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? Spectrophotometric Determination of the Thermodynamic 
pK Value of Picric Acid in Water at 25 °C 
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The thermodynami c pK value of picric acid was determined spectrophotomet l'i cally in 
wa ter con ta ining hydroc hl oric acid to repress the ioni zation . The pI( value 0.33 ( T< "" 0.46) 
was obtained from data at 45·0 mIL. Attempts to determine t he pI( value by poten t iometric 
tit r ations of picri c acid and by spectrophoto metri c m easure ments of picr ic acid solutions in 
t he ncar-saturation range did not y ield satisfactory resul ts . The new pK value is comparcd 
wit h previously published valucs . 

1. Introduction 

Because of th e wide-ranging impor tance of picric 
acid, numerous attempts have been made to deter
mine its ionization constant in water. Table 1 
summarizes ionization constants or ph: values which 
have been reported in the literature, obtained b~ T 
catalytic, conductance, distribut ion, 01' spectrophoto
metric methods. 1 The values obtained for J{ range 
from about 0.15 to 0.6, th e corresponding pIC range 
being abou t 0.8 Lo 0.2 . 

The principle of additivity of substituent effects, 
which has beell applied successfully ill calculating 
approximate pJ\: values for some of the meta- and 
para-substituted benzoic acids (for example, see 
[1, 2]) ,2 cannot b e used for a dependable estimate of 
the pK values of di- a lld trillitrophenols, because 
the calculated acidic strengths are less than those 
determined expel'inwntally- in some cases, very 
much less [3 to 5] . For picric acid, several differen t 
estimated pK values are obtained on using differ enL 
combinations of the following experimentally ob
tained pK values: Phenol (10.00), m-cresol (10 .09), 
3,5-xylenol (10.19), o-nit1'ophenol (7.21), p-nitro
phenol (7.15), 2,4-dinitrophenol (4.10), 2,6-dini
trophenol (3. 71), 2,4 ,6-trinitro-m-cresol (0.81), and 
3,5-dimethylpicric acid (1.38) . The variability of 
the calculated pK values is evident from the following 
examples: 

(1) The pK value 1.57 is obtained by using pI{ 
values for phenol, o-nitrophenol and p-nitrophenol. 

(2) By subtracting the numerical differen ce be
tween the pI{ values for phenol and o-nitrophenol 
from th e pK vfllue for 2,4-dinitrophenol one obtains 
1.31. 

(3) Subtracting the num erical difference between 
the pIC values for ph enol flnd p-nitl'ophenol from 
the pK value for 2,6-dinitropnenol gives the value 
0.86. 

(4) Subtracting 0.09 from the experimental pK 
value for tl'initro-1n-cresol gives 0.72. 

1 A few a tte mpts 11a'o been made t.o determ ine pK by emf proced ures. T he 
results a rc not in cludNI in lable 1, ei ther because tbey wcre consid ered unsaLis
factory or because they were not supported by any experimental details or el ata. 

2 Figures in brackets indi cate the literatu re references a t the end of t his paper. 
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T AB LE 1 . f onizati on constcLnts p!'et;i ollsly 1'epol'ted Jar picric 
acid 

T'C'm p . 
I Mcthod I 

Equh', \'a! ue 
°C R ang-c of COllen S,a of measure- J\ ~ c ofp K 

m on tb 

18 0.O O ~07 9 to _ ~ : ~~~~~_ J Dist. dO. lill 0.785 

~5 Condo ~,....., . 2 -- ----- . -- --

25 0.03 to O. 05 Ca t. .32 '.506 

25 .00997 to · 0399 Spec. *It, I.;J '.820 

~O .00 194 to · 00204 Spec. h. ;1~ L . 419 

25 . 000187 to · 004347 Conci. ;.(lO±35% .22 
(0.41 to 0.09) 

25 ..... \ ppro\:. . 00005 Spcc. "',51 *j 0.20 

25 . 002358 La . 00·14 ] 0 I Co nd o 'k. ]9G '.708 

25 ------- ------------ ---- - -- Spec. .42 '.38 

. All conccntrations appear to ha'"e been in molar units. 
b Abbreviations used: "Cat. ," catalytic e frecl. on lhe hydrolysis of e thyl acetate 

as compared with th at of lI Ot; "Cond. ," conductance; " D is t., " d is tribution 
between water and benzene; "Spec./ ' sprctrophotometric. 

