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Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

(a) It has been developed, produced, stockpiled or used as a chemical weapon as
defined in Article Il;

(b) It poses otherwise a high risk to the object and purpose of this Convention by
virtue of its high potential for use in activities prohibited under this
Convention because one or more of the following conditions are met:

(i) It possesses a chemical structure closely related to that of other toxic
chemicals listed in Schedule 1, and has, or can be expected to have,
comparableproperties;

(i) It possesses such lethal or incapacitating toxicity as well as other
properties that would enable it to be used as a chemical weapon;

(iii) 1t may be used as a precursor in the final single technological stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this Convention.
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Guidelines for Schedule 2

The following criteria shall be taken into account in considering whether a toxic
chemical not listed in Schedule 1 or a precursor to a Schedule 1 chemical or to a
chemical listed in Schedule 2, part A, should be included in Schedule 2:

(a) It poses a significant risk to the object and purpose of this Convention because
it possesses such lethal or incapacitating toxicity as well as other properties
that could enable it to be used as a chemical weapon;

(b) It may be used as a precursor in one of the chemical reactions at the final stage
of formation of a chemical listed in Schedule 1 or Schedule 2, part A;

(c) It poses a significant risk to the object and purpose of this Convention by
virtue of its importance in the production of a chemical listed in Schedule 1 or
Schedule 2, part A;

(d) It is not produced in large commercial quantities for purposes not prohibited
under this Convention.

Schedule 2 Part A, Toxic Chemicals

Guidelines for Schedule 3

The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
prohibited under this Convention.
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Scheduled chemicals, including those in schedules 1 and 2, can have scientifically and economically
important uses. This chart captures the number of yearly scientific publications that refer o them.




Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Scientific Advisory Board's Recommendations

to the Fourth Review Conference of
the Chemical Weapons Convention
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A quick reference guide to the executive summary recommendations of the

OPCW Scientific Advisory Board's report on developments in science and tech-
nology to the Fourth Review Conference (RC-4/DG.1, dated 30 April 2018).
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Before We Begin...

- = Listen to the Science Adviser
5 = Stamp words as you hear
them!

= A stamped horizontal, vertical
or diagonal row of 5 “wins”

= 1stperson to get a Bingo
wins “acetylcholinesterase”

Next prizes are “Schedule 1”
Key Chains

. After 15t Bingo, 15! Bingo in a
chair wins a model kit
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B. SCHEDULES OF CHEMICALS Lewisites:

The following Schedules List toxic chemicals and their precursors. For the purpose of Lewsite 1: 2-Chlorovinyldichloroarsine (541-25-3)
implementing this Convention, these Schedules identify chemicals for the application Lewisite - Bis(2-chlorovinyl)chloroarsine (40334-69-8)
of verification measures according to the provisions of the Verfication Ammex Lewisite 3: Tris(2-chlorovinyljarsine (40334-70-1)

Pursuant to Asticle [T subparagraph 1 (@), these Schedules do not conmstitute a
definition of chemucal weapons. Nitrogen nmstards: l —
(Whenever reference is made to groups of dialkylated chemicals, followed by a list of HN1- Bis(2-chloroethyDethyl -
alkyl groups in parentheses, all chemcals possible by all possible combinations of - Blziimg:m:ﬁ;eﬁﬁum; BT

alkyl groups listed in the parentheses are considered as listed in the respective EN3- Tn.;[E{Moroeﬂ;i'l}mm;e

Schedule as long as they are not explicitly exempted A chemical marked "*” on

Schedule 2, part A, is subject to special thresholds for declaration and verification, as Saxitoxi 35523.80.8
specified in Part VI of the Verification Annex.) o @988 l SC e u e

Schedule 1 (CAS registry Riem (9009-86-3)
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(1) OAlkyl (Cgg, incl eycloaliyl) ally] Alkyl (Me. Et, n-Pror i-Pr) phosphonyldifiuorides
(Me. Et, n-Pror i-Pr)-phosphonofiuoridates ez DF:  Methyiphosphonyldifivoride (676.993)
eg Saim:  O-Isopropyl methylphosphonofluoridate (107-44-8y N .
Soman  O-Pinacolyl methylphosphonofinoridate (©6-64.0) O-Alkeyl (8 or =C1 . incl. cycloalky]) O-2-dialkyl
(Me. Et. n-Pr or 1-Pr)-amunoethyl alkyl
(20 O-Alkyl (=Cyq. incl. cycloalkyl) N.N-dialkyl (Me. Et. n-Pr or 1-Pr) phosphomites and
(Me, Et. n-Pr or i-Pr) phosphoramidocyanidates comesponding alkylated or protonated salts
eg Tabun  O-Ethyl N.N-dimethyl eg QL O-Ethyl O-2-diisopropylamincetiny]
phosphoramidocyanidate (77-81-6) methylphosphonite (37856-11-8)
(3} O-Alkyl (H or =Cqy. incl. cycloalkyl) 5-2-dialkyl (11)  Chlorosarn: O-Isopropyl methylphosphonochloridate (1445-76-T)
(Me, Et, n-Pr or 1-Pr)-aminoetlmy] alkyl
(Me, Et, n-Pr or i-Pr) phosphonothiclates and (12) Chlorosoman:  O-Pinacolyl methylphosphonochloridate (7040-57-5)
comesponding alkylated or protonated salts
eg VI O-Ethryl 5-2-diisopropylaminoethyl g - g 5
‘metiyl phosphonotiolate (50782-69.9) Schedule 2 Schedule 3
@ Sulfur mustards A Toxic chemicals: A Towic chemicals

2-Chloroethylchloromethylsulfide 2 > () Aniton: 0.0 Diethyl S-[2-(efhylaminoethyl] S Phosgene: Carbonyl dichloride (75-44-5)
Mhsstard gas: Bis(2-chloroetyl)sulfide 0.2 phospherotiuclate (78-53-5)

(503-60.2) e
Bis(2-chloroetiylthio)methane (63360-13.6) and correspanding alkylated or protonated salts Cyanogen chloride (506-77-4)

5(2—chloroethylthio)ethane (3563-36-8)
(63905-10-2)
142868-93.7) 3 Ouimclid late (%) 5
(142868-04-8) BZ: 3-Quimclidiny] benzilate (*) (6381-06-2) Chloropicrin: Trichloronitromethane (76.06-2)
(63918-90-1) 3 Precursors:
(63918-80.8) . Precursors:
Chemicals, except for those listed in Schedule 1
containing a phosphorus atom to which is bonded Phosphorus oxychloride (10025-87-3)
one methyl, ethyl or propyl {normal or iso) group
Schedules of Chemicals but not further carbon atoms, Phosphorus trichloride (7718-12-2)

(2} PFIB: 1.1.3.3.3-Pentafluoro-2-(triflueromethyD)-1-propene (382-21-8) Hydrogen cyanide (74-90-8)

eg Methylphosphonyl dichloride 1691 7} Phosphorus pentachloride (10026-13-8)
Dimetiryl methrylphosphonate 736-7

Exemption. Fonofos: O-Ethyl S-phenyl
ethylphosphonothiolothionate (944.22.9) Triethyl phosphite (122-52-1)

NN-Dialkyl (Me, Et, n-Pr or i-Pr) phosphoramidic dihalides

Dialkyl (Me, Et, n-Pr or i-Pr) NN-dialkyl . . g
(Me. Et, 1-Pr o i-Pr)- phosphoramidates Diethyl phosphite (762045

Arsenic trichloride (7784-34-1) Sulfur monochloride (10025-67-9)

Trimethy] phosphite (12145.9)

Dimethyl phosphite (868-85-9)

2.2-Diphenyl-2-hydroxyacetic acid (76-93-T) 3} Sulfur dichlonde {10545-99-0)
Quinuclidin-3-ol (1619-34-T) Thionyl chloride (7719-05-T)
NN-Dialkyl (Me, Et, n-Pr or i-Pr) aminoethyl-2-chlorides 5} Ethyldiethanclamine (139-87-T)
and corresponding protonated salts : - N

. Methyldiethanolamine (105-59-9)
I N-Dhalkyl (Me. Et. n-Pr or 1-Pr) anunoethane-2-ols
and comresponding protonated salts 7} Triethanolamine (102-71-6)
Exenptions: NN-Dimethylar hanol (108-01-0)

and comresponding protonated salts

N.N-Diethylamincethanol (100-37-8)
and comresponding protonated salts

N N-Dialkyl (Me, Et, n-Pr or i-Pr) aminoethane-2-thiols
and comresponding protonated salts

Thiediglyeol: Bis(2-hydroxyethyl)sulfide (11148-8)
Pinacolyl alcohol: 3.3-Dimethylbutan-2-ol (464-07-3)
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Lets Quickly Review Where we left of from July

Guidelines for Schedule 2

How are chemicals organized in the Schedules?




Answers from Participants

How are chemicals organized in the Schedules?

Family l ( No idea J [ Groups

Three Scheduled Chemicals Me neither Toxicity

You tell me Groups by threat to the convention
and industrial relevance

Toxicity Schedule 2 Gangnam sytle

Precursors Used as CW

Toxicity Prohibited use Common use

Commercial uses Toxicity Different use and toxicity
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Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

(a) It has been developed, produced, stockpiled or used as a chemical weapon as
defined in Article II;

(b) It poses otherwise a high risk to the object and purpose of this Convention by
virtue of its high potential for use in activities prohibited under this
Convention because one or more of the following conditions are met:

(i) It possesses a chemical structure closely related to that of other toxic
chemicals listed in Schedule 1, and has, or can be expected to have,
comparableproperties;

(i) It possesses such lethal or incapacitating toxicity as well as other
properties that would enable it to be used as a chemical weapon;

(iii) 1t may be used as a precursor in the final single technological stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this Convention.
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Guidelines for Schedule 2

The following criteria shall be taken into account in considering whether a toxic
chemical not listed in Schedule 1 or a precursor to a Schedule 1 chemical or to a
chemical listed in Schedule 2, part A, should be included in Schedule 2:

(a) It poses a significant risk to the object and purpose of this Convention because
it possesses such lethal or incapacitating toxicity as well as other properties
that could enable it to be used as a chemical weapon;

(b) It may be used as a precursor in one of the chemical reactions at the final stage
of formation of a chemical listed in Schedule 1 or Schedule 2, part A;

(c) It poses a significant risk to the object and purpose of this Convention by
virtue of its importance in the production of a chemical listed in Schedule 1 or
Schedule 2, part A;

(d) It is not produced in large commercial quantities for purposes not prohibited
under this Convention.

Schedule 2 Part A, Toxic Chemicals

Guidelines for Schedule 3

The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in

Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or

Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
prohibited under this Convention.

Schedule 3 Part A, Toxic Chemicals
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Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

3 Groups of chemicals
(15 total chemical substances)

properties that would enable it to be used as a chemical weapon;
(iii) 1t may be used as a precursor in the final single technological stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;
(c) It has little or no use for purposes not prohibited under this Convention.
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and 11 “families” of chemical weapons agents and precursors
5 in Schedule 1, 6 in Schedule 2
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All 11 families cover organophosphorus chemicals (8) or amines (3)
These types of chemicals are also Scheduled as specific chemicals and in groups
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Scheduled chemicals, including those in schedules 1 and 2, can have scientifically ndoconomlcﬂy
with sulfur important uses. This chart captures the number of yearly scientific publications that refer to them.
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How Many Actual Chemicals are in the Schedules?

