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Мас-спектрометрія на сьогоднішній день є одним з найбільш широко застосованим експресним мето-

дом аналізу, який використовується для встановлення будови як індивідуальних синтетичних та приро-

дних органічних сполук, так і їх сумішей. Одним із способів встановлення будови досліджуваної сполуки 

цим методом є автоматичне порівняння зареєстрованого спектра з банком спектрів, введених в па-

м'ять комп'ютера.  

Мета. Метою дослідження є визначення оптимальних параметрів іонізації та вивчення фрагментації 

рибоксину при іонізації з подальшим поповненням бібліотеки спектрів приладу. 

Методи. Мас-спектрометрія з використанням різних систем для утворення як материнського, так і 

дочірнього іона з подальшим використанням отриманих даних для підвищення селективності і покра-

щення чутливості методу. 

Результати дослідження. У результаті проведених досліджень вивчена схема фрагментації рибоксину 

при іонізації на мас-спектрометрі з трійним квадруполем. Встановлені оптимальні параметри іонізації 

рибоксину: режим іонізації: позитивний; осушуючий газ: 15 л/хв; газ завіси: 8 л/хв; напруга іонізації: 

5000.0 kV; температура осушуючого газу: 300.0 °С; потенціал декластеризації: 40.0 V; потенціал фоку-

сування: 200.0 V; вхідний потенціал на Q0: 10.0 V; енергія колізії (Q2): 20.0 V; потенціал на виході з ка-

мери зіткнень (Q2): 25.0 V. 

Висновки. Отримані результати досліджень є основою для розробки методики кількісного визначення 

рибоксину у біологічних зразках методом високоефективної рідинної хроматографії з мас-

спектрометричним детектуванням 
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1. Introduction  

Physicochemical methods of analysis, namely mass 

spectrometry, are widely used in the analysis of drugs for 

identification and quantification. The method is character-

ized by a high sensitivity, information value, reliability, 

and is used in combination with gas and high performance 

liquid chromatography in pharmaceutical and medicinal 

chemistry, pharmacology, toxicology, environmental pro-

tection, forensic expertise and production control. 

 

2. Formulation of the problem in a general 

way, the relevance of the theme and its connection 

with important scientific and practical issues  

Riboxinum is one of the markers for diagnosing a 

variety of diseases at early stages, such as coronary heart 

disease, and early diagnosis of cancer [1, 2]. Quantitative 

fluctuations of markers that indicate the possible pres-

ence of a disease are in the concentration ranges at the 

level of nanograms/milliliter [3, 4]. 

Determination of low concentrations requires a 

special approach in quantitation. Sample preparation with 

the concentration of the sample, and the use of modern 

analytical equipment are the necessary elements; moreo-

ver, it is impossible to perform such a task without them. 

The modern analytical equipment that allows determin-

ing these concentrations accurately requires special ap-

proaches during developing the method.  

When developing the method for determination of 

riboxinum in various matrices, including biological ones, 

with application of the chromato-mass-spectrometric 

system where the mass spectrometer is used as detector, 

first of all, it is necessary to determine the optimal pa-

rameters of ionization. 

3. Analysis of recent research and publications 

Determination of riboxinum is carried out using 

various types of analytical equipment. The approaches 

for the quantitative determination of riboxinum in biolog-

ical samples were described by the method of spectro-

photometry [5, 6, 7], mass spectrometry [8, 9], as well as 

the fluorescent method [10]. 

While developing the method for identification 

and quantitative determination of riboxinum the mass 

spectrometers of various types – ESI-TOF/MS and 

ESI-MS/MS were used. Using the ESI-TOF/MS sys-

tem it is possible to track formation of the parent ion 

m/z. When using the ESI-MS/MS system there is for-

mation of not only the parent ion, but the product ion 

as well due to the additional fragmentation in Q2. The 

ability to track product ions increases the selectivity of 

the system and enables to improve the sensitivity of 

the method. Therefore, when studying the riboxinum 

ionization with the use of the ESI-TOF/MS and ESI-

MS/MS the parent ion m/z, which was 269, was de-

termined. When using the ESI-MS/MS system the 

product ion with m/z of 137 was obtained in the pro-

cess of the additional fragmentation of the parent ion 

with m/z of 269 in Q2 [11, 12]. 