° An asterisk signi fi es lhat ]( and pK arc clai med to be thermodynamic '"alues. 
d V. Hotbrnund and C. Drucker, Z. ph ysik. Chern. 46, 827 (1903). Di ppy, 

Hugbes, and Laxton (see footnote k), who evidently recalculated 1(, cite this 
value as 0.23, which is eq u ivalen t to pK 0.64. E . Schreiner (sec footnote f) 
obta ined p K = 0.526 a t 25° from Hothmund and Drucker's data . 

• S. M . Neale, 'l' rans. F araday Soc. 17, 505 (1921). H e used Ac=376, and ob
sen'ed a trend from 1(= 0.299 for v=32 liters to 0.155 at v= 1280 li ters. 

f E. Schreiner, Z. anorg. allgem . Chern . J38, 311 (1924) . Assum ptions madc: 
HCl is completely dissocia ted ; H + is associated with 10 IT, O ; Pi- and UPi a rc 
unhydrated . In three expts. with CHP;=0.05, 0.04, 0.03, l1e obtai ned for - log 
](. t he respect ive ,"alucs 0.466, 0.534, 0.517. Emf measuremen ts at 18° yielded 
pK=0.540. 

<1;£. von H alban and L. Eber t, Z. physik. Cbern . HZ, 359 (1924). From meas
urements at 450 mil (?). HPi solutions of three con cen trations were nsed, as well 
as data in O.UG-NHCI, and the results were extrapolated by the me th od of least 
sq uares. 

h H. von H alban and M . Seiler , H elv. chim. acla 21, 385 (1938). From meas
urements at 430 mI-'. Fourteen measurements were madc with C HPi ranging 
from 0.00194 to 0.00204, CHCI ranging from 0.0084 to 0.0117. WIlen their data 
are treated as in th is pap<>r, the a verage pK value obtai ned is 0.:355. 

; G. Kortum and H . WiJski , Z. pbysik . Chern . (n .f.) Z, 256 (1954); prelim . note, 
G. Kor tum, Z. Elektrochem . 57, 8i4 (1953). They used A,=380.44, consider 
opt ical resul ts to be surer. 

j n. G. Bates and G. Schwarzenbacb , Experientia 10, 482 (1954). From data 
a t 356 rn~ . As in this work, h yd rochloric acid was added to rcpress ionizat ion of 
picric aCid, b n t larger amounts were added (CHCI, 0.1 m olal to 4 m ola l). T he 
same equation (see eq (1» was used in calcula ting p K . Because of uncer tainty 
about the \7alue of D 1, p K values were calculated with eigh t assumed values of 
D" tben plotted against the molality of hydrocblori c acid. 'l' he best D , value 
w as considered to be the one provid ing the best linear relat ion between pK and 
the m olali ty ofHC!. 

kJ . F. J. Dippy, S. n. C. Uug11es, and J. W . L axton , J. Chem. Soc. (London) 
1956, 2995. Solut ions of five concentrat ions were m easured. T hey used 110=385.5 
(obtained by the extrapolation m ethod of n. M. :Fuoss (J. Am. Cbe111 . Soc. 57, 
488 (1935» . 

I Unpublished result of T. Hiley and F. A. Lon g, cited by A. C. M cDougtlll 
and F. A. Lon g, J. Phys. Chern. 6U, 429 (1962) . }; ,pcrirnen tal conditions were 
not given. 
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(5) Subtraction of 0.19 from the experimental 
pIC val.ue f~o un~ for dinlethylpicric acid gives l.19. 
B ean n ~ l.n mmd that the experimental pIC values 

for the dlmtrophenols are all lower than the values 
calculated assuming additivity of substit.uent effects, 
one may re~sonab l y expect the expenmental pK 
for plcnc ~.c ld , also, to be lower than values calcu
lated in (1) to (3). The pIC values calculated in 
(4) fmd (5) likewise set upper limits for the pTe 
value to. be. expec~e d for picric acid. Dimeth .yl
pICrIC aCld, m partIcular, undoubtedly is weakened 
by sterle ~nhibition of reso.nance of nitro groups 
wI.th the rIng, caused by adjacent m ethyl groups
t hIS follows from well-known theoretical considera
tio~ls , as \V.ell as from ~ts absorption spectrum [4]. 
It IS very lIkely that trmitro-m-cresol, too is weak
ened by steric inhibition of resonance, tl{ough not 
to the same degree as dimethylpicric acid. 