B.  SCHEDULES OF CHEMICALS () Lewisites:
The following Schedules list toxie chermcals and their precursors. For the purpose of Lewisite 1 2-Chlorovinyldichloroarsine (541-25-9)
implementing this Convention, these Schedules identify chemicals for the application Lewisite 2: Blﬂ-&lmﬁvmi)chlmmmg (40334-69-8)
of verification measures according to the provisions of the Venfication Amnex. Lewisite 3: Tris(2-chlorovinyljarsine (40334-70-1)
Pursuant to Asticle IL subparagraph 1 (a), these Schedules do not constitute a 3
definition of chemical weapons. (6)  Niogen mustards:
(Whenever reference is made to groups of dialkylated chemicals. followed by a list of NI Bisr?.chlorosthyjetirlamin 538.07.8
alky] groups in parentheses, all chemicals possible by all possible combinations of s Rﬁ_mﬁmﬁm%@; PRl
alkyl goups histed m the parentheses are considered as Listed m the respective ENG. Tris(?-chloroetin
Schedule as long as they are not explicitly exempted. A chemical marked "*" on . y
Schedule 2. part A. is subject to spectal thresholds for declaration and verification. as r Saxifoxin 2380
specified in Part VI of the Verification Annex.) @ s (33034895
Schedle 1 (CAS regisy ® Riem (9009-86-3)
mumber)
A Toxic chemicals B Precursors
() O-Alkyl (<Cy. incl. cycloalkyl) alkl ©)  Alkyl (Me, Et. n-Pr or i-Pr) phosphonyldifiuorides
(Me, Et, n-Pr or i-Pr)-phosphonofhuoridates e2.DF: Methyiphosphonyldifluoride (676.99.3)
eg Sarm:  O-Isopropyl methylphosphonoflucridate (10744-8) g :
Soman:  O-Pinacolyl methylphosphenofluoridate (96-64-0) 10 O-Alkoyl (Har =Cyg incl. cycloalky]) O-2-dialkyl
(Me. Et, n-Pr or 1-Pr)-aminoetiry] alkyl
@ O-Alkyl (=Cy. inel. eycloalkyl) N.N-dialkyl {(Me. Et n-Pr or 1-Pr) phosphomtes and
(Me, Et, n-Pr or i-Pr) phosphoramidocyanidates coresponding alkylated or protonated salts
eg Tabu  O-Ethyl N.N-dimethyl eg QL. O-Ethyl O--diisopropylaminoetiyl
phosphoranudocyamdate (71-81-6) methylphosphonite (57856-11-8)
() O-Alkyl (H or =Cyg. mel. cycloalkyl) S-2-dialkyl (11) Chlorosarir  O-Tsopropyl methylphosphonochloridate (145-76.T)
(Me, Et, n-Pr or 1-Pr)-anunoethyl alkyl . -
QMe. Bt n-Pr or i-Pr) phosphonothiolates and 1y G O-Pinacolyl methylphosphonochloridate (7040-57-5)
corTe ding alkylated or alt
eg VX O-Eflyl 5-2-diisopropylaminoethyl
metiny] phosphonothiolate (50782-69.9) Schedule J Schedule 3
) Sulfor mustards: A Toxic chemicals A Toxic chemucals:
Y ’ . 5.76-5 (1) Amiton 0.0-Diethyl S-[2-(diethylamino)ethyl] P s
2. ﬂﬂmﬂeth}l%h_luﬁ;hylsﬂ%de an{ég—? pho othiclite 8.535) (1)  Phosgene: Carbonyl dichloride (7544-5)
Mustard gas: Bis(2 chloroefhyDsulfide G560 and carresponding alkylated or protonated salts ) -
Bis(2-chlorcethylthic (63860-13-6) <ponding B () Cyanogen chloride (506-77-4)
1.2-BisQ-chl io)eth (3563-36-8) . . g . . 291
1.3-Bis(2-chloroethylthio) n-propane (63905-10-2) @ FEIB: L1333R Ham yD-1-prop GE-IL-8) @)  Hydrogen cymide (7490-9)
1.4 Bis(2-chloroethylthio)-n-butane (142868-93.7) %) BZ: 3-Quimcliding] benzilate (* §581.06.2
1.5-Bis(2-chloroethylthio)-n-pentane (142868.94-8) @ ’ ) . } 4)  Chloropicrinc Trichloronitromethane (76-06-2)
Bis(2-chloroethylthiomethyljether (63918-90-1) B Precursors
OMustard: Bis(2-chloroethylthioethyl)ether (63918-89-8) B Precursars
(4y  Chenucals, except for those listed in Schedule 1,
contammg a phosphorus atom to which is bonded (5)  Phosphorus oxychloride (10025-87-3)
_ unemeﬂ:\yl. ethyl or propyl (normal or iso) group
3T Schedrles of Chemicals but not firther carbon atoms, (6)  Phosphorus trichloride 7719-12-2)
g Methylphosphony! dichloride (676-97-1) (7)  Phosphorus pentachloride (10026-13-8)
Dimethyl methylphosphonate (756-79-6)
rimethyl Spll.k 21454
Exemption:  Fonofos: O-Etlryl S-phenyl ® T ¥l pho (2459
g ¥ ethylphosphonotuolothionate @429 (@) Triethyl phosphite (122-52-1)
(5} NN-Dialkyl (Me, Et. n-Pror i-Pr) phosphoramidic dihalides (10)  Denetiyl phosphite (962.85.9)
(6)  Dialkyl (Me, Et n-Prori-Pr) NN-dialkyl } ]
(Me, Et, n-Pr or i-Pr)-phosphoramidates (11)  Dietyl phosphite (762-04-9)
(7} Amsenic trichloride (7784-34-1) (12)  Sulfur monochloride (10025-679)
(8)  2.2-Diphenyl-2-hydroxyacetic acid (76-93-T) (13)  Sulfir dichlonde (10545-99-0)
ORGANISATION FOR THI @  Quimlidin3-ol (1619-34-7) (14)  Thionyl chloride (7719-09-7)
PROHIBITION OF CHEMICAL WEAPONS (10)  NN-Dialkyl (Me, Et. n-Pror 1-Pr) amunoetiryl-2-chlorides (13 Ehyldietianclamine (139-87-7)
and corresponding protonated salts -
: (16)  Methyldiethanolamine (105-589)
(11) NN-Dialkyl (Me, Et. n-Pr or i-Pr) aminoethane-2-ols
and carrespondmg protonated salts (17)  Triethanolamine (102-71-6)
Exenptions: NN-Di (108-01-0)
and corres] ndmg protonated salts
NN-Diethrylaminoethanol (100-37-8)
and comesponding protonated salts

N.N-Dialkyl (Me, Et, n-Pr or i-Pr) aminoethane-2-thiols
and correspanding protonated salts

Thiodiglycol: Bis(2-hydroxyethylsulfide (11148.8)
Pinacolyl alcohol: 3 3-Dimethylbutan-2-ol (464-07-3)

3 Schedules of Charmicals
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and comresponding pmlmmed salts

N.N-Dialkyl (Me, Et, n-Pr or i-Pr) aminoethane-2-thiols
and correspanding protonated salts
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Pinacolyl alcchol: 3,3-Dimethylbutan-2-o0l

(11148.8)
(464-07-3)

3

Schednles of Chamicals

S R All the listed specific
The following Schedules hist texae chenmceals and their precursors. For the purpose of Lewisite 1- 2-Chlorovinyldichloroarsine (541-25-3) p
implementing this Convention, these Schedules identify chemicals for the application Lewisite 2: Blﬂ-&lmﬁvmi)chlmmmg (40334-69-8)
of verification measures according to the provisions of the Venfication Amnex. Lewisita 3: Tris(2-chlorovimyl (40334-70-1
B e e, b s e s chemicals-have a
definition of chemical weapons. (6)  Niogen mustards: v
(Whenever reference is made to groups of dialkylated chemicals, followed by a list of NI Bisr?.chlorosthyjetirlamin 538.07.8 - \
alky] groups in parentheses, all chemicals possible by all possible combinations of s Rﬁ_mﬁmﬁm%@; PRl emica Stracts
alkyl groups listed m the parentheses are considered as Listed m the respective FIN3: Tris2_chloroethyl)
Schedule as long as they are not explicitly exempted. A chemical marked "*" on . y
Schedule 2. part A, is subject to special thresholds for declaration and verification. as " Saxifoxin 2380 S CAS
specified in Part VI of the Verification Annex.) o s (3885 erv.ce
Sehedtile 1 (CAS registry ® Fim (9009-86-3)
mumber]
A—_ d N formuis Reglstry Number
escriptions/formulas - ...
eg.DF: Methylphosphonyldifiuoride (676-99-3)
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(Me, Et, n-Pr or 1-Pr)-aminoethyl alkyl
@ O-Alkyl (<Cyp, incl. cycloalkyl) N.N-dialkyl (Me. Et, n-Pr oz 1-Pr) phosphomtes and
(Me, Et, n-Pr or i-Pr) phosphoramidocyanidates coresponding alkylated or protonated salts
eg Tabun:  ©O-Etlyl N.N-dimethyl eg QL. O-Ethyl O--diisopropylaminoetiyl
phosphoramidocyaudate (77-81-6) methylphosphonite (57856-11-8)
(@) O-Alkyl (H or <Cy . mel. cycloalkyl) S-2-dsalkyl (11) Chlorosarir  O-Tsopropyl methylphosphonochloridate (145-76.T)
(Me, Et, n-Pr or 1-Pr)-anunoethyl alkyl . _
(Me, Et, n-Pr or i-Pr) phosphonothiolates and 1y 0-Pinacolyl methyiphosphonochloridate (7040-57-5)
corT ding alkylated or alt
eg VX O-Ethyl 5-2-diisopropylaminoethyl
. Schedule 2 Schedule 3
methyl phosphonothiolste (50782-69.9) Schedule s f h I
s ' s pecific chemicals
4y Sulfir mustards: - OxIC chemc
Y ’ . 5.76-5 (1) Amiton 0,0-Diethyl 5-[2-(diethylaminajetiy]] st
r’lm“‘“;‘?l;hgwmﬁ”)d’ 4 ng; jjg“g phospherotiiolate (78.53.5) @45
Bis(2-chloroethylfiomethane (63860-13.6) and comesponding alylated or protonated salts @  Cymogemcl (506.774)
1,2-Bis(<Hl ic)eth (3563-36-8) . . - - 1
1.3-Bis(2-chloroethylthio) n-propane (63905-10-2) @ FEIB: L1333R Ham y1-1-prop GE-IL-8) @)  Hydrogen cymide (7490-9)
1.4-BisQ<hloroethylthio)-n-butane (142868-93-7) %) BZ: 3-Quimcliding] benzilate (* §581.06.2
1.5-Bis(2<hloroethylthic)-n-pentane (142868.94-8) @ ’ ) . } ) Chloropicrin: Trichloromtromethane (76-06-2)
Bis(2-chloroethyltiomethry Dether (63918-90-1) B, Precursars
O-Mustard: Bis(2-chloroethylthioethyljether (63918-80-8) B, Precursars
(4y  Chenucals, except for those listed in Schedule 1,
contaming a phiosphorus atem to which is bended (5)  Phosphorus oxychloride (10025-87-3)
unemeﬂ:\yl. ethyl or propyl (normal or iso) group
i Schedles of Chemicals bt not firther carbon atoms, (6)  Phosphorus trichloride T719-12-2)
&g Metlylphosphony! dichloride (676:97-1) (7)  Phosphorus pentachloride (10026-13-8)
Dimetlryl methylphosphonate (756-79-6)
vl I 21454
Exemption:  Fonofos: O-Ethyl S-phenyl @ Trimethyl phosphite (2439
g ethylphosphonotuolothionate @429 (@) Triethyl phosphite (122-52-1)
(5)  NN-Dialkyl (Me, Et, n-Pror i-Pr) phosphoramidic dihalides (0) Dimetiyl phosphite (868.85.9)
6) 7l (Me, Et, n-Pr or i-Pr) N.N-dialkyl } )
(Me, Et, n-Pr or i-Pr)-phosphoramidates (11)  Dietyl phosphite (762-04-9)
(7} Amsenic trichloride (7784-34-1) (12)  Sulfur monochloride (10025-679)
()  22-Diphenyl-2-hydrowyacetic acid (76-93-T) (13)  Sulfi dichlonde (10545-99-0)
ORGANISATION FOR THI @  Quimlidin3-ol (1619-34-7) (14)  Thionyl chloride (7719-09-7)
PROHIBITION OF CHEMICAL WEAPONS (10)  NN-Dialkyl (Me, Et. n-Pr o1 1-Pr) amunoethryl-2-chlorides (15  Ethyldietaamolamme (130877
and corresponding protonated salts
16)  Methyldiethanolamine 105-599
(11)  NN-Dialkyl (Me, Et, n-Pr ot i-Pr) aminoethane-2-ols (8 My (105:59)
and carrespondmg protonated salts (17)  Triethanolamine (102-71-6)
Exenptions: NN-Dimethy (108-01-0)
and cor ndmgpmmmed salts
NN-Dietiryl (100-37-8)
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To Make Sense of all of this Requires a Discussion of
Chemlstry (Atoms, Molecules and Math!)
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What do Scheduled Chemicals Look Like?

