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A method has been elaborated for nitrogen estimation in oximes, semi-
carbazones, nitroanilines, and amino acids which is based on a compound
decomposition in a wet way with gas chromatographic estimation of the
elemental nitrogen released by frontal technique. The decomposition of
compounds takes place in a reaction apparatus placed before the chromato-
graphic part of CHN-1 analyzer (Laboratorni pfistroje, Prague). The meth-
od elaborated enables both selective and summary nitrogen functional
group estimations, offers reliable and precise results and thus extends further
applications of the apparatus.

Pa3paboraH MeTon omnpeneNieHHs COIECpXaHHUA a30Ta B OKCHMaX,
ceMHKapba3oHaX, HUTPOAaHWJIMHAX W aMHHOKHCIOTaX, OCHOBAHHBIH Ha
MOKPOM Da3JIOKEHHH COOTBETCTBYIOLLETO COENUHEHHS C MOCIENYIOMIHM
ra3oBO-XpOMAaToOrpauueckuM OIpPENESIEeHHEM BBIIEISIOIETOCH JJIEMEH-
TapHOro a3ota ¢ppoOHTAJIBHON TeXHHKOH. Pa3yioxeHne coelMHEHHHA MpOUC-
XOMMT B PEakIMOHHOM NpUOOpe, MOMEIIEHHOM Mepel XxpoMaTorpaduuec-
koii yacteio aHaimm3atopa CHN-1 (Laboratorni pfistroje, Ilpara). Pa3-
paboTaHHBIA METOM MO3BOJISET MPOBOAMTH KaK CEJIEKTUBHOE, TaAK M CyM-
MapHOe OIpelesieHHe a30Ta (PyHKUMOHAJLHBIX TPYIN U JaeT HaJeXHbIe
M TOYHBIE pe3yJIbTAaThl, TAKHM 00pa30M pacIIUpAs BO3MOXHOCTH NpHMeE-
HeHus npubopa.

Organic elemental analysis plays a very important role in both identification
and determination of natural materials and new synthesized compounds. Re-
cently, the classical gasometric and volumetric estimations of functional groups
[1, 2] have been replaced by more modern spectroscopic and chromatographic
techniques.

The connection of known chemical reactions with the instrumental methods
results in a considerable simplification and acceleration of analyses with the
preservation of their accuracy. One of the possible solutions is a reaction gas
chromatography, i.e. connection of chemical reaction with chromatographic
process enabling both the subsequent determination of the individual functional
groups and partial automatization of the analysis [3, 4].
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In contrast with the methods described above, the present work is focused on
the nitrogen estimations in oximes, semicarbazones, nitroanilines, and amino
acids using a frontal chromatographic method with the application of the
elemental CHN-1 analyzer. It extends the methods already described, of ni-
trogen estimations in azo compounds [5], of hydrazine and its derivatives [6],
ammonium salts, urea, nitrates, nitrites, and fertilizers [7].

Experimental

Apparatus

CHN-1 analyzer (Laboratorni pfistroje, Prague) (8, 9], in which the oxidation tube
has been substituted by reaction and sorption apparatuses, and heating unit, was used.
Assembly of the individual parts of the apparatus and their linkages have been described
[5, 7, 10] in detail together with the method of estimation and evaluation.

Compounds tested

Commercial or laboratory preparations were used. Their purity was tested by melting
point determination and by elemental analysis. Compounds are unambiguously iden-
tified by the table number and the sequence number, e.g. 1/I.

Oximes: 4-dimethylaminobenzaldehyde oxime (1//), 4-nitrobenzaldehyde oxime
(1/11), benzaldehyde oxime (1//1I), 2-hydroxybenzaldehyde oxime (1/IV), cinnamalde-
hyde oxime (1/V’), 3-nitrobenzaldehyde oxime (1/VT), dimethylglyoxime (1/VII), benzoin
oxime (1/VIII), 2-isatine oxime (1/1X), acetylbenzoyl dioxime (1/X).

Semicarbazones: cinnamaldehyde semicarbazone (2/I), 2-butanone semicarbazone
(2/1I), acetone semicarbazone (2/III), cyclohexanone semicarbazone (2/IV), benzal-
dehyde semicarbazone (2/V), methyl phenyl ketone semicarbazone (2/VT), butyral-
dehyde semicarbazone (2/VII), 2-hexanone semicarbazone (2/VIII), diethyl ketone semi-
carbazone (2/1X), 4-methylcyclohexanone semicarbazone (2/X), semicarbazide chloride
2/X1).