Th e two following additional modes of calculatino' 

a pTe valu e for pic~ ' i c aci.d,a which use only expert. 
mental p ~( valu e~ for mtroph enols, should give a 
better es tIm ate of th e range within which the true 
pI\: value falls: 

(6) S.u btr ac~ in g th e difference between th e pK 
value for o-flI troph enol and that for 24-dinitro
P?enol hom tIl e pI\: value for 2,6-din{troph enol 
glves 0.60. 4 

(7) S ~b tr~cti n g th.e .diffeJ."ence bet:v~en th e pIC 
values for dlmethylpJCI"lc aCld fl,nd tnm tro-m-cresol 
from .the value for trinitro-m-cresol gives 0. 24. 
. ThIS paj:)er repor ts the r esul ts obtained in apply-
109 to plcn c aCId the spectropho tometric procedure 
u ~ec ~ in de termining th e p]~ valu es of 3,5-dirnethyl
pICnc aCld [4] a~d ?,4,6-tnmtro-m-cresol [5], in which 
h:vdrochloI"lc aCId IS added to repress the ionization 
of dilute aqueous picric acid. Absorbance measure
n~ents were also ~nade for aq ueous picric acid at 
hIgher concen tratlODS. Attempts to measure the 
p IC by potentiometric ti tration are discussed briefly. 

2 . Experimental Procedures 

2 .1. Materials 

A commercial high grade of picric acid was re
crystallized several t imes from benzene-cvclohexane 
or water, the. fiI?al t lln e ~rom water , fo;'min.g long 
needles. Preillmnary drymg to constant WeIgh t at 
room ten:perature .was acc~mp lj s h e d by leavi:lg th e 
crystals for approxllnately lour hours m a deslCcator 
~ hrou g h which dried air passed continually. No 
~ ur t~le r measurable loss in weight occurred on h eat
mg lor an hour at 100 to 110 °C. The meltinG" poin t 
was ~2l.5 to 122.0 °C . The values for percentpurity 
obtamed by potentiometric weight-titrations of two 
samples ,vere 99.97 and 100.02. 

The hydr-ochloric acid and sodium hydroxide were 
commercial materials of highest gr ade stated to meet 
A.C .S. specifications. ' 

3 Th €'::;e- we r p s uggested by Donal d D. 'Yag m'l l1 . 
-1 T IH' S;-1 m€ r esult I !' ~bt[tined . of COlll' f';e. by ~n h tl'acti n g t he dif

fel'cnc~ b etw('<' u t1~ e I1 h. Y:ll ll es for :l -nitrop henol and 2.6·d i nitl"O
phe nol f r om t he ph. yalne for 2 .c1-dini tl"Op he nol. 

2.2. Attempt to Dete rmine pK by Potentiometric 
Titrations 

Solutions of picric acid about 0.004 Mol' 0.044 AI 
were ti trated with approximately 0.46-1\1 sodillm 
hydroxide, using glass and sleeve-type calomel 
electrodes. The method of calculation was the 
same. as in the tit~'imetTic determination oC the p K of 
2,6-dlChlorobenzOlc aCId [2]. Before the titrations 
the electrode system was checked with NBS 0.05-M 
potassium acid phthalate buffer (pH 4. 01 ) and 0.05-
AI potassimTI tetroxalate buffer (pH l.65 ). T he 
initial pH values ranged from l.50 to l.54, and the 
average pI\: values from three experiments were 
0.78, 0.86 , and 0.74. These are not considered 
reliable va lu e~. In tbe first place, pK values cal
culated by thIS method are highly sensitive to the 
magnitude of the experimental pH values, and these 
were not r eproducible eno ugh . There was evidence 
of a tendency for picrate to crystallize near th e 
sleeve or t~e calomel electrode during titrations. 
A second dlfficul tv concerns the st~ tndardization of 
the instrument with buA·er solutions before the t iLm
tions. The pH range near l.50 , \'\Thich is vital for 
~h i s m~thod of determining the pK of picric acid, 
IS outSIde the range of pH values in which th e 
Hi tchcock and Taylor scale or pH values (ob tained 
with buffer solutions using cells with liquid junction) 
n:nd . t h ~ NBS scale (obtained usin g cells without 
hqUid Jun ctlOn ) are in excellen t agreement 16]. 
Near pH l.50, the two scales differ by 0.04 pH unit. 

