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A new, rapid UV spectrophotometry method (UV) for the determination of octadecylamine using
ninhydrin as a chromogenic reagent was developed. The solution pH, concentration of ninhydrin,
temperature, heating time and coexisted ions have been optimized. Under the optimal conditions, the linear
regression equation was A = 0.0108c — 0.0179, and the calibration curve demonstrated linearity over
a concentration range of ~1.0-50 mg/L with a correlation coefficient (R°) of 0.9970. The developed method
with a high degree of precision and accuracy, good repeatability and cost effectiveness, can be successfully
applied for the detection of octadecylamine in the samples of any stage of the potassium flotation process
from the salt lake brine.
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Paspaboman bvicmpuiii Y @-cnexmpogpomomempuyeckutli memoo onpedenenus OKmaoeyuiamMuHa ¢ uc-
NONb30BAHUEM HUHSUOPUHA 6 Kayecmee XpomocenHo2o peazenma. Onmumusuposanvl pH pacmeopa, Kow-
yenmpayusi HUH2UOPUHA, MEMNEPamypa, 6pemMs Haepesanus u cocywecmayiowjue uonsl. Ilpu onmumanbroix
yeaosuax  ypasHenue quHetinou peepeccuu A = 0.0108c —0.0179, kanubposounas «Kpueas JuHelHA
6 ouanazoue konyenmpayuii ~1.0-50 me/n ¢ kosgppuyuenmom xoppenayuu (R°) 0.9970. Pazpabomanmuiii
Memoo ¢ 8bICOKOU MOYHOCMbIO, XOPOWel NOBMOPAEMOCBIO U IKOHOMUUHOCIBIO MOJICem Oblmb YCNeuHO
npuMeHeH 015 0OHAPYHCeHUs OKMAOSYULAMUHA 8 NPoOax Ha 00l cnaduu gromayuu Kaius U3 pansl co-
JIeHbIX 03€ep.

Knrwouesnie cnosa: okmaoeyunamun, konyenmpayus, ¥ D-euoumas cnekmpogpomomempusi, HUHSUOPUH.

Introduction. Octadecylamine (ODA), as a cationic surfactant, can generate hydrophobic groups in wa-
ter to reduce the surface tension of the solution, so it is widely used in the preparation of mineral flotation
agents, hydrophobic materials [1] and chemical fertilizer anti-caking agents. Compared with other amines, it

** Full text is published in JAS V. 90, No. 5 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 90, No. 5 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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has the advantages of high thermal stability, low thermal destruction, minimum toxicity, and biological de-
gradability [2]. With the preceding advantages, octadecylamine has become the main flotation reagent for
the industrial preparation of potassium chloride. As an important fertilizer, potassium chloride came mainly
from salt lake brine in China, especially from Qinghai Province. With the increasing exploitation of the salt
lake resources, the yield of potassium chloride increased year by year, and the demand for ODA in the flota-
tion process also increased accordingly. However, the dosage of octadecylamine is not accurate in the pro-
duction process and is mainly based on previous production experience. In order to obtain high efficiency,
excess ODA was used, and excessive addition will cause waste and might adversely affect the products in-
cluding KCI and other products [3]. Additionally, the residual octadecylamine will be discharged into the
natural environment of the salt pans with the wastewater, which could destroy the delicate ecological envi-
ronment of salt lakes. An accurate measuring of ODA does not only reduce the dosage of ODA but can also
decrease adverse effects on products and the ecological environment. Therefore, the quick and simple accu-
rate determination of ODA concentration has great significance for the development of KCl in salt lake brine.

Nowadays, the concentration of ODA can be determined by gas chromatography [4, 5] and spectropho-
tometry [6—14]. Gas chromatography has good selectivity, high separation efficiency and detection sensitivi-
ty, but needs the addition of internal standards applied, and requires specific equipment, which causes incon-
venient operation for many laboratories. Comparatively, spectrophotometry is more suitable for the routine
quantitative determination of ODA due to its uncomplicated instruments, simple operation and rapid meas-
urement. The spectrophotometric determination of ODA can be divided into two types: extraction method
and direct method. For the extraction method, the extraction process is crucial, and organic extractants, in-
cluding toxic reagents such as chloroform, were necessary. Moreover, octadecylamine suffers from incom-
plete extraction, leading to low assay results, which limit the application of the extraction method in the
practical process. Direct determination is more rapid and convenient, and this procedure involves adding ap-
propriate chromogenic agents, such as methyl orange and bromocresol green, which can react with ODA to
form colored compounds [13, 14], whereby the concentration of ODA can be obtained by a spectrophotome-
ter. However, due to the low solubility and poor hydrophilicity of octadecylamine, a large quantity of soluble
inorganic salts has a serious impact on the determination results, particularly in the flotation process of po-
tassium chloride. Current methods cannot provide a quick and accurate measurement of ODA.

