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  In military chemistry the beginning of the beginnings always were and there are chemical warfare 
agents. The leadership of the Soviet Army hid from a society the information both about available toxic 
chemicals and about real offensive chemical opportunities of the Soviet Army, substituting for their frank 
lie32. And it was done not only in 1987, but also in 199332 when already in the new country, already after 
signing the Convention on the prohibition of chemical weapons57 to deceive it was senseless. 
 
 
4.1. THE POISON IS SO SEDUCTIVELY 

The first chemical warfare agents have occurred on arms of our army in days of the tsar. In days of 
World War I in such quality have appeared chlorine, chloropicrin, phosgene and hydrogen cyanide. There 
were they in the form of four formulas - suffocating (sulphuryl chloride+chloropicrin+stannic chloride), toxic 
slowly-poisoning (phosgene+stannic chloride), toxic fast-poisoning (hydrogen cyanide+chloroformium+ 
arsenic trichloride), toxic suffocating (chloropicrin+phosgene+stannic chloride). Thus, phosgene and 
hydrogen cyanide - the major lethal chemical warfare agents non-persistent type (non-persistent chemical 
warfare agents) - have got to Red Army from the past. With the past it is bound such nonlethal chemical 
warfare agent, as chloropicrin. From the past there was also an idea of application for the purposes 
chemical warfare lethal mustard gas - persistent chemical warfare agents. After October, 1917 all formulas 
chemical warfare agents, remained from Russian empire, automatically became the weapons of Red Army. 
On the other hand, experimental formulas chemical warfare agents imperial army have not risen on arms of 
Red Army. As at the beginning the chemical weapons was in sphere of interests of artillerymen, they should 
be anxious by accuracy firing - the white smoke was necessary for adjustment of artillery chemical shells. 
 In 1920s chemical warfare agents and agents of their delivery to the purpose were put on arms of 
Red Army as they were framed, and also there were preconditions for the organisation in the industry 
production of chemical weapons. 
 New compoundings of chemical warfare agents as well as new types of a chemical munition 
became a subject of cares of the industry usually after them put on the arms or supply of the army (artillery, 
the Chemical Troops, aircraft, navy, and after World War II - also rocket armies).  

One of the first decisions such has taken place on December, 14th, 192676. That day the 
Revolutionary military council has entered on arms of Red Army considerable on those times poisoning 
cohort - a series non-persistent chemical warfare agents (diphosgene, phosgene, chloropicrin and chlorine), 
the first in country history persistent chemical warfare agent (mustard gas), and also a multiple-valued 
hybrid arsenic trichloride which performed chemical warfare agent and simultaneously source of a smoke at 
adjustment. Let's remind, that chlorine, phosgene, chloropicrin and arsenic trichloride actually it was not 
required to enter on arms as they already had this status since times of the tsar. And they did not lose this 
status. 
 The leadership Red Army on a boundary 1930s knew, that such persistent chemical warfare 
agents, as S-mustard and lewisite, were available "in all foreign armies" (it was a standard phrase from 
reports of the Intelligence service of the Headquarters of Red Army), and N-mustard - only in the USA. The 
principal non-persistent chemical warfare agents (hydrogen cyanide, phosgene and diphosgene) also were 
available in all countries. In all countries there were also the basic nonlethal chemical warfare agents - tear-
gas chloroacetophenone, and also irritating adamsite and diphenylchloroarsine. Knew in Red Army about 
the tendency of the western armies whenever possible to reduce number standing on arms chemical 
warfare agents (in an ideal to two: one effective non-persistent chemical warfare agent and one effective 
persistent chemical warfare agent, that is mustard gas). Nevertheless principals of Red Army persistently 
aspired to expansion of the Soviet set chemical warfare agents204. This aspiration has found, in particular, 
reflexion in system of chemical arms. Many have been included in system of 1930 chemical warfare agents 
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- both already taken over on arms, and passing tests. In number non-persistent chemical warfare agents it 
were chlorine, phosgene and diphosgene (on tests - cyanogen chloride and hydrogen cyanide). Among 
persistent chemical warfare agents under a gun was mustard gas (on tests - lewisite, methyldichloroarsine, 
Br-mustard). Among chemical warfare agents irritating type - on arms already consisted adamsite, 
diphenylchloroarsine and chloroacetophenone (bromobenzyl cyanide was in a stage of tests)88. 
 Military Chemical Directorate had extensive plans. They reflected not only aspiration to universality 
chemical warfare agents by creation of multi-purpose formulas, but also the aspiration to have is as much 
as possible information - on a boundary 1920-1930s the army of Germany had data about test of 5100 
candidates in chemical warfare agents, and the Red Army knew only about several substances70. The width 
of interest of military chemists of those years to an estimation of toxic properties of the diversified chemicals 
is characterised by the book on toxicology of ! chemical warfare agents which has been published in 
1930523. As an example we will survey plans of military chemists of the beginning 1930s. 
 For 1930-1931 Military Chemical Directorate has requested from the budget the money necessary 
for the order in the industry production of experimental batches not only such chemical warfare agents, as 
lewisite, hydrogen cyanide, cyanogen chloride, bromobenzyl cyanide, diphenylcyanoarsine, but also 
manufacturing many more rare chemical warfare agents (cyanogen bromide, phenyldifluoroarsine, Br-
mustard, iron carbonyl, methyldichloroarsine, phenyldichloroarsine, alloy of arsenic with magnesium, 
capsaicin, veratrine) 381. 
 For 1931 Institute of chemical defence scheduled to check up battle efficiency of such formulas, as 
ordinary S-mustard (! ! Õ-dichlorodiethylsulphide) in a mixture with dichlorodipropylsulphide, ordinary 
mustard gas in a mixture with Br-mustard (! ! ' - dibromodiethylsulphide), mustard gas in a mixture with ! ,! Õ-
dichlorodiethylsulfone, mustard gas in a mixture with lewisite, mustard gas in a mixture with bromobenzyl 
cyanide, mustard gas in a mixture with chloroacetone, mustard gas in a mixture with chloroacetophenone, 
mustard gas in a mixture with phosgene, mustard gas in a mixture with diphosgene, lewisite in a mixture 
with diphosgene, ethyldichloroarsine in a mixture with phosgene, chloropicrin in a mixture with capsaicin, 
phenyldichloroarsine in a mixture with phosgene, methyldichloroarsine in a mixture with bis(chloromethyl) 
aether, bromobenzyl cyanide in a mixture with bis(chloromethyl) aether, hydrogen cyanide in a mixture with 
"adulterant" (black oil or sulphur acid), hydrogen cyanide in a mixture with cyanogen chloride, hydrogen 
cyanide in a mixture with cyanogen bromide, "solid" mustard gas, "solid" lewisite, "solid" diphosgene and 
other156. It was the big and arrogant program. Nevertheless military-chemical principals had to constrain 
themselves sometimes. Only these can explain that fact, that in the guideline on drawing up of plans for 
1931 Military Chemical Directorate has been compelled to go for unusual limitation of the appetites: "work 
É on synthesis and application chemical warfare agents is forbidden, not having and not able to have the 
proximate years in the USSR a sufficient raw-material base"376. 
 Plan Military Chemical Directorate for 1932 which was also the plan of the Chief of arms of Red 
Army92, contained tests as the same, and other formulas: mixtures mustard gas and lewisite for application 
from aircraft spray tanks, cyanogen chloride for independent application from aircraft spray tanks, and also 
in a mixture with hydrogen cyanide, nonfreezing mustard gas in aircraft spray tanks and devices for 
contamination, diphenylcyanoarsine in toxic smoke candles and in fragmentary-chemical artillery shells, 
viscous mustard gas in the various munitions, an alkaloid capsaicin in various covers, pfiffikus (German 
vesicant agent difficult composition: 51% phenyldichloroarsine, 39% diphenylchloroarsine and 6,5% arsenic 
trichloride678) in aircraft spray tanks and various covers etc. Then have been tested Br-lewisite. 
 Appetites of Red Army were not limited to it. To provide suddenness of a chemical attack in pre-war 
years many other candidates in chemical warfare agents have been tested: various analogues mustard gas 
and N-mustard, cacodylic compouns, acrolein and its derivatives, carbon monoxide, iron pentacarbonyl, 
nickel tetracarbonyl, triphosgene, chlorobenzyl cyanide, tris-(! -chloroethyl)-arsine, tetraethyl lead, oxalyl 
chloride, methyl aethers of formic and chlorocarbonic acids, diphenylchlorostibine, arsine (AsH3), phosphine 
(PH3), veratrine and many other things. New decisions of military-chemical problems were looked for also. 
Anyway in documents present GSNIIOKhT (then it was a factory " 1 in Moscow) for 1934 creation of "the 
new group specialising on punching respirator" probable opponent 392 was ascertained. 
 Military chemists were so active, that began to include in a turn new knowledge and the 
achievements which were not concerning past wars. In particular, in the late 1930s numerous new formulas 
chemical warfare agents, applicable for more difficult conditions of battle have been tested in various 
climatic parametres: more persistent, viscous, winter (that is not freezing to-400C), punching fusion mixture 
respirator, etc. And decisions Council of work and defence from 14 and from October, 31st, 1931 directions 
of search of new types chemical warfare agents have been defined: not only high toxicity, but also 
disorganising, demoralising and corroding action71,390. 
 The system of chemical arms of the Red Army, surveyed in May, 1940, has fixed the list already 
settled chemical warfare agents. Thus 7 chemical warfare agents (mustard gas, lewisite, hydrogen cyanide, 
phosgene, diphenylchloroarsine, adamsite, and also chloroacetophenone) already stood on arms. And 
others two - N-mustard (tris-(! -chloroethyl)-amine, HN-3) and diphosgene - stood on supply and have been 
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recommended to an adoption. Samples viscous formulas persistent chemical warfare agents and 
triphenylstibine were besides, surveyed107. 
 Searches new chemical warfare agents have received a new jerk in days of war. Problems of 
maintenance of needs of front have been surveyed in October, 1941 at session of presidium of Academy of 
sciences of the USSR (the lecturer - academician A.N.Bach). In this connection efforts of members of 
academy - A.N.Nesmeyanov, general I.L.Knuniants, M.M.Dubinin etc. - were mentioned720. And in Kazan in 
group of academician A.E.Arbuzov, the founder of the Soviet scientific school phosphorous organic 
chemistry 725, very many substances - candidates in future phosphorous organic chemical warfare agents 
have been investigated. Within the limits of those works in 1943 by them for the first time has been 
synthesised sarin202. The importance of those works became clear after capture by the Soviet Army in 1945 
of a German plant on industrial production of tabun and sarin428. 
 After World War II Soviet researches in the field of chemical warfare agents concentrated basically 
on two directions. First, searches of substances, capable to overcome fusion mixture (charge) of modern 
respirators were led. Secondly, were found highly toxic chemical warfare agents, capable to operate mainly 
through a skin. After 1945 there have been begun wide searches new chemical warfare agents among 
phosphorous-fluorine-organic and in general organo-element compounds. 4 organisations participated in 
that active work: GSNII-403-GSNII-42 (former chemical plant " 1 and " 51; the present GSNIIOKhT), 
Central research military-technical institute TsNIVTI (former Institute of Chemical Defense - Chemical 
Scientific There were also own and intelligence data about high toxic substances of other classes716. In 
1957 it is simultaneous with occurrence in scientific magazine of article of Swedish military chemist 
L.E.Tammelin about synthesis of compounds of the class phosphoryltiocholines in a military-chemical 
underground of Moscow the special meeting of those of 4 sides has taken place. At that meeting the 
decision on a general formulation of the future work and on distribution of directions between participants  
was accepted716.  
 In the late 1950s there were serious successes on the second direction - in chemistry phosphorous-
fluorine-organic and also phosphoryltiocholines compounds. In particular, in Stalingrad industrial production 
start-up of sarin has taken place and there is begun a path to similar production of soman158,726. After that in 
the Soviet Army other system of chemical arms has been developed727. Active works with substances of 
type trifluoronitrosomethane189,728 and similar compounds for overcoming of fusion mixture respirators  
simultaneously have been curtailed158. 
 Simultaneously with it in 1950s even prior to the beginning of war of the USA in Vietnam in Soviet 
Union were works on creation of a chemical weapon are developed, capable to engage agricultural plants 
and animals of the probable opponent177,210,729. And these works have proceeded in 1960-1970s13,730,731. 
 In the late 1960s works on new chemical warfare agents, mainly psychotomimetic (psychotropic) 
action, and also work on analogues of numerous toxines of a vegetative and animal parentage have been 
dilated117,118,437,732.  
            Treating of the Soviet fate of toxines in chemical weapons role should be surveyed especially. 
Toxines carry normally both to chemical, and to the biological weapon. From the point of view of a 
parentage toxines are apparently biological weapons (for example, the ricin evolved from palma christi). 
However on a way of battle application toxines are more logical for surveying as chemical weapons6-8,54. 
Toxines represent substances of the albuminous nature of vegetative, animal, microbial or other parentage, 
possess high toxicity. Military chemists reversed the interest to natural toxines since XIX century. In 
particular, nicotine, curarinum, atropine, aconitine etc., that is vegetative toxines (phytotoxins, alkaloids) 
mean. A lot of attention is given to animal toxines (zootoxines). Many toxines are evolved from mushrooms. 
Researchers are interested in especially bacterial toxines, including toxine of a tetanus and botulinic toxine6-

