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Abstract

Technological control of nitration of organic compounds needs data about a composition of
acid nitrating mixture before and after nitration. Content of water is a crucial factor for
efficiency and safety of the nitration process. The industrial laboratories demands for fast,
accurate, precise, low cost and easy to maintain analytical methods. This paper presents the
development of a protocol for determination of composition of acid nitrating mixture. The
determination of nitric acid is based on redox back titration. Determination of sulfuric acid is
based on direct precipitation titration. Water content is determined by calculation. The
proposed method showed good accuracy, precision and selectivity, with recoveries
(99.80±0.06)% H2SO4  and (98.91±0,80)% HNO3,and total analysis time 20 min..
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Introduction

Nitrocellulose has a wide range of applications: surface finishing, chemical admixture,
printing inks, varnishes, adhesives, explosives [1-3]. In a Bulgarian factory nitrocellulose is
produced by a classical nitrating procedure with a mixture of nitric and sulfuric acids [3-5]. The
composition of acid nitrating mixture determine the extent of esterification and hence the
quality of the obtained product [3,6]. The control and optimization of technological process use
data about the composition of nitrating mixture. Quantity of water obtained during the nitration
process is a crucial factor for efficiency and safety of the process. Hence, reliable and accurate
information about the composition of nitrating mixture should be provided as fast as possible.

Modern analytical methods for nitrates and sulfates determination offer high sample
throughput and automatization [7-9]. However, they are suitable for determination of low
concentrations and serial dilutions are needed when major components are determined. A line
of titrimetric and gravimetric methods for sulfate or nitrate determination are also reported, but
interference from nitrate ions needs a separation procedure to be included [9,10].

This study is aimed at developing of а protocol for determination of composition of acid
nitrating mixtures. The developed analytical method should meet the following criteria: good
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accuracy and precision, as low as possible sample pretreatment, wide working concentration
range, low cost and easy to maintain instruments, and easy implementation in automatic
analytical devices.

Materials and Methods

Reagents and instrumentation
Standard solution of  K2Cr2O7  (0.01667 mol/l) was prepared by weighing 4.9010g

K2Cr2O7 (p.a.) and dilution up to 1 L water in measuring flask. For preparation of FeSO4
solution 46 g FeSO4.7H2O (p.a.) were dissolved in 10 mL conc. HCl and 100 mL d. H2O. The
obtained solution was diluted up to 500 mL Ferroin (0.0025 mol/L) and dithizone – saturated
solution in acetone, were used as indicators.  Standard soliton of Pb(NO3)2 (0.1000 mol/L) was
used. Boeco combined pH electrode was used for potentiometric measurement of pH.
Authomatic burete (Metrohm) was used for the titration.

Procedures
Determination of sulfates: mix 5 mL sample solution with 50 mL acetone, adjust pH to 2

by adding NaOH (pH is controlled potentiometrically). Add 10-15 drops of indicator solution.
Titrate with Pb(NO3)2 solution till first color change. Prepare a reference sample by adding 5
mL standard solution of H2SO4, add 50 mL acetone, adjust pH with NaOH solution, add the
indicator and titrate with Pb(NO3)2 standard solution till the first color change.

Determination of nitrates: 3 mL sample solution with 5.00 mL FeSO4 solution, add
15mL concentrated H2SO4. Boil the mixture for 3 min, cool and add 20 mL H2O and 1mL
Ferroin solution. Titrate with  K2Cr2O7  standard solution till color changes from red to blue.
Prepare and titrate a blanc sample.

Analysis of real sample: Acid nitrating mixture is filtered using glass filter and diluted
1:100 with d. H2O. An aliquot of 5 mL of diluted solution was taken for sulfate determination.
An aliquot of 3 mL was taken for nitrate determination.

Results and Discussion

Determination of sulfuric acid in a mixture of H2SO4 and HNO3

A method based on titration with Pb(NO3)2 in acetone/water medium was chosen to be
studied for application in analysis of acid nitrating mixture [11,12].  A model sample containing
H2SO4 and HNO3 (1:1) in concentration 0.05 M each was prepared. The sample aliquot was
mixed with acetone; apparent pH 2 was adjusted with NaOH solution. Dithizone was used as an
indicator and an aqueous solution of Pb(NO3)2 – as a titrant. To ensure complete precipitation of
PbSO4 the acetone/water ratio shouldn’t change considerably during the titration. In this
experiment the acetone in a solvent mixture was 90% at the beginning and 80% at the end of the
titration. The color transition of the indicator was not sharp enough to ensure accurate detection
of the equivalence point. To overcome this limitation, the end of titration was determined at the
first color change of the indicator and a reference sample of standard solution of H2SO4 was
titrated along with the model sample. The results were calculated using the equations:

   (1)

(2)
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(3)

(4)

(5)

- concentration of sulphate ions in the reference sample; - unknown concentration;

- volume consumed in the titration of sulfate ions in the reference sample; - volume

consumed in the titration of sulfate ions in the sample; = .

Determination of sulfate in a model mixture of sulfuric and nitric acids (1:1) by the
developed method showed recovery of (99.80±0.06)% (n=6, P=95%). The total concentration
of acid mixture was 0.1 M. At higher concentrations of model samples (0.2 M) the quantity of
formed precipitate increased and hindered the observation of equivalence point.

