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Abstract
DPA and N-NODPA are used to maintain the stability of nitrocellulose propellants. In this paper, we examined the possibility 

of using High Performance Thin Layer Chromatography (HPTLC) for the qualitative and quantitative determination of DPA and 
N-NODPA, using a toluene as the carrier solution. 42% of all results showed difference in range up to ±0.01% (±8ng), and the 
other 58% showed full agreement of results at 254 nm. The results of the HPTLC in comparison with HPLC test have shown that 
this method can be used in the qualitative and quantitative analysis of single-base propellants, tested on propellants samples of 
ammunitions calibers of 20, 30, 100, 105, 122 and 125mm. With increasing of [%] DPA and N-NODPA we detected decreasing of 
released NOx gases from almost all tested calibers. The results obtained by the HPTLC method, in combination with other analytical 
methods such as the vacuum stability test, can be successfully used to predict the stability of propellants.
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General Information
Gunpowder consisting of nitrocellulose alone is termed single-

base gunpowder (SB), and those powders that contain nitroglycerine 
besides nitrocellulose are called double-base gunpowder (DB) [1].

In addition, DB propellants with picrite or nitro- guanidine 
added to the formulation are considered as a separate class and are 
called Triple Base (TB) propellants.

This part of the process is an unimolecular reaction and, 
according to the kinetic equation of Arrhenius, only the temperature 
is an influencing factor. The radicals formed during the first step of 
the reaction exponentially activate the oxidative degradation of NC, 
which may lead to an auto-catalytic degradation of the propellant. 
To avoid such an autocatalytic process, stabilizers are introduced 
in the propellant formulation, to catch the nitrogen-oxides (NOx) 
formed during the first part of the degradation reaction. By 
introducing stabilizers, the first part of the degradation is not 
influenced but the second part is broken down.

The stabilizers have the ability to response with nitrogen oxides 
by the formation of nitrosated and nitrated compounds. Typical 
stabilizers for propellants are displayed in [2] and for this work 
we focused on diphenylamine DPA and N-nitrosodiphenylamine 
NODPA alone, and in mixture with centralites and akardites. 

The concentration of stabilizers in the propellant gives us 
important information about the actual grade of propellant 
decomposition provided that we know initial concentration of 
stabilizers. 

According to the work of Marqueyrol, if the quantity 
of diphenylamine introduced into DB propellants reaches 
or exceeds 3-4%, an incompatibility problem occurs. Since 
2-nitrodiphenylamine still possesses stabilizing properties and is 
compatible with NG, it can consequently be used in some double 
base propellants [3].
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The elaboration of more recent stabilizers (centralite I, II, II, 
MNA, acardite I, II, III) completely compatible with NG and other 
nitroglycols, allows new DB and triple base propellants to be 
produced which may be better stabilized and may be stored for a 
longer period [4]. Stabilizers for doubla-base and nitroguanidine 
rocket propellants are often derivatives of urea (sometimes 
incombination with diphenylamine, DPA) [5].

The content of “effective stabilizer” is calculated from 
the contents of all initial stabilizers (diphenylamine, 2-nitro-
diphenylamine, ethyl centralite, methyl centralite, akardite-II, 
p-nitro-N-methylaniline, resorcinol -except if they are used as 
surface moderators) and the content of N-nitrosodiphenylamineas 
follows:

For propellants without diphenylamine as well as for 
propellants with diphenylamine and other stabilizers:

Effective stabilizer = Ʃ (contents of initial stabilizers)

For propellants with diphenylamine only:

Effective stabilizer = content of diphenylamine + 0.85 
N-nitrosodiphenylamine

Percentage Effective Stabilizer is the amount of effective 
stabilizer found, expressed as a percentage by weight of the 
propellant sample [6].

The article [2,7] explains the formation of nitric acid and nitric 
oxide in gunpowder in details, and the final result of the reactions 
is an increase in ambient temperature, which could theoretically be 
one of the causes of gunpowder inflammation. Stabilizers prevent 
the described occurrence of nitrogen compounds, nitric acid and 
nitrous oxides.

A property stabilized NC propellant is stable for a relatively 
long period of time (20-50 years) at normal storage conditions [8].

Diphenylamine fixes nitrogen oxides by a series of nitrosation 
and nitration reactions or transnitrations, which are both sequential 
and competitive (Figure 1) [3].