8. 
 The first data about works on toxinic weapons in Soviet Union which can be documented, fall into 
1926. We mean the organisation in Moscow under the aegis of Military Chemical Directorate medical-
research laboratory which has been included in structure framed soon Institute of chemical defence. This 
laboratory took places in territory Institute of chemical defence (Moscow), and worked under the 
independent program54. At the first stage as the weapons it was surveyed not only the malignant anthrax 
bacterium, but also toxines of a botulism, a tetanus, etc. Chief Military Chemical Directorate I.M.Fishman 
has referred the first report on the reached results to peopleÕs commissar for defence K.I.Voroshilov in 
1928. In it, in particular, it was specified in possibility of application of toxine of a botulism as the subversive 
weapons52,54. 
 Alkaloids first were not surveyed as chemical weapons of immediate use. Anyway at session in 
Institute of chemical defence which has taken place in 1929 and where the problem of military-chemical use 
of toxines of a vegetative and animal parentage, mainly alkaloids was surveyed, it has been decided to be 
occupied with protection against them first of all. Such substances, as physostigmine, strychnine, veratrine, 
biomorphinum, etc. (as a whole 8 substances) have been by then already tested as chemical weapons. 
Works has been decided to continue198. 



J Med CBR Def  |  Volume 7, 2009  
Submitted 21 June 2009 | Published 5 December 2009 
 

Start to active works on offensive application of alkaloids on an example capsaicin was yielded by 
the new chief of arms of Red Army I.P.Uborevich198, is obvious after acquaintance to the intelligence 
information. Though about some use capsaicin in 1915 on fronts World War II too it was known10. 

 

 
Irritant capsaicin 

 
 By letter from March, 18th, 1930 I.P.Uborevich has charged Military Chemical Directorate to carry 
out the large program of works - to take capsaicin from pepper, to study its irritating properties, and also to 
learn it to synthesise198. After shock works Institute of chemical defence Red Army, however, it was found 
out, that synthesis of capsaicin is too combined and practically impossible. As to battle properties as 
irritating chemical warfare agent capsaicin has not found out advantages in comparison with adamsite and 
diphenylchloroarsine. 
 Nevertheless works have been continued. For 1930/1931 operational year the medical industry has 
received the task to make for tests 5 kg capsaicin and 100 kg veratrine, however, synthesis did not go right. 
During 1932-1933 5 kg capsaicin have been synthesised, however the price of that capsaicin was so 
unreasonable, what even chief Military Chemical Directorate I.M.Fishman has been compelled to write per 
1934 to the next chief of arms M.N.Tukhachevskij, that before "the decision of a raw problem and 
maintenance of falloff of cost of a product of base for expansion of works on use capsaicin at us is not 
present" 198. 

Researches in area the toxinic weapons proceeded up to World War II. They have received a new 
jerk after 1954 when the military-biological institute in Zagorsk (Sergiev Posad) has been framed, 
concentrated on creation of the weapons on the basis of toxines and viruses. There under the guidance of 
general A.A.Vorobev there was an active work on creation of the weapons on the basis of many toxines - 
botulism, tetanus, diphtheritic toxine, staphylococcal and others. Battle possibilities of these and many other 
toxines have been investigated. It has been adjusted production some of them as the weapons, for 
example, botulism and tetanus toxines. The toxinic weapons was surveyed both as the weapons of mass 
destruction, and as the terrorist. In the latter case the state could be the terrorist only54. 
 Were taken out chemical warfare agents from arms of the Red/Soviet Army much less actively, than 
were put.  
 We will try to survey many from chemical warfare agents which have anyhow proved in real 
practice6-10,13,36,54,288,523,607,734,735. 
 Everyone chemical warfare agents had a fate, including army. And classifications were very 
different. Classifications (toxicological, tactical and others), developed for many years, include routinely 
such groups, as non-persistent chemical warfare agents, persistent chemical warfare agents, neuroparalytic 
agents, irritants and incapacitants. Tactical classification of our days assumes division chemical warfare 
agents on lethal and non-lethal. Lethal chemical warfare agents intended for a destruction of manpower of 
the opponent and included well-known groups chemical warfare agents - vesicants, neuroparalytic agents, 
generally toxic agents, choking gases. Non-lethal chemical warfare agents section on capable to switch off 
the opponent (temporarily or for ever) or to irritate. In practice here two groups chemical warfare agents - 
psychotropic (incapacitants) and irritating (irritants) normally7 include. There is also other approach when by 
incapacitants mean all non-lethal chemical warfare agents and, thus, irritants believe their unit8. 
 
4.2. LETHAL NON-PERSITENT CHEMICAL WARFARE AGENTS FIRST GENERATION 

Among lethal chemical warfare agents, falling into choking gases and generally toxic agents, 
besides chlorine, were phosgene, diphosgene and hydrogen cyanide. In the Red Army during the period 
between world wars with them worked especially activly. 

The battle path of choking gas phosgene (XIII) – carbonyl dichloride - has begun in 1915 on fronts 
World War I10. In Russia phosgene also was known in tsarist army. During the period between world wars 
the Red Army surveyed phosgene as an agent of a lesion of live force and fettering the opponent. 

  
Phosgene (XIII) 
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 Powers on production of phosgene have been prepared in 1930s on many Soviet chemical plants. 
During Great Patriotic War production of phosgene and it fillimg into chemical munitions carried out two 
chemical plants - at Chapaevsk and at Chernoreche-Dzerzhinsk (table. 4.1)431. The small part from that 
munitions has lived in Russia to 2001 when last munitions containing 10,6 tonnes of phosgene has been 
destroyed514. 

 
Table 4.1 

Production of chemical warfare agents in Soviet Union  
in days of Great Patriotic War431,771,773 

Total capacity of Soviet 
plants,   

tonnes per year 

Plants Production, tonnes 
 

Post-war 
capacity, tonnes 

per year 
1940 1941 1942  Years Plan Production 1948 

Hydrogen cyanide (XV) 
7500 7500 6300     

 "  148 1941  302 5000 
  1942  229  
  1943  1910  
  1944 2100 1850,9  
  1945 1800 1101,7  
 ChKhZ 1943  867 1300 
  1944 800 587  
  1945 400 -  
 VKhK 1941  265 1200 
 "  510 1942 4000 -  

Phosgene (XIII) 
14300 12500 7500     

 "  91 1940  321  
 "  102 1940  138,9 2600 
  1941   126,1  
  1942 600 290,3  
  1943 600 564  
  1944 600 450  
  1945 600 103  
 ChKhZ 1942  1383 5000 
  1943  2160  
  1944 2300 2160  
  1945 700 566  

Diphosgene (XIV) 
 ChKhZ    850 
 "  102 1942 120 3  
  1943  6  

Adamsite (III) 
10500 6000 6000 "  756 1941  1018 6000 

  1942  1820  
  1943  2466  
  1944 1000 753  

Diphenylchloroarsine (IV) 
40 40 40 "  756 1942  2,4 24 

  1943  1  
   1944 20 2,5  

Mustard gas Levinstein (XX) 
93000 42000 27000     

 "  91 1941 4500 3421,4 - 
  1942 3000

0 
2354,8  

 "  96 1941  2933,4 - 
  1942  480,4  
 "  102 1940  106,4  
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  1941 4875 3333,3 13500 
  1942 2000

0 
4480,7  

  1943  2238  
 "  761 1941 4000 3879 13500 
  1942 2500

0 
4509  

  1943  1758  
 "  510 1942 1500 -  

Mustard gas V.S.Zajkov 
- 26500 26500 "  96 1941  803 29000 

  1942  14905  
  1943  18630,7  
  1944 1450

0 
10335  

  1945 4000 2730  
 "  102 1943  3  
  1944  66,5  

Lewisite (XXI) 
12000 12000 12000     

 "  91 1942 4000 -  
 "  96 1941  1020,9 13000 
  1942  4728,6  
  1943  6874  
  1944 6500 2782,2  
  1945 560 491,7  
 "  102 1930  71,2  
  1941 1200 1197,3 4300 
  1942 6000 1410,5  
  1943  1656  
  1944 2000 96  
 "  510 1942 1000 -  

Thickened lewisite 
 "  102 1944  50  
  1945  7,5  

Mixture mustard gas Levinstein and lewisite 
 "  96 1941  4900  
 "  102 1941  140,6  
  1942  216,7  
  1943  154,5  

Mixture mustard gas V.S.Zajkov and lewisite 
 "  96 1941  147  
  1942  6337,6  
  1943  11715,4  
  1944  4731  
  1945  395,5  
 "  102 1944  393,9  

VKhK - chemical combine at Voskresensk,  
ChKhZ - chemical plant at Chernoreche-Dzerzhinsk 

 
Phosgene application was supposed in artillery chemical shells, chemical mines, aviation chemical 

bombs, and also by wave discharges from gas cylinders and battle chemical vehicles288. Creation aviation 
chemical bombs calibre 500 kg became a serious stage in use phosgene as chemical warfare agent. In 
filling of phosgene it has been tested per 1934-1935 in summer and winter conditions on military-chemical 
proving ground at Shikhany193. In winter conditions bomb framed a gas wave, capable to make through on 
distance 2,5-3 km, providing 100% a lesion of animals of centre and serious degree (mortality of 30%). On 
distance 500 m from point of fracture the wave "punched" respirator. In the summer range of infiltration of a 
gas wave appeared to 2 km (lesions of animals of easy degree were reached to 1,5 km). At bombing in the 
summer during a calm this bomb is capable to form on open district a phosgene cloud the area to 5 
hectares and height to 1,5 m, not dispersing during 2 hours ("a gas bog"). In the end of 1935 that bomb has 
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been introduced on arms of Red Army. Itself phosgene as chemical warfare agent continued to remain in a 
centre of attention of "applied science"205. 

The semi-persistent representative of choking gases diphosgene (XIV) – trichloromethyl 
chloroformate - was applied since 1916 on fields of battles of World War I. Intended it for the same 
purposes, as phosgene10. 

 
Diphosgene (XIV) 

 
 Diphosgene assumed to use in Red Army in artillery shells, aviation bombs, aircraft spray tanks288. 
Chief Military Chemical Directorate I.M.Fishman watched its fate personally. Quality of Soviet diphosgene 
was low as it always contained the big impurity of phosgene. Powers on production of diphosgene have 
been prepared on several plants, however real production it in days of Great Patriotic War occurred only on 
chemical plant 102 at Chapaevsk, and in very small amounts (table 4.1) 431. 
 Battle use of hydrogen cyanide (XV) has begun in 1916 during World War I10. In Russia with it 
have started to work in tsarist army. 
 

