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Speclrophotometric Determination of the Dissociation Constant of 
r 13-Naphthol in Aqueous Solutions 

~-nitroso fi-naphthol,  ( a f t )H ,  is used extensively as ana- 
lytical reagent  for detection and es t imat ion of Ag +, Zr =+, 
Cu 2+, Co ~+, Fe s+, etc.l-~); for these purposes,  solutions of 
(~-fi) H in bo th  aqueous and nonaqueous  media are employed. 
The dissociation cons tan t  k of (~-/~)H in nonaqueous  media 
such as alcohol has  been determined~). No da ta  exist  in the  
l i terature on h for (e-~)H in aqueous medium. 

~-nitroso fi-naphthol of B. D. H_ qual i ty  was used. This 
was recrystallized several t imes f rom petroleum ether and dried 
in a vacuum desiccator tilI it gave a cons tant  melt ing point  of 
110 ~ C~). The absorpt ion  measurements  of aqueous solutions 
of (~-~)H were made on Beckman D U  spectrophotometer ,  
using I cm cell. Buffers of CLAIR and LuBs, and of SORENSON 
were used. 

Fig. ~ gives the  absorpt ion  spec t rum of (a-t) H;  it  ex- 
hibits absorpt ion  m ax i m a  at A : 2 6 0  and 380 rob; at  bo th  
these wavelengths,  the absorpt ion  obeys fairly satisfactorily 
BEE~'S Law (see inset, Fig. t). Fur the r  the absorpt ion  at  

= 380 m b  varies markedly  wi th  p ~  (Table). The values of the  
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Fig. 1. Absorption spectrum of a-nitrose a-naphthol. (Cone. 
10.2 x t0 -~ M.) Inset: Applicability of BEER'S law. Curve I:  

Z = 260 m/5 I f :  ~ = 380 m~ 

classical dissociation cons tan t  k computed  f rom the  results 
given in columns t and 2 are re turned in column 3. I t  m a y  be 
noted t ha t  k does no t  remain  cons tan t  at  different p~ .  The 
data  are, however,  explicable by  an equat ion s ) 

logh --  2 A V ~  = l o c K - -  B 0  - ~ )e ,  (1) 

where A is the DEBYB-HOClCEL constant ;  K, the  thermo- 
dynamic  dissociation cons tan t ;  C, the concentrat ion;  and cq 
the degree of dissociation. The significance of the t e rm B has 
been pointed out  by  KATCHALSKV et al. ~) and is given by  
2(0"4343)L, where L is the  dimerizat ion cons tant  on the as- 
sumpt ion  tha t  the subs tance  dimerizes in solution. The 
values of K obtained f rom Eq. (t) are given in column 4, Table. 

Table. Determination o/dissociation constants or c~-nitroso fl-naphthol 

Extinction coefficient E, classical dissociation constant h, and 
thermodynamic dissociation constant K. 

P~ X -s X 0 ~ XlO s PH XlO -a XlO 7 XlO s 

6.85 5 . 8 6 8  4.635 1.167 7"50 6"479  1.746 1.212 
7.00 5"991  3.606 1.1t8 8'35 7 -164  0.657 1.157 
7.12 6 - 1 1 2  3.01t 1.142 8.55 7 . 2 8 6  0.5606 1.212 
7"35 6 - 2 8 4  2'052 1"031 

The average of MI the vaIues obtained gives t-~48 X 10-* for K 
of ( a f t )H .  The value of L acquires, however, negat ive sign 
indicating t ha t  (c~-/~) H exists p resumably  in the dimer-condit ion 
in the soIid s ta te  and monomerizes  in aqueous solution. This 
aspect  is under  invest igat ion and full details will appear  
elsewhere. 

Grateful  t hanks  are due to Dr. N.A. RAMAIAtt, NationM 
Sugar Ins t i tu te ,  Kanpur ,  for valuable suggestions and dis- 
cussion; and to Mr. N. ABRAHAM, Principal,  and Dr. H.C. SA- 
RASWAL Head of the  Depa r tmen t  of Chemistry,  Christ Church 
College, for their  in terest  in the  work. 
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Eleetronegativity Considerations on Metal-ligand Bonds in Complexes 
In  the  previous papers  ] ) the  electronic s tates  of metallic 

