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Am-Tbcrmodynamic acidity consIants of I-naphIhol have been measured spccIrophoIonkIrkally over Ihc 

trmpcnturc range MO” and those of 2-naphthol over Ibe IemperaIurc range 5-W. The IhcrrruAynamic functions of 
ioniwcion. A&. AH&. AY$, and AC& have been calculr~cd for boIh acids. 

There have been many studies on the acidity of phenols in 
aqueous solution. These include not only measurements 
of p&.’ but also cnlbalpies, entropies and heat capacities 
of ionisation.’ Recently pubIishod pK. values of I- and 
2-napbthol are ava.ilabkL’ at 25” as well as 21”. The 
strengths of naphthols can in general be predicted” 
considering IIMC acids as derived from phenol by 
annelation of a benzene ring, which has a specific u 
constant of either 0.28 or 0.1 I depending on whether the 
OH group is in position I or 2. However rhe ther- 
modynamic functions of ionisation of naphthols do not 
seem IO be known. Separation of the enthalpic and the 
entropic contribution lo the free energy of ionisalion 
often gives fundamental information on the effect of 
substituents on aciditf as well as on solute-solvent 
interactions.~ In Ibis paper the thermodynamic functions 
of ionisation of titled compounds, A&. AH;!, AS:, and 
ACp& have been calculated from thermodynamic acidity 
constant measured spectrophotometrically over a range 
of temperature in aqueous solution. 

KXMUMEMAL 
NopMols. Commercially avaikbk rna~crids were carefully 

dhblimcd prior lo use: m.ps ad orher physical propenks were 
ia 8grumcnl wilb lilcnfurc values. 

fk~&th COIMM~ dcininarionr. In determining acid 
-Iion constants Ihe simpksl expression is given by (I) and 
UX PK. so calculated would be 

PK. = “pH” + log,o[HAl/[A ] (1) 

Ihe conccntralion acidity constant. If “pH” in Ihis expression is 

replaced by the rbermodynamic acidity function value p(a” ~‘3. 
then Ihc thermodynamic acidity consIam may be CplcukIed from 

eqn (21 

PK. a da. rA * lof,o(mHA/mA-) (2) 

provided that 0~ initial concenIration of tbc acid HA is 

sufficiently low IO allow substitulion of concencnttin ~crms for 
ac6vities. The Ierm m,Jm, is Ik falia of acid Io sall molalhics 

in Ihe buffer solution. This cqn (2) has been successfufly used IO 
dctcrmioc lbermodynamic pK. values for a wi& range of 
SubsliMed pheools.*~’ fl has been shown thal Ihe experimental 
vahbrs so owned arc mdependcnl of Ihc ionic sIrcr@h of the 
solultin. for solution of ionic s~reng~h < ca. 0. IS. To co&m this 
finding. both naphtbols were dctmnined aI diRerenI ionic 

sIrcngIhs. The values obIained a8ru w&in experirncnd error 
and~rrponedinT~I.Inrllcwsthevrlucoftbtn~ 

(m,,,lm, ) W dclcnnincd for cacb Icmp. al Ihrcc or more 
wavekn@hs cbsc to ~hc absorption maximum of base (A-) form 
and Ihc averrye vah~ Iaken. Tbc acidity fun&n was corrcctcd” 
for Ihe small conlritnrrion arisiq from Ihe tilion of Ilk 

napb~hol. The absorbance by each soln. namely Ibc buffer soln of 
IIK acid (HA and A ). Ibc fully proloWed form (HA). and Ibc 
fully deproIonaIcd form (A ) WBI comcted by also uua&q Ihe 
absorbance by appropriare W solns. The e.m.f.-spcctro- 
phoromelric mclbod used for dcIcrminiq rnH1 sod m,- in cqn (2) 
is what originally described by Robinson” and subacqucndy 
modified‘~’ using the appropriale bufTers from Ihe Iabks of Rates 
and Gary.’ The spcc~ropho~omc~cr was a manual Reckmann D.U. 
msIrumen1 wirh Ihc cclh IhcrmosIaIIed lo rO.OY. The tba- 
modynarnic PK. values ob~aincd over ~hc Icmpcnmre raqc of 
operation arc given in Tabk 2. 