 
Hydrogen cyanide (XV) 

 
 In Red Army this chemical warfare agent it was supposed to apply from aircraft spray tanks with use 
of assault aircraft at temperatures from +5 to-12oS, and then to propagate also to other means - aviation 
bombs, artillery shells, mines. On a boundary of 1930-1931 experiences on winter application hydrogen 
cyanide from aircraft spray tanks from height 10 m (on 160 litre have been carried out; temperature from-
7oC to-13oC) 70. Almost all experimental animals in a strip 40 m and 200-250 m depth were lost in the width 
for several minutes. 
 Time for serious application hydrogen cyanide in quality generally toxic agent has come in Red 
Army only in 1932 - after experimental batch reception agent, and also carryings out of its tests. The 
temptation to possess "the substance possessing instant action and the least lethal concentration at small 
expositions"191 was great. The chief of arms M.N.Tukhachevskij has planned tests hydrogen cyanide for all 
1932 - winter and summer92. Works on use cyanogen chloride and cyanogen bromide contained in those 
plans also92. And pilot equipments on production cyanogen chloride ! nd cyanogen bromide already worked 
on a chemical plant " 1 at Moscow. Revolutionary military council has supplied hydrogen cyanide on arms 
on February, 27th ("for a lesion of live force at the movement arranged in situ and in general on 
agglomerations of troops of the opponent")90. 
 To the middle 1930s chemical plants were ready to carry out scale production of hydrogen cyanide, 
however still it was not possible to find ways of its application - agent burnt down at the moment of munition 
tearing up. In February, 1936 on military-chemical proving ground at Shikhany there have passed tests of 
the winter blenderized formula, then the commission recommended to take over mixture hydrogen cyanide 
with cyanogen chloride (freezing temperature -430C) on arms for application by aircraft in winter conditions. 
To 1939 the problem of battle application hydrogen cyanide as a whole was defined - mainly, from aircraft 
spray tanks, in winter conditions and in a mixture with cyanogen chloride191,420. By 1940 efficiency of this 
mixture have checked up in aviation bombs KhAB-200 and KhAB-500241,242. 
 The next jerk to search of ways of battle application hydrogen cyanide and its derivatives was 
yielded by war with Finland357,358. Before the war with Germany there were new results. After military tests 
aviation chemical bomb KhAB-100 percussive action, carried out in 1940 on military-chemical proving 
ground at Shikhany, it in filling of hydrogen cyanide has been recommended to statement for Air Forces 
arms. This bomb intended for a lesion of troops on open district and in shelters240. During chemical 
manoeuvres of 1940 on Aviation-chemical proving ground in Kazakhstan, according to participants, 
especially successful there were experiments on pouring out from aircraft spray tanks359. In the same 1940 
experiments on pouring out of hydrogen cyanide from planes SB in viscous form on military-chemical 
proving ground at Shikhany  have been carried out191. 
 In days of Great Patriotic War mass production of hydrogen cyanide came true on chemical plants 
at Dzerzhinsk (" 148 and Chernoreche) and at Voskresensk (table 4.1) 425,431. Production at Voskresensk 
has been organised in 1930s (finished product reception has been based on interaction of prussiates with 
sulphur acid) 7. Production on plants at Dzerzhinsk also came true a saline method431. However in days of 
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war on a plant " 148 there was a building of new workshop for synthesis hydrogen cyanide by a contact 
method (by oxidation of a mixture of ammonia and methane oxygen of air in the presence of the platino-
rhodic accelerant)9,720. Capacity - 170 tonnes per month426. Workshop has been started up in I quarter 
1945424, and authors have received for it the Stalin award744. 

The semi-industrial unit on production of cyanogen chloride (XVI), used as "adulterant" of 
hydrogen cyanide, has been mounted before war on chemical combine at Voskresensk107. We will specify 
also on mixture hydrogen cyanide with fluorine hydride (HF) which test has been carried out in 1938. 

 

 
Cyanogen chloride (XVI) 

  
For conduction hydrogen cyanide in a camp of the opponent, besides "adulterants", the "carriers" 

promoting rising of factor of its battle use were offered also. As those wood cotton wool and peat were 
offered, in particular, capable to imbibe in itself to 300 % hydrogen cyanide191. 
 Active works with the chemical weapons were accompanied by creation attempts chemical warfare 
agents, capable to punch respirator "the probable opponent". First of all it concerns carbon monoxid 
and its metal derivative (carbonyls of metals). Toxic carbon monoxide easily makes through through 
sponges, including through absorbent coal in respirators, however in the USA in 1922 the hopcalite has 
been taken over on arms, allowing to free air from carbon monoxid. Military chemists among carbonyls of 
metals - sources carbon monoxid - displayed interest to two liquids - to iron pentacarbonyl Fe(CO)5 and to 
nickel tetracarbonyl Ni(CO)4. Both substances easily decay with eliminating carbon monoxid and are rather 
simple at reception 6. 
 These carbonyls of metals have passed in Soviet Union a long battle path. Chemical committee in 
1924 appealed for professor A.E.Favorsky to make on 100 g carbonyls of nickel and iron for check as 
chemical warfare agents for "punching" respirators. In connection with absence of Soviet industrial base 
Military Chemical Directorate has bought in 1928 30 kg carbonyls of metals of a foreign parentage, however 
serious researches has not developed 465. Hopelessness of use carbon monoxide in quality chemical 
warfare agent was known to the Soviet experts - in 1929 it has reported about it professor Flury from 
Germany675. To work with carbonyls of metals it was uneasy. In particular, iron carbonyl at temperatures 
more low 130 is applied in battle conditions could not - rate of allocation carbon monoxide was too small for 
creation of its battle concentration. In general suitable conditions for battle application of iron carbonyl in 
quality chemical warfare agent are framed only in summertime within a month. However, to opinion 
professor Flury the Soviet military chemists have not believed. And work with carbonyls has been 
continued. 
 Check of battle possibilities of iron carbonyl has been carried out in 1934. The chief of arms of the 
Red Army M.N.Tukhachevskij has commanded to conduct battle tests of party in 6 tonnes iron 
pentacarbonyl which have been made by the Soviet industry. Experiments on gas releases from BKhM 
have been conducted in the summer on military-chemical proving ground at Shikhany. In the course of 
experiences conditions of creation of battle concentration have been defined: 1000 m at the front in 1 km 
during 20 mines it was necessary to spend for depth 1,5 tonnes chemical warfare agent. Experiments on 
engineering proving ground on spurt throwing it chemical warfare agent on entrenchments with dogs in 
respirators and on engineering constructions with working filters have simultaneously been carried out. In all 
experiments protection "has been punched"- animals have received expected lesions746. 
 As a whole five years' work with iron carbonyl has not led to expected results. And in September, 
1935 in Chemical Scientific Research Institute it has been ascertained: "considering, that five years' work... 
has not yielded positive results in sense of real overcoming respirator in battle conditions, to consider 
necessary at the yielded stage work on carbonyl to stop"205. Nevertheless in the end of 1937 the director of 
Moscow chemical plant " 51 (former plant " 1) reported in Military Chemical Directorate on full readiness 
to manufacture for army 1 tonne iron pentacarbonyl746. 
 In post-war years of the purpose of works with carbonyls of metals have changed. There was an 
attempt to adjust production of nickel tetracarbonyl on plant at Chapaevsk on the instructions of the Ministry 
of Internal Affairs 747. However soon courses of life of carbonyls of iron and nickel have dispersed. The 
information on iron carbonyl remained confidential, unlike the "not proved" nickel tetracarbonyl. It is easy to 
be convinced of it, having glanced in the directory widely known in the Soviet scientific circles 745. 
 Iron pentacarbonyl it has appeared in number chemical warfare agents, outlined for use in the 
terrorist purposes. In the Soviet Army it was recommended to use it for the diversionary purposes if it is 
necessary to poison sources of potable water of the opponent. At the Soviet secret police it also was 
considered as regular poison and was on arms of that is very convenient in use and is practically 
imperceptible for revealing subsequently. The main thing consists that the person poisoned iron 
pentacarbonyl to death, it is impossible to distinguish from choked household carbonic oxide. The terrorist 
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past of iron carbonyl has floated in connection with suspicious death of the prime minister of Georgia of 
Z.Zhvanija who has happened in February, 2005 (he as if has intoxicated carbon monoxid). 
 Among others chemical warfare agents generally toxic actions in which the Red/Soviet Army was 
interested, we will specify two gases - arsine and phosphine. Arsine, capable to punch all known in 1930s 
common to all arms respirators, was especially attractive196. 
 The idea of battle application of arsine (AsH3) (XVII) has received development not at once as in 
Soviet Union there were no yet productions of metal magnesium and metal arsenic which were necessary 
for it production (alloy As+Mg in atmosphere interreacts with water with allocation of AsH3)

70,196. The first 
experiments on finding-out of battle possibilities of arsine have been carried out in 1926-1927 on military-
chemical proving ground at Kuzminki. However without positive takes. 
 

 
Arsine (XVII) 

 
 In February, 1929 the prominent military-chemical expert of Germany professor Flury has shared 
with the Soviet visitors the long-term experience of studying of an arsine. He has reported, that "creation of 
high concentration would need substance mountains"675. Nevertheless works with an arsine in Soviet Union 
have been continued. In particular, in 1929 the plan of works of Institute of chemical defence of the Red 
Army contained the task - "the further studying and reception of chemical warfare agents (arsine), not held 
back existing respirators". 
 In 1930 chief Military Chemical Directorate demanded from Institute of high pressure (Leningrad) 
"urgently to start study of a question on production of arsine". In that letter necessity of production 
tetraethyl lead (it was necessary for the same purpose - punching of enemy respirators) was discussed 
also196. Let's notice, that the lead tetraethyl, which high toxicity it was known after 19249, many years was in 
a battle reserve Soviet Military-chemical complex (it to the extremity of the XX-th century manufactured at 
Dzerzhinsk as substance for rising of octane value of engine fuels). Total failure from lead tetraethyl use in 
Russia has occurred only in the XXI-st century. 
 In 1936 on military-chemical proving ground at Shikhany tests of AsH3 as a chemical weapons have 
been carried out. It has appeared, that in field conditions it chemical warfare agent is twice more toxic, than 
phosgene167. In 1940 Military Chemical Directorate has yielded the order for production of the big party of 
an arsine. However, statement of it chemical warfare agent on arms has not taken place. 
 Phosphine (PH3) (XVIII) in a role chemical warfare agent the Soviet Army has tried to use in post-
war years. It would like to have in a stock chemical warfare agent, capable to set fire the fusion mixture of 
respirators the opponent (for this role tested not only phosphorus compounds, but also boron, silicon, 
arsenic; in particular it has been tested mixture phosphine with pentaborane158). So there was decision 
Central Committee of the CPSU and Council of Ministers from the April, 17th, 1957, defined practical 
actions in execution GSNII-403 at Moscow and chemical plant " 91 at Stalingrad (where experimental 
works on production of phosphine and on filling by it chemical munitions were led)197. 

 
Phosphine (XVIII) 

 
The army has refused idea to set fire fusion mixture of respirators of probable opponent only in 

1959 - with occurrence sarin at military chemists has occurred many other cares158,197. 
 Other classes chemical warfare agents have been found also, capable to "punch" respirators. 
Especially effective from them was, perhaps, trifluoronitrosomethane (XIX) which studying has begun in 
second half 1930s in NII-42158,159,189,200,728.  

 
Trifluoronitrosomethane  (XIX) 

 
 Attempt to organise production of trifluoronitrosomethane on the plant " 761 at Berezniki has been 
undertaken in beginning of Great Patriotic War. There was a hope of overcoming - in an event chemical 
warfare - German respirators. In 1944 on military-chemical proving ground at Shikhany battle efficiency of it 
chemical warfare agent has been tested (it has been manufactured 1 tonne). The army has drawn a 
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conclusion, that trifluoronitrosomethane is a powerful tool of a chemical attack from which the probable 
opponent has no protection (the toxicity conserved after passage of the respiratorÕs box is interconvertible 
toxicity of chlorine without respirator)189. 

Experimental production of trifluoronitrosomethane occurred also in post-war years in Moscow in 
NII-42 (present GSNIIOKhT). The government has charged to it on April, 7th, 1956 to equip by low-boiling 
trifluoronitrosomethane party aviation chemical bombs type BG-250-NK for a carrying out of tests. The 
same decision scheduled creation on chemical plant " 752 at Kirovo -Chepetsk workshop on production of 
trifluoronitrosomethane. The seven-year plan for 1959-1965 supposed to frame mobilisation powers on 
plant " 752 by January, 1st, 1963 - 2000 tonnes per year. It was supposed the filling of 
trifluoronitrosomethane into two kinds of munitions: aviation chemical bombs BG-250NK and rocket missiles 
MG-24200. In 1955-1960 this chemical warfare agent was on arms of army159. Works with 
trifluoronitrosomethane have been stopped after the beginning production of sarin in March, 1960158. 

In 1949-1950 in NII-42 has been studied hexafluoroazomethane - one more representative from 
number chemical warfare agents, capable get over respirators728. 

