
tor using glass-modified calomel (1) 
electrodes. 

0.1N Tributylethylammonium hy- 
droxide. Prepared from the iodide b y  
the method of Cundiff and Markunas 
(1) .  

Adsorption alumina (bferck, So. 
71707 or Fisher Scientific Co., No. 
A-540). The p H  of a slurry of 10.0 
grams in 90 ml. of distilled water was 
10.2. 

Diatomaceous earth (Johns-Nanville 
Celite grade is satisfactory). 

PROCEDURE 

To 500 ml. of pyridine in a 1000-ml. 
iodine flask add 20 grams of alumina. 
Shake intermittently for 5 minutes and 
filter by suction t,hrough 9.0-cm. glass 

fiber filter paper (H. Reeve Angel & Co., 
No. 934AH) containing a layer (5.0 
grams) of diatomaceous earth. 

RESULTS 

A 100-ml. volume of commercial 2' 
pyridine was found to  have a blank of 
0.2 to  0.4 ml. of 0.1N tributylethyl- 
ammonium hydroxide, probably due t o  
carbon dioxide. The blank invariably 
increased for 5-gallon lots of pyridine as 
the pyridine was consumed. The puri- 
fied pyridine (100 ml.) had a blank of less 
than 0.05 ml. of 0.1N tributylethylam- 
monium hydroxide. 

A 1000-ml. volume of commercial 
2" pyridine was spiked with carbon 
dioxide. Before purification the blank 

on 100 ml. amounted to  0.6 ml. of 0.1N 
tributylethylammonium hydroxide. 
After purification, the blank on 100 ml. 
amounted to  less than 0.05 ml. of 0.1N 
tributylethylammonium hydroxide. 
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Spot Test Detection and Spectrophotometric Determination 
of Nitrite with p-Phenylazoaniline 

SIR: Recently a procedure using 
p - phenylazoaniline and 1 - naphthyl- 
amine n-as introduced for the deter- 
mination of the nitrite ion ( 2 ) .  Al- 
though this procedure probably has a 
greater potential sensitivity for the 
nitrite ion than any method in the 
literature, its main disadvantage is in the 
use of gaseous hydrogen chloride. How- 
ever, the method should be capable of 
further improl ement. Another re- 
ccntly introduccd method uses p-  
phenylazoaniline and benzaldehyde 2- 
benzothiazolj-lhj-drazone (3 ) .  The spec- 
tral data for some of these nitrite 
methods are compared in Table I. 
Although these methods for the nitrite 
ion are very sensitive, an alternative 
sensitive, simple method n as desired 
in n hich the color would be formed in 
alkalinc media. The present paper 
doscribes such a new method which 
is vcry sensitiye and is simpler in the 
st'iise of using only one reagent which 
is both the substance diazotized and the 
coupling agent. 

The mechanism of the present pro- 
cedure as applied to  the nitrite ion 
includes the following steps: reaction 
of the nitrite ion with p-phenylazoani- 
line to  give the diazonium salt; com- 
bination of p-phenylazoaniline 11 ith 
the diazonium salt to  form the tri- 
azene; and finally, formation of the 
blue anion in alkaline solution. 

C6H6. N : N .  C6H4xHz -4 

CsHj. N : N . CsH*N*+ 
C6H5 N : N .  CsH4NHz + 

C6Hb.N : N .  CsH4Sz' -+ 

CsH5.N : N .CBH~N-.  S N . CsH4. 
K : N.CoH6 

The triazene was synthesized in good 
yield by  the analytical procedure. 
Yellow gold plates, m.p. 190-1' C., 
were obtained from methyl cyclohexane. 
Calculated for C24H19X7: C, 71.1; H, 
4.7; K, 24.2. Found: C, 70.8; H, 4.6; 
N, 24.6. In alkaline dimethylformamide 
the triazene gave a blue solution 
wavelength maximum 635 mp, e 91,000. 

Table I. Comparison of Some Recent Methods for the Determination of Nitrite Ion 
Maxi- 
mum Absorp- 

Reagents 

Wave- tivity, Concn. 
Type of length, E X pg.-l Ml. Limit,a 

Chromogen m p  Crn.-' P.P.M. 
Sulfanilic acid + S-1-naphthylethyl- Azo dye 550 50 1.09 0.09 

p-Phenylazoaniline + 1-napht.hy1- Bisazo dye 643 93 2.02 0.05 

p-Phenylazoaniline + benzaldehyde Formazan 590 58 1.26 0 .08  

p-Phen ylazoaniline Tria!ene 595 6 i b  1.50b 0.12 

enediamine cation 

amine dication 

2-benzothiaxolyl hydrazone anion 

anion 
0 For abeorbance = 0.10 in a 3-nil. cell with a light path of 1 em. 