Two problems with sulfate determination in acid nitrating mixture could be noted. First,
H2SO4 in acid nitrating mixture is in high concentrations. Second, H2SO4 and HNO3 are at the
same order of concentration. Usually, a separation procedure or ion chromatography are used
for sulfuric acid determination. On the one hand, using high sensitive methods with short
working range for determination of major components (as ion chromatography) needs serial
dilutions and thus lowers the precision and accuracy of analytical results. On the other hand, a
complicated sample pretreatment for separation of major components prolongs analysis time
and could deteriorate the quality of the results as the risk of incomplete separation, loss of
analyte or adding impurities by the used reagents is increased. The most studied methods for
sulfate determination are based on titration or gravimetric determination with barium salt
[10,13]. However, in these methods high interference from nitrates is reported as the solubility
of formed BaSO4 increases in nitrate containing medium. To ensure complete precipitation,
organic solvents are used. A titration with Pb(NO3)2 in acetone/water medium and dithizone as
an indicator was described [11,12]. The advantage of the method was determination of sulfate
in the presence of nitrate ions; however only results from determination of low sulfate
concentrations were reported as formed precipitate interfered with used spectrophotometric
detection. The method was the base for the development of the modified protocol proposed in
this work. To wider the working range and to improve the accuracy of determination of high
sulfate concentrations a visual indication of equivalence point and a reference sample titration
were applied. The proposed protocol allowed determination of high concentrations of sulfate
(0.05 M) in a 1:1 mixture of nitric and sulfuric acids.

Determination of nitric acid in a mixture of H2SO4 and HNO3

The modified Leight’s method for determination of nitrate was used [10,14,15]. The
method offered determination of nitrate in sulfuric acid medium and was based on a redox back
titration. FeSO4 was added to the sample solution. After the reduction of nitrate ions in H2SO4

medium and boiling, the unreacted FeSO4 was titrated with primary standard solution of
K2Cr2O7 and ferroin as an indicator. Blanc sample was titrated along with the sample solution.
The method offered two advantages: determination of nitrate in sulfuric acid medium and
skipping of standardization of FeSO4 solution.
The results were calculated using the equation:
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   (6)

A model sample containing H2SO4 and HNO3 (1:1) in concentration 0.1 M each was
used in this study. In the Leight’s method interference from chloride ions was reported when
low concentrations of nitrate ions were determined. To check the interference at high
concentrations of NO3

-, the titration was performed with and without addition of NaCl to model
samples (5 g NaCl/5 mL sample). The results from both titrations coincided; hence, chloride
was not interfering. Determination of nitric acid in a model mixture of H2SO4 and HNO3 (1:1,
0.2 M total concentration) showed recovery of (98.91±0.80)% (n=7, P=95%) with relative error
of -1.1% and relative standard deviation of 0.91%.

Protocol for determination of the composition of acid nitrating mixture
Acid nitrating mixture consists of conc. HNO3, conc. H2SO4 and some water formed

during the nitration process. The proposed protocol for determination of the composition of acid
nitrating mixture is presented on Fig.1. The sulfuric acid content was determined by direct
precipitation titration. The content of nitric acid was determined by back redox titration. Water
content was determined by calculation.

Fig. 1. Protocol for analysis of acid nitrating mixture

Analysis of real samples
The results from analysis of real samples from nitration of cellulose in Bulgarian factory

are presented in Table 1. For comparison the results from factory laboratory are also presented.
The standard method includes the following stages: (1) determination of total acidity by acid-
base direct titration with secondary standard solution of NaOH; (2) sample treatment for
separation of nitric and sulfuric acid by heating for 2 hours at 700 oC; (3) direct titration of
sulfates with barium salt; (4) calculation of nitric acid content from total acidity and sulfuric
acid content; (5) calculation of water content from the data for nitric acid and sulfuric acid.
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Table 1. Analysis of real samples of acid nitrating mixture
Real sample,%

standard method (n=3, P=45%)
Real sample, %

this method (n=6, P=95%)z
Components

47.9±2.148.2±0.4Nitric acid
51.8±0.751.0±0.3Sulfuric acid

0.070.81Water

The data presented in the table showed that the results from two methods statistically
coincided in the frame of their confidence intervals.

Conclusion

The standard method for the determination of the composition of acid nitrating mixture
used in the factory laboratory suffers from the following drawbacks: (a) time-consuming and
laborious sample pretreatment for nitric acid removal; (b) indirect determinations of nitric acid
and water content by calculations which make the determination unreliable and highly
influenced by systematic and random errors.

The protocol for determination of the composition of acid nitrating mixture proposed in
this work is based on determination of nitrate ions in sulfuric acid medium and determination of
sulfate ions in a nitrate containing medium, which allowed the separation of components to be
skipped. The analysis time was considerably shortened: from more than 2 hours in classical
procedure down to 20 min in this method. The content of nitric and sulfuric acids was
determined as a result of titration procedures which improved the reliability of the data
compared to the calculation of nitric acid in classical method. As a result of direct determination
of nitric and sulfuric acids, the results about water content were more reliable and accurate.
Additionally, low cost and easy to maintain instruments are used. The developed protocol could
be implemented in automatic titration devices and the study is currently in progress in our
laboratory.
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