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Acid dissociation constants of some 3-substituted 2-hydroxy-5-rnethylacetophenones and the 
formation constants of their complexes with Cut, II), Ni(U), Co(IIJ and Zn(U) have been determined 
at 40° in aqaeous dioxane medium containing 50°{, dioxane by volume and 0.1Jl-fKN03 using Calvin· 
Bjerrum technique as applied by b·ving and Rossotti. The stability constants follow the usual 
stability order. 

I N continuation of our earlier studi£>s1- 9 on com
plexes of 2-hydroxyphenones we report here the 
stability constants of Cu{II), Ni(II), Co(II) and 

Zn(II) with 2-hydroxy-5-mc>thyl-acetophenone (5-CH3-

0HA), 2-hydroxy-3-nitro-n-methylacetophenone (3-
N02-5-CH3-0HA), 2-hydroxy-3-chloro-5-m£>thylaceto
phenone (3-Cl-5-CH3-0HA). 2-hydroxy-3-bromo-5-
methylacetoph£>none (3-Br-5-CH3-0HA) and 2-hydro
xy -3,5-dimethylacetophenone (3-CH3-5-CH3-OH A). 
The data reported here are obtained for the first 
time at 40° in aqueous dioxane medium containing 
50% dioxane (vfv) art an ionic strength O.l.ilf ·wit-h 
respect to KN03 following the technique of Cah~in
Bjerrum a~ applied by Irving and Rossotti10. 

Experimental 

All the ligands were prepared by the known 
method.~ of svnthesjsll-15 . All chemicals used were 
of .AnalaR grade. All ~olutions and pH-mflasure
ments were made as described earlier16 . 

The following solutions (total volume 40 ml) wer£> 
prepared and titrated against .--().311l'/ NaOH : 
(i) 2 ml O.l48Jf HN03+5 ml O.SM KN03+13 ml 
water and 20 ml dioxane; (ii) 2 ml 0.148M HN03 

+5 ml O.SM KL.'i03+I3 ml water--\ 10 ml --o.025..il1 
reagent· and 10 ml dioxane; (iii) 2 ml O.l48M HN03 

+5 ml 0.8.Jf KN03+ II ml water+2 ml -..0.02M 
metal nitra.te solntion+lO ml --o.02511-/ reagent 
solution and lO ml dioxane. 

Results and Diseussion. 

Protm1--Ligand Formation Coruttants : 

The practical proton-ligand formation constant8 
were calculated using the following equation 
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log PKH = B+log 'li-': 
1-nn 

. . • ( 1} 

where 8 is meter reading. 

From the several log P KH values calculated for 
each system the average values were obtained and 
these are given in Table l. The log P KH values for 
these chelating agent-s have also been obtained as 
Bjerrum's half-integral values. The ha.lf-integ~al 
values are found to be i.n fairly good agreement- Witll 
the Yarlues obtained as above (Table 1). 

The ligands under study may be treated as 3· 
substituted derivatives of 5-CH3-0HA. The data 
reported in Table 1 shov;· t.hat introduction of &n 
electronegative group like -Cl; -Br, or -N02 incre&SeS 
the acid strength of the parent compound, just ~ 
might be anticipated. The effect of 3-N02 group 18 

particularly noticeable. 3-Methyl group wea.k~ns 
the acid noticeably. The methyl group in a positJOn 
ortho to the -OH of 2-hydroxyketone has two effects: 
(i) it is expected to exert higher inductive effect on 
the electron density at phenolic oxygen because o~.t~e 
short distance .over which it has to operate and (ll) 1t 
would force the -OH group to form H-bond with thr 
keto group in all the molecules and thus increase the 
H-bond strength. Such a steric facilitation to 
H-bonding has been noted in the case of a-nitro
phenols with alkyl groups ortho to the -OH group17• 

The prominent acid weakening effect of 3-methyl. 
group in 2-hyci.roxyacetophenones has been similarly 
interpreted18• 

Metal-Ligand Stability Oonstan.ts : 