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

(a) It has been developed, produced, stockpiled or used as a chemical weapon as
defined in Article Il;

(b) It poses otherwise a high risk to the object and purpose of this Convention by
virtue of its high potential for use in activities prohibited under this
Convention because one or more of the following conditions are met:

(i) It possesses a chemical structure closely related to that of other toxic
chemicals listed in Schedule 1, and has, or can be expected to have,
comparableproperties;

(i) It possesses such lethal or incapacitating toxicity as well as other
properties that would enable it to be used as a chemical weapon;

(iii) 1t may be used as a precursor in the final single technological stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this C
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Working Together for a World Free of Chemical Weapons
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Guidelines for Schedule 2

The following criteria shall be taken into account in considering whether a toxic
chemical not listed in Schedule 1 or a precursor to a Schedule 1 chemical or to a
chemical listed in Schedule 2, part A, should be included in Schedule 2:

(a) It poses a significant risk to the object and purpose of this Convention because
it possesses such lethal or incapacitating toxicity as well as other properties
that could enable it to be used as a chemical weapon;

(b) It may be used as a precursor in one of the chemical reactions at the final stage
of formation of a chemical listed in Schedule 1 or Schedule 2, part A;

(c) It poses a significant risk to the object and purpose of this Convention by
virtue of its importance in the production of a chemical listed in Schedule 1 or
Schedule 2, part A;

(d) It is not produced in large commercial quantities for purposes not prohibited
under this Convention.

Schedule 2 Part A, Toxic C| hemimls

/\n/\/s\rllo
J°
AR

Amiton

Guidelines for Schedule 3

The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
prohibited under this Convention.
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account in considering whether a toxic
cursor to a Schedule 1 chemical or to a
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1emical weapon;
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| quantities for purposes not prohibited

Guidelines for Schedule 3
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
prohibited under this Convention.
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Guidelines fdr Schedule 3

account in considering whether a toxic The following criteria shall be taken into account in considering whether a toxic
zursor to a Schedule 1 chemical or to a chemical or precursor, not listed in other Schedules, should be included in
1 be included in Schedule 2: Schedule 3:

:and purpose of this Convention because (a) It has been produced, stockpiled or used as a chemical weapon;
iting toxicity as well as other properties (b) It poses otherwise a risk to the object and purpose of this Convention because it
1emical weapon; possesses such lethal or incapacitating toxicity as well as other properties that
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NTZ4 @opew_st o A @ & @"’P"” with sulfur important uses. This chart captures the number of yearly scientific publications that refer fo them.




Recoghizing How a Chemical “Behaves” is all About the Atoms!

~ - Atom Models in History

+ @+ Thomson (1904) .
@ 1+ + 28 osive and negaive charges) The last 200 years have seen ideas
about the atom develop from

+ & Dalton’s “indivisible atom” where it

rsekiost bl is mesmallest thing possible; to the
O discovery of sub-atomic particles

‘(electrons protons & neutrons); to

sophisticated understandings about

whergthese particles are found and

how they behave.

Bohr (1913)

(energy levels)
Each model has allowed
hypothesises to be made &

predictions tested. This has lead to
the development of our knowledge
as the technology has improved.

% video link

) %
Schrodinger (1926)
(electron cloud model)




Recoghizing How a Chemical “Behaves” is all About the Atoms!

Nucleus

Dalton (1803) At‘

sophisticated understandings about
wherethese particles are found and
how they behave.

Each model has allowed
hypothesises to be made &
. predictions tested. This has lead to
S . the development of our knowledge
‘When Niels Bohr won the Nobel Prize in 1922 ; - as the technology has improved.
. the Carlsberg brewery gave him a free % ‘
' house. That house was right next door to the 2 . &

i y % video link




Recoghizing How a Chemical “Behaves” is all About the Atoms!

/./ f
L /
/
~. /

Reason #17483 _ / J
» - ‘ i Protons ‘
s (+ charge) |
‘

histicated understandings about
ere these particles are found and
they behave.

hiChemical Bonding

lonic Bond Covalent Bond

‘When Niels Bohr w
. the Carlsberg b;
I house. That house was right next door to the
brewery and had unlimited free beer on t
(el

® @ ®:®

)
Transfer of Electron Sharing of Electrons|




There are 118 Types of Atoms (at least for now...)

THE PERIODIC TABLE OF ELEMENTS

T __ 1A z__ 1
H Symbol Key Groups of elements H e

HELUM

- s block elements 4003
. p block elements 5 B B¢ C 7 N =1 g O | F B 1°Ne.

D d block elements CARBON NITROGEN ORYGEN FLUDRINE NEON

12.011 14.007 15.999 18.998 20.180
D f block elements = B = B B A=

2 || Tt (P momiea) (e "o v
Mg atlsiff P s ([

MABNESIUM ALUMINIUM SILICON PHOSPHORUS SULFUR CHLORINE ARGON
26.982 28,086 30.974 32,065 35.453 39.948

20 21 Of= __. 0O 24 Of= IR E3 IR B O _ 29 IR E3 IR B¢ B (= B (= B (= B (= B [
Caf|Sc||Ti||] V||Cr|Mn||Fe||Co|[Ni|[CullZn || Ga || Ge|| As || Se || Br || Kr

POTASSIUM CALCIUM SCANDIUM TITANIUM VANADIUM CHROMIUM MANBANESE IRON COBALT NICKEL COPPER 2INC GALLIUM GERMANIUM ARSENIC SELENIUM BROMINE KRYPTON
39.098 40,078 44.956 47867 50,942 51996 54938 55.845 58.933 58,693 63.546 65.382 69.723 74922 78.97L 79.904 83.798

7 M= »_ O __ 0Of=_ Of_ Of_ Q. Of<_ O, QOf_ 0. N} = Bf=_ D= _ B
Rb || Sr Y Zr | Nb||Mo|| Tc||Rul||Rh||Pd || Ag || Cd || In Sb || Te I Xe

RUBIDIUM STRONTIUM YTTRIUM TIRCONIUM NioBlUM MOLYBDENUM TECHNETIUM RUTHENIUM RHODIUM PALLADIUM SILVER CADMIUM INDIUM ANTIMONY TELLURIOM XENON
85.468 87.620 88.906 91.224 92.906 95.951 97.907) 101.072 102.506 106.421 107.868 112.414 114.818 121.760 127603 131.294
74 L]

55 | TEB B 72 D= O 75 D (7 IR] & O (7= O 7 O f=0 O (= B 83 —Af= B [ 2] B3
Cs || Ba Hf || Ta|| W || Re||Os || Ir || Pt || Aul|| Hg || Tl Bi || Po || At || Rn

THALLUUM BISMUTH POLONIUM ASTATINE RADON
132,905 137.328 178.492 180948 183.841 186.207 190.233 192.217

195.084 196.967 200.592 204.383 208.980 (208.982) (209.987) (222.018)
B | 105 O D o7 D e D s O

&7 S 0s ) 110 O 13 B s I fs ] I fu= ]
Fr || Ra | .0:| RE|| Db || Sg || Bh || Hs || Mt || Ds

HYDROGEN

“Li || Be" H

LITHIUM BERYLLIUM 1.008
9.012

Atomic number Element symbel

Colour Key

] 2 0

LB 0 B

|m

“cn |I'Nh Mc || v || Ts

FRANCIUM RADIUM RUTHERFORDIUM DUBKIUM SEABORGIUM BOHRIUM HASSIUM MEITHERIUM DARMSTADTIUM ROENTGENIUM COPERNICIUM NIHONIUM FLEROVIUM MOSCovIUM LIVERMORIUM TENNESSINE OBANESSON
(223.020) (226.025) (261.109) (262.114) (266.122) (264120 (277.000) (268.139) (281.000) (280.000) (285.000) (286.000) (289.000) (289:000) (293.000) (294.000) (294000)

B B 66 |m B |

57 R) 3 R E D feo D f 62 63 O fes DO fe |n 67 O fe O [ 71 O
La||Ce||l Pr{INd||Pm||Sm]||Eu||Gd|| Tb||Dy||Ho|| Er || Tm]|| Yb || Lu

138.908 140.116 140.908 142242 (144.000) 150362 151964 157.253 158.925 162.500 164.930 167.259 168.934 173.084 174.967

92 | n 100 L) g0z | Ll

% 0= Of= 0 5 8] D= n] B (= 8] Eg Of= O s O
Ac||Thi||Pal||l U ||[Np|| Pu||Am||Cm]|| Bk || Cf|| Es || Fm||Md|| No || Lr

ACTINWM THORIUM PROTACTINIM URANIUM NEPTUNIUM PLUTONIUM AMERICIUM CURIUM BERKELIUM CALIFORNIUM EINSTEINIUM FERMIUM MENDELEVIUM NOBELUM LAWRENCIUM
(227.028) (232.038) (231.036) (238.029) (237.048) (244.064) (243.061) (247.070) (247.070) (251.080) (252.083) (257.095) (258.098) (259.101) (262.110)

@ © Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Facebook: facebook.com/compoundchem | Twitter: @compoundchem @@@@
This graphic is shared under a Creative Commons 4.0 Attribution-NoDerivatives-NonCommercial licence. = o I




There are 118 Types of Atoms (at least for now...)

THE PERIODIC TABLE OF ELEMENTS

Atoms found in chemical | —=
weapon agents He

' H Symbol Key Groups of elements

HYDROGEN
1008

Element symbel

- s block elements

. p block elements B

D d block elements BORON

10811

N || O F

CARBON NITROGEN OXYGEN FLUDRINE NEON
12o1 14.007 15,998 18.998 20.180

Li || Be

Colour Key

5 .Isc-7 2B 2B

D f block elements o] 10 |8 B [ |0 )]

12 || (Bementname ) (Featve stomicmass) (Bock ) = . v 18
Mg at|l'sil[ 2 s || ct] Ar
ALUMINEN $ILICON PHOSPHORUS CHLORINE ARGON

MAGNESIUM
26982 28.086 30.974 35.483 39.548
23

20 N 24 26 O [z 28 . 29 30 31 A = |0} -‘ ..3
Ca Ti || V || Cr Fe [|[Co|| Ni ||Cu || Zn || Ga || Ge

33 5 |
As || Se || Br || Kr

39.008 40,078 47867 s0542 51996 54538 55.845 58953 58,693 63546 65382 63723 72640 74922
A= 9] ‘!4

|| | B (= 5] =}
XENON

7 = w5 o = = - = w - = = T W=
Rb || Sr Zr | Nb||Mo|| Tc||Ru||Rh||Pd||Ag||Cd || In || Sn || Sb || Te I

RUBIDIUM STRONTIUM TIRCONIUM NIDEIM MOLYBDENUM TECHNETIUM RUTHENIUM RHDDLN PALLADIUM SIVER CADMIUM INDIUM ™ ANTIMOKY TELLURION 10DINE
85.468 87620 o1.224 92 506 95,981 (97:907) 101072 102,906 106,421 107.868 12404 114818 18711 121760 127.603 126904

55 | TE3 [ ] 72 Q= Al A= m] 3 77 78 O 7 80 O fsr B == 8 B =2 85 1] =

Cs || Ba Hf || Ta||] W  Re||Os|| Ir || Pt ||]Au||Hg|| Tt || Pb || Bi || Po || At ‘ Rn
CAESIUM BARIUM HAFNIM TANTALUM TURGSTEN RHENLM osmivM IRIDM PLATINUM G MERCURY THALLUM LEAD BISMUTH POLONIUM ASTATINE
132,908 137,328 178.492 180.948 183841 186.207 190.233 192 217 195084 196.967 200.592 204363 207.210 208.980 1208.982) (209.987)

| ] | ] 105 O fos O fo7 O fos 108 0] B B

"Fr'|[ Ra | seose: | RE [ Do |[ Sg|[Bh [ Hs |[ Mt ][ Ds [Rg [ Cn |[Nn][ Ft [ Mc ][ v [ Ts

FRANCIUM RADIUM RUTHERFORDIUM DUBNIIM ‘SEABOREIUM BOHRILM HASSIUM METTNERIDM DARMSTAOTION POENTEENIUM COPERNIIUM LI FLEROVIUM Moscoviow LIVERMORIUM ‘TENNESSINE DGANESSON
(223.020) (226.025) (261.109) R62.114) (266.122) (264.120) 277,000} (268.139) (281000 1280.000) 1285 000) 1286.000) 1289.000) 1289.000) 1293.000) 1294.000) 1294.000)

Additional atoms (halogens) that might be found in Schedule 2B.05 chemicals

51 0 af= 0

57 La Sﬂce 59 Pr SGNd Pm stm GHEu GQGd 65Tb GGDY 67Ho 68 Er Tm 70Yb 7 Lu

LANTHANUM CERIUM PRASEDDYMIUM NEDDYMIUM PROMETHIUM SAMARIIN ‘EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HoLMIOM ERBIUM THULWM YTTERBUM LUTETIUM
13a.908 140,116 140,908 144242 (144.000) 150,362 151.964 157253 158.925 162.500 164,930 167.259 169.934 173.054 174,967

"ac [ Th [ Pa [ u W Np [ Pulam |[cm | Bk ct [ Es Y[ Em [ Md][No || L

ACTNIUM THORIUM PROTACTINNM URANIUM NEPTUNIUM PLUTOMIUM AMERICUM BERKELIUM CAUFORNIUM EINSTEINIUM FERMUM MENDELEVIUM NOBELM LAWRENCIUM
(227.028) (232.038) (251.036) (238.029) (237.048) (244.064) 243,061 (247.070) (251.080) (252,083 (257.095) (258.098) (259.101) 1262.110)

0
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There are 118 Types of Atoms (at least for now...)

