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Hydrazones (characterized by the grouping -C= 
N-N-, and related to Schiffs base), have been used 
as photometric1~5 and fluorimetric6-10 analytical re

agents for the determination of metal ions. In 
/

analytical chemistry, hydrazones have been used 
for detection, determination and isolation of com
pounds containing the carbonyl group11 and hy

drazones act as multidentate ligands with metal 
ions (usually from the transition elements), form
ing colored chelates.12 These chelates are then 

used in selective and sensitive determination of the 
metal ions. And, with the addition of certain sur
factant reagents can increase the stability and solu
bility of many organic compounds and metal com
plexes.13'17 And, the metal complexes formed in 

micellar media are generally more stable than 
those formed in the absence of micelles.

In a previous work,18 the author synthesized 2- 

pyridinecarbaldehyde-5  -nitro-pyridylhydrazone (2PC- 
5NPH) and showed it to be a sensitive reagent for 
Fe(III). In this work, the analytical possibilities of 
a new reagent, 2-hydroxybenzaIdehyde-5-nitro pyridyl
hydrazone (2HB-5NPH) are reported. A spectro
photometric method for the determination of cobalt 
(II) is described. And, the effect of surfactants on 
the absorbance of the Co(II)-2HB-5NPH complex 

was also carried out.

EXPERIMENT

Apparatus. Absorption spectra and absorbances 
were measured with recording spectrophotometer, 
Perkin-Elmer Model 555S, with 1-cm quartz cells. 
All pH measurements were made with a NOVA- 
310 pH meter.

Reagent. 2HB-5NPH was prepared as follows. 
An ethanolic solution of equimolar quantities (0.1 
M) of 2-hydroxybenzaldehyde (Aldrich Chem. Co. 
Inc.) and 5-nitro-2-pyridylhydrazine (Aldrich Chem. 
Co. Inc.) was reflux for 3 hours. The product (light 
yellow needles, mp 243.5-244.1 °C) was separated 
after cooling and recrystallized from ethanol. A 
l.Ox 10 3 M solution of the reagent was prepared 

by dissolving 0.243 g of 2HB-5NPH in 1000 mL 
of methanol. This solution is stable for several 
months when kept in an amber glass bottle. Cobalt 
(II) stock solution(100 卩g/L) was prepared by dis
solving appropriate amounts of analytical grade Co 
(NO3)2-6H2O in doubly distilled water and was 
standardized with EDTA. Working solutions were 
prepared by suitable dilutions of the stock solution 
with water. Surfactant solutions were prepared by 
dissolving suitable amounts of surfactants in water
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with gentle heating. All reagents used were of 
analytical grade.

General procedure. A sample solution contain
ing up to 1.0 gg/mL of Co(II) was placed in a 50 
mL volumetric flask. 5.0 mL of l.Ox 10~3 M 2HB- 

5NPH, 2.5 mL of pH 6.8±0.2 hexamethylene
tetramine buffer and 7.5 mL of l.Ox 10"3 M sur

factant solution were added. The solution was 
made up to the mark with methanol. The ab
sorbance was measured at 470± 1.5 nm against the 
reagent blank treated in the same way.

The proposed method is sensitive, simple and 
very selective.

RESULTS AND DISCUSSION

The reagent, 2-HB-5NPH [I], shown below, is a 
light yellow crystalline material soluble in most or
ganic solvents.

The reagent forms intensely colored complexes 
with a number of transition metal ions. In these 
complexes, 2HB-5NPH acts as a tridentate ligand. 
Complexation is accompanied by elimination of 
the labile proton of the ligand in most of the che
late systems.

Absorption spectra. The absorption maximum 
of complex is at 470-475 nm and that of the 
reagent blank is at 375-385 nm; the spectra do not 
overlap (Fig. 1). On the addition of CTMAB, the 
absorption band unchanged except for a slight in
crease in peak absorption. Maximal and constant 
absorbance is obtained for 1.0 |丄g/mL of Co(II) 
with 3.0 mL of 1.0x10 3 M 2HB-5NPH solution 

per 50 mL, so 5.0 mL of this 2HB-5NPH solution 
is selected as optimal.

Effect of pH. A pH study was carried out over 
the range of 3.0-11.0. No absorbance was ob
served with any of the reagents in acidic solutions

H H

(below' pH 4.5). 2HB-5NPH complexing system 
with Co(II) showed maximum absorbance in the 
pH range 6.6~72 The pHs of the solution were 
adjusted with hexamethylenetetramine buffer solu
tion and hydrochloric acid or sodium hydroxide.