The formation curves for the systems under consi· 
deration are found to be incomplete since precipit&tet~ 
appear at fi z 1. Assuming that only I : 1 cOJll• 
plexes are formed in these systt>ms the log K1 values 
were obtained by Bjt"rrum-half-integral methorl and 
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TABLE 1-:\IETAL-LIGAND STABILITY CoNSTANTS 

t = 40°±0.1° t.t = O.IM (KN03); 50% Dioxane 

Reagent-+ 5-UH3-0HA 3-N02·5-UH3 -0HA 3-CJ-5-CH 3 -0HA 3-Br-5-CH3-0HA 3-CH 3-5-CH 3 .0HA 
----- ------- -------- --------
)lethod-+ I II Ill l II III I II III I II III I II III 

Metal 
- --------

11.42 11.45 7.60 7.64 - 10.15 10.12 - 10.05 10.05 - 12.25 12.22 log PIP 

8.10 8.10 8.05 5.60 5.60 5.52 7.33 7.27 7.23 7.28 7.28 7.24 8.60 8.61 8.57 log K 1 

<Ju(H) 6.43 4.31 5.96 5.53 7.17 log K 2 

14.48 9.83 13.19 12.77 15.74 log p2 

5.45 5.48 5.19 3.!:!2 3.8\:l 3.92 4.80 4.84 4.83 4.98 4.90 4.75 6.52 6.40 6.14 log [(1 

~i(Il) 4.99 2.85 4.27 6.13 logK2 

- 10.18 -ve 7.68 9.02 12.27 log p,. 

5.55 5.56 4.79 :~. 70 :l.75 3.80 4.67 4.64 4.59 4.64 4.61 4.54 6.48 4.46 6.38 log K 1 

Co(II) 5.76 3.54 3.68 5.50 logK2 

- 10.55 -ve 8.13 8.22 11.88 log P2 

6.24 6.25 6.17 3.07 3.08 3.07 5.68 5.68 5.65 5.66. 5.67 6.97 6.95 6.95 logK1 

Zn(Il) 5.33 0.69 3.87 logK2 

11.50 3.76 9.55 -ve -ve log P2 

:Half-integral values; II :Average of the pointwise calculations; Ill: Least-squares method. 

by pointwise calculation. The pointwise calculation 
was done using the equation : 

ii 
log K 1 = pL+log1-_ 

-n 

Finally, the average values were deter·mined (Table 1). 
In view of very low(- I0-3]'1) concentrations of the 
metal ions used in the titrations, polynuclear com
plexes may be ignored. In some systems, titrations 
performed with different ratios of metal to ligand 
showed that the stability constant is independent of 
metal ion concentrations. 

When an attempt was made to check the validity 
of the constants calculated as above by substituting 
them back into the formation functions to calculate 
fl it was observed that, the iicatc showed a poor agree
ment with iiexpt in most cases. The difference was 
decidedly larger than the estimated experimental 
error in the fi values. It was suspected that the 
maximum coordination number for these systems 
may not be l but may be 2 and that the two steps 
of coordination are overlapping. -Such a suspicion 
is supported by the results of previous studieslS-19 

on systems that are very closely similar to the ones 
under conAidera.tion. Therefore, the fi, pL data 
were treated by the least-squares method to get the 
values of log K 1 and log p2 . The least-squares values 
of log K1 and log P2 were employed to calculate fi. 
The Deale values were in good agreement with i'iexpt· 
The standard deviation 20 is found to be quite small 
(± 0.01], showing the validity of the constants. The 
values obtained by pointwise calculation, half
integral and least-squares methods are given in 
Table 1. 

Although the least-squares method has been 
employed to calculate log K1 and log K 2 only the log 
K 1 values are regarded as the most representative of 
experimental data and, therefore the discussion of 
the metal chelate stability constants has been res
tricted to the log K1 values for "the systems. The 
data in Table l show that for all the systems except 
the 3-CH3-5-CH3-0HA, the order of stability is 
Co< Ni < Cu > Zn. This order is found to be in 
agreement with Irving-\Villiams order21. The system 
involving 3-CH3-5-CH8-0HA deviates from this 
general observation and gives the order Ni < Co 
< Cu > Zn. The reversa] of positions of cobalt 
and nickel is rather difficult to account for in absence 
of other information. There is a relatively large 
difference between log K 1 values for the copper 
chelates and those for the chelates of other metal 
ions in each system. The higher stability of the 
copper chelates may be due to the formation of a 
square planar complex, the st,ructure usually found 
for copper complexes22. The higher values of log K 1 
of zinc chelates as compared to those for nickel 
chelates may be due to the greater :M:-L 11'-interaction 
between the 11'-orbitals of Zn(II) and the ligands. 
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