2.3. Determina.tion of the pK Value by 
Spectrophotome try 

Absorbances were obtained with a Beckm an ~10del 
DU quartz spectrophotometer, equipped with a t her
mostated cell compartment [7]. The absorption cells 
were the same accurately made, demountable cells of 
vari<?us lengths used in other spectropho tometric 
st ~dl es [8] .. When so l~ t ion s contt1ined hydrochloric 
aCld or sodlUm bydroxlde, t he same concentration of 
acid or alkali was present in the sample cell and th e 
reference cell. To increase t he precision of wave
length settin£i"s, the spectrophotometer is provided 
with an auxilim'Y indicRtor line, as recommended in 
[9]. The absorbance values used are the average of 
at least ~ve independent settings, which were highly 
reproduClble, even on a steep slope of Rn absorption 
curve. 

a . Determination of pK in Hydrochloric Acid Solutions of 
Picric Acid 

In picric acid solu tions as dilute as 5 X lO - 5 1\11 the 
concentration of non ionized molecules is negligibly 
small unless a stron?"er acid is added t o repress the 
ionization. The pK value was calculated from the 
equation 

pIC=-log [H +]-2 10g 'Y± 

- log' [(D - Dl) j (D2-D )]. (1) 

In this equation [H +] denotes the t otal hy drogen ion 
concentration in moles per li ter , and 'Y± is taken as 
th e mean activity coefficient of aqueous hydro-
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c hlo ri c ac id of equiv,llen t m ola ri t ~ , (see [41, foo tno te 
4). T hc sy mbols D I , D2 , ,wd D up pl.\' to any picric 
<lc iC\ sol ut io n of <l given stoichiometr ic concen tration , 
])1 b eing Lh e spectral ,tbsor bnnce (optic,tl d ensi t:v) 
whcll t he acid is present en tirel)" as HPi, D 2, th e a,b
sorbnnce when i t is presen L en tirel.\' as P i-, nn d D, 
t he a bsorbance when conver sion or HPi to Pi- o r 
vice ver sa, is only par t ial. T he use of eq (1 ) involves 
the lI sual conven t ion t ha t T'+ ' T' - = T'± 2 for h y d rochloric 
Hcid , as well as the ass ump tion s th at T'HPI = l <lnd 
T'P I- is th e sam e as T'± for h n lrochlori c nc id . 

A r ecog nized pl'oblem in determinin g sp cctropilo to
m ct r ically the pK v alues of acids as st r o ng ftS picric 
a cid is the difficulty in det ermining D I valucs. I n 
t h e high conce n trat ions of mineral acid need ed for 
repressing t h e io nization , addition al effect s o n the 
sp cct ral a bsorptio n seem pr one t o occur. In th e 
h op e of m eeting thi s difficulty, measure lllcn ts wcrc 
m,lde n ot o lll~ " at 355 mil, which is 11 C,ll' titc wa vc
leng th of maximum absorp t ion of Pi - , ,wet aL 400 
mil, which is on a sho uld cr of thc absorp t ion CUl've 
for Pi-, but ;l lso ,l t 450 Inll , wher e it sce ill cd fa irly 
certa in t h at DI w ould equ,d 7.c ro. 

b. Attempt to Determine pK Usin g More ConcentratEd AquEoU S 
Solutions 

U sin g the sh ortcs t av:tihble H,bsol'pl io ll cells 
(O.Ol-e lll ), ,tbsor ba nce Jll C,lSUrelll ents ,,"crc Ill ade at 
450 Ill il J 01' fi vr picric acid so lu t ions rang ing from 

0.025 lo1 to 0 .050 J.11, with ,1Ild witho ut acldi t io ns of 
sodium hydr oxide. The a bsorbancc v alu es indi
c,tted that in all of t hese solutio ns mor e tha n 90 
p ercent of the solu te w as prcsenL <1 S Pi - . A n ,ltte illp t 
was m ade to c,d culitt e pK b:\" eq (1) (w ith th c S,tl)l C 
ass Llmpt ions as before ) . These caleulH tio ns, wll iclt 
indicated t ha t p K lllay be ,I bouL 0.4 o t' l ess, C,tIl not 
be co nsidered reli a ble, bot h bcc',w c o f expel' illlc lltHl 
ull certain t ies a nd b ecause of th e un ce rt a in ty ,tS to 
how much th e ilssumed ac ti vit y coefFi c ient's diHer 
fr om the truc valu es. 