Figure 1:  Sequential and competitive degradation mechanism of diphenylamine stabilizer.

A study of the different nitro derivatives of diphenylamine gives 
precise information about the ageing state of a propellant and of 
ammunition, respectively. Chemical analysis using HPTLC gives a 
fingerprint of the ageing of the propellant. 

HPTLC for Propellants Analysis
Currently, most planar chromatography is based on the thin-

layer technique, which is faster, has better resolution, and is more 
sensitive than its paper chromatography equivalent [9].

Today, such techniques have largely been replaced by LC 
methods, which are readily automated and faster. Thin-layer 
chromatography has found widespread use in clinical laboratories 

is the backbone of many biochemical and biological studies. It also 
finds extensive use in industrial laboratories [10].

Typical thin-layer separations are performed on a glass plate 
coated with a thin and adherent layer of finely particles; this layer 
constitutes the stationary phase. Mobile phases are also similar to 
those found in HPLC [9].

For a better understanding of a thin layer chromatographic 
separation for analysis of propellants, we described it and compare 
its results with Vacuum Stability Test (VST) and High Performance 
Liquid Chromatography (HPLC) which are standard methods 
according NATO AOP 48 and STANAG 4556.
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Sample preparation
For a chromatographic separation the sample must meet 

several requirements to obtain good results. According to sample, 
it is necessary to select suitable solvents of high purity. After full 
dissolving of sample in organic solvent, it is necessary to add pure 
water. After this step, NC from solution will precipitate.

We use pure water in this step, because NC is insoluble in 
water, which allows its preparation, stabilization, and transport 
by quenching, using the appropriate quantity of water. After it, we 
used 0,25μm filter paper, or in same cases we can use 0,45μm.

The solubility of NC according to [11] as a function of the 
nitrogen content give us information that we can use acetone in 
purpose of sample preparation. In our work, because of similarity, 
we used acetonitrile. Sample application is perhaps the most critical 
aspect of thin-layer chromatography, particularly for quantitative 
measurements. Usually, the sample, as a 0.01% to 0.1% solution, 
is applied as a spot 1 to 2cm from the edge of the plate. For best 
separation efficiency, the spot should have a minimal diameter 
- about 5mm for qualitative work and smaller for quantitative 
analysis. 

For dilute solutions, three or four repetitive applications are 
used, with drying between [9].

Sample application and developing a chromatogram
The aim of a chromatographic separation determines how 

the sample should be applied to the TLC plate or sheet. The most 
frequent technique still is application with a glass capillary as spot 
or short streak. 

In our laboratory in qualitative/quantitative evaluation we use 
Linomat 5 sample applicator for automatic spotting of samples on 
HPTLC Silica gel plate. We use plate with dimension 10 x 20cm.

After application allow the solvent of the samples to evaporate 
completely (about 10 minutes) or blow with cold or hot air. 
Development of a chromatogram should never start before the 
solvent of the applied samples is evaporated completely [12].

Qualitative detection
Qualitative detection of the stabilizer in gunpowder can be 

done by comparing the positions of the corresponding peaks in 
the developed HPTLC or TLC plate. Plate looks like in Figure 2, 
respectively in Figures 1,3 & 4.

Figure 2: Nitroglycerine (NGL).

Figure 3: Nitroguanidine.

Figure 4: The mechanism of the homolytic scission of the 
nitrate ester of nitrocellulose

In addition, there is always the possibility that two quite 
different solutes may exhibit identical or nearly identical Rf values 
under a given set of conditions. 

Quantitative detection
There are several advanced generations of scanners. In new 

generation of scanners signal to noise ratio was improved, spectral 
range extended: 190 - 900nm.

A semi quantitative estimate of the amount of a component 
present can be obtained by comparing the area of a spot with that 
of a standard. More accurate results can be obtained by scraping 
the spot from the plate, extracting the analyte from the stationary-
phase solid, and measuring the analyte by a suitable physical or 
chemical method. In a third method, a scanning densitometer can 
be used to measure fluorescence or absorption of the spot [9].

For quantitative detection in this work with HPTLC plates 
automatic scanner by CAMAG are used.

Already authors [5] examined the use of the chromatographic 
method for analysis of double-base rocket propellants with centralit 
like main stabilizer, so in this article we choose to make research on 
single-base propellants with other main stabilizers.