 
4.3. LETHAL PERSITENT CHEMICAL WARFARE AGENTS FIRST GENERATION 
 Among persistent chemical warfare agents the Red Army in pre-war years preferred first of all such 
vesicant agents, as mustard gas (ordinary S-mustard) and lewisite. 
 Taking into account battle properties of mustard gas the Red Army had also wider intentions. In 
particular, in the course of the researches which have been carried out in Institute of chemical defence in 
1928-1929, it has appeared, that Br-mustard is a little more toxic, than ordinary Cl-mustard. Batch Br-
mustard has been manufactured, however it has appeared much more expensively in comparison with 
ordinary S-mustard and no prospect had70. As a whole, as chief Military Chemical Directorate to 
M.N.Tukhachevskij in 1934 has written, analogues S-mustard (F-mustard, Br-mustard, Se-mustard) "for use 
in Red Army have no practical value". Nevertheless disputes of army and the industry concerning various 
kinds mustard gas, and also qualities of the core (sulphur) mustard went continuously. Anyway at institute 
GSNIIOKhT many years were conducted works on technology creation production of oxygen mustard gas 
(O-mustard) with orientation to production on chemical plant " 96 at Dzerzhinsk. They have been stopped 
only in 1960158,750. 
 Active attempts of use of others agents this class - tris-(! -chloroethyl)-amine (N-mustard), Br-
lewisite, ethyldichloroarsine - also are known. It is necessary to remember also about pfiffikus - the German 
invention which composition the leadership Red Army has extorted from military principals of Germany 
within the limits of "friendship"678. 
 The battle path sulphur mustard (XX) - ! ,! -dichlorodiethylsulphide - has begun in 1917 on fields of 
battles World War I10. The possession this German "the king of gases" was constant dream of principals of 
Red Army. It is not surprising, that the Soviet industrial production of chemical warfare agents has begun 
from production of the first industrial batch mustard gas, taken place in the centre of Moscow in 1924370.   

.  

 
S-mustard (XX) 

 
The summer formula on the basis of S-mustard has been taken over on arms on August, 5th, 

192778. It was intended for "lesions of live force, contamination districts, contaminations of an equipment of 
the opponent for the purpose of damaging and fettering of its actions". Possibility of a long ground 
contamination with use mustard gas was nice to army commanders185. It was supposed to be applied by 
means of aircraft, artillery, mortar military units and land chemical troops. First the Revolutionary military 
council intended mustard gas for equipment 122 mm shells field howitzer (with addition of 5% arsenic 
trichloride - for formation of a cloudlet during tearing up).        

Production S-mustard (XX) is an evidence of ability of the country to the chemical warfare against 
the probable opponent, instead of against own workers. To organise this hi-tech and not so expensive 
production the Soviet industry has not managed. To organise production by means of German "friends" in 
1924-1927 also it was not possible668,672. We will result some marks from drama history of the Soviet 
mustard gas.      

Because of aspiration to reduction in price in premilitary years it has been decided to manufacture 
no more expensive and better mustard gas Meyer, and cheap and bad quality mustard gas Levinstein. 
Meanwhile mustard gas Levinstein always contained abudant sulphur: at its synthesis it was used mixture 
two substances (monosulphur chloride S2Cl2 and sulphur dichloride SCl2), instead of one substance 
(sulphur dichloride). The Soviet chemists tried to struggle with fallout of abudant sulphur basically by means 
of additives of stabilizers (an acridine, etc.)748. It proceeded many years, and without success. The raw 
materials at synthesis of mustard gas Levinstein were simple - ordinary wine alcohol (the source of ethene), 
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ordinary lump sulphur and ordinary table salt (the source of chlorine). The addicting for reduction in price 
was so consecutive, that distillation of a finished product which allowed to have rather qualitative mustard 
gas with more long term storing has been excluded from technological production chains of mustard gas.   
 That circumstance, that Soviet mustard gas originally became on bad technology, had the hardest 
consequences182. And on "mustard" conferences of 1931 have been formulated many disadvantages of 
orientation on mustard gas Levinstein180. However, despite worthlessness such mustard gas for conducting 
a serious chemical warfare, the leadership Military Chemical Directorate the irrational decision has made: 
"at an existing state of affairs we should base in the near future our mobilisation power on method 
Levinstein". That erroneous was followed by real affairs and production of mustard gas Levinstein have 
been prepared on plants at Chapaevsk, Stalingrad, Dzerzhinsk, Berezniki, Moscow, Stalinogorsk (now 
Novomoskovsk). Production activly came true in days of war on first four factories (table 4.1). 
 The problem of creation better and more comprehensible in storing mustard gas Meyer 
(S(CH2CH2OH)2 + 2HCl "  S(CH2CH2Cl)2 + 2H2O) was discussed repeatedly. It occurred in connection with 
the pre-war "mustard" cooperation with Germany672, and also in frame of attempts to adjust production of 
mustard gas Meyer on chemical plants of Moscow90, Stalingrad432 and other cities. However it has not been 
carried out. The economy of that money was wrapped by loss at storing of mustard gas. Though experts of 
Germany in 1929 warned the Soviet colleagues on chemical warfare affairs - it is necessary to reserve and 
store not mustard gas, and raw materials (thiodiglycol) for its production675. 

The technology production of mustard gas in which process sulphur dichloride SCl2 was used only 
and which allowed to receive long-keeping mustard gas, has been developed in Soviet Union only to 
1958434,451,749. However, it was too late - the epoch of sarin has come. mustard gas post-war manufacturing 
our army dealt Mustard gas post-war manufacturing it was completed in November, 2003 (there were only 
mixtures with lewisite).       

For rising of battle efficiency of S-mustard there were active searches of its blenderized formulas, 
including winter and viscous286.   

Thickened formulas of mustard gas (VIR) type VIR-6 and VIR-9 were discussed in 1934 - they 
possessed persistence on district till 5 days83. Formula VIR-16 has been tested in 1936, and VIR-B-2 - in 
1937183. After the big winter tests aviation chemical munitions 1938-1939246 formula VIR-16 has been 
recommended for equipment bomb KhAB-15. Before the war in creation of VIR there were new results. 
 More than five years have been spent for working out VIR on the basis of linseed oil (formula VIR-
B-2). By 1939 the result has been reached, however on arms it has not been supplied as because of the big 
losses mustard gas at manufacturing (to 30%), and because of losses of the oil. Working off of formula VIR-
D on the basis of divinol (waste of synthetic rubber productions) has been completed in the same 1939. 
This idea has burst also. The decision was in the same production of synthetic rubber, whose by-product in 
the form of so-called soft rubber became a viscosity source of mustard gas. The experimental batch of 
viscou formulas VIR-#$  on the basis of soft rubber has been made in 1940, and tests have appeared 
successful. In October, 1940 this formula has been taken over on arms and by March, 1941 powers on 
production of formulas VIR-#$  on 15000 tonnes per year should be developed112. 
 In 1935 tests of winter formulas of persistent chemical warfare agents have been conducted. In 
1936 has been tested winter mustard gas in a dichlorethane. Solutions mustard gas in kerosene, oil etc. 
were surveyed also508. 
 Serious outbreak in creation winter mustard gases has occurred when V.S.Zajkov has started tests 
of mustard gases where as raw materials served not ethene (CH2=CH2), but ethene-propene mixture 
(CH2=CH2 + CH2=CH-CH3). He has framed in 1937 in NII-42 mustard gas from a concentrated mixture 
ethene and propene, and also mixtures monosulphur chloride S2Cl2 and sulphur dichloride SCl2

421. Winter 
(ethene-propene) mustard gas has been tested in 1938. The nonfreezing mustard gas of V.S.Zajkov has 
been recommended to an adoption for equipment KhAB-25 and KhAB-500 by results of summer tests at 
Shikhany. As a whole experiences of 1937-1939 with the winter formula with a parity ethene-propene 60:40 
had been confirmed its efficiency and possibility of battle application at temperatures to -30o, and in a 
mixture with lewisite (75:25 on volume basis) Ð to -50oC421. %roduction of nonfreezing mustard gas 
V.S.Zajkov it has been adjusted on chemical plants at Stalingrad, Dzerzhinsk, Chapaevsk. Its scale 
production in days of war came true on plant " 96 at Dzer zhinsk (table 4.1). 

Many forces have been spent also for creation of special blenderized formulas of chemical warfare 
agents on the basis mustard gas. So, in 1932 the decision from February, 27th the Revolutionary military 
council of has entered on supply formula R-16. It was the mixture of mustard gas and diphosgene (50:50), 
which the assault aircraft should apply "in winter conditions instead of applied in summer conditions pure 
mustard gas" (freezing temperature Ð from -100 to -120)90. However serious outbreak has arisen only after 
occurrence of the blenderized formula on the basis mustard gas and lewisite. 
 In Soviet Union surveyed mainly three chemical warfare agents persistent type on the basis of 
arsenic - ethyldichloroarsine, methyldichloroarsine and lewisite. In particular, was produced 1 tonne 
ethyldichloroarsine and it is tested mixture ethyldichloroarsine with mustard gas from aircraft spray tanks in 
winter conditions. Experiences with methyldichloroarsine have been conducted in the winter in artillery 
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chemical shells. However in the conditions of deficiency of arsenic the choice has fallen on lewisite70,187. 

Lewisite (XXI) - ! -chlorovinyldichloroarsine (#-lewisite) - has been offered as vesicant agent in 
1918734. The same year lewisite it has appeared on arms of army of the USA, however has been taken out 
from arms even before termination World War II7. Germany has come to the extremity of war without stocks 
lewisite743, and its experts in 1929 did not recommend to the Soviet military chemists to be occupied 
lewisite675. 

Lewisite it was implanted in the Soviet industry and military practice with backlog from mustard gas, 
however with considerable persistence. Military Chemical Directorate has brought in the Revolutionary 
military council in December, 1932 the offer on statement lewisite on arms93. It intended as persistent 
chemical warfare agent for a lesion of live force, and also for a ground contamination and combat material. 
It was supposed to apply lewisite by forces of aircraft and land troops. 

 

 
Lewisite (XXI) 

  
The way of synthesis lewisite by interaction arsenic trichloride with acetilene in an autoclave in the 

presence of aluminium trichloride as catalyst (a method of Lewis)7 in the Soviet conditions of prospects had 
no. After search of more accessible accelerant there was a report "on reception lewisite without pressure at 
accelerant HgCl2"

186,427. This way was considered more cheaply and easier70. In days of Great Patriotic War 
scale production of lewisite came true on two chemical plants - " 102 at Chapaevsk and " 96 at 
Dzerzhinsk (table 4.1)431. Technological decor of a new method of production lewisite has been finished in 
1942 and merits of founders were highly appreciated by the power427. Serious stocks lewisite (post-war 
production) were conserved on military-chemical depot at Kambarka (Udmurtiya) and nowadays come to an 
end. 

Creation viscous lewisite has been carried out in days of war. A viscosity source was methyl 
mathacrylate. In the first post-war years attempts to organise production of viscous lewisite on plant at 
Chapaevsk have been undertaken751. 

Reverting to real military practice, we will notice, that the army preferred to use normally lewisite not 
independently, and in a mixture with mustard gas. In 1934 I.M.Fishman reported peopleÕs commissar for 
defence K.I.Voroshilov with envy, that in army of Japan lewisite apply in a mixture with mustard gas: 
"Adulterating lewisite to mustard gas, Japanese have magnificent persistent chemical warfare agents for 
cold time; we have no that, though should fight on northern theatres of war"93. The reasons why the 
Japanese army has attracted mixture mustard gas and lewisite, had quite battle character: lewisite 
surpasses mustard gas in speed, and hardens at lower temperature; in turn mustard gas is more toxic. 

However it is necessary to remember, that in Soviet Union test of mixture mustard gas with lewisite 
was scheduled by M.N.Tukhachevskij in 1932. Winter mixture mustard gas with lewisite it has been tested 
in 1936. By results of the big winter tests aviation chemical munitions 1938-1939 on military-chemical 
proving ground at Shikhany mustard-lewisite mixture it has been recommended to an adoption for the 
purpose of use in winter conditions for filling KhAB-25, KhAB-200, KhAB-500 and ampoules. By results of 
summer tests it has been recommended to an adoption for equipment KhAB-25 and KhAB-
500184,188,242,320,321. 

On a boundary 1950-1960s productions of mustards-lewisite mixtures RK-7 on a basis of mustard 
gas V.S.Zajkov, it viscous analogue VRK-7 and filling by them aviation chemical bombs from KhAB-100 to 
KhAB-1500 have been organised on plant " 96 at Dzerzhinsk 434. 