Tabk I ThermodynamK acidily consIanls of I and 2-naphthol at 25” 

Table Ionic Abeorptlon 
n-bar’ strength ~volength(n.m.) pKa 

of buff*r of ha@ form 

1 -#oRhthol I 

Bon~x(l~,B,O, )-Soditm Chloride 13 0.01 333 9.4Ib 
I I) 0.02 24-l 9.cI6 

I) 
. 0.04 247 9.416 

2-Napbthol I 

Monoet~ol~lne-Hyd~hlorlc I7 0.02 2x-4 9.572 
AOid 

* I 0.04 238 9.580 
I I 0.08 

ltox~x(N~,B,O, )Sodlu Chloride 
2jO 9.572 

13 0.04 2j6 9.5?0 

8 Three n\slbere refer to the buffer roblea of ref.7 
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Tabk 2. Thermodynamic acidity constants (PK. + 0.003) of I and 2.naphthol 

trop./V l-lfaphthol 24aphthol 

5 9.707 9.829 

10 9.627 9.758 

15 9.552 9.692 

20 9.482 9.629 

25 9.416 9.57s 

P 9.358 9.517 

35 9.303 9.465 

40 9.252 9.418 

45 9.205 9.373 

X 9.163 9.332 

55 9.124 

60 9.089 

TaMe 3. Ttwmodynamic functions ot ioaisation of I and h@M 

iowou?d WI, OO.r -w, L 'bcPO* 8 

fcal/mol~j bnl/molej ~al/mole.aeg~ /crl/mol~.deg] 

I-laphthol 12,804.1%.4 X34:20 26.06k.04 45*3 
P-Naphthol 13,Cl2.9%.6 4577z30 28.29k.05 30:3 

Our PK. values for I- and 2-naphthol are not 

inconsistent with recently published valucsL Our values 
at 2s” agree to t 0.02 pK, units with those of Bryson and 

Matthews and this agreement is satisfactory in con- 
sideration of the limited precision of their values. 

While van Gemcrt’s value for 2-naphthol at 21” is some 

0.08 PK. units hi&r than our own value and this seems 
well above his experimental uncertainty. The agreement 

between van Gcmcrt’s PK. value for I-naphthol and our 
own value is very good. The calculation of thcr- 

modynamic parameters from the PK. values obtained 

by the spcctrophotometric method is complicated by 
the fact that most acid ionisations show a marked 
deviation from a linear plot of PK. vs In due IO the 
inadequacy of the assumption of constant AH in the 

integrated form of the van? Hoff equation. Various 
equations have been applied to these curves and of these 

the most sucessful have been the Ham&Robinson” the 
Everett and Wynnc-Jones” and the Clark~4kw” 

equations. 
However it has been shown that the Ham&Robinson 

equation when tittal to the ionisation constants of 
phenols’.* and bcnrrnethiols” Rives the same ~IUCS of 
AG;,, AH:, and AS& as the other two equations, within the 
precision of the spcctrophotomctric technique. Therefore 
in this present work the thermodynamic functions of 
ionisation of I- and 2-naphthol have been calculated 
simply by using the Harncd-Robinson equation.” 

The results are presented in Table 3. The most obvious 
feature of these results is that the AH” do not parallel the 
AG” values. It has been shown’* that this is often the case 
for many weak acids of not very different acidity strength 
in aqueous solution. In fact Bell” states that caution is 
necessary in interpreting small differences in pK. at a 

singk temperature. Expressed another way the relative 

acidities of I- and 2-naphthol in water appear to be 
determined by an entropy (solvation) rather than an 

enthalpy effect and this is probably related to stronger 

salvation by water of the 2-naphtholate ion. It was 
previously observed’” that substituted phenols show good 

linear correlation between AG& and A$,. The main 
conclusion which may be drawn from this relationship is 

that the phenol series is governed by the same substitucnt 
interaction mechanism in the ionisation reaction. Because 
I- and 2-naphthol lie on the same straight line they very 

likely share with ~hc phenols this common mechanism 
where the more dclocaliscd I-naphtholate ion experiences 

a smalkr degree of solvation and therefore exhibits a less 
negative A!? value. 
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