3, Results and Discussion 

3.1. Spectral Absorption Curves 

Fig ur e 1 shows H serics of absorpt ion cur ves 
ob t ained with 5 X lO - 0-J.11 picr ic ,wid ill water, i n 
0.023-lo1 sodi u m h y dr oxidc, a nd in aqu eous h y dro
ch loric ,tcid r ang ing f ro m 0.145 111 t o 8 111. The 
faintl)- dot tcd Ii ne sh ows the sp ectral ,lbsorpt ion 
of p icric ,wid ill c ~ ' cl o h cx' lil e [10) . The <1lTOWS 
inciic,tte the thrce wHvelcn gths used in d c t cl'l nining 
p iC 

It is ge llc n d l ~ " ,lccepleci th<1 t io ni zatio ll of picri c 
acid is e ss e ntiall~ " cOlnplc Le in solut io ns ,1S dil u te ,tS 
5 X 10- 0 J.11. 'rllis bel ief [lIlci s support ill o ur cxp eri
m cnts, i n which th c absor pt ion c ur ves o btai ned in 
W,t tel' ,wcl ill O.On-AI sodiulll h~ ' cl r o x icl e (p H> 12) 

Waveleng th, m ~ 

- - - _ .'--t .... PICRIC ACID 
IS 

t In wa ter or O.0 23- M NaOH 

/",--\-- In O.14S- M HCI 

10 

€ x 10-3 

S 

Wave num ber, em" 1 x 10-3 

F IGGHE l. Spectral abs01'pti on C1l1'Ves of picric acid (5X 10- 6 M ) in water, i n aqueous alkali 
(a pprox. 0 .02S-M, pH > 12), and in aqueous acid (HCl , ranging f rom 0.1 45 !vI to 8 Nf). 
t = 25 DC. 

The f?.i ntl y dot tcd li ne i nd icates t he spectral ab sorptio n of picr iC acid in c\,elohexane [lO}. The arrows in dicate 
t he wavelengths ( ~ 5 5 1111' , 400 mI'. and 450 llll'l useel in determining pK . 'rhe absor ption in water and 0.023·1\1 
Na O 11 agreed very closel y in the entire s pectral range measured. 
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agreed very closely. It was thought desirable to 
limit the excess of alkali , as a large concentration 
causes an irreversible deepening of the color.5 The 
alkali was added slowly, with stirring, to avoid 
momentary large excesses. 

For all the aqueous solutions containing 0.724-l\£ 
hydrochloric acid or less, there is a well-marked 
isosbestic point at approximately 307 mIL, /; = 5050. 
The curves for the three highest concentrations of 
hydrochloric acid do not pass through this isosbestic 
point, bu t appear to be shifted toward the ul tra
violet. The cmves obtained with 6-M and 8-1\£ 
hydrochloric acid are very similar at wavelengths 
longer than about 280 mIL, but in the region from 
about 320 mIL to 350 mIL there is a suggestion of the 
kind of behavior observed in determining the pIC 
of dimethylpicric acid [4), when progressive decreases 
in the absorption on the first additions of hydrochloric 
acid were followed by increases in the absorption at 
high concentrations of hydrochloric acid. 

As is well known, in the near ultraviolet and 
visible regions the absorption curve for aqueous 
picrate appears to be the envelope of at least two 
overlapping bands, one near 355 illIL and the other 
in the vicinity of 400 illll.6 In some solvents, these 
bands are more clearly distinguishable and, more
over, their positions vary with the nature of the 
cation (for example, [14, 15]). The absorption of 
the nonionized acid is also affected by the natme 
of the medium (see fig. 1 and [14, 15]). Physical 
constants determined from absorbance measme
ments in a region of overlapping bands could be in 
error if, for example, one component band were a 
"blue-shift" band and another, a "red-shift" band, 
or if both were "red-shift" bands not equally 
affected by a changing medium. 7 In recent years 
attempts have been made to account theoretically 
for strong absorption bands of nitroaromatic com
pounds, including mooo- and dinitrophenols and 
picric acid. For example, it has been suggested 
that the absorption band of picrate ion near 353 111IL 
and the band showing as a shoulder n ear 400 mIL are 
intramolecular charge-transfer bands, in which the 
phenyl and nitro groups act as electron-donor and 
electron-acceptor groups, respectively (see [19] and 
references cited) . This is recognized as being only 
a partial interpretation, which does not take into 
account such factors as inter- and intramolecular 
hydrogen bonding and steric inhibition of resonance 
of substituent groups with the benzene ring. 