Military Chemical Directorate scheduled for 1932 the tests of versatile chemical warfare agent 
pfiffikus (a mixture phenyldichloroarsine, diphenylchloroarsine and arsenic trichloride678), whose dermal 
action did not differ from lewisite, and irritating was close to diphenylchloroarsine70,92. Through leather 
footwear and clothes this chemical warfare agent makes through faster, than mustard gas. Feature pfiffikus 
is a slow hydrolysis, and hydrolysates possess the same dermal action, as initial chemical warfare agent. 
However, despite seductive battle properties, this blenderized chemical warfare agent could not have the 
future - levels of the German and Soviet industry have been non-comparable. Study of a question about use 
of mixture pfiffikus-lewisite also appeared in plans of 1932. 
 Nitrogenated analogues of sulphur mustard are ! -chlorosubstituted amines of type R-
N(CH2CH2Cl)2. As a rule them name as nitrogen mustards (R are various organic radicals)9. The most toxic 
among this group chemical warfare agent had appeared tris-(! -chloroethyl)-amine (a designation - HN-3), 
N-&'()* -N,N-bis-(! -chloroethyl)-amine (HN-2) and N-ethyl-N,N-bis-(! -chloroethyl)-amine (HN-1)7. In armies 
of Soviet Union and Germany in years between world wars one of these persistent chemical warfare agent - 
HN-3 - has got accustomed. This agent name nitrogen mustard more often. Hydrolytic stability of nitrogen 
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mustard did its attractive to a contamination of water handling6. 
 Nitrogen mustard HN-3 has occurred in Red Army much after the others persistent chemical 
warfare agents. It had a number of battle advantages (absence of a smell, difficulty of decontamination, and 
also low in comparison with mustard gas freezing temperature, namely -40) and intended for the decision of 
the same operational tasks, as mustard gas with lewisite - a lesion of live force and a terrain contamination 
(with the help artillery chemical shells, chemical mines, aviation chemical bombs, chemical land mines, 
aircraft spray tanks and BKhM). On stableness districts and on action of steams nitrogen mustard 
resembles on sulphur mustard, and on generally toxic effect surpasses it in 1,5 times7,110. The first tests of 
nitrogen mustard have been planned for summer of 1934 with batch use in 1 tonne which has been ordered 
to plant " 1 at Moscow 392. Military tests have been carried out in August-September, 1938 on military-
chemical proving ground at Shikhany 107 and after that works with mixtures have begun. After the big winter 
tests of aviation chemical munitions 1938-1939 mixture nitrogen mustard with mustard gas it has been 
recommended for filling KhAB-25, KhAB-200 and KhAB-500. By results of scale summer military tests of 
new formulas persistent and non-persistent chemical warfare agents 1939 at Shikhany mixture mustard gas 
with nitrogen mustard it has been recommended to an adoption for equipment KhAB-25 and KhAB-
500110,250. As to nitrogen mustard it has been offered to use as the reserve formula as he has not found out 
advantages before others persistent chemical warfare agents (was more expensive in comparison with 
ordinary mustard gas in 9 times, and the basic raw materials then in Soviet Union were not available yet). 

First production of experimental batches N-mustard it has been adjusted on NII-42 at Moscow and 
by 1939 it has been manufactured 10 tonnes107. However in the plan for 3rd Soviet five-years period 
building of the special equipment by power 2500 tonnes per year on chemical combine at Berezniki 
appeared already. 

In 1940 at the State institute of applied chemistry in Leningrad the technological way of production 
of persistent chemical warfare agent, structurally similar with HN-3 has been developed. It was its fluor 
analogue - tris -(! -fluoroethyl)-amine 
 The enthusiasm in creation of new agents of a chemical attack was so great, that on July, 5th, 1934 
two members of the government participated in battle tests on military-chemical proving ground at Kuzminki 
Ð the principal of army K.I. Voroshilov and the principal of heavy industry G.K.Ordzhonikidze. That day 320 
kg new chemical warfare agent, operating not through lungs, but only through a skin (code-name - GIM-
3), have been poured out from the plane from 4 aircraft spray tanks199. Chemical warfare agent has made 
plant " 51 (Moscow). In 10 minutes after the experiment beginning the significant unit of the animals 
defended by respirators, was lost, the others was lost later. Organizers have concluded, that gas masks 
against it chemical warfare agent are useless and that dogs and horses are more sensitive to it, than 
rabbits. Chemical warfare agent has been recommended to statement for arms.  
 
4.4. LETHAL CHEMICAL WARFARE AGENTS SECOND GENERATION 

Battle "efficiency" neuroparalytic agents is obvious. It is considered, that kg it chemical warfare 
agent can cause death of one million person752. Use attempts in Red Army neuroparalytic agents were 
undertaken very much for a long time. Anyway in working plan of Chemical committee at the Revolutionary 
military council for 1924-1925 laboratory researches on search chemical warfare agent, "operating on the 
central nervous system" appeared. However practical affairs has reached only during post-war time. 

Historically this Soviet turn goes back to Germany where in 1930s has been synthesised tabun - 
phosphorous organic chemical agent which has appeared in essence the first chemical warfare agent a 
second generation36. Then in Germany more powerful have been synthesised phosphorous organic 
chemical warfare agents - sarin and soman. Thoughts of the Soviet military chemists about battle appeal of 
these phosphorous organic chemical warfare agents have been entered in the document which defined 
development of the Soviet economy for 1946-1950: "these new compounds are rather valuable new class 
chemical warfare agents which on the physical-chemical properties are persistent, however, on application 
methods can be qualified as non-persistent"432. 
 In Soviet Union post-war industrial production of phosphorous organic neuroparalytic warfare 
agents it is bound to activity of two chemical plants - " 9 1 at Stalingrad (Volgograd) and again constructed 
at Novocheboksarsk. Pilot lots of phosphorous organic chemical warfare agents producted not only pilot 
workshop of plant " 91, but also pilot workshops of GSNIIOKhT at Moscow and its branch at Volsk (the 
Saratov region). 
 Tabun (XXII) - O-ethyl N,N-dimethylphosphoramidocyanidate - first surveyed as pesticide36. 
However as a result of toxicological researches of professor Wirt it has soon been retrained to chemical 
warfare agent of second generation amazing the central nervous system and operating both through organs 
of breath, and through not defended skin753. Plant Anorgana GmbH on production tabun power 1000 tonnes 
per month, and also on its filling into chemical munitions has been constructed per 1939-1942 at 
Dyhernfurth (now Brzeg Dolny) on the Oder River10,36. That plant has been found out by the Soviet Army in 
the beginning of 1945 and its process equipment has been transported on the chemical plant " 91 
(Stalingrad) in hope to organise own production428. However it has not been organised. 
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Tabun (XXII) 

 Synthesis of tabun in Soviet Union has been carried out in the end of war after reception of the first 
intelligence data from Germany about new confidential chemical warfare agent (gelan, trilon 83)753. 
Subsequently have been synthesised related compounds with toxicity, larger, than at tabun754. Trophy 
tabun have been supplied on arms right after ends of the war and it has passed in the Soviet Army battle 
tests in many kinds of the chemical munitions. Anyway the special order on Military Chemical Directorate, 
concerning treatments of the people amazed tabun, has been published in 1950. However the industry 
received tasks on production of others phosphorous organic chemical warfare agents, more "effective". 
 Idea of use in the military purposes of sarin (XXIII) - O-isopropyl methylphosphonofluoridate, - 
which on inhalation toxicity approximately in 5 times has exceeded tabun, also has arisen in Germany7,10,36. 
It has been materialised on chemical plant at Dyhernfurth in a kind pilot plant. Capital equipment installation 
of sarin workshop has not been completed by the moment of capture of plant by Red Army (together with 
the equipment)428. In days of war this idea has removed to Soviet Union. Originally events developed 
favorably. In the end of 1943 sarin has been synthesised by group academician A.E.Arbuzov (Kazan)202 - 
the largest Soviet expert in the field of chemistry phosphorous organic compounds34,725.  
 

 
Sarin (XXIII) 

  
 The subsequent history Soviet sarin contained many events. 
 In February, 1945 (that is in two weeks after the Soviet scouts have found on a German plant at 
Dyhernfurth a notebook with formulas manufactured there phosphorous organic chemical warfare agents - 
tabun and sarin428) M.I.Kabachnik in a confidential Soviet underground wrote about the merits on a line 
phosphorous organic chemical warfare agents. He has reported, that as if to it "are developed simple 
methods of synthesis which easily can be taken as a principle technological formulas"202. "Methods" of 
M.I.Kabachnik were not useful to the Soviet Motherland because it there was a lie - the expert from GSNII-
42 which on a post has been obliged to frame the production technology of sarin, ascertained in the same 
spring of 1945, that "to develop the technological prescription, applicable for its realisation even pilot-scale, 
in GSNII-42 it was not possible"428. Subsequently Soviet chemical general I.L.Knuniants, the expert on 
fluorine organic compounds, praising highly founders of the Soviet way of production sarin, specified, that 
phosphorous organic chemical agents as if "are general property of all cultural forward countries"755. 
Actually Soviet Union to which managed the equipment of Germany on production sarin, arranged only 
empty promises of Stalin winner M.I.Kabachnik202. From the German documentation Soviet Union managed 
only the chemical formula of sarin. 
 The Soviet industry could not reproduce a German way of production sarin756. It included 4 stages, 
and the second stage was conducted in iron apparatus (it was the so-called reaction A.E.Arbuzov 
concerning chemical bonding C-P and opened by it still in 1906), the third - in lead, and the fourth - in pure 
silver apparatus9. The Soviet industry could not reproduce last stage of a German way of synthesis sarin 
(that which came true in silver apparatus). In the text prepared on competition of the Lenin award of 1960, 
modest Soviet authors have specified, however, absolutely other reasons. In general the fourth stage of 
German process in Soviet Union has been parted on two, and any of them any more did not demand pure 
silver apparatus726. Thus, full-scale production of sarin it was possible to adjust in the USSR only in 1959 Ð 
with use of own equipment and on absolutely other technology158,726. 
 Reverting to battle application sarin, we will notice, that taking into account its physical-chemical 
and toxicological characteristics the army preferred to schedule its application in the fragmentary-chemical 
munitions supplied with a fuse percussive action - aviation bombs, artillery shells, mines. Ammunition burst 
is accompanied by crushing chemical warfare agent and formation of a cloud of a steam or an aerosol (its 
particles in warm days turn to a steam). The cloud sarin moves downwind, causing during several hours a 
poisoning of live enemy forces. Thus, from the military point of view, sarin it is preferable in events when it is 
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necessary to achieve immediate effect (a destruction of manpower of the opponent) and to avoid difficulties 
at the subsequent actions of the troops in the trapped territory (absence of persistence)8. 

In Soviet Union sarin first equipped in shells of tube artillery AKhS-85 (have been taken out from 
arms in 1961) and AKhS-122, shells of rocket artillery, aviation chemical bombs OKhAB-250-135P. In 
decision Central Committee of the CPSU and Council of Ministers from July, 16th 1969119 figured also 122 
mm artillery shells to howitzer M-30 and D-30, 152 mm shells to gun ML-20, aviation chemical bombs 
KhAB-250M-62P, rocket missiles MS-21M. Nowadays in the Russian depots from those times there were 
stocks artillery shells filled with sarin calibre 85 mm, 122 mm, 130 mm and 152 mm, war-heads of rocket 
missiles calibre 122 mm, 140 mm and 240 mm, and also one kind aviation chemical bomb calibre 250 kg. 

Idea of application for achievement of the military purposes soman (XXIV) - O-pinacolyl 
methylphosphonofluoridate, - which approximately in 3 times is more toxic, than sarin, also it is known since 
times 1940s, and Germany has appeared its source also7,10. 

   
Soman (XXIV) 

  
 For the organisation production of soman production adjustment pinacolyl alcohol (3,3-
dimethylbutanol-2) was necessary. In turn pinacolyl alcohol receive normally from acetone through pinacol 
and pinacolone owing to what mass industrial production soman becomes economically senseless7,9. In the 
USA this nonsense has been understood and there to manufacture soman did not become724 (the reason - 
"unprofitability of production pure pinacolyl alcohol"6). In England have refused production soman for the 
same reason36. So only in Soviet Union many years have spent for the production organisation of pinacolyl 
alcohol on plant " 91 at Volgograd 721. To industrial production of soman have started on the same plant in 
1967. Half Soviet soman manufactured in the viscous form for filling into aviation chemical bombs. Partially 
soman went from Volgograd to Novocheboksarsk for equipment in cassette and other chemical munitions. 