Nitroanilines: 1-nitroaniline (3//), 2-nitroaniline (3//I), 3-nitroaniline (3/I]), 2,4-dini-
troaniline (3/1V).

Amino acids: aminoacetic acid (4/), 2-amino-3-phenylpropionic acid (4/1I), 2-amino-
hexanoic acid (4/I1I), 2-amino-2-methylpropanoic acid (4/IV), aspartic acid (4/V),
2-amino-3-(4-hydroxyphenyl)propionic acid (4/VI), 2-aminobutyric acid (4/VII),
glutamic acid (4/VIII), 2-aminopropionic acid (4/1X).

Results and discussion

Nitrogen estimation in oximes (isonitroso compounds)

Ten oximes were oxidatively cleaved by Fe(III) salt in acidic medium and by
chromic acid. The reaction apparatus (Fig. 1) was used in both cases.
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Oxidation with Fe(11l) salt

To a solution of a sample (2—10mg) in 2cm?® of H,SO, (¢,(volume ra-
tio) = 1: 1), a saturated solution of Fe,(SO,); (2cm?) was added. Helium flow
rate was set to 20cm’min~' and the reaction tube was inserted into a heating
block having 150 °C. Under these conditions, the total period of one analysis is

about 30 min.
1 )l 15/
%—’

~———
2
|~

Fig. 1. Reaction apparatus for estimation of oximes and semicarbazones.
1. Ground joint reaction tube; 2. decomposition agent container.

Oxidation with chromic acid

Decomposition was performed by a standard procedure, i.e. conc. H,SO,
(2cm®) and H,CrO, (2cm’, ¢ = 1.67 mol dm~?) were added to a sample (5—
15 mg) tested. The reaction time (the total period of diffusion chamber filling)
was about 20min at a flow rate of 20cm®min™'; temperature of the heating
block was 160°C. The nitrogen content was calculated from the calibration
obtained by the hydrazinium chloride decomposition with chromic acid. (Pa-
rameters of regression line and average deviation are y = 211.40x + 1.18;
s, = 2.564.)
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Table 1

Results of oxime estimations given in mass %

Compound U x R IS s u
1 8.53 8.54 0.16 8.54 4+ 0.081 0.069 0.063
i 8.43 8.56 0.25 8.56 + 0.127 0.108 0.520
I 11.56 11.70 0.25 11.70 + 0.127 0.108 0.560
w 10.21 10.20 0.40 10.20 + 0.203 0.172 0.025
V 9.53 9.54 0.51 9.54 + 0.259 0.219 0.020
VI 8.43 8.38 0.15 8.38 + 0.076 0.065 0.333
vil 24.13 24.08 0.25 24.08 + 0.127 0.108 0.200
v 6.16 6.27 0.12 6.27 + 0.061 0.052 0.910
X 8.64 8.56 0.15 8.56 + 0.076 0.065 0.530
X 15.72 15.77 0.28 15.77 + 0.142 0.204 0.180

A quantitative hydrolytic cleavage of isonitroso group takes place in the
oxidative cleavage of oximes with a solution of Fe(III) salt and hydroxylamine
released is oxidized simultaneously to dinitrogen oxide, which is reduced over
red hot copper to the elemental nitrogen.

The results obtained are comparable with the theory and errors do not exceed
in the individual estimations +0.3 % abs. The statistical evaluation shown in
Table 1 indicates that the method is reliable, though some results of the Lord
test indicate that compounds 1/1/, III, VIII, IX undergo a systematic error.

Chromic acid was the further oxidation agent tested. The results have shown
that only a small percentage of elemental nitrogen was formed. This corre-
sponds to the results of Jurecek et al. [11], who claim that application of chromic
acid results in the formation of several oxidation products — nitric acid,
ammonia, and in a lesser extent of nitrogen oxides. The results obtained by the
chromic acid decomposition have not been evaluated statistically.

It can be stated that the oxidation with Fe(III) salt in a diluted solution of
sulfuric acid is the precise method and can be applied in the selective estimation
of isonitroso group in the presence of other nitrogen functional groups as under
the oxidation conditions given above, the estimation is not influenced by their
presence.

Estimation of semicarbazide and semicarbazones

The oxidative mineralization of semicarbazide chloride and ten semicar-
bazones was accomplished with chromic acid in the standard way using the
apparatus shown in Fig. 1.