3 .2 . Results of pK Determinations in Aqueous 

Hydrochloric Acid 

a. p K Value Determined a t 450 rnJ1. 

Table 2 summarizes the results obtained by cal
culating pIC from absorbance data at 450 mil. The 

, This reaction is discussed in [11, 12]. 
6 In cases like this, Vandenbelt and Henrich 's discussion and illu strations of 

overlapping a bsorption bands [(3) are h elpful in visualizin g probable loca tions 
of the principal component b aud s. 

7 Recent textbooks on absorption spectroscopy , su ch as [16 to 18], d iscuss blue
and red-shifts , referring to original p apers. 

equation used and the assumptions made about 
activity coefficients were discussed in section 2.3a. 
At 450 m il the additional assumption was made that 
Dl = 0, justification for which is as follows: 

(1) The absorbance of picric acid in 6-M and 8-M 
hydrochloric acid is negligibly small at 450 mil and 
even shorter wavelengths (fig. 1) . 

(2) Under comparable experimental conditions 0( 

picric acid dissolved in cyclohexane (see fig. 1) or 
benzene [15] has negligibly small absorbance in this (;. 
reg·ion. I 

f 

(3) Nonionized 2,4-dinitrophenol does not absorb I 

measurably at ·wavelengths as long as 450 mM; the .. 
close similarity of the absorption curves of 2,4-
dinitrophenol and picric acid in both acidic and 
alkaline solutions has been pointed out [11). 

Averaging all of the results from three inde- l, 

pendent experiments gives 0.33 as the pIC value of 
picric acid. (The average obtained by including 
only the pIC values obtained for CH c l = 0.241 M ~ 

or greater, where the values of log [D/ (D2- D)J 
are in the best range, is not significantly different 
from the average based on all 26 values. ) 

T A BLE 2. P K of picric acid in water at 25°C fr om data at 
450 1n1' a 

Mola r I concentration 
of HOl 

0.0966 
. 145 
. 193 
.290 
. 386 
. 483 
.579 
. 724 
.821 
.917 
.966 

0. 193 
. 241 
. 483 
. 604 
.845 

0.0483 
. 0966 
. 107 
. 171 
. 241 
. 321 
. 385 
. 483 
. 579 
.676 

D I log D '~ D I -log[II+] I -2 log y ± I p K 

Ex pt . 1. CH P; ~ 5.004 X JO -' lvI, b=5 CIll 

0. 430 0.870 I. 015 
. 410 .721 0.839 
.392 . GII . 714 
. 359 .444 .538 
.330 .320 . 413 
.304 . 218 . 316 
. 284 . 143 .237 
.250 .021 . 140 
.230 -.050 . 086 
.214 -. 107 . 038 
. 206 -. 137 . 015 

E xp t. 2. CHP;=5.005X1O- ' M, lJ=5 em 

0.392 
. 375 
.308 
. 277 
. 229 

0.611 
.521 
. 233 
. 117 

- . 053 

0. 714 
. 618 
.316 
.219 
. 073 

0. 196 
.218 
.230 
.242 
.244 
.242 
.236 
.222 
.210 
.195 
. 186 

0.230 
.238 
.242 
.235 
.206 

E xpt . 3. OHP;=5. 002X lO-3 M, b=0.05 CIll 

0. 452 1.100 I. 276 0. 164 
. 428 0.853 0. 996 . 198 
. 425 .829 . 955 .202 
. 401 .664 .757 .226 
.374 .516 .611 . 238 
.352 . 413 . 488 .243 
. 332 . 328 . 411 .244 
. 307 . 230 . 313 .242 
.284 . 143 . 235 . 236 
.261 . 061 . 168 . 227 

0. 341 
. 336 
. 333 
. 336 
. 337 
. 340 
.330 
.341 
. 346 
. 340 
.338 

0. 333 
. 335 
. 325 
.337 
.332 

0. 340 
. 341 
. 328 
.319 
. 333 
. 318 
. 327 
. 325 
. 328 
. 334 

<9 

I 
Average p K ___ __________________________________________ _________________ 0. 334 <::' 