 

4. Identification of aspects of the problem un-

solved previously 

This work is devoted to determination of the 

optimal parameters of the riboxinum ionization using 

an API 3000 mass spectrometer of “ABI SCIEX” firm 

since the mass spectrometers of other manufacturers 

having specific settings each are used in the papers 

mentioned. 
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5. Formulation of goals (tasks) of article 

The aim of our work is to determine the optimal 

parameters of the riboxinum ionization, its fragmentation 

and replenishment of the library of the device with the 

corresponding spectra of the parent and product ions. 

 

6. Presentation of the main material of the re-

search  

The object of our research was the standard sam-

ple of riboxinum batch 5 dated 10.02.2017 (RS SPhU). 

The structural formula of riboxinum is presented 

in Fig. 1, and its molecular weight is 268.23 g/mol. 
 

 
Fig. 1. The structural formula of riboxinum 
 

The analytical studies were carried out by mass 

spectrometry with three quadrupoles on an API 3000 

mass spectrometer (“ABI SCIEX”, Canada) using 

AS60/220/C/1 electronic laboratory balances (“RAD-

WAG”, Poland), the measuring glassware of class A, a 5 

ml HAMILTON syringe for injecting the solution into 

the mass spectrometer. 

The system is a mass spectrometer with the ioni-

zation source of the ESI (electrospray ionization) type 

and three linear quadrupoles. Mass spectrometry is 

based on determination of the ratio of the mass-to-

charge ions (m/z) formed in ionization of the substance 

in the sample [13]. 

Nitrogen obtained from a Parker Balston 75–72 

nitrogen generator with the purity of 99.5 % was used as 

a drying gas. Nitrogen with the purity of 99.999 % was 

used as a gas supplied to Q2 for the additional fragmenta- 

 

tion of the parent ion, and the dry, purified compressed 

air was a curtain gas. 

Since the mass spectrometer is a reliable selective 

tool in analytical practice, when selecting parameters of 

ionization we focused on the intensity of the output sig-

nal and completeness of ionization. 

The optimization was performed using the solution 

of the standard sample of riboxinum in the concentration of 

1 mg/ml. It was injected directly into the detector using a kd 

Scientific 100 syringe dispenser, the injection rate was 10 

µl/min. The optimal parameters for the mass spectrometer 

ionization during the riboxinum ionization are given below: 

– the ionization mode: positive; 

– a drying gas: 15 L/min; 

– a curtain gas: 8 L/min; 

– the ionization voltage: 5000.0 kV; 

– the temperature of a drying gas: 300.0 °С; 

– the declustering potential: 40.0 V; 

– the focusing potential: 200.0 V; 

– the input potential at Q0: 10.0 V. 

The spectrum obtained in the riboxinum ioniza-

tion in Q1 under these conditions is presented in Fig. 2. 

From the data presented it is seen that under the ioniza-

tion conditions there is a high signal intensity, a clear 

peak of the parent ion, which m/z corresponds to m/z of 

riboxinum in the positive mode of ionization. 

When obtaining product ions the parameters of 

ionization are as follows: 

– the energy of collision (Q2): 20.0 V; 

– the output potential from the collision chamber 

(Q2): 25.0 V. 

The spectrum of product ions under these condi-

tions is given in Fig. 3. 

From the spectrogram can be seen that under these 

conditions the completeness of ionization of the parent 

ions is very high, the peak of the product ion has a high 

intensity. 

According to the results of the experimental stud-

ies the scheme of the riboxinum fragmentation in ioniza-

tion on the mass spectrometer with triple quadrupole is as 

follows (Fig. 4). 

 
 

Fig. 2. The spectrum of the riboxinum ionization 
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Fig. 3. The spectrum of product ions 

 

 
          m=268.2 g/mol                                                                        m/z 269.2                                                                         m/z 137.2 

 

Fig. 4. The scheme of the riboxinum fragmentation in ionization 
 

During ionization of riboxinum, which molecular 

weight is 268.23 g/mol, the parent ion with m/z 269.2 is 

formed. Fragmentation of parent ions in Q2 leads to 

formation of product ions with m/z 137.2. This corre-

sponds to a fragment with the molecular weight of 136.1 

(hypoxanthine) [11]. 

 

7. Conclusions and prospects for further research 

The optimal conditions for the riboxinum ioniza-

tion, in which the maximum parent and product ions 

form, have been developed. It allows stating about the 

high sensitivity of the method under these conditions of 

ionization. 

The results obtained are the basis for developing 

the method for the quantitative determination of riboxi-

num in biological samples by high-performance liquid 

chromatography with mass spectrometry-based detection. 

The library of mass spectra of the device for rapid 

identification of riboxinum in the samples has been re-

plenished. 
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