Experiment
Chemicals

For developing HPTLC method in purpose of analytical tests on 
propellants we used next equipment and chemicals:

-	 CAMAG LINOMAT 5 (automatic sample applicator)

-	 CAMAG TLC SCANNER (quantitative detector)

-	 LINOMAT SYRINGE 695.0014 - 100µL

-	 Sterilized syringe – 2ml

-	 Syringe filters, RC 0,2µm

-	 Short Thread Vial – 1,5ml

-	 Pure N2(g)

http://dx.doi.org/10.32474/LOJMS.2019.03.000169
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-	 Diphenylamine 99%, SIGMA-ALDRICH

-	 N-nitrosodiphenylamine ≥97%, SIGMA-ALDRICH

-	 Sartorius electronical scale, class 1

-	 Acetone 99,8%, Fisher Scientific, U.K.

-	 Toluene 99,9%, Fisher Scientific, U.K.

-	 Acetonitrile 99,8%, CARLO ERBA, France

-	 Distilled water

-	 HPTLC Silica gel 60 F254(20x10cm)

Test conditions

Procedure
According to instruction given in text above, we prepare 

samples of propellants, then we developed HPTLC plates, one of 
them in purpose of stabilizer detection, qualitative detection, and 
the other in purpose of quantitative detection of DPA and N-NODPA. 

For qualitative analysis we tested a lot of different radio of 
solvents for developing a chromatograph, and in results we will 
show one of the best. For quantitative analysis of DPA and N-NODPA 
we tested also a lot of different solvents with different ratio, and we 
will present one of them with very high R2 factor. On the HPTLC 
plate we use eight spots for application of reference solution of 
stabilizers DPA and N-NODPA. The other eight spots we use for 
application of propellants samples. It is important to mention that 
we used two spots each time for one reference or sample, and for 
calculation CAMAG software used average value. So, on one plate 
we can examine four propellants sample.

Results and Discussion
Qualitative detection

For this experiment we get clear result picture/graphic. 
After application of prepared propellants samples, we developed 
chromatograph in solvent mixture of toluene and acetone and 
result in form of picture is showed below.

Next step is determinate right position, Rf, of stabilizers 
standard CI and CII, and on comparison principle found witch kind 
of stabilizer is in propellant sample. For that purpose, we found Rf 
values for standard solutions showed in Table 1 below.

Table 1: Plate Layout and condition in laboratory.

Stationary Phase Merck, HPTLC Plate Silica Gel 60 F 
254

Plate format Width: 200,0mm; height: 100,0mm

Application type Length: 8,0mm; distance: 11,4mm

First track position X: 14,0mm; X: 10,0mm

Desired development front 70,0mm

λ 254nm

Detector Deuterij

rh 28%

t 23 ℃

p 1000Pa

Reference/standard range

 

DPA

N-NODPA

HPTLC mobile phase 100% toluene

Temperature of VST  
experiment [°C] 100

VST method Transducer, Procedure 2A

In situation that you can`t clearly decide from Figure 5 
which stabilizer is present in propellant, then you can use more 
clearly way, but in the other hand, more slowly way of stabilizer 
determination. It is one kind of results graphic show, which you can 
use in the CAMAG software.

Figure 5: Nitrocellulose (NC).

The results obtained are shown in the Tables 2-4 (Row Detected 
stabilizers).

Table 2: Rf (found) values for some stabilizers after developed 
HPTLC/TLC plate in solvent mixture of toluene and acetone.

No. Stabilizer Rf(found)

1 Dipheylamine 0,698

2 N-nitroso-Diphenylamine 0,678

3 Centralite I 0,309

4 Centralite II 0,217

5 Akardite II* 0,134

*Akardite II or AII (1-Methyl-3,3-Diphenylurea)

Quantitative detection
For this experiment, according to instruction from HPLC 

operators [13], we make standard solutions in acetonitrile for DPA 
and N-NODPA. We propose range 0.2-0.8% and 0.8-1.4% or higher, 
depend of propellants sample.

Reason for this kind of range is because of facts that content of 
DPA in propellants are usually about 2%, and in some ammunition 
is even more, up to 3-4% by author Marqueyrol presented in [3].

