch "' "' t2blos , no ::o fo r·0 11 , ·,l ,t >= o 
olso 2n c- 1 c2.l to t ·e eye in th:i t h8):>c11:y ~-1y t·,:o ::-, ci C:.rJ r•:i_·e 

the Df'T1e color o:-'"'"'ctlv . ror in ·t.,hc :I:' iel( lini to, ·co -~· .. e "c:·c.r-
11scc.l t in ·"::.ct it io 2lnost unlinitecl. :::-n,, ·.:e . ['cia c-j1a cr ­
£lC Ci2ll~ ·ci~e orgn:Jic 2cicls uc-y be tcstec-:.. b~r t11ir, :iethoc. , r-1 -
thou::;h in cone cB □ e'"' t'rn reonlt c"i.oes not P )Cc r to corror:JOlld 
\1ith th~t obtr.inec by other ncthodo , yet it c ivo:.., 2 vorr frir 
ostin:-, te . ror is tLe f ielcl linitc,, to '"'C id.fl , rs suc 1',f' 0:10 
lrnt t 11e · hJrclroce:n ion co1?,ccntrptj_o11 of o-:~:rnr Golntio11D r:11d 
n i:;:turec nry 1:- o deternincc. in thir. n'"'rmer , such f's the b l oo~. , 
crotric juice , · nc. m0 n~r other secretions o::? the 1)0d~r Jnere f' 
12s t y ,.l terminri,t io11 ii=:: re _1]irecl . 
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