
THERMODYNAMIC PARAMETERS OF SOME J\~-ARYLHYDROXAMIC 
ACIDS AND APPLKATION OF THE HAMhIE-IT EQUATION 

The thermodynamic patsmews do”, ANo and As” for six GV-atylhydroxamic 

acids arc reported in tkrcc diflcrcnt dioxanc-\\-jtcr misturcs- Thcnnodynamie 

ionization constants required for thk have also been dctcrmincd cmptoying a pH 
titration technique al 25 and 33 *C_ An altempt has also been made IS corrclatc tke 
thermodynamic ionisation constants with Hammclt’s equation- 

AMryikydroxamic acids arc character&d by a remarkable versatility as 
reagents in organic and inorganic analysis”“_ Rcccntly, Maru and Kkadikar@’ hat-c 
synthesis& Ib-~kIorophcn~l-~metko~~~n~ok~-drox3mic acid and have obscrvcd it 
to Ix a wxsatilc rcasent for the spcctropkotometric determination of xmadium. Tkc 
sclcctix-itp and sccnsitivity of the r&wnt analytical rcaclions of these kydroxamic acids 
requires a knowkdgz of their cowponding tkcrmodpnamic ionisation constants- In 
connection with our previous work’ tkc prcscnt communication deals w+th the dctcr- 

mination of the thermodynamic ionisation constants of six X-arylkydroxamic acids 
by a pH titration method in aqueous dioxanc media with the hope of developing a 
reagent with superior analytical potentialities, Thor thermodynamic parameters, ix, 
4O). AUP’ and 4 9, have also been ealculatcd- Since lhesc acids arc sparingly soluble 
in waler, rccoursc to the use of a mixed solvent had to bc taken_ These determinations 

haw been rcstrictcd to SO, 60 and 707; dioxanc-water mixtures only because of the 
inadequate sotubility of hydroxamic acids in mixed aqueous solvents of low dioxanc 
concentration. 

All tkc chcm’icrjls used uxxc of AR and GR grades of B-D-H. and E-Merck, 
resptxliueIy_ 
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N-Anylhydrosamic a&Is (Table 1) were prepared employing the method 
described by Agaw4 and Tandon’ who recrystallized them before USC from mixtures 
of banxllm and pcrrokum c&r and dried thc~n in vacuum OX-CT P,03- Howwer_ we 
0-4 that betcrrcqstall-ktioncan beachicsti from dry acetone and this was done 
in the present us The final purity 1%~ cstablishcd by m- p-- clcmcntal analysis, CBV 
and IR sptxtra, 

B_D_H_ -Analar” p-dioxane was puritkd by the method described by Weiss- 
berger and Prcskauergc 

Glass-distilled water n-as redistilkd over alkaline potassium ptxmanganatc and 
the middk fraction \\SI used- Absence of carbonate was tlcsted for by the method 
of Kolthofland SandNo, 

Carbonate-fra: sodium h~droxidc solution was prepared by the Vo@ dectrol- 
ytic method”, z$wdarcibcd a@st potassium hydrogen phthalate, and diluted to 
O-1 M with dioxa&wter in the sune ratio as employed in preparing the titre solu- 
tions 

A Beckman pH-meter type GS equipped with 3 glass and calome~ electrode nas 
used for pH measurements and was calibrated be&ore use with B&man standard 
buffer solutions The titration proadurr for the detesmination of pK3 was b3sicalIy 
thesamcaethatckcribedbyAlbcrtand~nt’=. 
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The experimental set-up, proccdurc and method of calculation was the same as 
described earlier’. 

The N-arylhydroxamic acids studied in the present investigation are weak acids, 
sparingly soluble in water as well as in mixed aqueous solvents of low diosanc concen- 
tration- The thermodynamic ioniution constants in three different dioxanejwacer 
mixtures a!ong with the wrious thermodynamic parameters are rccordcd in Tabk 1 
and 3, 

Table 1 shows that pEi’, values follow the order OCH, > CHI > H > F = 
Furo > NOz. 

The ionisation constant of a wxk acid is a function of temperature_ It has a 
maximum value, &(maa) or pli, (min) near room tcmpcraturc. Table I rcwzk that 



the pA; valrws of alI the hydra-xamic acids inwzsti~ted in the present studE-, duxrusc 
with incresc sf tempcraturc. 

.Mc&MI cffucz 
The &an* of PA’, 6th mok fraction of dioxjne is of considerable ntqnitudc 

and is iinear~ TbSr is due to the fact that the solvent crf la\\- dkkctric constant incrcaxs 
the ckctrostatic force between the ions and facititatcs the formatisn of moiccuhr 
sgwks which incrczw the p& value- The valwx of pK, ,nken in Table I arc in accord- 
ancc with thisstatemznt- 

The value of bC”. ANo and A2P’ have been calcuhtcd in the lrsual u-a)= dW 
tw been calculated by the tcmpcratunz crxkicnt method- 7%# nxthod is subjcctcd to 
large error txxa~ the enthalpy change is smali and plhf\~lucs arc not dwxmincd at 
a series of tcmperarurrrs which swuld ham allos-cd the USC of a more praxis nwhod”c 
The 82iucs aTSW are approsimarc becatpr Ihc ‘heats of ionisalion wry with tempcra- 
ture WC 6&5cwcd that an error of O-01 in p& causes an error of O-42 L caI!m& in 
dP_ The magnitude of the error depends upon tke addition or cancellation of errors 
in the individual pk; value determined at two ditIkent tcmpcntures- In all cases_ 
dFf@ \-al= are found to be positive and the ioniisation prow up IS 23 ‘C is mdo- 
rhcrmic Tabk 2 shows that the change in .4tl” with change in solvent composition is 
reJatiwzly small and is within cxperiment~l error. 

The precision of the pK* GIIUU is found to EE between O-02 and 0.03 causing an 
error in ~$0) of between O-03 and U-04 tcal~mok 

S~~iCUCitM cffixi 
In the knzoic acid scrk~ nr_~llrdles ofekctronic type. nearly all the substitucnts 

arc acid strtm@enin~ in the orr/ro-p&tion’4, but may be cithcr acid wcakcnin_c or 
strengthcnin~ when they arc in Ihe nrcctz or pme positions, depending an the character_ 
In the prcrcnt case (-fabk I) the acid strcn$hening cfkt is &ewxJ in all c;lscs_ The 
efftcr of pma substitucnts on the pK= of h_\drolr;amic acids. exmpt the furo deriwqtive_ 
is similar TV that for bcnzoic acid, viz 0CH2 :z+ CH> s- H :-* F :b NO,, 

The PA’, of hydroxamic acids w-hen plotted agaiwt thecorresponding p& of the 
benzoic acids &-es a strai@t line_ Alra, there is a linear r&tion&ip betw-een the p& 
valmof eV-a@hydr~xamicacids and the p&>xalucs ofronrspondin~~~-substituted 
benzoic acidk The pk~ of the pK, ~~llltr of X-xylhydroxamic&ds a@pJt HammeWs 
Q function _gks a straight line indicating that the Hammctt equation isapplicabk in 
the present casealso. 
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