THE PERIODIC TABLE OF ELEMENTS

Atoms found in chemical
Symbol Key Groups of elements
weapon agents
= d - s block elements
s _ _ Mf- [ ]
Li || Be

Bl E 9] s
LITHIUM BERYLLIUM x NITROGEN OXYGEN FLUDRINE
6.941 9.012 1 14.007

E H 15 0]
g “HP/F 2.
24308 j "'\-\\\ I 0974 | Y I 35453 353,
20 | TE8 EN 2 33 )] 35 36 B

ARSENIC SELENIUM
44956 47.867 74922

78571

Schedule 2B.04: All atoms are theoretically possible! (“X” can be anything except Carbon)

“cs' Chemicals, except for those listed in Schedule 1, containing a phosphorus atom to which

==_] is bonded one methyl, ethyl or propyl (hormal or iso) group but not further carbon atoms

E—
Rb

An indeterminate number of possibilities...

Additional atoms (halogens) that might be found in Schedule 2B.05 chemicals

57 ) [5° 50 Gy 62 63
La Pr | Nd ||Pm || Sm || Eu

64 Ol O fss 1n) Gi 10l &2 Q=
Gd|| To || Dy ||Ho || Er || Tm

ssA o1 %2 93 3
C

94 95 ] o7 98 D) E3 100 B fo:
Pa|| U ||Np|| Pu||Am||Cm]|| Bk || Cf || Es || Fm || Md

BERKELIUM CAUFORNIUM EINSTEINIUM MENDELEVIUM LAWRENCIUM
(244.064) 243,061 (247.070) (251.080) (252,083 (258.098) (259.101) 1262.110)

SAMARIIN ‘EUROPIUM ERBIUM THULWM
144242 (144.000) 150,362 164,930 167.259 168.934

@ © Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Facebook: facebook.com/compoundchem | Twitter: @compoundchem @@@@
This graphic is shared under a Creative Commons 4.0 Attribution-NoDerivatives-NonCommercial licence. = o I




Chemicals are Defined by the Types of Atoms and Bonds

FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUP, ‘R’ REPRESENTS THE REST OF THE MOLECULE, AND X' REPRESENTS ANY HALOGEN ATOM,

. HYDROCARBONS . SIMPLE OXYGEMN HETERDATOMICS . HALOGEN HETEROATOMICS l. CARBONYL COMPOUNDS NITROGEN-BASED SULFUR-BASED . AROMATIC

ALKANE ALKENE ALKYNE ALCOHOL ETHER EPOXIDE HALOALKANE
Naming: -ane Naming: -ene Naming: -yne Naming: -of Naming: -oxy -ane Naming: -ene oxide Naming: halo-
e.g. ethane e.g. ethene e.g. ethyne e.g. ethanol e.g. methoxyethane e.g. ethene oxide e.g. chloroethane

ALDEHYDE KETONE CARBOXYLIC ACID ACID ANHYDRIDE ESTER AMIDE ACGYL HALIDE
Naming: -al Maming: -one Naming: -oic ocd Naming: -oic anhydride Narning: -yl -oate Naming: -amide Naming: -oyl halide
e.g. ethanal e.g. propanone e.g. ethanoic acid e.g. ethanoic anhydride e.g. ethyl ethanoate e.g. ethanamide e.g. ethanoyl chloride
R
N-’ 3 P N - R‘\
R—NH R—C=N ! R™ SCs N=N_ R—SH R
2 C ~0
R “R R
1 2
AMINE NITRILE IMINE ISOCYANATE AZ0 COMPOUND THIOL ARENE
Naming: -amine Naming: -nitrile Naming: -imine Naming: -yl isocyonate Naming: azo- Naming: -thiol Naming: -yl benzene
e.g. ethanamine e.g. ethanenitrile e.g. ethanimine e.g. ethyl isocyanate e.g. azoethane e.g. methanethiol e.g. ethyl benzene
© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@@.@
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Chemicals are Define

f Atoms and Bonds

ANIC CHEMISTRY

HYDROCARBONS . SIMPLE OXYGEMN HETERDATOMICS . HALOGEN HETERODATOMICS

OO OC

ALKANE

Naming: -ane
e.g. ethane

O
Il

C
R” ~H

ALDEHYDE
Naming: -al
e.g. ethanal

AMINE

Naming: -amine
e.g. ethanamine

ALKENE
Narming: -ene
e.g. ethene

0
R R,
KETONE

Maming: -one
£.g. propanone

NITRILE

Naming: -nitrile

e.g. ethanenitrile

ALKYNE

Naming: -yne
e.g. ethyne

CARBOXYLIC ACID

Naming: -oic ocd
e.g. ethanoic acid

N’R3
I

C
o
F!1 Rz

IMINE
Naming: -imine
e.g. ethanimine

ALCOHOL
Naming: -of
e.g. ethanol

ACID ANHYDRIDE
Naming: -oic anhydride
e.g. ethanoic anhydride

ISOCYANATE
Naming: -yl isocyonate
e.g. ethyl isocyanate

CARBONYL COMPOUNDS

ETHER
Naming: -oxy -ane
e.g. methoxyethane

h=0

R{” “OR,

ESTER

Narning: -yl -oate
e.g. ethyl ethanoate

AZ0 COMPOUND
Naming: azo-
e.g. azoethane

NITROGEN-BASED

EPOXIDE

Naming: -ene oxide
e.g. ethene oxide

R ~NH,

AMIDE
Naming: -amide
e.g. ethanamide

THIOL
Naming: -thiol
e.g. methanethiol

M5 IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
E SHOWN BELOW FOR EACH FUNCTIOMAL GROUF, ‘R REPRESENTS THE REST OF THE MOLECULE, AND “X' REPRESENTS ANY HALOGEN ATOM.,

SULFUR-BASED . AROMATIC

HALOALKANE
Naming: halo-
e.g. chlorgethane

ACGYL HALIDE
Naming: -oyl halide
e.g. ethanoyl chloride

ARENE
Naming: -yl benzene
e.g. ethyl benzene

© COMPOUND INTEREST 2015 - WWW_.COMPOUMNDCHEM.COM | Twitter: @compoundchemn | Facebook: www.facebook.com/compoundchem
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Chemical Behavior is Dictated by the Types of Atoms and Bonds

ORGANIC FUNCTIONAL GROUP INTERCONVERSIONS

Craciing harety of products)

- ¥, Nicae, 150°C, Gazm

ALKENE O, Agcat, 250-300°C, 10-20 atm (echene only} other allenes RCOH in CHOL - Ry iy m

nm,m

mﬂmmmm
H,50, haat (1" aloohels anly)
= .
Y

HALOALKAMNE i
1* el 0%, b, distil €05 H refs
Lo -I‘_'o’_" -
= ALCO -
HaEH 2, et sk, e
\

Cone. NH, heat in seled tube 2" anly: Cr,0¥, H, refis
KETOMN

Hat conc KOH, alcohebe solation

Halopen & LUV ight

Seeam, BO0C. 60 atm, cone. H PO, et
ALCL 300°C, or conc H 50, reflux

P Oy, sl
W0 reba

MaBH,, alcohoiic or alialing aq. solution, haat: or LAH, nrl'ynh-'

REACTIONS KEY

1* pnly: €103, e refix

e ADDITION Lih,in cry sther
He (gl H 0, refiuc
s SUBSTITUTION NITRILE
£ '
———3>  OXIDATION H . 150, haet
-
- REDUCTION i ; H
Y g
m— ELIMINATION 1
> BT < [ i ciomEL
— HYDROLYSIS =
ACYLATION ) ﬁ)
) Eanc. NH,, room temp {grves 1° amidel B, momtmmp ~Cn ﬁ
- ESTERIFICATION lmmm | AMIDE e Ry SOR,
W,Nﬁatﬁmfmﬂﬂﬂ,.ﬂﬂuﬂﬁmz'm
& COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM @, 0 e e
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What do Scheduled Chemicals Look Like?

Schedule 3

Guidelines for Schedule 3
account in cons®  Awhether a, The following criteria shall be taken into account in considering whether a toxic
zursor.*- “Nam)j chemical or precursor, not listed in other Schedules, should be included in
I bef - Schedule 3:
rand - » (a) It has been produced, stockpiled or used as a chemical weapon;
iting toxicity as wi S (b) It poses otherwise a risk to the object and purpose of this Convention because it
1emical weapon; . possesses such lethal or incapacitating toxicity as well as other properties that
“the chemical reactions at, Etage might enable it to be used as a chemical weapon;
chedule 1 or Schedule 2, (c) It poses a risk to the object and purpose of this Convention by virtue of its
ject and purpose of thi by importance in the production of one or more chemicals listed in Schedule 1 or
tion of-a chemical listeg e1or Schedule 2, part B;

5 (d) It may be produced in large commercial quantities for purposes not
1qe. .’ prohibited under this Convention.

7/

ot prohibited

O“Double
| Bond”

Schedule 3 Part A, Toxic Chemicals )
o & Il

N
A <
a
cr N=—o0 N=C—H

1
Chioropicrin: Tichoronitzomethane
3a(1) 3a2) 3a) 3a4)

CHy

P — O Schedule 3 Part B, Precursors

ﬂ a
3 [EX Cl—P—ct
) d |

important uses. This chart captures the number of yearly scientific publications that refer fo them.




& ., hVisualising and Reading Molecular Structures
? olour sc

eme Of Created by Maria Hemme and Sofia Sola Sancho (Office of Strategy and Policy)

OPCW your model kit
In the Structures of Relevance to the Annex on Chemicals:

Chemical Elements typically use
»  Carbon atoms [C) have four bonds ﬂ
arbon (C) . Hyd“’gen (H) O Sulfur (S) - If less than four bonds are shown in shorthand, the missing bonds are alwaysCto H /C\
cl (+]
» Chlorine and Fluorine atoms (| and F) have one bond
Nitrogen (N) @@ Phosphorus (P) @ Arsenic (As) @ ] |
» Hydrogenatoms (1) haveonebond N=Cc—H e //\/N\‘ e /\\/N'\
: > » (N) "salt farm'"
ne (C1) . Fluorine (F) Oxygen (0) . Nitrogen atoms (/) have three or four bonds oul orm’
» four bonds are only for the “salt” form f' " |
A AS /P l\_‘
~ Oxygenatoms (O) have two bonds OIS cl F{ \D/
smmmw  Single bond »  Phosphorus and Arsenic atoms [P and As) can have three, four, five or six bonds
o » In the form of & nerve agent P has five bonds - three single bonds and one double bond (IT
’ S
»” V\- i / \
— Double bond Sulfur (S) can have two, four or six bonds " /\v/s\v/\\c' cl cl
- “" n
| Models — Translation —) Shorthand structuresl

Graphical representation. These pictures translate the Thjs is a format often used by chemists. It allows bonds between carbon atoms (C) to
colour of the atoms into the chemical element pe shown as connected lines: C atoms that are located at each point where a line
associated to it, and illustrate the connection betWeen connects to other lines or where a line terminates. Additionally, bonds between C and
the atoms. This is an intermediate representation 1o the  H are not shown for easier visualisation of the structure. Only C-H bonds are hidden,

Representation of chemical structures using plastic
models. Each “ball” represents an atom of a chemical
elements identified by colour. The atoms are linked by
single (in grey) or double (in white) bonds.