The nitrogen content was calculated from the calibration obtained by the
semicarbazide chloride analysis (y = 209.66x — 2.29; s, . = 1.089).
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The results of semicarbazide and semicarbazone estimations are given in
Table 2. They are in a good agreement with the theory; the errors of individual
determinations do not exceed +0.3% abs. ‘The intervals of reliability cal-
culated, values of standard deviation and the results of the Lord test show that
the method is reliable. In this way, application of the analytical system for the
method has been confirmed.

Table 2

Results of semicarbazide and semicarbazones estimations given in mass %

Compound U X R ‘IS s u

I 14.81 14.83 0.37 14.83 + 0.188 0.159 0.054

n 21.69 21.61 0.19 21.61 + 0.096 0.082 0.421
i 24.33 24.31 0.12 24.31 + 0.061 0.052 0.166
v 18.05 18.04 0.29 18.04 + 0.147 0.125 0.035
vV 17.17 17.27 0.22 17.27 £ 0.112 0.095 0.454
VI 15.81 15.71 0.24 15.71 £ 0.122 0.103 0.416
vl 21.69 21.73 0.24 21.73 £ 0.122 0.103 0.167
viI 17.82 17.87 0.13 17.87 + 0.066 0.056 0.385
0.4 19.57 19.59 0.27 19.59 + 0.137 0.116 0.074
X 16.55 16.64 0.18 16.64 £+ 0.091 0.077 0.500
X1 25.12 25.16 0.30 25.16 + 0.152 0.129 0.133

Selective nitrogen estimation in nitroanilines

Under the standard conditions, four nitroanilines were subjected to the
oxidative mineralization by chromic acid with the aim to estimate simultaneous-
ly nitro and amino nitrogens.

Prior to mineralization, the nitroanilines tested were converted to the corre-
sponding acetyl derivatives [12]. Nonacetylated nitroanilines exhibit a negative
error in the nitrogen estimation caused by the formation of elemental nitrogen.
The nitro group is cleaved first as nitrous acid. The final oxidation product is
nitric acid. However, nitrous acid may diazotate the primary amino group. If
the rate of diazotization is higher than the rate of nitrous acid oxidation the
diazonium salt will be formed, which can be decomposed with the formation of
elemental nitrogen. A higher amount of chromic acid is necessary as usual,
because a part of it is consumed in the decomposition of unreacted acetic
anhydride, which is not removed after acetylation. A further step, i.e. work-up
of ammonium and nitrate ions, is the same as described elsewhere [7]. Nitrates
have to be reduced first, e.g. by Devard alloy in alkaline medium and ammonia
has to be distilled into sulfuric acid. After pH adjustment to 11.5—12.5 with
disodium tetraborate, the elemental nitrogen was released by oxidation with
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alkaline hypobromite. A solution of KNO, was used for the construction of
calibration curve (y = 13.15x — 0.052; s, . = 0.480). Sample weights were in the
range of 1.4 to 22.1 mg for mononitroanilines and 0.9 to 28.8 mg for dinitroani-
lines.

It is evident from the values given in Table 3 that the nitrogen release was in
all cases quantitative. The method enables to estimate in the compounds con-
taining simultaneously amino and nitro groups one group in the presence of the
other one or both nitrogen forms from one sample. The results are in agreement
with the theory and an average error of estimations does not exceed +0.3 %
abs. The statistical evaluation has confirmed that the method is reliable, easily
reproducible and does not involve a systematic error. The theoretical value of
nitrogen content lies mostly in the middle of the interval of reliability. The
experimental Lord coefficient is always lower than the critical value. Therefore,
it can be stated that the values tested differ only negligibly and the method can
be considered as analytically applicable. The total period of analysis of one
sample comprises 75 min. The simultaneous performance of operations enables
to increase the number of daily performed estimations.