Before occurrence of V-gases soman it was surveyed as universal chemical warfare agent, 
applicable for a contamination of atmosphere in pairs or aerosols. The purpose - inhalation lesions of 
people and a lesion of people drops through a skin. These reasons defined types of the artillery and aviation 
chemical ammunition equipped ordinary and viscous soman. Serious stocks chemical shells of tube artillery 
calibre 122 mm and 152 mm, and also chemical warheads of shells rocket artillery for the equipments 
"Hailstones" and "Hurricane" (calibre 122 mm and 220 mm) were conserved up to now. Soman equipped, 
for example a chemical warhead of a missile "Point-U" (SS-21). With use soman and it viscous formulas 
equipped also many kinds aviation chemical munitions, in particular, aviation chemical bombs BKF-P cluster 
type. Among aviation chemical munitions filled with viscous soman up to now have lived considerable 
parties aviation chemical bombs calibre 150 kg and 250 kg, and also aircraft spray tanks calibre 500 kg. 
 Discussion phosphorous organic chemical agents a class of V-gases is the most convenient for 
beginning with event of 1952 in England. That year in firm Imperial Chemical Industries even more toxic has 
been framed and pitched to tests phosphorous organic chemical agents a class phosphorylthiocholines. 
Others have been synthesised further chemical agents this kind. All recreated chemical warfare agents 
operate on enzyme acetylcholinesterase and have general formula R-P(O)(ORÕ1)[SCH2CH2NR"2] (R is alkyl- 
or alkoxy-group, and RÕ and R" Ð alkyl-group). In the USA phosphorous organic chemical warfare agents 
this kind have received the name of V-gases. At RÕ=C2H5 are substances VE, VG, VM, VS, VX7,36. 

          
Soviet V-gas (XXV)                   US gas VX (XXVI) 

 
American chemical warfare agent VX (XXVI) - O-ethyl-S-2-(diisopropylaminoethyl)methyl 

phosphonothiolate – it has appeared approximately in 10 times more toxic, than sarin, at inhalation, and, 
that the most important thing, it possesses high toxicity in comparison with sarin and soman at 
epicutaneous application8. This western success has been traced Soviet intelligence service which has 



J Med CBR Def  |  Volume 7, 2009  
Submitted 21 June 2009 | Published 5 December 2009 
 
mined the initial information on substance VM. Accordingly, in the USSR numerous substances of this kind 
(as a whole 350 substances of 19 types) have been investigated716. Some of them are resulted in table 4.2. 

Table 4.2 
Toxicological characteristics of the V-gases investigated  

in Soviet Union in the late 1950s716 
 Toxicity, mg/kg  

Compounds Intravenous !"#$" -%&'"%()*+$,-  
  * ** 
CH3-P(O)(OC4H9-iso)[SCH2CH2NEt2] 0,002 0,02 10 
CH3-P(O)(OC4H9-n)[SCH2CH2NEt2] 0,002 0,03 10 
CH3-P(O)(OC4H9-iso)[SCH2CH2NMe2] 0,005 0,03 10 
CH3-P(O)(OC3H7-n)[SCH2CH2NEt2] 0,002 0,04 10 
CH3-P(O)(OC5H11-iso)[SCH2CH2NMe2] 0,003 0,03 20 
CH3-P(O)(OC4H9-iso)[SCH2CH2NPr2] 0,003 0,3 30 
CH3-P(O)(OC6H5-cyclo)[SCH2CH2Net2] 0,003 0,3 30 
C2H5-P(O)(OC3H7-n)[SCH2CH2NEt2] 0,005 0,02 5 
C2H5-P(O)(OC5H11)[SCH2CH2NEt2] 0,007 0,02 30 
*) through a bare skin; 
**) through uniform. 

 
In the USA production of VX (XXVI) came true on the war plant at Newport (Indiana) in 1961-

19687,36,757. 
In the USSR researchers did not begin to reproduce American chemical warfare agent VX, and 

have elected chemical warfare agent with the same gross-formula, but with a little bit other structure that 
has not affected in any way its toxic characteristics. It was Soviet V-gas (XXV) - O-isobutyl-S-2-
(diethylaminoethyl)methyl phosphonothiolate. It has made a basis of the Soviet chemical arsenal. The 
Soviet V-gas (the upper line table 4.2) surpassed in toxic properties all known until then chemical warfare 
agents. As to military-chemical parametres it belonged to the class persistent chemical warfare agents: 
persistence on district and on various surfaces it was conserved at the Soviet V-gas within several days, 
and at a contamination of reservoirs - some months.  
 First events developed very quickly. New phosphorous organic chemical warfare agent has been 
synthesised in 1957 in Moscow at institute GSNII-403 and in 1959 in the same place have been turned out 
in laboratory conditions 10 kg for carrying out of military tests158. And the chemical plant " 91 at Volgograd 
is more narrow in the summer of 1959 has received the task for creation of the pilot equipment on 
production of the Soviet V-gas. In the first half of the year 1960 the first tonne of V-gas has been 
produced159,446.   

In the summer of that 1960 the Chemical Troops for the first time have tested the Soviet V-gas. 
And not only have tested in artillery and aviation chemical munitions, but have yielded enthusiastic 
responses (it chemical warfare agent "by the efficiency substantially surpasses all known poison gases and 
is the most perspective for its application in chemical munitions")446. As a whole for Soviet Military-chemical 
complex the toxicological data received by then have appeared extremely important event203,716. 

 
Table 4.3 

Comparison of toxicological characteristics soman and Soviet  
V-gas as of 1960 (in mg/kg)716 

 Soman Soviet V-gas 
Inhalation toxicity 0,08 0,004 
Skin-resorptive toxicity:   

through a bare skin (drops) + 7,0 0,02 
through a bare skin (steam, fog)+ 4,9 0,0157 

                through summer regimentals'  (drops 0,3-0,5 mg) 70 25 
Intravenously, mg/kg 0,004 0,002 

 
 It is necessary to emphasise, that toxicological data which are collected in table 4.3, in 1959-1960 
have laid down on desktops of management Military-chemical complex. This information should induce 
them to make the strategic decision. Really, as it has appeared, the Soviet V-gas "surpasses soman in 
intravenous toxicity in 2 times, on inhalation - in 20 times, at action through the bared skin of steams and a 
fog - in 150 times, at action in a trickling-liquid condition through the bared skin - in 350 times"716. Thus, it 
was necessary to make a decision, whether it is necessary to demand from the Soviet industry to organise 
production of two same persistent phosphorous organic chemical warfare if one of them is much more 
effective than another. In general, the Soviet chemical generals have wanted to possess both chemical 
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warfare agents though the sense in possession soman any more was not. 
 To understand level of senselessness of the decision Soviet Military-chemical complex 1959-1960, 
we will notice, that in army of the USA the choice has been made. As consequence, in the USA have 
refused production soman, but production of VX have organised already in 19617,724. However it wanted to 
Soviet chemical generals to be ahead of all planet: production of soman on chemical plant at Stalingrad it 
was possible to organise only in 1967721, and industrial production of Soviet V-gas at Novocheboksarsk - in 
1972. It is necessary to remind, that all post-war years up to 1965 the Soviet Chemical Troops were headed 
by general I.F.Chukhnov32. Hardly he reflected on the price of strategically not intelligent and economically 
ruinous decisions. 

The turn of a tactical missile "Moon-M" (FROG-7B) with a chemical battle unit has come soon 
enough. Its filling has been planned in Moscow and Stalingrad758. The first pilot equipment on the V-gas 
production, operating on plant " 91, could not be scaled in big workshop. In January, 1963 the task for 
creation of two pilot equipments for working off of technological process production and turning out of 
experimental batches of the Soviet V-gas was received by both organisations - institute GSNII-403 at 
Moscow and chemical plant " 91 at Volgograd (former Stalingrad) 436. By the autumn process has been 
fulfilled, that has allowed to publish in January, 1964 decision Central Committee of the CPSU and Council 
of Ministers about reorientation chemical plant which was under construction in Novocheboksarsk 
(Chuvashiya)438. Instead of sarin and soman, production which it was scheduled by initial tasks 1958 and 
1961456,435, it should concentrate on production chemical munitions filled with the Soviet V-gas (in 
documents it began to be ciphered as substance "33") with commissioning term per 1968. The same task 
was received also future chemical combine in Pavlodar (Kazakhstan) though to real production there 
business is not has reached. 

The success in V-gas production in Novocheboksarsk has come not at once. After 1968438 following 
term of input workshop on production of V-gas was 1970118. And it has appeared unreal so actually 
industrial production of Soviet V-gas on a chemical plant in Novocheboksarsk has begun only in 1972. 
However and then workshop have been started up under the temporary schema - a fire of 1974 in one of 
not completed workshops to that an example38,40,49. First chemical munitions were filled with V-gas on three 
lines of equipment. Per 1983-1986 works have been performed on building of the second turn of 
production759. 

The Soviet V-gas because of its high ability to poison people through a skin was scheduled to use 
in chemical munitions distant action. At tearing up of chemical munitions the aerosol is formed, and all 
depends on particle size: toxic effect, rate of sedimentation from an airflow and, accordingly, character of 
distribution chemical warfare agent on the contaminated area. In particular, particle size of an aerosol of V-
gas for artillery shells should be order 120-150 mkm, and an optimum height of burst over a land surface - 
10-20 m. For larger chemical munitions (warheads of missiles, aircraft spray tanks) the height of burst 
should make 800-1200 m, and drops - to have diameter 400-600 microns so that they have laid down on a 
ground in preset area, instead of scattered all through the neighbourhood. Thus particles of the large sizes 
settle out on a surface at 1-10 km from point of tearing up or exhaust, and shallow - in 20 km8. 

For generals application of V-gases on large targets in the heart of battle orders of the probable 
opponent was represented important. Thus owing to properties chemical warfare agent losses in people 
were expected much big, than from sarin. This circumstance, accordingly, defined also types chemical 
munitions which have been developed and ordered in the industry.   

First of all military men have reverted to possibilities of missiles and distant aircraft. The chemical 
warheads intending for equipment of mobile operational-tactical ballistic missiles R-17 (SCUD-B) of a class 
"land-land" (calibre 880 mm, quantity chemical warfare agent in one warhead - 550 kg) began to fill with the 
Soviet V-gas in the viscous form. Warheads of mobile tactical ballistic missiles R-70 ("Moon-M") a class 
"land-land" (calibre 540 mm, in one warhead 216 kg of chemical warfare agent) have been filled by ordinary 
V-gas. With it filled cluster warheads of mobile tactical missiles "Point-U" (SS-21) a class "land-land" 
(calibre 650 mm; in one cartridge - 65 elements; in total in a warhead 60 kg chemical warfare agent). With 
V-gas battle units of two cruise missiles Kh-22 (AS-4 Kitchen) which have been intended for start on a long 
distance from an board of strategic bombers Tu-22M (in one 432 kg chemical warfare agent, in another - 
572 kg) filled also. Military men especially were proud and hid from curious eyes of the probable opponent 
the "devices for pouring out". It were containers (tanks) which should be seated in headers of strategic 
missiles for sending in flight on very long distance. In one of them (production of 1975-1981) it has been 
filled in on 1895,6 kg V-gas, in other (1982-1986) - on 1945 kg 760-762. 

With the Soviet V-gas filled also many various types of the chemical munitions of aircraft and 
artillery. In particular, up to now the big stocks aviation chemical bombs calibre 150, 250 and 500 kg, and 
also aircraft spray tanks calibre 500 kg were conserved760-762. Besides, up to now there were medium-sized 
parties chemical shells of tube artillery calibre 130 mm, and also warheads of rocket missiles calibre 122 
mm (for the equipments "Hailstones"). Let's emphasise, that the problem of conservation of tightness of 
shells calibre 130 mm in filling of the Soviet V-gas delivered to their founders many cares722. 
 Detection of possibility of battle application Soviet V-gas in the binary form was logic continuation of 
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its history42,763. For military chemists there was attractive that in flight to the probable opponent two non-
toxic (or little toxic) substances during fast chemical reaction is immediate in chemical munitions formed 
highly toxic two chemical warfare agents - Soviet V-gas and hydrogen cyanide in addition. This pair non-
toxic (or little toxic) chemicals looked here so:  

CH3-P(O)(CN)-OCH2CH(CH3)2  +  HS-CH2CH2-N(CH2CH3)2. 
 This possibility of battle use of the Soviet V-gas in the binary form was found by the modest woman-
chemist working in branch GSNIIOKhT at Volsk. As usual, Lenin and State awards for realisation of that 
idea in April, 1991 were received absolutely by other people764. 
 