“shorthand “ used by chemists. all other bonds are shown.
o}
QiR
Sarin : S
|
% /c —
—a el 4 X T
| . C N
A e N T N
Nitrogen mustard (HN-3) Nitrogen mustard (HN-3) Nitrogen mustard (HN-3)



iy Vlsuallsmg and Readmg Molecular Structures
‘“@ Colour scheme of Created by Maria Hem ncho (Office of Strategy and Policy
OPCW your model kit T T ol e ¥
e e —— — N the Structures or Reievance to the Annex on emicais:
Soon (© Molecular structure = It's ok to be lazy and not use the letter | |
SR Connected atoms “C” and not show the H atoms | °
itrogen /\
Chorine (Cl) 0 }:,if O f..,
_ _p / » I P ’
—C— /. _C—C— 1N\ .
-~ o”/ \ 0 L,
M Sarin ]
epresentation o g jprbon atoms (C) to
= - o
:::;ee Et\ség::;::e:ozr)l \\c / bonds are hidden,
Double
o N/ 'j. N\ '
~ JATN /' \
Nitrogen mustard (HN-3)
';gle N % /\ /\ N ,>c/\ N(
b P S

Nitrogen mustard (HN-3) Nitrogen mustard (HN-3)

Nitrogen mustard (HN-3)




Vlsuallsmg and Readmg Molecular Structures

71y
‘ngﬂg Colour scheme of Created by Maria He ncho (Office ¢ ; and P
OPCW your model kit T ol I W B
n the Structures of Relevance to the Annex on Chemicals:
Colour € — —— 0
$roon (© Molecular structure = It's ok to be lazy and not use the letter | |
SR Connected atoms “C” and not showthe Hatoms | °
itrogen ~
Chorine (C1) (o) t\cf../--"" O i vfm'“" ‘
N / » I P -
_cf:fp\ LC—-C— // N\ .f‘/l\\‘ o
sl Oi }’ \' 0 $l\C|
M Sarin ]
epresentation of chel prbon atoms (C) to
fno’ﬁels. Each “ballf” ?;p cl/ point whee=—"yne
e}emen}s identified by \ / ——
single (in grey) or doubl — c
gond N4 | N4 ules Tk (Cafbon)
/c\ /N S‘mp\e ' ith O hey \\nej’
54 erse “\ine
4 tine ends ©" e onnected 10 % L yarogen
oo > The issing A

Nitrogen mustar:

Nitrogen mustard (HN-3)

Nitrogen mustard (HN-3)




The Problem with Lazy...

NN The same or different?




The Problem with Lazy...

NN The same or different?

The same!
Both are C10 with identical connectivity between atoms

= Molecules are not “rigid” and can exist and be illustrated in a variety of configurations!




Tuesday 12 March 2019

Ooms Room 13:30 - 14:45
Light Lunch Available at 13:00

A lunch time mission to boldly go
where no delegation has gone before...



Understanding Scheduled Chemicals

= Example of a Specific Chemical: Schedule 3B.14

n===0

CI/ \C

Thionyl chloride
CAS 7719-09-7

Chemical name:
Schedule:

CASREN:

Key:

Molecular formula:
CAS Index Name:
IUPAC name:

Synonyms:

Thionyl chloride
3B14

7719-09-7
T719-09-7
C1208

HS code: 281217

Thionyl chloride
Thionyl dichloride

UNI1836

Thionyl chlorde (SOCI2)
Sulfurous oxychloride
Sulfurous dichloride

Sulfur oxychloride (SOCI2)
Sulfur oxychloride

Sulfur chloride oxide (SC120)
Sulfur chloride oxide (C1250)
Sulfinyl dichloride

Sulfinyl chloride

From OPCW Handbook on Chemicals

CI/

\CI

Thionyl chloride

O Molecular Formula CLOS
Average mass 118.970 Da

| | Monoisotopic mass 117.904694 Da

S ChemSpider ID 22797

~

e
Cl Cl

ElIEIEN

v More details:

More ~

Properties  Searches Spectra  Vendors  Articles
Names and Synonyms  [PEECEEET DY

lidated R b Ll

d by Experts, Validated by Users, N

1209273 (Beilstein]
231.748.8 [EINECS]
4ABYJATING
7719.09.7 [RA]

Dichlorure de thionyle

Dichlorure thionyl
MFCDO00011449 [/
SOCI2 [Formula]

Sulfinyl chloride

Sulfinyl dichloride
[FiFeedback Form
Generate Leads

From chemspider.com



Understanding Scheduled Chemicals
= Example of a Group of Related Chemicals: Schedule 1A.04

Sulfur mustards:

2-Chloroeth ].C]:Ilﬂl‘ﬂ].‘l]! i lsl.ﬂ.ﬁde

Blsl:l-chlﬂmel‘h!r ll'.hm)umthme

Sesquunmmistard:  1,2-Bis(2-chloroethylthio)ethane
1,3-Bis(2chloroethylthic)-n-propane

1 4-Bis(2-chloroethylthic)-n-butane
1,5-Bis(2chloroethylthic)-n-pentane
Bis(2-chloroethylthiomethyl)ether

O-Mustard: Bis(2-chlorcethylthioethyl)ether

s cl
(2625-76.5) CI/\/ AT
(505-60-2)
(63860.13.6) S
(3363-36.8) o NI
(63005-10-2)

(142868.93.7) s s
(142868-04.8) c” NN TN
(63918.90-1)

(63918-89-3) S cl
Cl /\/ \/\S/\/'

CINSWS\/\CI
GI//\/S\/\’/\S/\//CI

NP e .
NN IS
WAL e M




Understanding Scheduled Chemicals
= Example of a Group of Related Chemicals: Schedule 1A.04

Sulfur mustards:

2-Chloroeth ].C]:Ilﬂl‘ﬂ].‘l]! i lsl.ﬂ.ﬁde

Blsl:l-chlﬂmel‘h!r ll'.hm)umthme

Sesquunmmistard:  1,2-Bis(2-chloroethylthio)ethane
1,3-Bis(2chloroethylthic)-n-propane

1 4-Bis(2-chloroethylthic)-n-butane
1,5-Bis(2chloroethylthic)-n-pentane
Bis(2-chloroethylthiomethyl)ether

O-Mustard: Bis(2-chlorcethylthioethyl)ether

(2625-76-3)
(305-60-2)
(63869-13-6)
(3563-36-8)
(63905-10-2)
(142868-93-T)
(142868-94-8)
(63918-90-1)
(63918-89-8)

/\/S\/ C

Cl
o T >
S S
cl ~ Cl
S cl
Cl NN




Understanding Scheduled Chemicals
= Example of a Group of Related Chemicals: Schedule 1A.04

Sulfur mustands: S c
2. Chloroetyichloromethiulfice (2625.76-5) ol NN
: inE (505-60-2)
Bis(2 chiorosthy ticymetime (63860-13-6) S
Sesquimmstard:  1.2-Bis(-chloroethylthio)ethane (3563-36-8) c T > T
1,3-Bis(2-chloroethylthio)-n-propane (63905-10-2)
1.4 Bis(chloroethylthio)-n-butane (142868-93.7) S S
1.5-Bis(2-chloroethylthio)-n-pentane (142868-94-8) Cl ~ cl
Bis(2-chloroethylthiomethyl)ether (63918-90-1)
O-Mustard: Bis(2-chloroethylthioetiryTjether (63918-89.8) S cl
cl NN
S\/\/’S
Cl Cl
Cl S
M e P
Cl cl
S O S
cl ~ 7 Cl
S S
Cross-link cl RN AT Cl

between two
guanine bases
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What About Families?

e
1 uaivers
yc@ e' ¥
‘” c“e“\ “o\'ecu‘ » Cof “.-5\0“ Name:
our ct : ,,\on""':‘ oftue Delegation:

Beginner
Level

Intermediate
Level

Expert
Level

Construct a Molecule
Score Sheet

Score Sheet

Chemical Structure

Linear chain of carbon atoms

Branched chain of carbon atoms

Cyclic (a ring)

Fused ring

Tertiary carbon atom

Quaternary carbon atom

Bicyclic

Points

1

+5

+L
(per ring)

+2

T

(per C atom)
+2

(per C atom)

(e

Your task is to construct a member of the “O-Alkyl (< C10, incl. cycloalkyl) alkyl (Me, Et, n-Pr or i-Pr)-phosphonofluoridate” family
of chemicals. To do so, you must construct alkyl and/or cycloalkyl groups and attach them to the two free pegs of the O and P
atoms of the phosphonofluoridate moiety. Following the rules outlined in the instruction handout, points will be rewarded based
on the type of structures assembled for each group, as shown on the score sheet. Prizes will be given for those with the highest
scores and for getting the structures right.

Your
Score




Answers from Participants

What is an O-alkyl (=/< C10, incl. cycloalkyl) alkyl I Mentimeter
(Me, Et, n-Pr or i-Pr)-phophonoflouridate"?

G Fa S . = S B <. Y -
IR = = R oS S8 B
7 N y L Y 4 \ o 4 \ il

'H \ | A Y : { { A I
| i ) 3 {4 i | B (==

&
I
—  aa
R A F N | =] B
u w e 4 h 4
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A Y B

o d

{
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(e g A f ’
1 o [ \ A% l 7 i
G\ . i N ) B ity
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“0- Alkyl (S €10, incl. cycloalkyl) allkyl (e, Et, n-Pr or -PExghosphonofiuoridate
B (alkyl group #2) A

A: “phosphonofluoridate”

O
|F[
/I\o

“carbon atom”

B: the “carbon atom” is part of an alkyl group... which is Me, Et, n-Pr or i-Pr

0
I

P (“< C10, alkyl, including cycloalkyl”)
(Me, Et, n-Pr, or i-Pr) 4 |\O/
F




There is an Easier Way...

O
N\ F
P/ Rt < C,, alkyl, including cycloalkyl
RZ/ \ R2 = Me, Et, n-Pr, i-Pr
OR’

R = “the rest of the molecule” (a “moiety”)




“Alkyl” is a Substructure of an “Alkane”

= An alkane is a molecule that is composed of carbon (C) and hydrogen (H) atoms
= Each carbon atom has four single bonds - to four other atoms (can be carbon or hydrogen)
= Each hydrogen atom has one single bond to a carbon atom

= Alkanes are a type of hydrocarbon

PARTIX (Verification Annex)

ACTIVITIES NOT PROHIBITED UNDER THIS CONVENTION
IN ACCORDANCE WITH ARTICLE V1

REGIME FOR OTHER CHEMICAL PRODUCTION FACILITIES
Al DECLARATIONS

List of other chemical production facilities

1. The initial declaration to be provided by each State Party pursuant to Article VI,
paragraph 7, shall include a list of all plant sites that:

(@) Produced by synthesis during the previous calendar vear more than 200 tonnes
of unscheduled discrete organic chemicals; or

(b} Compnse one or more plants which produced by synthesis durning the previous
calendar year more than 30 tonnes of an unscheduled discrete organic
chemical containing the elements phosphorus, sulfur or fluorine (hereinafter
referred to as "PSF-plants” and "PSF-chemical").

2, he list of other chemical production facilities to be submitted pursuant to paragraph
1 shall not include plant sites that exclusively produced explosives or hydrocarbons.