Tuble 3

Results of nitroaniline estimations given in mass %

Compound u X R IS s u
NH, group
1 10.14 10.30 0.44 10.30 + 0.223 0.189 0.364
1 10.14 9.92 0.53 9.92 + 0.269 0.228 0.415
i 10.14 10.08 0.30 10.08 + 0.152 0.129 0.200
w 7.65 7.50 0.38 7.50 + 0.193 0.163 0.395
NO, group
1 10.14 10.10 0.28 10.10 + 0.142 0.120 0.143
1 10.14 10.17 0.46 10.17 + 0.283 0.198 0.065
I 10.14 10.13 0.21 10.13 + 0.106 0.090 0.048
v 15.30 15.28 0.29 15.28 + 0.147 0.125 0.069

Estimation of primary amino groups in amino acids

Nine amino acids were decomposed by nitrosyl bromide. The estimation was
performed by the modified Kainz method with the difference that the nitrometer
was replaced by the modified CHN-1 analyzer. Like with nitroanilines, the
calibration dependence obtained by KNO, analysis was used for calculation.
Weights of samples were selected in such a way that they could correspond to
the calibration curve range of 0.14—2.24 mg of nitrogen. Deamination was
accomplished in a reaction apparatus given in Fig. 2.
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To an amino acid tested in a reaction tube, acetic acid (0.5 cm?), formic acid
(1 cm?), and sodium formate (0.1 cm®) in formic acid (¢, = 1: 1) were added. The
tube was inserted into the reaction apparatus (Fig. 2) and after 5Smin of bub-
bling through with helium, the agent (3 cm®) was added from a container and a
flow rate was adjusted to 15—10 cm®min~' (reaction time 30—40 min). The tube
was cooled with water so that the temperature of reaction mixture did not
exceed 30°C. The apparatus was washed with the concentrated acetic acid after
finishing the reaction. The period of one analysis was about 45 min.

\—/

Fig. 2. Reaction apparatus for estimation of amino acids.
1. Ground joint reaction tube; 2. decomposition agent container.

In the determination of amino groups, the preparation of nitrosyl bromide
causes several problems. The stability of the agent prepared according to Kainz
et al. [13] is not sufficient (Table 4); they succeeded in a quantitative release of
nitrogen from the primary amino group only after 1—2 subsequent analyses.
Stability of the agent was improved (4—6 analyses) by solubilization of nitrite
and bromine in a buffered medium (5g of sodium acetate to 30 cm?® of acetic
acid). However, the value of blanc increased simultaneously by four times.
Addition of acetic anhydride was not efficient — low stability, high blanc. In the
case of sodium nitrite precipitation after addition of the agent to the reaction
tube, the efficiency of the agent was lowered and the nitrogen liberation was not
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Table 4

Time dependence of the nitrosyl bromide content in the agent (estimation of 2-aminohexane acid)

t/min w(N)/% A(w(N))/%
0 10.83 +0.15
35 10.73 +0.05
65 9.10 —1.58
115 6.25 —4.43
148 5.62 —5.06
368 2.26 —8.42

Table 5

Results of primary amino group estimations in amino acids given in mass %

Compound U X R IS s u

I 18.68 19.48 0.96 19.48 + 0.487 0.413 0.833

n 8.48 9.50 0.89 9.50 + 0.451 0.383 1.146

i 10.68 10.78 0.34 10.78 + 0.172 0.146 0.294

v 11.96 12.03 0.94 12.03 + 0.477 0.404 0.074

14 10.53 10.76 0.92 10.76 + 0.466 0.396 0.250

Vi 7.73 7.98 0.85 7.98 + 0.431 0.366 0.294

vi 13.59 13.60 0.59 13.60 + 0.299 0.254 0.017
v 9.52 9.64 0.75 9.64 + 0.380 0.323 0.160

11X 15.73 15.60 0.97 15.60 + 0.492 0.417 0.134

Number- of estimations n = 5; u, X — theoretical and mean value of nitrogen content; R —
variation range (R = x,,, — Xmn); IS -— interval of reliability (IS = ¥ + K,R); s — standard
deviation (s = k,R); u -— Lord coefficient (u = |z — x|/R). Values of coefficients given in tables
(a=0.05) Ks = 0.507; ks = 0.430; y, = 0.507.

quantitative. This phenomenon was suppressed by the addition of formic acid.
The sorption apparatus filled, in all other cases by silica gel or ascarite, had to
be replaced by a small washing bottle containing 50 % potassium hydroxide (to
absorb the acidic products of agent decomposition).

It is evident from Table 5 that in seven out of nine amino acids the average
value of determination lies in the interval required of +0.3 % abs. Aminoacetic
and 2-amino-3-phenylpropionic acids gave higher nitrogen values than those
corresponding to the theory. In seven cases, the statistical evaluation has shown
that the differences between the mean and theoretical values are not statistically
important and thus, the method does not comprise a systematic error.

However, the results obtained by this method could not be compared with the
results published thus far.
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