For 1.5 pg. NO2- per ml. of final solution. 

In alkaline 2-methoxyethanol, it  
absorbed a t  587 mp and in neutral 
dimethylformamide a t  435 mp. The 
strong solvent effects shown in the 
spectra of this chromogen should prove 
of value in future studies of this analy- 
tical procedure. In  the spectrophoto- 
metric determination of the nitrite ion, 
a wavelength maximum of 595 mp, 
E 67,000 (at 1.5 pg. of SOz-  per ml. of 
h a 1  solution) vias obtained. Howver ,  
this latter solution contains approxi- 
mately 70% dimeth) lformamide. In  
the standard analytical procedure, dilu- 
tion to 50 ml. with dimethylformamide 
instead of to  10 ml. gave a solution con- 
taining approximatclly 94y0 dimrthyl- 
formamide and absorbing a t  622 mp 
with an E of 75,000 (at 1.5 pg. of S O 2 -  
per ml. of final solution). The red 
spectral shift and intensity enhance- 
ment are mainly due to the increase in 
basicity of the solvent mixture ( 2 ) .  

EXPERIMENTAL 

Reagent Solutions. p-Phenylazo- 
aniline (Distillation Products Indus- 
tries, Rochester, K. Y.) n as recrystal- 
lized several times from pentane to  
give brilliant orange crystals, m.p. 
150' C. For spectral nork ,  a 1% 
solution of the dye in dimethyl- 
formamide containing 3% glacial 
acetic acid by  volume was necessary. 

Tetraethylammonium hydroxide, 29% 
solution in methanol. x i s  obtained from 
Southeastern Analytical Chemists, Aus- 
tin, Tex. 

Equipment. X Cary Model 11 
spectrophotometer with 1-cm. cells 
was used. 

Procedures. SPECTROPHOTOMETRIC. 
T o  1 ml. of aqueous test solution is 
added 2 nil. of p-phenylazoaniline 
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reagent solution. The mixture is 
heated for 3 minutes in  boiling water. 
After cooling, 2 ml. of the tetraethyl- 
ammonium hydroxide solution is 
added. The solution is diluted to  10 ml. 
with dimethylformamide. Readings 
are then taken at 595 mp. 
SPOT PLATE. One drop of thc aqueous 

test solution is added to  one drop of 
the p-phenylazoaniline solution. After 
a 5-minute wait, one drop of the alkali 
is added. In the prescnce of nitrite 
ion, blue to  green colors are obtained. 
The identification limit is 0.2 pg. of 
nitrite. The blank is yellow. 

SPOT PAPER. One drop of the reagent 
is added followed by 1 A (0.001 ml.) 
of the aqueous t rs t  solution. The 
spot is heated for 1 minute on the metal 
part of a steam bath. One drop of 
alkali is then added. In the presence 
of nitrite ion, a blue to  green color is 
obtained. l h e  identification limit is 
0.02 pg. of nitrite. The blank is ycllow. 

Spot Test  Procedures. The  spot 
plate and spot paper tests reported 
in this paper for the nitrite ion are  
not quite as sensitive as the  benz- 
aldehyde 2-benzothiazolylhydrazone test 
( 2 ) .  With amounts of nitrite ion 
greater than 25 pg.. a blue color is ob- 
tained; rvith l o w r  amounts, a green 
color is obtained. The colors obtained 
in either the spot plate or spot paper 
methods are stable for a t  least 24 hours. 