“Alkyl” is a Substructure of an “Alkane”

= An alkane is a molecule that is composed of carbon (C) and hydrogen (H) atoms
= Each carbon atom has four single bonds - to four other atoms (can be carbon or hydrogen)
= Each hydrogen atom has one single bond to a carbon atom

= Alkanes are a type of hydrocarbon

PARTIX (Verification Annex)

ACTIVITIES NOT PROHIBITED UNDER THIS CONVENTION
IN ACCORDANCE WITH ARTICLE V1

REGIME FOR OTHER CHEMICAL PRODUCTION FAC

DECLARATIONS

one or more plants which produced by synthesis during the previous
calendar year more than 30 tonnes of an unscheduled discrete organic
chemical containing the elements phosphorus, sulfur or fluorine (hereinafter
referred to as "PSF-plants” and "PSF-chemical").

he list of other chemical production facilities to be submitted pursuant to paragraph
1 shall not include plant sites that exclusively produced explosives or hydrocarbons.




= Does your C1 Alkane look like this?

Methane, CH,

= Now build a C2 alkane

Ethane, C,Hg

From C1to C3...

P

= And finally, build a C3 alkane

Propane, C;Hg

/)



= Does your C1 Alkane look like this?

Methane, CH,

= Now build a C2 alkane

Ethane, C,Hg

From C1to C3...

’.

= And finally, build a C3 alkane

Propane, C;Hg

-/

Did anyone build one of these?

y

Cyclopropane
C3H6

The smallest
“cycloalkane”




Cycloalkanes

“Cubane”

Six-membered ring  Still ways to
allows for more optimal strain larger
bonding geometry cycloalkanes!

“Strained Bonds”




Cycloalkanes

CAS Registry Number: 13172-14-0
Formula: C;H; FO, P

CA Index Name: Phosphonofluoridic acid, methyl-, bicyclo[2.2.0]hex-2-yl ester (7CI,8CI)

Other Names
Bicyclo[2.2.0]hexan-2-ol, methylphosphonofluoridate

Number of References
~]

Document Types
Journal

Properties
Predicted O\ /

Commercial Sources P

Not Available // \




From “Alkanes” to “Alkyls”

= Remove one hydrogen atom (and the short bond to which is attached)

= Attach the “alkyl group” to another molecular structure through one of the free
bonds in your kit!

From Methane to “Methyl”
CH,to CH X

From Ethane to “Ethyl”
C,Hgto CH,CH, X




What About Propane?

X

(1] 7

2 Isomers: n-Pr




Significance of Carbon Atoms: Additional Molecular Possibilities

Number of Alkyl Parent Alkane Alkyl Group
Carbon Atoms Structures Structures
cC=1 CHy H3zC—X X“methyl” or “Me”)
C=2 HSC_CH3 R2 alkyl groups! (“ethyl” or “Et”)
HC “n-propyl” or “n-Pr”)
3
c=3 \_on, AW AN
X
C=4 H,C Chs H4C H,C H4C
alkanes \ > CHjy > \ >§ CH, > \
CH; H,C X CH; H;C X H4C X
X
CH, CH, X

a cycloalkane X
and an
alkane with a cycle
others ways to X X X
connect the carbon 5 A N/ &
atoms

From C1 to C4:
10 Alkanes provide 15 possible alkyl groups

All possibilities allowed for R from C1 to C10!




Are these “O - Alkyl (£ C10, incl. cycloalkyl) alkyl (Me, Et, n-Pr or i-Pr}-phosphonofluoridates™?

0
F
\\P/ R < C,, alkyl, including cycloalkyl

7~
Re”\ . R2=Me, Et, n-Pr, i-Pr
OR o ﬁ
||D|—o T_O
ﬁ : L Rt=c10 F
o /T\O _ R2 = |-Pr (C3)
ﬂ F Yes
~~— |\o R1=R2 = Me (C1) (both are the same)
F
Y
R1=C7 °

R2 = Et (C2) c|)

Yes P.
Ri=C11 | >0
R2 =C4 F
No




Your Turn to Explore “Chemical Space”

Name:

Beginner
Level

Intermediate
Level

Expert
Level

Delegation:

Construct a Molecule
Score Sheet

Score Sheet

Chemical Structure

Linear chain of carbon atoms

Branched chain of carbon atoms

Cyclic (a ring)

Fused ring

Tertiary carbon atom

Quaternary carbon atom

Bicyclic

Points

1

+5

+L
(per ring)

+2

+2

(per C atom)
+2

(per C atom)

(e

Your task is to construct a member of the “O-Alkyl (< C10, incl. cycloalkyl) alkyl (Me, Et, n-Pr or i-Pr)-phosphonofluoridate” family
of chemicals. To do so, you must construct alkyl and/or cycloalkyl groups and attach them to the two free pegs of the O and P
atoms of the phosphonofluoridate moiety. Following the rules outlined in the instruction handout, points will be rewarded based
on the type of structures assembled for each group, as shown on the score sheet. Prizes will be given for those with the highest
scores and for getting the structures right.

Your
AN'af0] of -]




How Many Ways Can the Carbon and Hydrogen Atoms be Arranged?

Acyclic | Attachment Possibilities [Isomers with|Attachment Possibilities CltoCn
Carbon Atoms o
Isomers for R-X cycles for R-X Possibilities
1 1 1 0 0 1
2 1 1 0 0 2
3 1 2 1 1 5
4 2 4 4 7 16
5 3 8 10 39 63
6 5 17 26 84 164
7 9 39 71 374 577
8 18 89 ? ? > 666
9 35 211 ? ? > 877
10 75 507 ? ? > 1384

For C8 to C10 cycloalkyls: a computational study is required to find the possibilities!

1

2 > 1384 possible alkyl »
\\P/ " Ris cH a?ﬁjls,lin;:dggg;::lljgzlkyl > (4 X 1384 =) 5536
e

7N e e, et e Schedule 1A.01

4 possible alkyl groups

Parent Structures!




From C1 to Cn...




“Parent Structures” are Far From the Whole Story...

= Molecules have 3-Dimensional Spatial Orientations

‘ 7
“Mirror images” Cannot rotate and convert
one for to the other!




“Parent Structures” are Far From the Whole Story...

= Molecu ons




Stereoisomers Occur Whenever an Atom has Four Non-Equivalent Connections (“Chirality”)

Mirror Images

Cannot rotate and convert
one for to the other!




Stereoisomers Occur Whenever an Atom has Four Non-Equivalent Connections (“Chirality”)

Cannot rotate and convert
one for to the other!




From C1 to C10, >> 5536!
(estimate does not reflect stereoisomers or C8-C10 cycloalkyls)




Thousands Possible, How Many Are Actually Known?

o ®
=== CAS
Wy gy = CAS Database: 472 1A.01
v A DIVISION OF THE chemical substances

AMERICAN CHEMICAL SOCIETY

Chemicals
Ordered by Sch

Chemical name: 1-Isobutyl-3-methylbutyl isopropylphosphonofluoridate

= OPCW handbook on chemicals:

OPCW CENTRAL 376 1A.01 chemicals
ANALYTICAL

DATABASE

= OCAD V21: 569 1A.01 Mass
Spectra

21 2019




The Most Famous Member of the
“O - Alkyl (= C10, incl. cycloalkyl) alkyl (Me, Et, nPr or iHPrHphosphonofluoridate” Family?

1107448 @ 2. 6171-93-3 4

Y ; BB
0, F 0, F
N/ N\
" Sew, s e

Atmolute sterecchernistry

id, Pathyl, 1-mathylethy] este
perties

ic acid, Pmethyl., 1-methyletiy ester, [£.5)]
operties

4. 500-53-4 4 5 104800-97-7 2

4

0, Q  F
N/ \/
PN o 1

Co M, F O, P
Phospho

€ ackd, metiyl-* G, 1-methyletin ester (9C1)

Hoquls
£ 106719204 4
A/ oo
K
)
)\ b b
€M, 0,10, P
Pho luoridic acid, methyt-di-, 1-methylethyl ester (9C1)
Regula Absalute stereochenistry
107-44-8
CHFO,P
o F
N/
e \CHg

€y My 0y X € H, FO, P

a-Cyclodextrin, compd, with 1-methylsthyl methyiphosphonofiuoridate

6171944 @ 10. 129868-34-4 @

o F o F

—KP, \\F/

Tk ew o Tem,
11 CH

TN

Apsolute stereachemistry CH.FO,P
CH,FO,P Phosphonofiuonidic acid, methy-, 1-methylethyl- -1 ester (9CT)
Prosghrt o i

Pmethyl-, 1-methylethyl ester, [AA) Raguiatary information

6. 104801-07-2 &

»
Psoridic acid, mathyl-, 1-methylethyl ester, labeled with tritium 13, 1401191-54-5 2

h
(oc1)

9. 106719-22-6 &

CH,0,F0,P
shonofludndic scd, Pethyk, 1-(methykdJetiwt-1,2.2.2 ¢, ester

107-44-8

Gy FO,P
0. F
N/
PN 16. 1415799-58-4 &
CHy (Component: 107-44-5)
Q F
N/
s XC H FO,P P
o rin, compd. with 1-methylethyl methylphosphonofiuoridate O/ \CH3
«3 H,0

CH,FO,P.3H,0
Phosphonofiuaridic acd, Pmethyl-, 1-methyleti ester, hydrate (1:3)

Regutatory Informacin

11. 172539-33-2 4

6171-94-4
CH FO, P

07" CH,

Absolute stereachemistry

CyHyy 0y G Hy FO, P
x in, comgd. with ()-1-

-
(1:1) (9CD)

Regulatory informaten

14, 1415799-56-2 %
(Component: 107-44-8)

. H,0

C,H, FO,P.H,0
o

17. 1415799-59-5
(Component: 107-44-8)

*4 H,0

CH,FO,P.4H,0

Phosphonofiuaridic acid, Amety-, 1-methyletiyl ester, hydrate (1:4)

thylethy methyiphosphonofiuoridate

ic acid, Amethyk, 1-methylethyl ester, hydrate (1:1)

12 172539-383 &

7585-39-5
Cahs Oy

Absolute stereachemistry.

6171933
CH FO,P

Absolute stereochemistry.

o Oy . C, Hy FO, P
fodextrin, compd. with (<)

-1-methylethyl methyiphosphonofiuoridate

15. 1415799-57-3 2
{Component: 107-44-8)

«2 H,0

CH,FO,P.2H,0

Phosphc

ic acid, Ametyl-, 1-methyletiyl ester, hydrate (1:2)




The Most Famous Member of the
“O - Alkyl (= C10, incl. cycloalkyl) alkyl (Me, Et, nPr or iHPrHphosphonofluoridate” Family?

1, 107448 S 2 8171033 4 } 6171044 10. 120868-39-4 & 1L 172539-332 @ 12 172539-343 &

& b &

Q F Q4 f 0. F o F 7565-39-9 7585-398
WV Q- ~ ) \\F/ Co O CoHn Oy
P P P P Lt
" s ey R cHy (|3 CH; v
11
CH
TN - i - - p
P3 4 s é
Crrop Abwsolute sterecchemistry Abmolte stereachemistry CHLFO, '_[ SR '—l = S
Phosphonofuoridic acid, Amethyl-, 1-methylethyl ester CHy, FO, P € H, FO, P Phosphor “”“”'-‘* acki, iyt 1-meliniciiort-+ = Cedtes (31) Apsolute sterecchemistry. Absolute stereachemistry.
Phosphonafluoridic acid, Amethyt, 1-methyletihyl ester, (5] Phosphonofiuoridic acid, Amethyl-, 1-methylethyl ester, [AR) Raguatary Informabn
+ Koy Physical Properties » Koy Physical Properties. 6171-944 6171-93-3
Rogiddtsey infamaten CH,FO.P CHFOP
o o, F
4500534 Q 5 104800-97-7 9 6. 104801072 @ E -P,F \\P;
s N
/CE - I \CHJ
P Absolute stereochemistry. Absolute stereochemistry.