A rapid and accurate method for the determination of ODA by spectrophotometry was established using
ninhydrin as a chromogenic reagent. By the direct method, the concentration of ODA in various salt solu-
tions such as NaCl, KCI, and MgCl, were measured systematically. The results show that this method is suc-
cessful in measuring ODA in salt solution and has high accuracy and validity.

Experimental. The quantitative principle of this method is based on Lambert Beer's law. Under heating
conditions, ODA can react with ninhydrin to form a blue-violet complex in the pH 4—6, which produces
characteristic absorption peaks in the 500-600 nm region [15]. According to the linear relationship between
the absorbance value and the concentration of octadecylamine in the solution under certain conditions, the
concentration of octadecylamine can be determined.

All absorbance measurements were performed on a TU-1810PC spectrophotometer equipped with 1 cm
matched quartz cells. All chemicals and reagents used were of analytical or pharmaceutical grade and dis-
tilled water was used throughout the experiment.

0.20 g of ODA was accurately weighed and dissolved in 3 mL of hydrochloric acid. The solution was
heated to 80°C and 500 mL of water (80°C) was added to ensure complete solubilization. After cooling to
room temperature, the solution pH was adjusted to ~2.0 with hydrochloric acid. Then the solution was trans-
ferred to a 1000 mL volumetric flask and diluted to volume with deionized water.

The acetate buffers (pH 3.6-6.0) were prepared from 1.0 mol/L acetic acid and 1.2 mol/L sodium ace-
tate as shown in Table 1. And the buffer with pH 6.5 was prepared by dissolving 3.4 g dipotassium phos-
phate into 7.6 mL of 1 mol/L sodium hydroxide solution, then diluted to 500 mL with deionized water. A 2%
ninhydrin solution was prepared by dissolving 2 g ninhydrin in 100 mL water.

ODA solution and buffer solution were placed in a glass bottle and capped, then 2% ninhydrin solution
was added and diluted to 20 mL with deionized water, shaken and heated for 20 min. After cooling to room
temperature, the solution was spectrally scanned using a quartz cuvette with deionized water as a blank.

The analytical conditions for determining the ODA concentration were optimized by a single-factor ex-
periment. First, two factors were considered: the pH of the buffer solution varying between 3.6 and 6.5, and
the ODA concentration between 0 and 50 mg/L, UV absorbance scanning was performed in the range of
300-800 nm to determine the maximum absorbance and find the wavelength and the optimal pH. Then, un-
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der the determined optimal pH and maximum absorption wavelength, the amount of chromogenic agent
(0.5-4 mL), water bath temperature (50-90°C) and time (5—40 min) in the analytical solution with an ODA
concentration of 50 mg/LL were examined in each case. Three parallel experiments were carried out and ex-
pressed as A1, A2, and Asz. Finally, the effects of sodium chloride, potassium chloride and magnesium chlo-
ride were investigated under the optimized experimental conditions.

TABLE 1. The Preparation of Acetate — Sodium Acetate Buffer Solution

Buffers pH 1.2 mol/L sodium acetate/mL | 1.0 mol/L acetic acid/mL
1 3.6 20.8 229.2
2 5.0 156.2 93.8
3 5.5 206.6 434
4 6.0 234.2 15.3

Absorbance values of 0, 5, 10, 20, 30, 40, and 50 mg/L octadecylamine at 566 nm were determined un-
der optimal conditions: pH 6.0 sodium acetate-acetic acid buffer solution of 8.0 mL, 2% ninhydrin chromo-
genic agent of 2.0 mL, water bath temperature of 80°C, the heating time of 20 min. The corresponding equa-
tion parameters were obtained according to Lambert Beer’s law.

The performance of the method was evaluated based on reproducibility and accuracy. Seven ODA solu-
tions with different concentrations were accurately prepared and added to the buffer solution and indicator.
Each sample was tested 6 times in parallel to evaluate repeatability. By comparing the actual value of ODA
solutions with the calculated value, the relative error was calculated to test the accuracy of the method.