4.5. NON-LETHAL CHEMICAL WARFARE AGENTS 
 Treating of non-lethal chemical warfare agents we will begin from substances which irritated people 
and which were actively used in Red Army between world wars. In the USA this group of substances name 
irritants7. Normally here include tear gases (lachrymators - chloroacetophenone, chloropicrin, etc.), and 
also sternutative (adamsite, diphenylchloroarsine, diphenylcyanoarsine and other). There are, however, 
chemical warfare agents, causing more difficult effects, in particular, chemical warfare agents, occurred 
after World War II - CS, CR, etc. Irritating chemical warfare agents are attractive not only to army, but also 
and for police (first of all tear gases) and special services. 
 During the Soviet epoch especially popular became irritants which have proved on fields of 
chemical battles World War I, that is chloropicrin, chloroacetophenone, diphenylchloroarsine, 
diphenylcyanoarsine, bromobenzyl cyanide, adamsite. Basically they were applied in toxic smoke candles, 
and also in fragmentary-chemical artillery shells and aviation chemical bombs. In 1930s the Red Army 
surveyed these chemical warfare agents as constantly operating factor of chemical arms211. In particular, by 
the decision the Revolutionary military council from February, 27th, 1932 have been supplied on arms 
fragmentary-chemical artillery shells calibre 76 mm, 107 mm, 122 mm and 152 mm in filling of 
diphenylchloroarsine, adamsite and chloroacetophenone90. 
 With chhloropicrin (I) - trichloronitromethane Ð West armies dealt still in days of World War I, it 
was used in serious quantities in 1916 in a mixture with diphosgene10. 
 

 
Сhloropicrin (I) 

 
 The Red Army considered chloropicrin in the beginning as battle chemical warfare agent702. On 
arms it has appeared on December, 14th 192676. However more effective were necessary agents, and on 
August, 5th, 1927 the decision the Revolutionary military council had been entered on arms the complex 
formula - chloropicrin into mixtures with phosgene or diphosgene (with addition of 10 % stannic chloride for 
formation of a white cloudlet during tearing up of a chemical munition)78. It intended for equipment artillery 
chemical shells calibre 76 mm, and also 122 mm (for field howitzer). As chemical warfare agent chloropicrin 
has stayed not for long, having given way to more effective non-persistent chemical warfare agents - 
phosgene and diphosgene. Check of its analogue tetrachlorodinitroethane has passed without special 
success. Itself chloropicrin remained on service in the Red/Soviet Army as educational chemical warfare 
agent at leakage tests respirators. Application attempt of chloropicrin in modern Russia is known - in March, 
1993 of special service assumed to smoke members of parliament from a place of their work.   
 Chloroacetophenone (II) was known in Red Army for a long time. It intended for fettering of the 
opponent and applied in toxic smoke candles, artillery chemical shells, mines and aviation bombs 
fragmentary-chemical type607.   

 
Chloroacetophenone (II) 

 
 Production of chloroacetophenone has been organised in Moscow on chemical plant " 1 
(nowadays - GSNIIOKhT) in 1929377, and its equipment in toxic smoke candles YaM-11 - on a plant " 12 at 
Electrostal. This smoke candle (weight - 2 kg, duration of burning - 5 minutes) has been tested on artillery 
proving ground at Luga in 1930308. Revolutionary military council has taken over it on arms on July, 17th 
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193081. In 1931-1932 production of chloroacetophenone has been organised also on chemical plant " 93 
(Moscow)401.    

The decision the Revolutionary military council about an adoption fragmentary chemical aviation 
bomb AOKh-8 calibre 8 kg in filling of chloroacetophenone was accepted in 192980. After summer tests of 
1939 the solution chloroacetophenone in a dichlorethane has been offered for filling into bombs KhAB-25 
and KhAB-200 percussive action, intending for a short-term emaciation of the opponent in summer 
conditions247,248. 

The CPSU Central Committee has finished an epoch of preparatory measures in 1976, having 
made a decision to use chloroacetophenone for the police purposes against civilians512. The corresponding 
means has been developed in Ministry of Chemical Industry. In 1971-1972 it has passed check in the form 
of the aerosolic sprayer exhaling a solution of chloroacetophenone. Since 1972 it passed long "practice" in 
places of confinement.       
 Adamsite (III) - 10-chloro-5,10-dihydrophenarsazine - chemical warfare agent sternutative type. 
The Red Army applied it as irritating chemical warfare agent in toxic smoke candles, artillery chemical 
shells, mines and aviation chemical bombs288. Since 1931 the leadership of the Red Army knew that 
adamsite is capable to poison people in the superminimum concentration. This secret protected with special 
assiduity311,313. 
 

 
Adamsite (III) 

 
 Experimental production of adamsite it has been prepared on chemical plant " 1 at Moscow in 
1928377, and filling into toxic smoke candles YaM-21 Ð on plant " 12 at Electrostal in 1929 403. Candle YaM-
21 (weight - 2 kg, duration of burning - 5 minutes) has been tested on artillery proving ground at Luga in 
1930308, and also during the big field tests in region Novo-Orsk in 1931313. On arms it has been taken over 
on July, 17th, 193081. 
 Further has begun also filling of adamsite into aviation chemical bombs Ð toxic smoke (KRAB-25, 
KRAB-50, KRAB-200) and fragmentary-chemical (AOKh-10, AOKh-15 and AOKh-25)230,244,291. On military-
chemical proving ground at Shikhany have been tested in filling of adamsite: in 1938 - toxic smoke aviation 
chemical bomb KRAB-25230, in 1939 - fragmentary chemical bomb AOKh-15244. 
 Industrial production of adamsite it has been organised in 1932 on chemical plant " 756 at 
Kineshma and proceeded many years. In days of Great Patriotic War this plant was very active431. 
 The order of the government of Soviet Union about a phasing-out adamsite and the chemical 
munitions equipped with it has occurred in many decades after their statement on arms - on October, 9th, 
1958510. Stocks adamsite have been buried in 1950s in a gullen on military-chemical proving ground at 
Shikhany. In a new millenium adamsite has been reverted on supply of army513. 
 Diphenylchloroarsine (DA), diphenylcyanoarsine (DC) and bromobenzyl cyanide were activly used 
as irritating chemical warfare agent in 1917-1918 during World War I10. Experts of Germany considered 
diphenylcyanoarsine as most valuable of arsines of nonlethal type675. 
 Diphenylchloroarsine (IV) intended for use in toxic smoke candles, aviation bombs and artillery 
shells288. On arms of the Red Army it has appeared as an equipment element of toxic smoke candles. 
Production of diphenylchloroarsine has been organised on chemical plant " 1 395 and on Derbenev plant402 

at Moscow and on plant " 756. at Kineshma 420. 
 

 
Diphenylchloroarsine (IV) 
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Diphenylcyanoarsine (V) 

 
 Toxic smoke candle YaM-31 in filling of diphenylchloroarsine has been taken over on arms of the 
Chemical Troops and the rifle units in February, 1932. It intended for a lesion and fettering of the opponent 
by creation toxic smoke clouds90. At that candle it was not expected especially rich history - because of low-
fusibility of chemical warfare agent (nearby +300, ) the Revolutionary military council has not considered 
expedient accumulation of mobilisation stocks of candles YaM-31. 
 The Red Army undertook many efforts concerning studying and use of diphenylcyanoarsine (V). 
However in Soviet Union there were the industrial difficulties bound to injection in a molecule of CN-group 
(in the beginning 1930s the country had no cyanide source). Production of diphenylcyanoarsine has been 
organised at Moscow on chemical plant " 1 392,396 and on Derbenev plant402. 
 Bromobenzyl cyanide (VI) - chemical warfare agent irritating action (lachrymator). In Soviet Union 
originally it has been made in Institute of chemical defence of the Red Army. 

 

 
Bromobenzyl cyanide (VI) 

 
 Chemical warfare agent and formulas on its basis for fragmentary-chemical artillery shells have 
been tested in the beginning 1930s both in winter, and in summer conditions. Then tried to overcome also 
interaction chemical warfare agent with metal of artillery chemical shells70,164,193. %roduction of bromobenzyl 
cyanide has been organised on chemical plant " 1 at Moscow 392,396. 
 Finishing the description of works on search of chemical warfare agents on the basis of arsenic, we 
will notice, that during all 1930s active searches chemical warfare agents - analogues arsenic chemical 
warfare agents on the basis of antimony (chemical analogue of arsenic) were conducted also. Works on 
synthesis of these substances since 1932 conducted professor A.N.Nesmeyanov (the future rector of the 
Moscow state university and the president of Academy of sciences of the USSR) and in a press results 
were not published195. About use in a kind chemical warfare agents have been checked up, in particular, 
phenyldichlorostibine, diphenylchlorostibine and triphenylstibine. Diphenylchlorostibine, for example, was in 
a stage of tests in 1939-1940420, and triphenylstibine it was surveyed as an element of system of chemical 
arms in 1940. In a scientific press about use chemical warfare agents on the basis of antimony write very 
little6. 
 Irritant CS (VII) - 2-chlorobenzalmalononitrile - has been found in the USA in 1928 and in 1930s it 
was surveyed as irritating chemical warfare agent. In irritating action CS considerably surpassed 
chloroacetophenone (CN) and adamsite (DM). In 1954 CS has been supplied in the USA on police arms, 
and in 1961 Ð armies7. 
 
 
 

 
CS (2-chlorobenzalmalononitrile) (VII) 

 
 In 1958 in England high "efficiency" CS has been positioned at repressing of disorders on Cyprus36. 
Further it has passed a battle path in Vietnam as means of strife of the USA with guerrillas. Besides other, 
during operations (that is in the course of direct experiments on live people) have been found out 
teratogenic properties of it chemical warfare agent. As consequence in the USA have been compelled to 
take out in 1973 substance CS from arms of police7. 
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 And here the Soviet generals with the needs have appeared in time. Powerful production of 
chemical warfare agent CS ("a product 65") it has been organised by request of army in the middle 1970s 
on chemical plant at Novocheboksarsk (Chuvashiya). Has found out itself product R-65 in Tbilisi in April, 
1989 where has been applied by army as an agent to dispersal of demonstrators and where at 18 from 19 
victims in lungs have found out "chemistry"709. 

As of 1997 on supply of army of Russia were and stored in its depots 3 irritants - adamsite (III), 
chloroacetophenone (II) and CS (VII)513.       
 In group incapacitating agents normally include chemical warfare agents which intended not for a 
destruction of manpower of the opponent, and for its put out of action6-8. Composition of this group of 
substances is uncertain. One authors fall into it only psychotropic chemical warfare agents7, others - more a 
wide range of substances8. So it is not clear, whether to carry to this group those substances which put the 
opponent out of action not for certain time7, and for ever, but it is nonlethal (that is do not kill, and will 
cripple8). And it is absolutely difficult to speak about the purposes of battle application of these chemical 
warfare agents as they were used not only army, but also police and special services.   
 Reverting to classification of incapacitants, it is necessary to emphasise, that if psychotomimetics 
cause alienations substances from group physicants cause short disorders - physical or physiological. To 
them carry, for example, drug analgetics (fentanylum and morphine derivatives), possessing immobilisation 
action. To them carry, for example, drug analgetics (fentanylum and morphine derivatives) which result in to 
immobilisation. In this direction last decades the XX-th centuries in an underground of military chemists and 
different sort of special services active search  proceeded8. 
 The Soviet military chemists in use nonlethal chemical warfare agents with incapacitating properties 
did not lag behind the world tendency. Anyway the Russian scientist-chemist academician A.E.Chichibabin 
has refused the task of Red Army on creation lulling chemical warfare agent still in 1924179. And still on 
October, 14th, 1931 there was decision Council of work and defence by which problems on search 
nonconventional chemical warfare agents have been planned, including desorganizing and  demoralising 
action71. In laboratory plans of chemical plant " 1 at Moscow (nowadays - GSNIIOKhT) for 1934 appeared 
work on "to synthesising of the substances, able to possess drug action". Those substances have been 
synthesised and tested392. After 1930s of more individual application incapacitating agents dreamt also in 
the Soviet special services. 

