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A great deal of work has been done on the synthesis and investigation of 
hydroxamic acids and their anaIogous compounds, the effixt of substituents on their 
complexing properties and their application to analytical chemistry- A knowledge of 
proton--Iigand stability constants is essential for elucidation of metal-I&and constants 
and their thermodynamic parameters for correlation and studying the reaction with 
meta! ions_ 

In the present investigation the thermodynamic proton-Iigand stability 
constants (ionisation constants, pKJ of several N-m-tolyl-p-substituted benzo- 
hydroxamic acids (I) in IO, 20,30,4O, 45,50,60 and 70% v/v dioxaue water media 

are determiued at 25 and 35°C. The 
aredi!xuSed. 

thermodynamk parameters AG”, AH” and AS” 

-AL 

Chemicals and apparatus 
p-Dioxane (BD.H_, AnalaR) was purified by the method of We&sbergcr*_ 

Tetrabntyi ammonium hydroxide @L Merck) was puri&& and used as a titran~ Pure 
and freed from distiRaI water rtdistilled over a&dine potassium permanganate 

carbon dioxide was used throughout this investigation- 

*Ruazt address: Hcakb Physics DiGsion, Bbabba Atomic Rseanzb 
Bombay 400085. India 
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A Radiometer pH meter, equipped with shielded giass and calomel electrodes, 
was used for pH measurements- 

Hyakmmi~ aci. 

The hydroxamic acids were synthesised as described el&here3_*_ They were 
r~lised before use and dried over P,O, under vacuum_ Their purity was 
checked by m-p., eIementa1 analysis and infrared spectrometry- 

Detennihation of profon-iigand st&lity constants 

A three-necked, 0at bottomed, titration ceil with an i&t for nitrogen equipped 
with a glass electrode, caIome1 electrode and a microbutrette was employed_ OS mole 
of hydroxamicacid was tramSerred to the titration cell and was dissolvedinadioxane- 
water mixture of desired composition, the initial volume being 47.5 ml in all the 

studies_ 

Before any titration was carried out, the titration ceII containing the solution 
was placed in the thermostat for about I5 min to attain its temperature_ Nitrogen gas 
presatuxated with thermostated solvent of appropriate composition, was passed 
through the solution and titration carried out after I5 mitt, adding OS ml aliquots of 
0.1 M tetrabutyi ammonium hydroxide each time and noting the highest pH meter 
reading that did not drift, 

The cakxdation method for thermodyuamic proton-hgaud stability constants 
is described in detail elsewhere’_‘_ 

Thermodynamic parameters 

From the thermodynamic proton-iigand stability constants at two different 
temperatures the charge in free energy, AC”, heat content or enthaIpy, AH”, and 
entropy, AS” associated with the ionisation equilibrium, i-e., HA* Hi+A- 
(HA = hydroxamic acid), can be readily evaluated on the basis of the following 
CXpiZ.iOns= 

The standard free energy change, AG”. is given by eqn (1) 

AG” = 2.303 RT pK (I) 

For simplicity eqn (I) cau be written as: 

At 25°C AG&8_2’c) = I.365 pK, (in kcaI) (Ia) 

At 35°C AG&OS_z.c) = l-41 1 pK, (in kcal) (I b)- 

The expression for standard enthaIpy chauge AHo, is obtained by integration 
of the Vau’t Hoff equation at two temperatures, Tr and T2 

log K2/K1 = AH0 
(C--T,) 

TI Tz (2) 

From the proton-bgand stabibty constants (jonisation constants) at two 
temperatures, the standard enthaipy change, AHo, is estimated ,using equation (2)_ 
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For measurements at 25 and 35°C equaxion (2) can be simplified as, 

AW = 4207 A>& (kcal) @al 

where 

APfc, = P4I2Yc-j - P&35=0 

Standard enthalpy change, AS”, is computed from the Gibbs-Hehnholtz 

eqn (3) 