complexes have been t reated on the  basis of LCAO M e  theory  
and the absorpt ion  spectra and magnet ic  behaviours  of com- 
plexes, including the so-called spectrochemieal series and sol- 
vent  effects of the spectra  and solution pa ramagne t i sm of 
some diamagnetic  Ni ( I I )  complexes, have been discussed 
emphasizing the  impor tance  of taking into account  covalency 
of metal-l igand bonds. The t r e a t m e n t  has led na tura l ly  to 
t ha t  some amoun t  of electron charge migrates  from ligands 
to a central metal  cation due to coordinat ion ra ther  neutraliz- 
ing its net charge. According to the result, the electronegati- 
vities of the  first  t rans i t ion  metal  ions bound  to ligands to 
form complexes have been calculated 1) assuming tha t  the 
net  charge of the ions is reduced to zero due to covalency of 
metaMigand bonds (Table). Since several authors  =-7) have  
taken notice recently of covalency of metal  l igand bonds, it 
would be of interest  to s tudy  the subject  f rom a view-point  
of electronegativities. 

Table 1. Electronegativities o/ the ]irst transitwn metal cations 
coordinated with ligands 

Metal Se Ti V Cr Mn Fe Co Ni Cu t Mean 

i 

E.N.  1.37 1.45 1.53 1.6l 1.43 t.63 t.7t 1.82 2.02 [ 1.6 

t. Covalent character  of metal-l igand bonds was discussed 
by  PAULING 81') by  the use of his electronegativi ty against  
covalent  character  relation. Recently,  however,  GORI)Y ~) has 
proposed the  more  reliable relation as covalent  character  of 
all A -  B bond 

= I - ( [ x A  - -  xB[ /2 )  . . . .  ( t )  

where x A and x B are the  electronegativit ies of A and B atoms, 
respectively. According to (I) and PAULING'S rule sb) of cor- 
recting the  electronegativi ty of an a tom for its formal charge, 
the  electronegativi ty of N ill N H  a is es t imated to be about  
2.8 taking into account  the final balance of charge migrat ion 
from H to N and tha t  f rom N to a central metallic ion which 
is discussed below. In  the saree way  the eleetronegativi ty of O 
in H~O *s est imated to be about  3.2. Therefore, the electro- 
negat ivi ty  of a ligand m a y  be taken to be 3-0 as an average. 
Since the mean electronegativity of the first t ransi t ion metals  
is t.6, mean covalency of metal-l igand bonds is es t imated 
to be 1 -- (I 3 . 0 -  1.6l/2) = 0.3. Therefore, the mean tota l  
charge migrat ion f rom ligands to a central  cation of a hexa-  
coordinated complex is about  6 • 0.3 = 1.8 and, consequent!y,  
the posit ive charge of a bivalent  metal  ion in a hexacoordinated 
complex mus t  be nearly neutralized, being self-consistent with 
the original assumpt ion.  In  the  same way, it is also shown 
tha t  the posit ive charge of Co a+ in [Co(NHa)~]a+ is nearly 
neutralized. I n  hexahydra ted  complexes, mean  covalency 
calculated as above is 0.2 compared wi th  tha t  of about  0.2 
obtained f rom the  eIectron spin resonance dataab), 10), 

2. In  hexacoordinated complexes, the  posi t ive charge of 
a bivalent  metal  ion m a y  be "overneu t ra l i zed"  if the  mean co- 
valency of metal-ligand bonds exceeds a critical value of {.  
Since the mean electronegativi ty of l igands is 3.0, the critical 
value is exceeded when the  electronegativi ty of a central 
metal  is larger t han  { as in 1) Co, Ni, Cu, Zn (1.91), Cd(t.84), 
Hg(2. t4)  and Pd ( ~ 2 . t ) .  Since the a tomic states  of the central  
metal  and, consequently,  the molecular  ground s ta te  of the 
whole complex molecule would be unstabil ized by  such "over -  
neut ra l iza t ion" ,  it is expected t ha t  the bivalent  ions of these 
elements would" show some tendency to form te t racoordinated 
complexes as well as (or ra ther  than,  in some cases) hexa-  
coordinated complexes. This  is the case as is well known 
experimental ly.  The general tendency tha t  a metM cat ion 
wi th  higher valence can form a complex wi th  a higher  co- 
ordinat ion numbe r  compared wi th  t ha t  of the corresponding 
complex of the metal  cation wi th  lower valence, as is seen 
in [PtClr 2- and [PtCi4]z- , ~nay be interpreted along the same 
Iine. 
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