However, a little that was received in this direction before World War II. 
In post-war years in the world again have reverted to search of effective incapacitants6. From 

abroad on a line intelligence service has entered a lot of information about incapacitating agents. In 
particular, in the West have been tried among psychotomimetic agents substances of many types8,607. In the 
leader of chemical warfare - institute GSNIIOKhT (Moscow) - in 1960 has been framed special laboratory 
led by N.N.Jarovenko. This laboratory worked on creation of psychotropic and related substances of a wide 
spectrum of action, including battle incapacitating agents159. This laboratory worked on creation of 
psychotropic and related substances of a wide spectrum of action, including battle incapacitating agents 159. 
It proceeded some decades. 
 On February, 14th, 1963 decision Central Committee of the CPSU and Council of Ministers about 
the organisation at institute GSNIIOKhT experimental production of psychotropic chemical warfare agents 
was accepted437. Maintenance of needs not only the Soviet Army, but also State security committee (KGB) 
meant. On August, 17th, 1967 after a vigorous and provocative demarche of chief General Staff of Soviet 
Army M.V.Zaharov115 there was decision Central Committee of the CPSU and Council of Ministers about 
expansion of front of works on creation new chemical warfare agents117. The document provided among 
other sharp expansion of works on psychotomimetic (psychotropic) agents. Branch GSNIIOKhT which has 
taken places at Shikhany (GITOS) became the producer of experimental batches psychotropic chemical 
warfare agents. And in 1968 in one of the letters bound to correspondence of the Soviet sanitary- 
epidemiologic service and GSNIIOKhT about the organisation of searches new chemical warfare agents in 
air mediuim of the Soviet military-chemical laboratories, substances BZ and LSD have been named175. 
 Agent BZ (IX) - 3-quinuclidinyl benzilate - is psychotomimetic agent from group of glycolates. To 
military chemists this substance has attracted after an establishment of high psychoactivity. In 1961 it was 
accepted on arms of army of the USA. However the found out disadvantages (a low toxicity level, 
unpredictability of behaviour of the affected people, high cost, etc.) have led to its putting off from arms of 
army of the USA8. 
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Incapacitating agent BZ (IX) 
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Incapacitating agent LSD (X) 

 
 Experimental production of LSD it has been adjusted in GITOS. The organisation of scale 
production of incapacitants has been charged, among other, with special chemical plant at Slavgorod (Altay 
krai). 
 Especially attractive for military-chemical complex of many countries have appeared lulling chemical 
warfare agents, useful in extirpation with terrorists. One of candidates for this role was liquid 
phthorothanum (XII) (the western name - halothane)736,737. Its scale production has been adjusted on 
chemical plant at Slavgorod (Altay krai). 
 

 
Incapacitating agent галотан (phthorothanum) (XII) 

 
 Huge efforts and expenses for creation of the "nonlethal" chemical weapons have come to the end 
with creation of formulas chemical warfare agents, and also adjustment of productions and statement on 
arms of army and special services. Awards by which its founders have been topped, testify to it. The first 
award ("state") for creation of the newest chemical weapons on a basis incapacitating agents has been 
awarded to group of enthusiasts in 1978. Among them there was the founder of chemical warfare agents 
from GSNIIOKhT N.N.Jarovenko, the user of them chemical general I.B.Evstafiev, the producter the director 
of chemical plant L.S.Shevnitsyn (Chuvashiya), and also their curator - "ranking officer" of the Central 
Committee of the CPSU A.S.Ivanov (subsequently the fighter on a field... of chemical disarmament) and 
other738. Two last awards ("Lenin" and "state") for the same work have been given out in 1991739. Among 
winners of the Lenin award the chief the Chemical Troops armies of Russia general S.V.Petrov was 
especially significantly looked. Soon it should carry out chemical immobilisation of inhabitants of the White 
House (Moscow) during August mutiny of the Soviet imperious bureaucracy. 
 In summary we will short survey the Soviet aspect of a problem of phytotoxic compounds - toxic 
chemicals which are used for extirpation with vegetation. Historically phytotoxic compounds were peace 
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agents, for example, at the killing of weeds which interfered with development of useful plants. Naturally, 
they have got also to sphere of interest of military chemists. 
 Apparently, one of the first experiences of application of chemicals for extirpation against vegetation 
falls into to times of war of English army against rebels in Malaya (1950-1953). Attempt of adjustment of 
vegetation has been carried out by means of application of herbicides of a class of chlorophenoxyacetic 
acids. Name normally 2,4-dichlorophenoxyacetic acid 2,4-D (XXVII), 2,4,5-trichlorophenoxyacetic acid 
2,4,5-T (XXVIII) and some other. Especially popular there were mixtures butyl aethers of 
chlorophenoxyacetic acids13. 
 

      
2,4-. ( XXVII)   2,4,5-/ ( XXVIII) 

 
 The most scale use of battle herbicides has occurred during the Second Indochina war (1961-
1975)6,13,661,740. As well as in other episodes of herbicidal wars, the purposes of military-chemical efforts of 
the USA in Vietnam were a disclosure the guerrilla and destruction of sowings. By army of the USA it has 
been applied not less than 14 formulas of herbicides13. There was a dispersion of impurities transferred by 
herbicides - highly toxic dioxine 2,3,7,8 TCDD (XXIX) and in general all group dioxines (XXX). 
 

     
2,3,7,8-Tetrachlorodibenzo-para-dioxin (XXIX)        Polychlorinated dioxins (XXX) 

 
 The formula "agent orange" (mixture of n-butyl aethers 2,4,5-T and 2,4-D) with the dioxine 
maintenance approximately 2 ppm was used at the second stage of herbicidal war in Vietnam (1965-1970). 
However it only an estimated value received after war. The range of concentration 2,3,7,8-TCDD in samples 
made 0,1-47 ppm. Besides most 2,3,7,8 TCDD (XXIX), mixture "agent orange" contained much others 
PCDD and PCDF. Among PCDD, for example, specify 1,3,7,8- and 1,3,6,8-TCDD, 1,3,7-Cl3-DD, 2,7- and 
2,8-Cl2-DD13. In total during operations it has been pulverised 24000 tonnes herbicide 2,4,5-T (in 
recalculation on acid), containing, on official data, approximately 167-170 kg the most toxic dioxine 2,3,7,8-
TCDD (91% of this quantity has fallen to forests, and the rest - on sowings). Estimations of independent 
experts are less optimistical. Believe, that the maximum concentration 2,3,7,8-TCDD in "agent orange" 
reached 60 ppm, and all in Southern Vietnam has been pulverised more than 500 kg 2,3,7,8-TCDD 
(XXIX)13. 
 In Soviet Union 2,4,5-trichlorophenol it was produced after 1950s on chemical plant at Rubezhnoe 
(Ukraine), and per 1963-1973 and per 1975-1988 - on chemical plant "Khimprom" at Ufa (Bashkiria). 
Herbicide production 2,4,5-T (XXVIII) in Ufa has been begun in 196513. The Soviet Army was the customer, 
however all time tried to keep in the background. Anyway even in April, 1992 when production of battle 
herbicides has departed in the past and the government of Bashkiria has formed purely ecological 
republican commission ("for a solution of a problem of pollution environment by the supertoxic 
compounds"), in it there were three representatives of management of the chief the Chemical Troops - 
general I.B.Evstafiev, colonel A.I.Bannikov, and also notorious colonel A.D.Gorbovsky. 
 

4.6. CHEMICAL WARFARE AGENTS AND THE XX-TH CENTURY 
So, during the XX-th century through a military-chemical underground of our country there have 

passed many toxic substances523,607. Unit from them have appeared in a role chemical warfare agents. The 
pattern is approximately same all over the world. Each of the surveyed substances had a fate, however not 
all from them have overflowed laboratories and have risen in a battle system. The majority of them remains 
only on pages of popular directories745. 
 Table 4.4 fixes, as preferences of enthusiasts chemical warfare varied depending on an epoch in 
which they operated. Substances are surveyed only, the information about which have appeared accessible 
to a society. As it has appeared, between epoch World War I and the inter-war period there are no special 
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differences - everyone chemical warfare agent passed check by time. However after World War II there 
were serious changes. The difference in 70 years between 1930 and 2000 years has essentially changed 
the nomenclature of chemicals which interested military chemists of so different generations.  
 

Table 4.4 
The chemicals which were considered as chemical warfare agents during different epoch 

Chemicals Military-chemical epoch 
 1914-191810 1930523 1989723 2000607 

Irritants 
Diphenylchloroarsine (DA, Clark I), (IV) + +   
Diphenylcyanoarsine (DC, Clark II), (V) + +   
Adamsite (DM), (III) + +  + 
Chloroacetone + +   
Bromoacetone + +   
Iodoacetone + +   
Bromomethylethyl ketone + +   
Benzyl chloride +    
Benzyl bromide (T-Stoffe) + +   
Benzyl iodide  +    
Xylyl bromide + +   
Bromobenzyl cyanide (VI) + +   
Ethyl aether bromoacetic acid + +   
Ethyl aether iodoacetic acid  +   
Capsaicin +    
Phenyldibromoarsine +    
Chloroacetophenone (CN) (II) + (1919) + + + 
Dimethyl sulphate +    
Acrolein  +    
O-nitrobenzyl chloride +    
CS (VII)   + + 
CR (VIII)   + + 

Incapacitating agents 
BZ (IX)    + 
LSD (X)    + 

Lethal chemical warfare agents of first generation 
Chlorine (Cl2) + +   
Bromine (Br2) +    
Perchloromethylmercaptan +    
Bis(chloromethyl) ether + +   
Bis(bromomethyl) ether +    
Phosgene (CG), (XIII) + +  + 
Chloromethyl chloroformate (palite I) + +   
Dichloromethyl chloroformate (palite II) + +   
Diphosgene (DP) (XIV) + +  + 
, hloropicrin (PS), (I) + +  + 
Bromopicrin   +   
Carbon monoxide   +   
Hydrogen cyanide (AC), (XV) + +  + 
Cyanogen chloride (CK), (XVI) + +  + 
Cyanogen bromide  + +   
S-mustard (HD), (XX) + + + + 
N-mustard  (+) + + 
Methyldichloroarsine (MD) + +   
Ethyldichloroarsine (ED) + +   
Ethyldibromoarsine +    
Phenyldichloroarsine (PD, pfiffikus)  +    
Lewisite (L) (XXI) + + + + 
Arsine (AsH3), (XVII)  +   

Lethal chemical warfare agents of second generation 
Tabun (GA), (XXII)   + + 
Sarin (GB), (XXIII)   + + 
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Soman (GD), (XXIV)   + + 
VX, USA (XXVI)   + + 

 
 In table 4.4 those are included also long-living enough chemical warfare agents which traces 
expected to find out in environment civil chemists of neutral Finland as of 1989723. It is possible to guess 
only concerning why in the official publication of Russia 2000 there are no data about the Soviet V-gas607 
which by then it has collected to destroy under the international control and the official information about 
which by then for a long time already it has been passed to the Organisation for the Prohibition of Chemical 
Weapons (Hague). 
 In summary we will mention the latest workings out on what the society and has not been informed. 
The beginning of search new phosphorous organic chemical warfare agents, laid down in a basis of 
chemical weapons of the third generation, falls into 1973-197647,733,763. Tests munitions with these 
chemical warfare agents have been finished in 1991-199239. Military enthusiasts were imposed by that 
circumstance, that new chemical warfare agents not only surpassed the Soviet V-gas in battle 
characteristics, but also as mustard gas, practically did not yield to treatment. One of new chemical warfare 
agents (A-232, "Novichok-5"12) has appeared convenient for battle use in the binary form. However, their 
formulas are inaccessible to a society. 
 And the last. In the USA 1968-1969 there was an important event: by all society malignancy of 
influence on it of a military-industrial complex has been understood, whose interests can not coincide with 
interests of all country. The USA after 1969 have refused development lethal chemical weapons36, and the 
workings out bound to new kinds phosphorous organic chemical warfare agents, have been reoriented on 
discussion of possibility of their battle use in the binary form765. Unfortunately, our military principals to this 
simple thought have reached only in many years. 

*   *   * 
Today the main thing is already obvious - all vertical of the power of Soviet Union devoutly was 

occupied with searches all new and new kinds of a poison. Poisons against all live - people, plants, animals. 
All government bodies involved in acceptance of so responsible and secret decisions were occupied with it: 
the Revolutionary military council, the government, heavy industry department, the ministry of a chemical 
industry and all its precursors, Council of work and defence. Last decades Soviet power the tandem - 
Central Committee of the CPSU and Council of Ministers was especially active.  

 
 