Spectrophotometric Procedure. The  
effect of variables on  the standard 

procedure was investigated. I n  the  
diazotization s tep the  relative pro- 
portions of water and dimethylform- 
amide are critical. Optimum results 
were obtained with 1 ml. of test 
solution and 2 nil. of the reagent 
solution; a lower or higher volume 
of eithrr test solution or the reagent 
solution gave lower intensities. Op- 
timum intensities were obtained with 
1.3 to  2.0y0 concentrations of p-phenyl- 
azoaniline; loner or higher concentra- 
tions gave lower intensiticxs. I lon-  
ever, a concentration of 1% n as chosen 
in the procedure for, although the in- 
tensity n as slightly lower, the blank 
was considerably improved. The 
amount of acetic acid in the reagwt \\-as 
not critical except that  concentrations 
Ion-er than 3% gave Ion-er valurs. The 
optimum intensities n-ere obtained with 
heating times of 2 to  5 minutes. From 
1 to 5 ml. of alkali could be added with 
no effect on the color intensity. The 
final dilution could lie made n-ith 
dirnethylformaiiiide, acetonc. methanol, 
or water. The effect of thrsc various 
solvents on the n avclength mavinia 
and molar absorptivity vias as expected 
(1). The final chromogen absorbed a t  
595, 588, 575, and 575 mp in dimethyl- 
formamide, acetone, methanol, and 
water, respectively. The molar absorp- 
tivity also decreased with the decrcas- 
ing basicity of the solvents. BPer's 
laiv ivas not obeyed although a linear 
relationship was observed between the 

Inaccuracy of Dumas Nitrogen Determinations 
of Certain 1,2,4-Triazoles 

SIR: The inaccuracy of conventional 
nitrogen analyses of some azahetero- 
cyclic compounds ( I ,  S, 4,  8, 10, 11), 
including 1,2,4-triazoles (i3, has been 
often observed. In  the case of 1,2,4- 
triazoles, Potts suggests (9) that  pre- 
parative rather than analytical difficul- 
ties account for low nitrogen values. 
If this were correct, a survey of a sub- 
stantial body of analytical data  lvould 
correlate errors of nitrogen analyses 
with those of carbon and hydrogen. 
Results of analyses [micro-Dumas 
method for nitrogen (7 ,  19) from Zim- 
mermann] of if3 new 1,2,4-triazoles 
(5) are summarized in Table I. 

The view of Potts is undoubtedly 
correct in group (a) (Table I), possibly 
correct in (b), bu t  inapplicable to  the 
triazoles in group (c) ; this lends further 
support to  other findings on the inter- 
ference of bromine with the determina- 
tion of nitrogen in heterocyclic com- 
pounds (3, 8). 

absorbance and concentration from 
0.2 to 1.5 pg. of NO*- per ml. of final 
solution. 

The method is believed capable of 
further improvement, especially in re- 
spect to  simplicity of operation and 
sensitivity. 

Interferences. -4s in all diazo- 
tization methods, sulfite ion inter- 
fered. T h e  following ions did not 
appreciably influence the results in 
the  spectrophotometric procedure 
when present in the ratio of 30 to 1- 
chloride, sulfate, cyanide, iedide, ni- 
trate, calcium, magnesium, sodium, 
potassium, and lithium. Ferric chloride 
tended to  give slightly higher values 
probably caused by the presence of 
nitrite ion in the salt. 
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Triazolcs frcc from bromine but  is of the order of lye, the method of 
Spies and Harris (11) should be used 
(6) instead of the conventional Dumas 
method, as illustrated in the cases of 
1 - p - nitrophenyl - 5 - phenyl - 1,2,4- 
triazole - 3 - carboxylic acid hydrazide: 

containing nitrogroups or acyl hydrazine 
side chains may also give very low nitro- 
gen analyses. In  some rases the error 
can be avoided or minimized by slow 
purging, but nlien the absolute error 

Table 1. Summary of Elemental Analyses of Some lI2,4-Triazoles 
Averages, yo 

Deviations Type, of 
1,2,4-Triazole Elelnelita Found Calcd. Absolute Relative Standard 

(a) 'l'-Unsubstituted C(18) 56.06 56.24 +0.18 +0.32 0.45 
H(18) 5.05 5.11 +0.06 +1.19 0.02 
l ( 2 0 )  24.91 24.72 -0.19 -0.75 0.53 

(b) A'--4ryl; T o  Br 67.61 67.56 -0.05 -0.07 0.39 
present %::\ 4 76 4.85 $0.09 f1 .89  0.17 

?\(45) 18.29 18.01 -0.28 -1 .5  0.48 
(c)  lV--4ryl; Br C(13) 52.65 52.94 $0 29 +0.55 0.21 

present H(13) 3.26 3.38 $0.12 +3.68 0.18 

a Number of samples is given in parentheses. 

h(l1) 14.98 13.99 -0.99 -6 9 1 .os 
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