The Table 4 consist results from 38 single-based propellants 
samples which selected like representative in our researches. We 
use samples of propellants from 6 different calibers of ammunition: 
20, 30, 100, 105, 122 and 125mm. These samples are from different 
years: 
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-	 1964 – 10 samples

-	 1967 – 2 samples

-	 1972 – 1 sample

-	 1975 – 2 samples

-	 1976 – 1 sample

-	 1977 – 4 samples

-	 1978 – 2 samples

-	 1979 – 1 sample

-	 1981 – 1 sample

-	 1983 – 1 sample

-	 1984 – 2 samples

-	 1986 – 1 sample

-	 1988 – 1 sample

-	 1992 – 3 sample

-	 1995 – 1 sample

-	 1997 – 5 samples

We choose 10 samples from 1964 because we want examine 
stability of them and made some conclusions about it.

First 17 samples from Table 4 consist DPA, N-NODPA and 
Centralite I, and the others consist DPA and N-NODPA. Because of 
amount of concentration, we chose DPA like main stabilizer. We can 
mention that there is a big similarity between HPTLC (R2 factors 
in our experiments are above 0.9975) and HPLC results. With in-
crease contents of stabilizer, generally we can mention decrease in 
released gas on VST method. For better view see Table 4 and com-
pare column 11 and 15.

In Table 3 the best view is on caliber 20mm. In this situation we 
have same year of ammunition production and in this samples we 
also have Centralite 1 in contest of them. We can mention that with 
increasing of [%] DPA + 0.85 [%] N-NODPA we detected decreasing 
of released NOx gases from samples and this fact is so important 
from our experiments. To be more specified, some differences are 
present, but we can mention that these samples contain Centralie 
I, and it is lazy stabilizer, so according to this minor disagreements 
were expected. 

Table 3: Results comparison according to increase [%] DPA + 0.85 [%] NNODPA.

Sample No. Caliber of Bullet Year Detected Stabilizers [%] DPA + 0.85 [%] NNODPA Δ VST [ml/g]

4 20 1964 C1, DPA, NNODPA 1.21 1.363

9 20 1964 C1, DPA, NNODPA 1.26 1.438

3 20 1964 C1, DPA, NNODPA 1.42 1.079

1 20 1964 C1, DPA, NNODPA 1.42 1.353

2 20 1964 C1, DPA, NNODPA 1.44 1.002

10 20 1964 C1, DPA, NNODPA 1.46 1.318

8 20 1964 C1, DPA, NNODPA 1.49 1.208

7 20 1964 C1, DPA, NNODPA 1.49 1.185

5 20 1964 C1, DPA, NNODPA 1.51 1.337

6 20 1964 C1, DPA, NNODPA 1.56 1.063

14 30 1984 C1, DPA, NNODPA 1.74 0.377

13 30 1983 C1, DPA, NNODPA 1.79 0.331

15 30 1975 C1, DPA, NNODPA 1.84 0.261

11 30 1976 C1, DPA, NNODPA 1.86 0.289

16 30 1975 C1, DPA, NNODPA 1.86 0.272

12 30 1977 C1, DPA, NNODPA 1.88 0.463

27 122 1997 DPA, NNODPA 2.24 0.377

23 122 1977 DPA, NNODPA 2.47 0.584

32 122 1995 DPA, NNODPA 2.51 0.436

24 122 1977 DPA, NNODPA 2.65 0.55

30 122 1977 DPA, NNODPA 3 0.339

28 122 1988 DPA, NNODPA 3.4 0.431

*For propellants witch contain C1, DPA and N-NODPA effective stabilizer calculates like Ʃ contents of initial stabilizers, but in this 
table we do not use this formula because we want make conclusions based only on content od DPA and N-NODPA.
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On caliber 30mm we mention the same situation like described 
above, only difference is in sample 12, and this disagreement we 
can attribute to year of sample production. If we exclude sample 
16, the sample 12 is the oldest from group of 30mm ammunition 
caliber [14,15]. 

In group of 122mm ammunition caliber we also have decreasing 
pressure by VST in coordination with increasing amount of 
stabilizers. Some differences are in sample 122, and this fact we 

can explain with information that manufacturer of this sample is 
unknown and history of storage is also unknown for us.

According to Bosnian National Standards from field of stability 
of propellants witch are in coordination with NATO standards 
AOP-48 and STANAG 4556, we combine HPTLC and VST results 
to create category of propellants stability. We tested samples on 
nitroglycerine content (14-NGL column in Table 4). 

Table 4: Experiments results (*+ %C1).

Sample Info. HPTLC HPLC Δ [%] HPLC 
- HPTLC 
Results 
[ml/g]

VST
Category by 
HPTLC&VST1 2 3 4 5 6 7 8 9 10 11 12 14 15

Sample 
No.