AT= 
AC”-AH” 

T 

At 25 and 35°C eqn (3) can be reduced to the folIowing forms: 

(3) 

At 25°C; -AS” @ai) = 3.354X 1O-3 (AG=-AH”) @aI 

At 35°C; -AS"(kcal)= 3-244x 1O-3 (ACO-AH=) WI 

RESULTS AND DISCUSSOX 

The thermodynamic p& for the several hydroxamic acid in I&70% dioxane 
water media at 25 and 35°C are given in Table 1. These values are accurate to 20.02 
but not beyond -CO_03 in any case_ The thermodynamic parameters are given in 

Table 2 

TABLE 1 

THERMODYNAMIC PRO-K-ON-LIGAKD SJ-ABILITY CONSTANTS 
OF HYDROXAMIC ACIDS 

‘fhe average pK, generally falis with a rprd of iO_02 unit but not beyond f0.03 in any QSC 

Hytfh- Dbm % (G/G) 
xadc 
arid u= IO 20 30 40 4s 50 60 70 

H 8-62 9.02 938 9.81 lo-38 IO.78 J 1.12 12.11 13.38 
(S-54)’ (8.86) (9.25) (9.?J) (1034) (30-65) (I J-07) (1196) (13.23) 

CH3 8.69 (s ins 993 JO-56 IO_91 1 J-33 13.66 
(8.60) (ins) (9.86) (10.46) (10.80) (11.23) <:t& (1335) 

CH,O 8.77 9.22 953 IO.03 10.64 1 LO1 1X-42 1242 13-79 
(5.66) (9.00) (9-q (992) (Ia.53) (10.90) (1130) (1930) (13.67) 

F 856 5.93 9-32 9.83 JO-46 IO.85 IL20 1230 13.63 
(8_44) (S-78) (920) (9.72) (10.32) (10.63) (11.06) (JtO6) (13-42) 

a 5.45 a81 (:g) 9-73 IO-34 10.70 II-12 1215 13.53 
(829) (S-66) t9-53) (lO_I8) (1036) (10.92) (11.96) (13.38) 

Br 8.46 8.80 9.21 9-73 1033 IO-69 11-10 1214 1352 
t-1 (S-641 mm e-=1 (10-M) (10-56) (10,92) (11.94) (1337-j 

NO2 810 8.45 (Z 9.38 IO-00 1037 IO.79 I J-71 13.09 
(7.90) (8.25) (9.18) (g-80) (10.18) (JOJ9) (11-50) (JUO) 

* Ex~rapoIa~cd vahcs b The vafucs in paradesis arc at 35-C. c ins + the hydroxamic acids arc 
insohxblc in rhc sohrent- 
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FREE ENERGY, ENTHALPY AND ENTROPY CHANGES FOR 
N-m-TOLYLp-SU BSKJViED BENZOHYDROXAMIC ACIDS 
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IONISA-lTON OF - 

SubsfiIuenf D&m-mu % (c/c) 

10 20 30 40 45 so 40 70 

H. AC 

QUf’ 3-4). -AZ? 

CH,. AG 

UUr3-8). -A.T 

CH,O, AG 

(AH’ 4.6). -AS- 

F. AG’ 

(AH= Xi), -AF 

Q. AG 

(AH’ 6-7). -AS= 

Br. AG’ 

(AH’ 7-6). ds” 