K ___ ________ ________________ __ __ __________________________ _____ ________ 0.46 

R elative standard deviation, % ____ ________________ _______________ ______ 2. 1 

• 'rhe ionic dissociation constant w as derived using th e equation 

p K =-log[II+]-2 log y±-log [(D - D ,)/(D ,-D)]. (1) 

See the t ext for discussion of assumpt ions m ade about activity coefficients. T h e 
symbols D" D" and D denote the spectral absorbances (optical densities) of 
solutions containing the same stoichiometric concentration of picric acid present 
as nonionized molecules, ionized molecules, or mixtures of the two, respectively . 
At 450 Illl', D , was founel to h ave t he value 0.488 anel D , was assumed to be zero. 
'rhe symbol b d euotes th e optical cell len gth . 
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The good aOTeement of the results was unexpected, 
considering tbe uncer tain validity of assumptions 
made in applying eq (1) and th e fact tha t the wave
length of measuremen t was on a steep slope instead 
of on or close to the head of an absorption band 

~ (which is ~e;e n e r a ll y consider ed desirable, when 
I feasible). .tiowever , as no ted in section 2. 3, no 
(' difficulLy was experienced in ob taining absorbance 

values of high precision . 
As table 2 shows, the sLoichiorn etric concentration 

':l of picric acid was varied 100-fold in a dilu te range, 
I and the concen tra tion of hydrochloric acid extended 
i;;l from about 0.05-M to 0.97-M . Since the pIC values 

obtained under these conditions show no perceptible 
trend, it seems justifiable to conclude that the pIC 
value adop ted is valid at zero ionic s trength. 

b. pK ValUES Obtained From Data at 355 m" and 400 m" 

The spectral shif ts in the mos t highly concentra ted 
• hydrochloric acid solutions (see sec. 3.1) in terfere 

with experimen tal determination of Dl values at 
355 HIlL and 400 mIL . A general idea or their probable 
magnitudes can be ob tained from the appearance 
of the curves and the compar ative absorban ce 
values at all three wavelengths. pIC values were 
calculated assuming two different values of Dl wbich 
were thought to cover the most likely range of 

.. values. The results are presented in table 3. 
,. While the values of pIC ob tained from th e ab-

sorbance data at 355 m IL and 400 m IL are in the 
II vicinity of 0.3, in agreement with the results obtained 

at 450 mIL, the values in table 3 show a gradual in
creas.e in ma~ ni t ud e with increasing concenLration of 
the hydroculoric acid. Conceivably Lhis behavior 

! ... occurred fo r one or more of the followin g reasons: 
(1) Adoption of values for D2 that were a little too 

low. The values adop ted were believed to be close 
to t he correct values, but, as table 3 shows, at 355 mIL 

an increase of only 0.005 in the value of D2 can bring 
l' the pK values in to fairly good agreemen t wi th the 

l series obtained at 450 m IL (see values enclosed in 
brackets). 

F 
(2) Overlapping absorption bands of picrate ion 

t hat are no t equally affected by the progressIve 
changes in the medium (see sec. 3.1). 

(3) The gradual hypsochromic ("blue") shif t in 
" the absorp tion curve of nonionized picric acid. 

(4) Sligh t changes in the sp ectral absorp tion r e
c sulting from in teraction of picric acid with trace 

impuri ties in the hydrochloric acid. 
, ~ 

r 3.3. Concluding Discussion 

" As indicated above, attempts to determine the pIC 
f of pi cric acid in water by potentiometric titra tion 
;0 (sec. 2.2) 01' by applying spectropho tometry to nearly 

satm ated solu tions (sec. 2.3b) did not yield r esults 
Jt that wer e considered r eliable. 