Calibers 
of bullet Year Detected 

stabilizers
Main 

stabilizer
Rh 
[%]

Temperature 
[°C]

Atm. pressure 
[hPa]

[%] 
DPA

[%] 
NNODPA

[%] DPA + 
0.85 [%] 
NNODPA

[%] DPA 
+ 0.85 

[%] 
NNODPA

NGL 
[-,+]

ΔVST 
[ml/g]

1 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.82 0.71 1.42 1.41* 0.01 - 1.353 2

2 20 1964 C1, DPA, 
NNODPA DPA 33 23 1028 0.98 0.54 1.44 1.44* 0 - 1.002 2

3 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.87 0.64 1.42 1.42* 0 - 1.079 2

4 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.84 0.44 1.21 1.21* 0 - 1.363 2

5 20 1964 C1, DPA, 
NNODPA DPA 27 23 1026 0.78 0.86 1.51 1.505* 0.005 - 1.337 2

6 20 1964 C1, DPA, 
NNODPA DPA 27 23 1026 0.88 0.8 1.56 1.56* 0 - 1.063 2

7 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.9 0.69 1.49 1.50* 0.01 - 1.185 2

8 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.91 0.68 1.49 1.49* 0 - 1.208 2

9 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.74 0.61 1.26 1.26* 0 - 1.438 2

10 20 1964 C1, DPA, 
NNODPA DPA 27 23 1028 0.8 0.78 1.46 1.465* 0.005 - 1.318 2

11 30 1976 C1, DPA, 
NNODPA DPA 28 24 1007 1.5 0.42 1.86 1.86* 0 - 0.289 1

12 30 1977 C1, DPA, 
NNODPA DPA 28 24 1007 1.52 0.43 1.88 1.87* 0.01 - 0.463 1

13 30 1983 C1, DPA, 
NNODPA DPA 28 24 1007 1.45 0.4 1.79 1.80* 0 - 0.331 1

14 30 1984 C1, DPA, 
NNODPA DPA 28 24 1007 1.41 0.39 1.74 1.745* 0.005 - 0.377 1

15 30 1975 C1, DPA, 
NNODPA DPA 27 22 1010 1.5 0.4 1.84 1.84* 0 - 0.261 1

16 30 1975 C1, DPA, 
NNODPA DPA 27 22 1010 1.51 0.41 1.86 1.85* 0.01 - 0.272 1

17 30 1984 C1, DPA, 
NNODPA DPA 27 22 1010 1.57 0.44 1.95 1.95* 0 - 0.447 1

18 100 1967 DPA, 
NNODPA DPA 46 24 1019 1.63 0.5 2.06 2.06 0 - 0.871 1

19 100 1967 DPA, 
NNODPA DPA 44 23 1023 1.88 0.41 2.23 2.23 0 - 1.118 2

20 100 1972 DPA, 
NNODPA DPA 44 23 1023 1.25 0.46 1.64 1.65 0.01 - 0.29 1
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21 105 1978 DPA, 
NNODPA DPA 26 23 1023 < 0,2 < 0,2 < 0,2 < 0,2 - - 3.186 3

