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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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TRIPHENYLPHOSPHINE ANION RADICAL 

 
Abstract. According to the experimental data, the scheme of transformations of triphenylphosphine interaction 

with alkali metals should include stage of one-electron transfer from metal and the formation of a primary 

triphenylphosphine anion-radical Ph3P      M      Ph3P


M+.  
 Therefore, during the lecture on organoelemental chemistry for students of chemical specialties of higher 
educational institutions should be noted that in the preparation of organic derivatives of alkali metals and tetraphenyl 
diphosphine from triphenylphosphine in a reaction with alkali metals, at the first stage the anion- radical of 
triphenylphosphine is formed. 
 The EPR spectrum of the anion radical of tetraphenyl diphosphine formed during the decomposition reaction of 
the triphenylphosphine-potassium anion-radical in 1,2-dimethoxyethane was studied.  
 Key words: anion-radical, triphenylphosphine, tetraphenyl diphosphine, electron paramagnetic resonance, 
organoelemental chemistry. 

 
The most common types of organic derivatives of trivalent phosphorus are the phosphines R3P, R2PH, 

and RPH2 in the molecule of which phosphorus is directly attached to the carbon. Hydrogen atoms with 
phosphorus have quite pronounced acidic properties in order to interact with metallic sodium, giving a salt 
(sodium phosphide) and hydrogen. Thus, during the reaction of phenylphosphine with sodium, the 
phenylphosphide anion C6H5PH- is formed, which is a strong nucleophilic reagent [1] 

 
2C6H5PH2 + 2 Na   2 C6H5PH- Na+ + H2 

 sodium phenylphosphide 
 (good nucleophile) 
 
Summarizing the study of the reduction of triphenylphosphine with an alkali metal, Brit and Kaiser 

[2] proposed a triphenylphosphine splitting scheme that does not include the formation of an anion radical 
(AR). 

In the reduction of triphenylphosphine with alkali metals (K and Na) in 1,2-dimethoxyethane (DME) 
and tetrahydrofuran (THF) at -70 °C with the EPR method, we found an almost identical EPR spectrum 
[3], as Il'yasov did [4] with electrochemical restoration, Fig.1. In DME, the spectrum is described by the 
following hyperfine structure constants (HFS):  

 
ap = aн

para=2,5 гс, ан
ortho= 1,25 gauss 

 
An analysis of the hyperfine structure of the spectrum shows that the unpaired electron is uniformly 

delocalized throughout the molecule. In Figure 1, under the spectrum, quantum numbers corresponding to 
the projections of the total spin 3 para-protons (ІН=1/2) and one nucleus of phosphorus (ІР=1/2). 
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We supposed that the HFS constant of 7.15 gauss refers to a single proton in the para-position of 

phenoxyl and to a phosphorus atom (IP=1/2). Then the HFS constant of 4 gauss is naturally attributed to 
two ortho-protons. The magnitude of the constants and the nature of the distribution that should be 
reconstructed on their basis correspond to the parameters obtained by Gerson when studying the 
dimethylphenylphosphine anion radical [5]. 

 
Figure 2 - EPR spectrum of tetraphenyl diphosphine AR, formed during 

the decay of triphenylphosphine-potassium AR in DME (at 200C) 
 
According to the data of Britt and Kaiser [6], noting the formation of diphosphines, the EPR spectrum 

of the secondary anion radical can be attributed to the AR of tetraphenyldiphosphine. This assumption 
makes it possible to classify the doublet splitting with the HFS constant of 1.25 gauss to the second atom 
of phosphorus.  

To confirm the above assumptions, we investigated the EPR spectrum of AR of secondary particle 
obtained from paradeuterated triphenylphosphine. Analysis of the obtained spectrum, Figure 3, 
convincingly confirmed the assignment of the HFS constants. The triplet spectrum has become a doublet, 
which confirms the equality of the HFS constants from phosphorus and proton in the para-position. The 
splitting constant for deuterium in accordance with the ratio of the magnetic moments of the proton and 
deuteron is 1.1 gauss and is close to the interaction constant with the second phosphorus atom. 

 
Figure 3-EPR spectrum of AR of the para-deuterotetraphenyl diphosphine formed during the decomposition 

of AR of para-deuterotriphenylphosphine-potassium in DME (at -300C) 
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Сондықтан, химия мамандығы студенттеріне элементоорганикалық химиядан дəріс оқу кезінде сілтілік 
металдардың органикалық туындыларын жəне төртфенилекіфосфинді үшфенилфосфиннен сілтілік 
металдармен əсерлесуі кезінде, алғашқы сəтте үшфенилфосфин анион-радикалының түзілетіндігін ескерту 
керек. 

Үшфенилфосфин – калий анион-радикалының 1,2-екіметоксиэтанда ыдырауы кезінде төртфенилекі-
фосфин анион-радикалының түзілуінің ЭПР спектрі зерттелген. 

Түйін сөздер: анион-радикал, үшфенилфосфин, төртфенилекфосфин, электрондық парамагниттік 
резонанс, элементоорганикалық химия. 

 
УДК 541.124:542.941:542.92  
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АНИОН-РАДИКАЛ ТРИФЕНИЛ-ФОСФИНА 

  
Аннотация. Как следует из экспериментальных данных, схема превращений трифенилфосфина при 

взаимодействии с щелочным металлами должна включать стадию одноэлектронного переноса от металла и 

образование первичного анион-радикала трифенилфосфина Ph3P      M           Ph3P


M+.  

Поэтому, в ходе чтения лекции по элементоорганической химии для студентов химических 
специальностей высших учебных заведений следует отметить, что при получении органических 
производных щелочных металлов и тетрафенилдифосфина из трифенилфосфина с щелочными металлами 
образуется анион-радикал трифенилфосфина самой первой стадии. 

Изучен спектр ЭПР анион-радикала тетрафенилдифосфина, образующегося в ходе реакции распада 
анион-радикала трифенилфосфин-калия в 1,2-диметоксиэтане. 

Ключевые слова: анион-радикал, трифенилфосфин, тетрафенилдифосфин, электронный парамагнит-
ный резонанс, элементоорганическая химия. 
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