H,, FO,P 4
in, compd. with (Y- 1-methylethyl methyiphosphonofiuoridate pd. with ($)-1-methylethyl methylphosphonofiuoridate

1415799-56-2 2 15. 1415799-57-3 %
nt: 107-44-8) (Component: 107-44-8)

P Q. F
A/ \\p/ \\P/
./"XD " e
)
pa
€, H,D,F0,P
Phosp oridic ackd, methyk-di-, 1-metiylethyl ester (9C1)
e H,0 *2 HO0

,0
acid, Ametil-, 1-methylethyl ester, Iydrate (1:2)

d, Pmethyt-, 1-methylethyl ester, hydrate (1:1)

16. 1415799-58-4 & 17, 1415799-59-5 %
(Component: 107-44-8) (Compenent: 107-44-5)
O\\ /F O\\ /F
H,, F O, ~ P ~ ~ P‘\
smpd, with 1-methylethyl methyiphosphor )O\ CHs /T\ CHs
e3 H0 «4 HO
C,H,FO,P.3H,0 C,H,FO,P.4H,
Ph idic acd, Amethyl-, 1-methylethyl ester, hydrate (1:3) mspnamnuon.:uc "k, Pt 1 methylethyl ester, hydrate (1:4)

ston equiatory Informanon

IIF\\

'\,

\ ll l\ 4

8 orcw




The Most Famous Member of the
“O - Alkyl (= C10, incl. cycloalkyl) alkyl (Me, Et, nPr or iHPrHphosphonofluoridate” Family?

& b &
ESRE‘ Nnﬁ
' o
“H MR
/t DE GRUYTER Pure Appl. Cham. 204E; aop el AT,
. é A
. '_[__\1* “
hemistry. Absolute stereachemistry.

Conference paper

Christopher M. Timperley*, Jonathan E. Forman*, Mohammad Abdollahi,

/r Abdullah Saeed Al-Amri, Isel Pascual Alonso, Augustin Baulig, Veronica Borrett,
Flerida A. Carifio, Christophe Curty, David Gonzalez, Zrinka Kovarik, Roberto

Martinez-Alvarez, Robert Mikulak, Nicia Maria Fusaro Mourdo, Ponnadural Ramasami,

Slawomir Neffe, Syed K. Raza, Valentin Rubaylo, Koji Takeuchi, Cheng Tang,

C M, F O, P
o -1 5k,

7. 104601-08-3 %

Ferruccio Trifird, Francois Mauritz van Straten, Paula 5. Vanninen, Volodymyr Zaitsev, i i\\p’:
? Farhat Wagar, Mongia Said Zina, Stian Holen and Hope A. Welnstein - /T\ h
... | Advice from the Scientific Advisory Board of the
Organisation for the Prohibition of Chemical Weapons ° s
on isotopically labelled chemicals and sterecisomers oo | B e s
in relation to the Chemical Weapons Convention
htips: {dol. org 10,1515/ pac-2E-0B0 3 FCHJ

Article note: A spaclal lssue contalning Imvited papers on Innovative Technologies for Chemical Security, based on work dong
within the framewnrk of the Chemical Weapans Comvention.

0

CH,FO,P.3H,0 CH,FO,P.4H,0
Phosphonofiuaridic acd, Pmethyl-, 1-methyleti ester, hydrate (1:3) Phasphonofiuaridic acid, Pmethyl-, 1-methylety ester, hydrate (1:4)




transmit. £ o
. % Figure 2: Breakdown of ACh by AChE (the \®/—1 o
| M glgurets Kife Cyde otach: normal function of the enzyme). s

the enzyme Acetylcholinesterase (AChE).

(]
ACLE. L0
)'\WV\ D UL

Acetylcholine {ACh) Acetate Choline

AChE is responsible for breaking down the
neurotransmitter acetylcholine (ACh). This
switches a nerve signal from on to off. If
the enzyme is inhibited, ACh accumulates
in the synapse and the signal continues to

Effects and Symptoms

i
Acetylcholinesterase

Inhibition

created by Sofia Sola Sancho and Maria Hemme

residues crucial for catalytic
activity: serine 200, histidine
440 and glutamate 327. The

Binding Site

INerve Agent Molecular Shape and SIzeI
e \\o\‘“ Cm 46@0”/}

stepl
The primary toxicity of organophosphorus The AChE a_cti.ve site is bur- '"\w//\ peed N ﬁ"jﬁ O\ . ©ling
nerve agents results from the inhibition of 2 ied deep within the enzyme. YR Sarin F%
* It contains three amino acid | .- . LD,, = 0.015 mg/kg

(| v. rabbit)*

oo¢ BN - ¢ e e

;;;ve agent binds to serine /- . I.J’Cyc:)oo 1Ssa"r:gr;kg ,Butyl =SEvin L:exz:;aﬂ:;l/\k 4
- T sems *li.v. rabbit)* LD, = 0.012mg/kg %y rappity*
HO-C- 9 /L (i.v. rabbit)*
’&x CH, é |\»
+N- cu,cu o+o—cH, > + \© 5
cHtecn, b Toxicity of an organophosphorus nerve agent depends

r': on the ability to access the AChE binding site. Size,

shape and hydrophobicity of the nerve agent exerts
an effect. As alkyl substituents increase in size and de-
grees of freedom, toxicity decreases.
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synapses (neuromuscular system) of AChatmuscarinicrecep- LD,, = > 5 mg/kg LD,, .,= 0.038 mg/kg
induces cholinergic crisis. Nicotinic . P tors and treats SLUDGE. Racemic mixture of Soman
synapses (central nervous system, ol 4 .. Atropine LD, = 0.71 mg/kg (skin exposure)
e.g. brain) are also effected. Disphorss (swesing) Oximes such as 2-PAM (pralidoxime) can reac- R Vtino A e
Emesis tivate inhibited AChE, but only before the ag- Nk u 1 A
Symptoms include sweating, saliva- Moss ot l(l;? Pgogi:s. > C»L 3 o Enantuimers Fu ;
tion, miosis (pinpoint pupils), pa- Srorchortiod P Sk e i Hy . Hy
ralysis, respiratory failure, seizures s ot o _{) @ : w
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it gt C(S)P(R)-Soman C(R)P(S)-Soman
i o LB usfs 08V mak
Awopine ©  2PAM @ uve:‘\_nnted 3D i ) z 5 -
- Medalof NChE 2 The spatial orientation (shape) of the molecule also

Figure 4: Inhibition of AChE by Sarin and
Treatment with Atropine and 2-PAM.
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0”" - ‘ matters, as illustrated by toxicity differences across the
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F'fﬂ‘;:'*‘:é:‘;‘“'e": 3D Model 4 [ e, R M, & Larrison, | M. (20091, The Cliemistry ul € Chernital Warlire Ageats. PALALS Chemistry]
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Broad Coverage Under a Schedule? What Does it Accomplish?
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How Many 1A.01 Chemicals can Inhibit Acetylcholinesterase?

Binding pocket

From PDB Molecule of the Month, 2004
https://pdb101.rcsb.org/motm/54



https://pdb101.rcsb.org/motm/54

How Many 1A.01 Chemical can Inhibit Acetylcholinesterase?

C3/C1 ﬁ
@-b ;
Sarin <|>
LD, = 0.015 mg/kg /l )< /T\o/\/\/\

(i.v. rabbit)*

larger than sarin, Iarger than sarin,
cyclo & branched alkyls Linear alkyl group
similar toxicity lower toxicity
C6/C1 C4/C1 C6/C1

ee

o A

Cyclo-Sarin Butyl-Sarin Hexyl-Sarin
LD_ = 0.018 mg/kg e LD, = 0.145 mg/kg
5o(i.\av. rabbit)* LDS".’ 0.012 !ng/kg s(ii.w. rabbit)*
(i.v. rabbit)*




Defining the Cn limit is all about capturing “Chemical Space”
All possible structures forR=H/C1to C «




Can You Accurately Define Cn?

All possible structures forR=H/C1to C «©

——




Do the Schedules Provide Guidance?
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Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:
(a) It has been developed, produced, stockpiled or used as a chemical weapon as
defined in Article Il;
(b) It poses otherwise a high risk to the object and purpose of this C~~
virtue of its high potential for use in activ*
Convention because one or more ~* "
(i) It possesca

net
\ of tox‘c “ ~.angle technolalg;:;I‘ﬁslte:gpe° :;

—wemical listed in Schedule 1, regardless of
L ans stage takes place in facilities, in munitions or elsewhere;
aages not prohibited under this Conventio -

S
cethylchloromethylsulfide
R Me, B, P e .
R inch ol
CRY a S
g Tat Mustard gas: Bis(a-chloroethyl)sulfide

Guidelines for Schedule 2
The following criteria shall be taken i1
chemical not listed in =

e overage

account in considering whether a toxic
ursor to a Schedule 1 chemical or to a
be included in Schedule 2:
nd purpose of this Convention because
ng toxicity as well as other properties
nical weapon;
e chemical reactions at the final stage
~ieun Schedule 1 or Schedule 2, partA;
\geuiicant risk to the object and purpose of this Convention by
virtue of its importance in the production of a chemical listed in Schedule 1 or
Schedule 2, part A;
(d) It is not produced in large commercial quantities for purposes not prohibited
under this Convention.

Schedule 2 Part A, Toxic Chemicals

0 R N !

Guidelines for Schedule 3

The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d)It may be produced in large commercial quantities for purposes not
prohibited under this Convention.

Schedule 3 Part A, Toxic Chemicals

° 7 B
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N=C—n
Hydrogen cyanide
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Schedule 3
(Used in production of Schedule 1 chemicals)

Working Together for a World Free of Chemical Weapons
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Publication Year

Schedvuled chemicals, including those in schedules 1 and 2, can have scientifically and economically
important uses. This chart captures the number of yearly scientific publications that refer fo them.



Other Families?

= 1A.02: O-Alkyl (< C10, incl. cycloalkyl) N,N-dialkyl (Me, Et, n-Pr or i-Pr)-

phosphoramidocyanidates

R < C,, alkyl, including cycloalkyl,
R2, R3 = Me, Et, n-Pr, i-Pr

“Phosphoro” not “Phosphono”

(no alkyl group connected to P atom)

N
R1
Dialkylamino group Me Et n-Pr i-Pr
(phosphoramido) Me Me Me | Me Et Duplicates of other
Et Me Et Et asymmetric set
h-Pr Me | n-Pr Et | n-Pr n-Pr | n-Pr i-Pr
i-Pr Me i-Pr Et | i-Pr n-Pr | i-Pr i-Pr




Your Turn!

O\ /
/ ok
RS R < clo aIkyI including cycloalkyl, alkyl
\N—/_ R2, R3, R* = Me, Et, n-Pr, i-Pr
R4 Fill in the blank:
Phosphono Thiolate




Your Turn!

O\ /
/ or
RS R < clo aIkyI including cycloalkyl, alkyl
\N—/_ R2, R3, R* = Me, Et, n-Pr, i-Pr
R4 Fill in the blank:
Phos Thiolate




How Many Parent Structures?

R? [ 4 possibilities

N/
10 dialkylamino P\
possibilities / OR'| > 1384 possibilities
RS S Rt <Cy alkyl, including cycloalkyl, alkyl
>N—/_ R2, R3, R*= Me, Et, n-Pr, i-Pr
R4

10 (dialkylamino) X 4 X (> 1384 C1 to C10)
> 53,360 parent structures




And Just to Complicate Things, What Does Schedule 1A.03 Actually Say?

I-Pr)-aminoethyl alkyl (Me Et, n-Pr or i-Pr) phosphonothlolates and
corresponding alkylated or protonated salts.




How Many 1A.03 Chemicals Are Actually Known?