22 105 1978 DPA, 
NNODPA DPA 46 24 1019 0.11 0.16 0.25 0.255 0.005 - 3.437 3

23 122 1977 DPA, 
NNODPA DPA 26 22 1013 2.08 0.46 2.47 2.47 0 - 0.584 1

24 122 1977 DPA, 
NNODPA DPA 29 23 1027 2.3 0.41 2.65 2.655 0.005 - 0.55 1

25 122 1997 DPA, 
NNODPA DPA 46 24 1019 1.11 0.41 1.46 1.46 0 - 0.758 1

26 122 1997 DPA, 
NNODPA DPA 26 22 1013 1.53 0.47 1.93 1.925 0.005 - 0.425 1

27 122 1997 DPA, 
NNODPA DPA 26 22 1013 1.87 0.44 2.24 2.24 0 - 0.377 1

28 122 1988 DPA, 
NNODPA DPA 29 23 1027 3.07 0.38 3.4 3.41 0.01 - 0.431 1

29 122 1997 DPA, 
NNODPA DPA 26 22 1013 1.44 0.42 1.79 1.79 0 - 0.395 1

30 122 1977 DPA, 
NNODPA DPA 26 22 1013 2.58 0.49 3 3 0 - 0.339 1

31 122 1997 DPA, 
NNODPA DPA 26 22 1013 1.41 0.54 1.87 1.86 0.01 - 0.402 1

32 122 1995 DPA, 
NNODPA DPA 29 23 1027 2.04 0.56 2.51 2.51 0 - 0.436 1

33 122 1979 DPA, 
NNODPA DPA 26 23 1023 0.19 0.18 0.34 0.35 0.01 - 1.618 2

34 122 1986 DPA, 
NNODPA DPA 73 20 1010 0.11 0.12 0.21 0.21 0 - 1.459 2

35 125 1992 DPA, 
NNODPA DPA 29 23 1027 1.66 0.44 2.03 2.03 0 - 0.497 1

36 125 1992 DPA, 
NNODPA DPA 29 23 1027 2.07 0.45 2.45 2.445 0.005 - 0.466 1

37 125 1981 DPA, 
NNODPA DPA 23 27 1027 2.52 0.4 2.86 2.86 0 - 0.466 1

38 125 1992 DPA, 
NNODPA DPA 26 23 1023 1.52 0.34 1.8 1.805 0.005 - 0.538 1

In our case we prepare 2.000g (±0.080g) samples of propellants 
for HPTLC and HPLC according to instructions described in text 
above [16-18]. After that step, we use 4μl of sample for qualitative 
experiment and other 4µl for quantitative experiment. Results in 
Table 4 in column 4 are results for qualitative determination of 
stabilizers based on procedure showed on Figures 6,7 & Table 2. 

Figure 6: Screening plate, top view.

Figure 7: Screening plate, front view.

Final, Table 4 show comparison of results on two quantitative 
methods, HPTLC and HPLC and additionally VST method in purpose 
of stability prediction.

Analysis on HPLC method done in institute GENOM by 
second author of this article, and for mobile phase we use ratio of 
acetonitrile, methanol and water. Analysis on both methods are 
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made on same days in two different laboratories, and the similarity 
of results is very good (see Table 4, column 13). 

For categorization [2] we need percentage of main stabilizers, 
which are calculated according to AOP 48 mentioned above in 
article. In eight samples: 5, 10, 14, 22, 24, 26, 36, 38 we have some 
small difference in results, 0.005 %, and in the other eight samples: 
1, 7, 12, 16, 20, 28, 31, 33 difference is 0.01%. According to this 
results, 42% of all results showed difference in range up to 0.01%, 
and the other 58% showed agreement of results. We can explain it 
by individual mistakes from process of sample preparation, which 
include mistake by scale, the process of dilution, or in process of 
chamber development etc. To be sure about this explanation, 
we make some samples in laboratory and use the same for both 
analysis: HPTLC and HPLC. Results obtained from this procedure 
showed better similarity, then the others. The other fact is type of 
method, HPLC is more sensitive method with better properties, but 
according to results, HPLC is also very useful method for purpose of 
propellants analysis. 

It is important to mention that in this article we present results 
in form of percentage because for stability categorization we need 
it, and it means:

±8ng → ±0.01%

Conclusion
Results obtained from HPTLC method are useful in purpose 

of qualitative and quantitative analysis of propellants samples. 
Qualitative analysis of propellants samples on HPTLC method 
can be used successfully for detection of main stabilizer based on 
comparison with references.

DPA and N-NODPA can be determined qualitatively by HPTLC 
using a mixture of toluene and acetone as carrier solvent on 254nm.

This similarity of quantitative results are very good and it 
should be noted that in our case we used different analytical devices 
with different analytical performances, HPTLC and HPLC. 42% of 
all results showed difference in range up to ±0.01% (±8ng), and the 
other 58% showed full agreement of results. According to results 
and rules of propellants categorization, HPTLC method can be used 
in purpose of quantitative analysis of propellants stabilizers on 
254nm.

Toluene can be used like mobile phase in purpose of HPTLC 
plate development for analysis content of diphenylamine and 
N-nitrosodiphenylamine alone, or in mixture with 1,3-diethyl-1,3-
diphenylurea (CI),1,3-dimethyl-1,3-diphenylurea (CII), 1-methyl-
3,3-diphenylurea (AII). Quantitative analyzes of propellants from 

the HPTLC method can be used to determine and predict the safety 
status of propellants in combination with Vacuum Stability Test.
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