However , the consisten t spectrophotometric r esults 
F obtained at 450 mIL with picric acid solutions covering 

the range 5 X 10- 5 Ni to 5 X lO - 3 IY!, in th e presence 
? of ftpproxirnately O.05-M to l -M hydrochloric acjd, 
~ point to the pK value 0. 33 a,t 25°C. The r esults 

TABLE 3. pK of picric a cid in water a t 25 °C from dat a at 
355 m" a nd 400 m,," 

A ~ 355 m ~ ; D z~ 0.7 2 0 A = 400 m~; D z~ 0 .498 

IVlolar 
concen- Calcd. pl{, Culcd.pK , 
tration assu min g that assumi ng tha t 
of lICI D D 

D , = 0.182 b I ]), = 0.211 ' D ,~ 0 . 003 b I ]),= 0.045 d 

Expt. l. Clll' ;~ 5 . 00 4 XJO -' .ill; b~ 1 cm 

0. 0966 0.664 0.28 [0.31] 0.30 0.45l 0.23 0.28 
.145 . 64 l .29 f 32] .32 .430 .2G .30 
.193 .622 .29 .3 l] .32 .414 .26 .30 
.290 .587 .30 t·3l ] .33 .383 . 26 .3l 
.386 .554 . ~l [.32] · ~ 4 .354 .27 .32 
.483 .526 .3l [.32] · .,5 .328 .28 .34 
.579 . 498 .32 ].33] · .,6 .304 .28 .35 
.724 . 463 .33 f· 33] 

.37 .27l .29 .36 
.821 . 444 .32 .33] .37 . 253 .29 .37 
. 917 . 423 . 32 r.33] .38 .235 .29 . 37 
.966 . 4l6 .32 [.32] .37 . 227 .28 . 37 

Expt. 2. CllP;~5.005XlO-' J\l ; b~ 1 cm 

0. 193 0.620 0.30 r.32] 0.33 0.410 0.28 0.33 
.24l .601 .3 l ].33] .34 . 395 .28 .32 
. 483 .525 .31 ].32] · :15 . .,27 .28 .34 
.604 .493 .32 1· 33] .36 .299 .28 .35 
.845 .439 .32 [.32] .37 .249 .28 .37 

0.0483 0.688 0.24 r.30] 0.27 0.470 0.22 0.26 
.0966 .669 .21 1.25] .24 . 449 . 24 .28 
. 107 . fjG9 .20 ].24] .23 .447 .22 .26 
. l it .634 .26 f 29] .29 .42 1 .25 . 30 
.241 . 607 .27 .29] .30 .395 .27 .32 
.32 l .581 .27 1.29] .3l .374 .2(; . 31 
. 3S5 .564 .26 1.28] .30 .358 .25 .30 
. 483 . 53 1 .29 1.30] .33 . 3~1O .26 .32 
.579 .506 .29 1.30] .33 .306 . 27 .34 
. lj76 .482 . 30 r. 3l ] .34 . 286 .27 .34 

• Calculated by the same eq uat ion as ill table 2, us ing the same \'ulnes of -log
[ 1]+] and -2 log '( ± . 

b This is the experimen tal D, value obtai ned in 6-JI1 and 8·Al lIC!. The 
values in brackets were calculated ussumin g ]) 2~ O . 7 25. 

o This is tho ]), \'alue obtained by shifting the ]), curve for 8·jV! HCI 5 m,. 
toward longel' wavelengtbs, so that it will p ass through the isosbestie p oint; 
that is, it is the c.xpc l'imental value for 350 m~. 

d rrhis is an arb itrarily selected value. 

ob tained at 355 mIL and 400 1111L , though less con
sisten t , support this choice. The pK value 0.33 is 
fa irly close to three spectrophotometri c values ob
tained earlier a t 20° (table 1, footno te h) and at 25° 
(table 1, foo tno tes j and I). 

It would be gra tifying if this value agr eed closely 
with th e la test report,ed value (pIC approx. 0.71 ), 
obtained from accura te conductance measurem ents 
(table 1, footnote k). One may speculate as to 
whether spectrophotometry and conductometry will 
always yield the same pIC value, in view of recen t 
r eports ([20 , 21 ] and references cited) t ha t flash 
photolysis of certain derivatives of phenol produce 
shor tlived excited sta tes of considerably enhanced 
acidity. However , one of the pK valu es obtain ed 
by conductan ce (table 1, footnote i) is no t far from 
the spectropho tometric value obtained in this work, 
and, as shown in t able 1, pK values calcula ted from 
conductance measurem ents depend on assumptions 
made (for example, table 1, footno te d) . Moreover , 
th e la test conductan ce measurements covered a 
rather restricted range of concentrations of pi cri c 
acid (2.358X 10- 3 M to 4.410 X 10- 3 M ). 
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