Results and discussion. The effect of pH on the UV-Vis spectrum of octadecylamine was investigated
from pH 3.6 to 6.5 as shown in Fig. 1a. A strong absorption band with a maximum at 556 nm can be seen in
the absorption spectrum for octadecylamine-ninhydrin (Fig. 1a) in weakly acidic media (pH 6.0-6.5), while
there is no maximum absorption peak in the solution pH range of 3.6-5.5. This is probably because of inter-
actions between ODA and ninhydrin, which indicates that the absorbance was no longer simply additive.
The maximum absorption intensity decreased with the increase of pH from 6.0 to 6.5. In Fig. 1b, the absor-
bance of the solution with pH 6.0 is in the measured wavelength range and symmetrically distributed in the
wavelength range of 500-600 nm. It can be seen that the absorbance value reaches the maximum value at
566 nm, which is similar to the results obtained in the previous conditional experiment.
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Fig. 1. UV-Vis absorption spectra of octadecylamine solution at different (a) pH and (b) concentrations.

In order to determine the effect of the chromogenic reagent, 2.0-4.0 mL of 2% ninhydrin was added,
and the absorbance value of the solution at 566 nm was measured and repeated 3 times. As shown in Fig. 2a,
the repeatability in parallel cubic times (41, 42, A3) was good, and 2 mL was selected as the adding quantity
of ninhydrin; the molar ratio of ninhydrin to octadecylamine was 26.67:1. Figure 2b shows the effect of the
water bath temperature on the absorbance at 566 nm in the range of 50-90°C, where it can be seen that the
absorbance is highest at 80°C, while it is lower in the range of 50—70°C and the repeatability was poor, due
to incomplete reaction at lower temperatures. And when the temperature is set to 90, the absorbance decre-
ases, owing to the decomposition of the octadecylamine-ninhydrin complex formed at high temperatures.
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Therefore, 80°C was chosen as the optimal water bath temperature. The influence of the heating time on the
absorbance at 566 nm in the range of 5-60 min was presented in Fig. 2¢. The reaction was found to be com-
plete in 15 min from 80°C and then the absorbance decreased slowly from 20—60 min, which may be caused
by the decomposition of the octadecylamine-ninhydrin complex upon prolonged heating. Therefore, a heat-
ing time of 20 min was specified for the determination of octadecylamine.
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Fig. 2. Effect of chromogenic agent addition (a), temperature (b), heating time (c)
on the absorbance of the octadecylamine system.

The influence of NaCl, KCI, and MgCl; in the solution on the UV-visible absorption spectrum of octa-
decylamine is shown in Fig. 3 shows the effects of NaCl, KCl, and MgCl, concentrations on the absorption
values of 50 mg/L octadecylamine solutions at 566 nm. K*, Na®, Mg?*, and CI” have no absorption in the re-
gion with a wavelength longer than 300 nm [16, 17], and K*, Mg?" and CI" at different concentrations had a
negligible effect on the absorbance value at 566 nm of the octadecylamine solution. The absorbance value at
566 nm decreased when the NaCl concentration was higher than 150 g/L. Sodium ions do not react with nin-
hydrin. The possible explanation for this phenomenon is that the formation of octadecylamine-ninhydrin
complexes is impaired when the sodium ion concentration exceeds 150 g/L.
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Fig. 3. Effect of chloride concentration on the UV-Vis absorption spectra of octadecylamine solutions.
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Fig. 4. Standard equation.

The standard curve (Fig. 4) shows that a concentration of octadecylamine is in the range of 1.0-50 mg/L,
with a good linear relationship between concentration and absorbance at 566 nm. The linear equation is
A=0.0108¢ — 0.0179 and the correlation coefficient R? reached 0.9970.

To determine the minimum detection limit of the method, the standard deviation of the absorbance
of the blank solution was calculated by 20 consecutive absorbance measurements and the detection limit
formula D.L. = 36/r (7 is the slope of the standard curve) recommended by ITUPAC. The detection limit of
the standard curve was calculated to be 8.74x1072 mg/L.

A series of octadecylamine solutions were prepared, and buffer solution and indicator solution were
added, each sample was measured 6 times in parallel, and the measurement results are shown in Table 2. The
relative standard deviation for determining the octadecylamine concentration was between 0.05 and 0.15%.
The comparison between the measured and sample concentrations is shown in Table 3, with a relative error
from —3.0 to +1.0%, and the average relative error is 1.51%.