Not. AG 

(AH’ S-4). -AS= 

1231 
1250 

29-9 
29-s 

ins 

ins 

1245 
I270 

26-3 
263 

1219 
1240 

23-S 
23-7 

12-03 
12.22 
17-9 
I 7-9 

12-01 
12.19 

IA8 
14.9 

11.53 
JJ_&J 

10.5 
105 

12x43 
13-05 

315 
31.3 

ins 

ins 

13_oi 
13-31 

25.2 
28.3 

12-72 
129s 

25-6 
25.6 

1259 
1281 
19-S 
19-S 

1257 
1280 

16.7 
16.9 

JZJI 
1225 

124 
Its 

13-43 14.17 14.71 15.15 16.53 18.26 
13-76 IA59 15.02 IS-62 16.58 18.67 

:3.6 36. I 37.9 39.5 44.0 49.8 
33.6 36.3 37.7 39.6 43.7 49-5 

1355 14-14 14s9 IS.47 16.76 18.65 
1391 14-76 15.24 IS.85 17.21 19.20 

32-7 u-7 37.2 39.1 43.5 49-S 
328 35-6 37-J 39-l 43-5 50-O 

13-69 14.52 J S-03 15.59 16.59 18.82 
14m IA86 I S-38 is.94 17.36 19.29 

30s 333 35.0 36.9 40.2 47.7 
305 333 35.0 36.5 41-4 47.7 

13.42 13.28 14.81 15.29 16.79 18.60 
13-71 14.56 14.99 15.61 17-02 I S-94 

27-9 30.8 326 34.2 39.2 45.3 
27-9 30.7 328 34.1 38.7 44.9 

13.28 14.11 14.61 IS-18 1658 I s-47 
13.45 14.36 14.90 I S-42 1688 18.88 
22.1 24.9 263 2s4 33-I 39.5 
21-9 24.8 26.6 28.3 33-O 395 

133 14-10 I459 IS_15 16.57 IS.45 
13.43 1634 14.90 15.41 16-85 IS_87 

19.1 21.8 23.4 25.3 3Q I 36-4 
18.9 21-S 23-7 25-3 30-O 36-4 

1281 13-65 14-16 14-73 1598 17-87 
1295 13.84 1436 14.94 16.22 18.20 

14.8 17-6 19.3 21.2 25-4 31.8 
118 17.6 193 21.2 25.4 31-S 

A plot of pK vs_ mole fraction of dioxane is linear and the values were extra- 
polated for aqueous media at both temperatures. 

Errors caused in the determination of pK, are reflected in the values of -all 
thermodynamic functions_ An estimate of the error is, therefore, necessary to show 
how reIiable these results are_ The plK, values have been determined with a precision 
of +0_02 to +0.03 and hence the error in AG” is estimated to be between 20.03 and 
fro.04 kca1. It is apparent from eqn @a) that an error of O-01 in p& causesanerror 
of O-42 kcaI in M” while the magnitude error in Ap& depends on the cance~on or 

addition of errors of an individual set of & determined at two temperatures_ In view 
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of&e inherent weakness of the method, no definik trends in the magnitude of the 
vaIues of AH” with change of media could be observed’. Despii the datively large 
errors in the value of AH” computed by the temperature coefikient method, the data 
are stiIl of great signitkance for drawing certain vaIuabIe concIusions: In any case the 
positive vahxe of AH” found in aII solvent media and for all hydroxamic acids has a 
real signif~acc; it impks that the ionisation process at 25°C is endothermic and 
wiII be exothermic only above T__ Further, it is certain that the magnitude of change 
in AH” with change in media is x&tiveIy smaII and is within the range of experimental 
error- In the I&bt of the above observation, it is justifiabIe as a fust approximation, to 
assume that AH” is independent of solvent media at least in the narrow range of 0 to 
O-33 moIe fkaction of dioxane of the present study, The fresh vaIoes of AH” for each 
hydroxamic acid were computed (at 0% dioxane) while the vaIues caIcuIated at each 
mole f&on of dioxane iut deIiberateIy omitted_ 

It is observed that thert is a generaI tendency of increase in maguitude of ds” 
_ with in- in dioxane content of the sokent medium. 

The author is grateful to Professor k B. Biswas and Professor S- C- 
Bhattacbaqqq Indian Institute of TechnoIogy, Powai for their v&able suggestions 
and constant encouragement, 
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