Effect of surfactants. The effects of nonionic 
surfactants [Brij 52, Triton X-100], cationic sur
factants [cetyltrimethylammonium bromide (CTMAB), 
dodecyltrimethylammonium bromide (DMTB)] and 
anionic surfactant [sodium dodecyl sulfate (SDS)] 
were studied. As shown in Table 1, the cationic 
surfactants had a increase of absorbance but in the 
anionic and nonionic surfactants showed no effect 
or diminished on the absorption spectra of the Co 
(II)-2HB-5NPH complex. The absorbance in
creased with a increase of CTMAB concentration 
untill 1.5x 10 4 M, but the absorbance diminished 

with further increase of CTMAB. As can be seen, 
CTMAB showed the best enhancement effects and 
so was selected for further investigations.

Fig. 1. Absorption spectra of 2HB-5NPH and Co(II)- 
2HB-5NPH. Co(II): 1.0 mg/L, 2HB-5NPH: 6.0x 10-5M.

Table 1. Absorption characteristics of Co(II)-2HB-5NPH
complex by addition of surfactants

Surfactants
Concentration

[M]
\max
[nm] Abs E.F

Without surfactant - 462 0.74 1.0
CTMAB IxlO-4 470 0.92 1.24
DTMAB 1X10-4 476 0.83 1.12
Triton X-100 1X10-4 467 0.74 1.00
Brij 52 IxlO*4 465 0.62 0.84
SDS 1x10 4 470 0.75 1.01

Co(II): 1 gg/mL; 2HB-5NPH: 1.0x10 4m, E.F: en-
chancement factor.
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Table 2. Sensitivities of reagents for the spectrophoto
metric determination of Co(II)

Method
Sensitivity

［卩g/m 미
入max 

回미
Reference

Dithizone 0.07 550 19
Nitroso-R-salt 0.0019 420 20

0.0042 520 20
o-Nitrosoresorcinol 0.0025 430 20
DPMHQ 0.0016 510 21
2HB-5NPH 0.01 472 present method

Composition of the complex. We measured 
the mole ratio of Co(II) and 2HB-5NPH in Co(II)- 
2HB-5NPH complex with and without CTMAB. 
The mole ratio of Co(II) and 2HB-5NPH in the 
Co(II)-2HB-5NPH complex was determined by 
continuous variation method with measurement of 
the absorbance of each solutions containing dif
ferent volume fraction of Co(II) and 2HB-5NPH 
of same concentration. The results indicate the for
mation of a 1 ： 2 complex between Co(II) and 2HB- 
5NPH with or without CTMAB.

Beer's law. An estimate of the improvement in 
detection limit achieved upon the addition of 
CTMAB can be obtained from the results present
ed here. The molar absorptivity of the presence of 
CTMAB, found by least-squares analysis of 10 
results, was 6.25 x 104 mol1 cm 1L.

The addition of CTMAB to the Co(II)-2HB- 
5NPH system results in a 1.24-fold improvement in 
the detection limit of the technique. Under the op
timal conditions above, a linear calibration curves 
was obtained over the range 0.02*2.0 |丄g/mL of Co 
(II) ions. The detection limits (s/n=2) was found to 
be 0.011丄g/mL. The relative standard deviation for 
0.5 卩g/mL of Co(II) was 1.2% (n=5).

Effect of other ions. This study was un
dertaken with the purpose of determining Co(II) 
with 2HB-5NPH. Interference was regarded as sig
nificant when it produced a difference of more 
than ±3% in absorbance from that found with Co 
(II) ion alone. The selectivity of the proposed 
method was investigated by determining 1.0 gg/ 
mL of Co(II) in the presence of various other ions. 
It was found that the concentration range of: (a) 

large excess (800~100 卩g/mL): Na*, Cr, Mg* 
Malate; (b) 100-10 fold excess: Cd2+, Al3+, Zr4+, 
Sc%, Zn2+. (c) 0.1-0.25 fold excess: Cu2+ and Pd2+.

Comparison with some other reagents. 2HB- 
5NPH compares well with the mo아 sensitive and 
widely used reagents for the spectrophotometric de
termination of Co(II). The sensitivities of the vari
ous reagents are compared in Table 2.
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