- ®
=== CAS
Wy gy = CAS Database: 161

v A DIVISION OF THE chemical substances
AMERICAN CHEMICAL SOCIETY

Ordered by Schedule and by CAS Regisiry Number or Key

Chemical name: 1sopropy! S-2-dipropylmethylammoaiumethyl

isopropylphosphonothiolate iodide w

Schedule: 1A03

= v ™ ”;r = OPCW handbook on chemicals:

715 chemicals

Molecular formula: CISH3SINO2PS

CAS Index Name: |-Propanaminiom, N-(2- Y\ (O
[isopsopoxytisopropyliphosphorylthiofethyl |- N-methyl- O[ C W ( ENTRA L
N-propyl- iodide

TUPAC name: N+2-(isopropoxyisoprogylphosphoryliijethyl-N-

miethyl-N-propylpeopan-1-aminium iodide
Synonyms: O-lsopropy] 52 ¥ iumethyl isopropy indide I Y I ‘ I
Chemical name: Tsopropyl -2 dipeopylaminoethyl
Schedule: 1A03
N

isopropylphosphonothiolate
';\.
CASRN HS code: 2030.90 \r\ s
Key:

(67-63-0)-11A3-PP
Molecular formula: C14HIZNOZPS

CAS Index Name: Phosphonothivic acid, 1-methylethyl-, $-[2-
ipropylamino)ethyl] O-{ I-methylethyl

D

TUPAC name: Tsoprapyl S-2-dipropylaminoethyl
isopropylphosphonothicate
Synonyms: joic acid, 1-methylethyl-, S{2-(dipropy tiyl] O-1-methylethyl este

O lsopopyl 52 ¥ 1

Chemical name: Isopropyl S-2-N-ethyl-N-isopropylaminoethyl
methylphesphonothiolae

Schedule: 1AD3

CAS RN HS code: 2930.90 Y\I\/\/E\.‘)\

OCAD v21 2019 = OCAD V21: 772 Mass Spectra

CAS Index Name January 2019

Key: (67-63-0)-MIA3-El
Molecular formula: C11HIENO2PS

TUPAC name:

Synonyms:

ORGANISATHON FOR THE PROHIBITION OF CHEMICAL WEAPONS

Jobam de Witilsan 52, 2517 JR, The Haget, The Netherlands




Take the Quiz! o
aQKe ¢ YVUIZLs A
<SRN T

Download the
Answer Sheels

Test your knowledge
ofthe Schedulers of the Chemical Weapons Convention
with an Augmented Reality Schedules quiz! :

OPCW

Organisation for the Prohibition of Chemical Weapons




- l@ s ‘fﬁ:

I 0 I(e t h é Test Your Chemical Weapons Convention Schedule 1 Knowledge |
it f 3 ‘v... 1o}

Using the Augment App, scan barcodes to view Enad the Algmiot o0
scheduled chemicals, Assign each to #ts corresponding <
schedule on the Schedule | answer sheet. . AUGMEN

Si-1 $1-2 S1-3 == Si-4 $1-5

TTe

S1a0

Download the
Answer Sheels

Name/Delegation:

Email:

si-11 Instructions: Provide barcode designations, e:g. 51-1, in the appropriate boxes.
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Organisation for the Prohibition of Chemical Weapons




Why Does All of This Matter?

Technical issues require sound technical inputs

All of the nuances required to understand what
Schedules and their content represent in terms of
chemistry came up in the recent Article XV discussions
and evaluations

Don’t let the technical jargon be a hindrance!

Ice-cream and prizes




Making Helpful Information M

ORGANISATION FOR THE
PROHIBITION OF CHEMICAL WEAPONS

"THE SCIENCE FOR DIPLOMATS"
ANNEX ON CHEMICALS

A user friendly and scientifically annotated version of the
Chemical Weapons Convention Annex on Chemicals

ore Accessib

el

C.

SCHEDULES OF CHEMICALS
The following Schedules list toxic i and their
ot ting this C: these Schedules identify ch L

of verification measures according to the provisiems of the V|
Pursuant to Article TI, subparagraph 1 (a), these Schedules do not caor
of chemical weapons.

Individual Schedules are defined by a general formula for 2 cheny

specific chemical compounds. Associated chemical stuctures” and
Sﬂ’\']CE (CAS) numbers are also included. Some of the chemucals
3D structure in “augmented reality” that can be viewed by scany
Augmented reality QR codes are identified by “(A).

Whenever reference is made to groups of dialkylated chemicals, fol
alkyl groups in parentheses, all chemicals possible by all possible co:
groups listed in the parentheses are considered as listed in the resp
long as they are not explicitly exempted. A chemical marked "*" d
A, is subject to special thresholds for declaration and verification,
VI of the Venfication Annex.

Scientific Advisory Board Recommendations

Chemical Abstract Service (CAS) numbers should not solely be rel
chemicals covered by the schedules. Although relevant as aids
verification, CAS mumbers are not the only means to identify
determine whether a chemical 15 included in or excluded fn

These have been added to provide additonsl information to the contents of the And
‘ot part of the official Annex on Chemicals of the Chemical Weapons Convention |

Viewing 3D molecular structures in angzmented reality requires the use of the **Auf
= swsilahlg for download to 3 mobile device from the “Play Store” (Android) or th{

[0 &

anaz0n

[l
ieg 2
O3

See: Rasponse to the Direction-General s Request to the Scieniific Advisory Bod
Advice on Scheduled Chemicals (SAB-T3/WP.1, dated 18 of Apnl

WWW.ODCW. /files/documents/S AB /en'sab-23-wp0l e pdf &

For further information see: “Advice fom the Scientific Advisory Board of

Schedule 1 (CAS registry number)

A Toxic chemicals:

(1)  0-Alkyl (= €1y, incl. cycloalkyl) alkyl
(Me, Et, n-Pr ori-Pr)-phosphonofluoridates

\\/

R! = Cy, including cycloalkyl, alkyl

\ B Me, Bt n-Pr. iPr
eg Sarin: O-Isopropyl methylphosphoneflueridate (107-44-8)
[s]
I Ri-ifr
R =Me
R—0'
PN
F
Soman: O-Pinacolyl methylphosphonofluoridate (96-64-0)

= Pinacolyl (3.3-dimethyl-2-butyl)

- RI=Me

o=—0

(2)  0-Alkyl (= Cyg, incl cycloalkyl) NN-diallyl
(Me, Et, n-Pr or i-Pr)-phosphoramidocyanidates

R&
N, o]
g R! < C, inchuding cycloalkyl, alkyl
c/| R2 R'=Me, Et, n.Pr i Pr
&
N o}
R‘
ez Tabun: O-Ethyl N N-dimethyl phosphoramidocyanidate (77-81.6)
N o L=Et
N ot
» BRI =Me
f’c/l
N/ Q,

Prolbition of Chenucal Weapons oa Isotopically Labelled Chemicals and Sterecisomers in Relation to

Zina, 5. Holen, H. A Weimstsin: Pure Appl. Chem , 2018, 9010), 1647-1670. DOL 10 msrpac -2018-

0803,







Answers from Particpants

Help us build a glossary! B Mentimeter
soman

o> exemptions
€9 nomenclature
o2 protonated salts
'écll ,cns-actlrtg alkyl
5L iso-propyl’

ethyl

& 10




Where do We Go from Here?

QOrganisatlon for the Prohibition of Chemical Weapons

Summary of the First Meeting of the
Scientific Advisory Board's Tempo-
rary Working Group on Investigative
Science and Technology
(SAB-27/WP.1, dated 26 February 2018)

Report of the Scientific Advisory Board
at its Twenty-Seventh Session
(SAB-27/1, dated 23 Mard: 2018)

Director-General’s Response to the Re-
port of the Twenty-Seventh Session of the
Scientific Advisory Board

(EC-88/DG.5, dated 9 May 2018)

Report of the Scientific Advisory Board on
Developments in Science and Technology for [=]e5en
the Fourth Special Session of the Conference T¥3
of the States Parties to Review the Operation
of the Chemical Weapons Convention

(RC-4/DG.1, dated 30 April 2018)

Response by the Director-General to the
report of the Scientific Advisory Board on
Developments in Science and Technology for
the Fourth Special Session of the Conference
of the States Parties to Review the Operation
of the Chemical Weapons Convention
RC-4/DG.2, dated 1 June 2018)

Response to the Director-General's Request
to the Scientific Advisory Board

to Provide Advice on New Types of Nerve Agents
SAB-28/WP.1, dated 3 July 2015)

Summary of the Second Meeting of the
Scientific Advisory Board’s Temporary
Working Group on Investigative Science
and Technology

(SAB-28/WP.2, dated 21 Jamuary 2019)




Where do We Go from Here?

for the Prohibition of 2mical Weapons

Qrganisation

Summary of the First Meeting of the
Scientific Advisory Board's Tempo-
rary Working Group on Investigativ
Science and Technology
(SAB-27/WP.1, dated 26 February 2018)

Report of the Scientific Advisory Boa
at its Twenty-Seventh Session
(SAB-27/ 1, dated 23 Mardh 2018)

Director-General’s Response to the R
port of the Twenty-Seventh Session o
Scientific Advisory Board 5
EC-88/DG.5, dated 9 May 2018)

Report of the Scientific Advisory Boar,
Developments in Science and Technol
the Fourth Special Session of the Conf
of the States Parties to Review the Opel®
of the Chemical Weapons Convention
RC-4/DG.1, dated 30 April 2018)

" Response by the Director-General to t
report of the Scientific Advisory Boar
Developments in Science and Technol:
the Fourth Special Session of the Conf]
of the States Parties to Review the Opef®
of the Chemical Weapons Convention

A (RC-4/DG.2, dated 1 June 2018)

= SAB will meet from 11 - 14 June

Response to the Director-General’s Request
to the Scientific Advisory Board
to Provide Advice on New Types of Nerve Agents

SAB-28/WP.1, dated 3 July 2018)

= TWG will meet in April, September
(TBC) and November (TBC)

Summary of the Second Meeting of the
Scientific Advisory Board’s Temporary
Working Group on Investigative Science
and Technology

SAB-28/WP.2, dated 21 Jamary 2019)




Look for Continued Technical Secretariat Engagement in 2019 as Well!

Smence for Dlplomats at EC-89
SuﬂqbllltyforFleldwor he Scienc ‘ecl

Tuesday 9 October
13:30 - 14:45
Ooms Room

Light lunch available at 13:00




o yamak g po

The SAR was tahivbod ke accosdance wieh the Chemacl Weapos Comvernmn w

Lurcutive Coamcil

40 by et he Iezacy o the

e ENmrcmor-Cenersd 1 sender pecid

famd ifviin 10 areom of simce ol (v Aeveibagy peberant ao the Cinmention, s Sats Farties. the Confarmnir of Stwes Faties arnd the

For the Suski of the SAB i the Chernio] Wespoos Comention, sev Anicle VIET Paragragh 21 (21, ;ﬁ

Nasansition of Memibers of the SAB and its Working Groups 1098 - 2048

The SAB srpunveoy
R T (T}
oy repors and the ny

The SAT & mal up of 29
ogerts from OFCW Mem
Tt St Mesmho 1y it ve
thesr penoaal capaiy (mx
W preseney of e
rewpes thes Seates Paties) e
P W i itive thise
yeur terms, The SAB che
AN b ar we el
ey

Scuntien from mony than
40 Seares Parties have verved
i e AAR 4o iy vk
g groom sisce
i 10 Ugdadding e
sone valie of e Connn

o5

ve o sowncr diplamcy

Intermational schennse ok
et thhe s

Nirlr wusmpiithod Dy he
nevmerk of Desgnated |
nmwe

W [p———
TN Desgnated Labe
e

Scientific Review for the Fourth Review Conference
of the Chemical Weapons Convention

n : ! ot moesies wand reparts 10 the Do P I e — 5
vt Se— ~.‘~'mﬁ
cral oo develigene  Ssted v et Sumenary of Roc.  SERLC
AN reguilasly b ‘- ? ‘- o - hd " smendaticns te RS
GPCW Scamtiic Mvesery baare ) ok e ORCWS s, 1™ Gl apers of e ek (in partioudet e eniicaty ne4 25k
Tttt b Sates § o ties o 1 o 2 -
|l W L ~
Ol » i
h Syea ( N -
nfeven - T RO repent 3
o® * e 1] R - DG -
ren W U casdesenie A — a ieat e A agei 3000 7
ha L AD -

A The daliberations of he SAB during I1s sight
regukar sessions hesd from June 2013 to March
2018 (BAB-20 to SAB.2T)

ot of (he Shertie A ey T @ Ao
QAvomINT

i

5 emtawianom 100 D PR RN I LW WHAPO NS

o P

D A serien of worbabope coonganimad by exmoms
partrrs and bodly fended by e Ewopedn Union

dinsemingnon of afoerEtien

Exploee Ihe (hesmcal banene

. m b v phon

C Intersessional responses 1o requests for sdvice
from the Duucton Genersd (2013 10 2817}

o7 Mangoorion o (e He

Sevsies o the Schenilic




Thank You for Joining In!

Periodic Table of States Parties to the Chemical Weapons Convention

A ) In Honour of the International Year of the Periodic Table of Chemical Elements 2019 (2 )
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