TABLE 2. Repeatability of Standard Equation

Sample A RSD, %
1 0.066 0.065 0.067 0.065 0.065 0.066 0.132
2 0.082 0.082 0.080 0.081 0.083 0.083 0.129
3 0.154 0.153 0.153 0.152 0.152 0.154 0.145
4 0.202 0.201 0.200 0.204 0.202 0.202 0.121
5 0.254 0.254 0.255 0.256 0.255 0.255 0.068
6 0.386 0.385 0.383 0.385 0.385 0.386 0.134
7 0.452 0.451 0.453 0.452 0.452 0.454 0.094

N o te. RSD: Relative standard deviation.

TABLE 3. Accuracy and Relative Error of ODA Concentration

Sample Real value, mg/L A Measured value, mg/L RE, %
1 9.98 0.087 9.71 2.7
2 25.18 0.251 24.90 -1.1
3 50.08 0.529 50.45 +0.7

N ote. RE: Relative error.

Conclusions. The absorbance of the solution and its concentration in the range of 1.0-50 mg/L obey
Beer's law, and KCI, MgCl,, and NaCl (Cnaci < 150 g/L) solution have little influence on the determination
of the octadecylamine concentration. The linear equation 4 = 0.0108¢ — 0.0179, R? is 0.9970. The average
relative deviation of the measured samples was 1.51%. The method has the advantages of convenient opera-
tion, high accuracy, good repeatability, and low analysis cost. It can be used for the rapid determination
of octadecylamine in the aqueous and salt solution.



805-6 AHHOTALIMU AHTJIOSI3bIYHBIX CTATEMN

Acknowledgements. This work is supported by the National Natural Science Foundation of China
(Grant No. U20A20150); Kunlun Talent Program of Qinghai Province; CAS Project for Young Scientists in
Basic Research (Grant No. YSBR-039).

REFERENCES

1. Y. H. Yin, Y. Muhammad, X. Zeng, J. Yang, J. Li, S. Yang, Z. X. Zhao, S. Subhan, Progress Org. Coat-
ings, 125,234-241 (2019).

2. G. A. Filippov, G. A. Saltanov, A. N. Kukushkin, Hydrodynamics and Heat Exchange in the Presence of
Surfactants, Moscow, Energoizdat (1988).

3.S.P. Gan, R. Ji, J. L. Tang, Metal Mine, 01, 80-83 (2014).

4. H. B. Liang, Z. P. Du, D. Li, F. Q. Cheng, Chem. Reagents, 37, 711-714 (2015).

5. L. Peng, G. L. Zhu, J. Salt Chem. Industry, 44, 31-32 (2015).

6. H. B. Liang, Z. P. Du, E. Z. Li, P. M. Duan, F. Q. Cheng, Chin. Surfactant Detergent and Cosmetics, 46,
485-488 (2016).

7. X. R. Jiao, H. M. Zhang, J. Zhang, F. Q. Cheng, J. North University China, 32, 323-328 (2011).

8. The Electric Power Industry Standard of the People’s Republic of China, National Standard, DL/T 1042
(2007).

9. R. M. Silverstein, Anal. Chem., 35, 154157 (1985).

10. B. Li, Chin. Soc. Electrical Eng., 578-580 (2009).

11. H. H. Ge, J. L. Zhang, J. Li, Chin. Patent, 112881315 (2021).

12. Y. M. Evtushenko, B. E. Zaitsev, V. M. Ivanov, J. Anal. Chem., 57, 8-11 (2002).

13. D. S. Sun, X. L. Bie, Instrumentation Analysis Monitoring, 04, 42—43 (1997).

14.J. Y. Hu, S. A. Cao, J. W. Han, Chin. Patent, 102062728 (2011).

15. C. Zheng, H. M. Xia, J. P. Zhou, W. Z. Tong, Z. L. Jiang, X. Y. Liao, J. Xia, J. Anal. Laboratory, 34,
359-361 (2015).

16. C. M. Quan, Y. Q. Hu, H. N. Liu, M. Z. Li, X. S. Ye, Z. J. Wu, Spectrosc. Spectr. Anal., 37, 509-512
(2017).

17. H. F. Zhang, T. Guo, Q. Li, X. S. Ye, Z. J. Wu, J. Anal. Sci., 7,238-240 (2011).



