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1. ANALYSIS OF CW AGEMTS AND RYDROLYSIS PRODUCTS
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'A. Prelizinary work on methods,

In order to measure volumes of liquids, as for the
peroxide fusion in Part 1II of the Analytical Scheme, we
calibrated a capillary tube of the size to be used for such
measurecents, The inside dianeter of the tube selected was
1.5 om, as deternined by the gauge of nichroze wire which
would just fit inside the tuve. The tube was weighed and
then clean, dry mercury aadad with a capillary dropper.

The height of the mercury column was measured, using oilli-
neter graph paper, and the tube ~= s‘ghed. The weight of
the mercury, at 27°C, was 1.300¢ g and the height the
zerciucy column was 59 ma, The density of mercury at 27°C
is 13.5290 and the voluce-of 1.300¢ g of mercury at this
temperature is 0,095 =l or 95 lambda., The volume of a
coluzn of 59 mm mercury in a 1.5-mm capillary tube is 96
lanbda and the volume of 1 am of mercury in a l.5-mm
capillary tube is 1,6 lambda, This compares with a value
of 1.70 cu, ma (approx, 1.7 lanbda), reported by Schneider,
g;zgicasize Organic Microanalysis, John Wiley & Jers, K.Y.,

s Pe Do

In the Analytical Schexe it is 20mecines necessary to
adjust the pH of solutions within one pli unit. Tor this
purpose, we tested “Accutiat™ pil papers, manufactured by
Anachesia, Ltd., Montreal, Janada, and 80ld by 2, i,

Jargent .. conpany. We also teatc&"paydrion“ paper, &

well knoum substitute for "wide-range indicator paper®,

The Yapers were Lested on Luffer solutions zade from tablets
supplied by the Joleman tleviric Company, Maywood, Illinois,
A Beciknan pH —eter was used to check the pi of the buffer
solutions, The results are recorded in Table 1,

—StoRET-

SICURITY 1RFOBUTION

This documist smtoins 1aformtion sffeciing U satienal
dolanse of the hited Sastas withie the msiniag of the
sopimage looe, title, 20 U.S.C., 70) and 198, Ite wyeme-
aissiem o tis reveletim <7 ite comtests is owp e
1o o ensntbaricsd paraes i prebibited by lon,

- . - "UNCLASSIFIED

TAP QT At T
s J:‘\ A Y

- —— e ot — s

DAL AU I Y
. Py UGN
A At

LI
LA

oo
»

-
-
- ¢
PR
o

ERE A

A

. A R
ot 'l". ..l‘h - o . *
et N RN
et DA RN TN
A .‘ l‘ - '. »
- . 'n‘l . ~' _’
. ) AT ATRAR e
. ot R 3 R
e » " A
R - -' > ‘ . - «
. .t . . _.<
b e - R A P
by ""“"““!‘—-"ﬁ—* e
DN Lt e et
A . Ve Vet
el RO AL
SN MCRE IR AN
. W Ty
.l' \. 'O. 0" ..‘ A.' '.‘ ‘*
‘ot W .s, e
AL TCAAN e g N
WAt ALY
[N AR AR
. e, .
P IS A R ]
DS Fte i
ot St e
’- . v axwteta



kelly.knapp
Line

kelly.knapp
Line

kelly.knapp
Unclassified

kelly.knapp
Unclassified


E, .

2 UNCLASSIFIED

S e eeim e Crem ee L

L. SECURITY INFeNATIOR
"Qj Vaigea .

) S Found by Accb;‘di to "iccutint® rs
Indicated Tound by glydrion dide range :"ractionaf

rance o
on vial o meter _pader Faper Mo, pii_lcund Paper Nn, pk found
2,00 2,08 . 2 A 3-2 20 2.0 N
’ ' _ B 12 30 2.1 A

40 2.1 v

50 2.0 B
Accepted value 2,1
3 0 3.

4 50 3 3

' €0 .
70

Accepted value
R 60

3.60 348 L

D>

rw\.»w
®
W OO0 W

s 4.10 .00 3 A . o
v _ 8 A 70 L.2 RO
o ” Accepted value L.
“ 5.L0 5.2 5 6 20 5.3 o
“ - 80 - 5.
’:s Kl w ' 5.2 x':'-'.'
- o . ' 100 5.3 -
i Accepted value 53

S 7.00 KN ? 8 ? 100 7.0

5 B 110 7.0
;_:. ., 320 ' .9
S A Azcepted value 6.9
N o 840 2,22 e B 9 120 8.4

n.:. :.‘ 1’0 8 .s_

" lbo 8 . s

. N 150 8,¢
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" S 9.8 B9 10 A 1C 160 9.9
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. Aczepted value 9.9
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SECURITY INFoNUATION

Sclutions were made up containing chlorine, arsenic,
stcsphorus, sulfur, boron, fluorine and-nitrogen, in ionie
foo= and tests for these elements, wera performed as de-
scrited in Part III of the Analytical Scheme, On the basis
cZ :hess tests and on tests made with agents and hydrolysis
sroiucts, further revisions were made in the Analytical
Sczeze, These revisions will be intluded in the final fors
cl te Scheme, now in preparation, : N

. ’-.‘.ngr&mehtp with warning agent,

As a safety measure, some of the operations in the
i=a’ysical Scheme were perforzied on butyl mercaptan, a
we 1 inown warning agent., This substance is easily 5
Zeteztable in air at a concentration of about 8,1 x 107
7arss per million or 22 gamma per liter of air, according
to Ltz and Talbert, U, S. Bureau of Mines Technical Paper
&:3, (1530). The lethal concentration of G-agents i3 not
orer 50 gamma per liter of air, The material was trans-
fermed, using a capillary dropper, to ampoules and to '
capillary tubos and a peroxide fusion was conducted, all
iz a govd hood. Ko odor could be detectsd by any orc of
wirze persons at any ticze, A capillary tube containing
tairl zercaptan wvas carried out of the hood into the roon
a=? centrifuged, While rezoving the tube from the hood,
oitr was detectadble only in the vicinity of the tubde,
sowever, considerable odor was noted on centrifuginge
A zazillary tube containing 1-2 larbda of buty) mercaptan
was crushed on the floor of the room {about 2000 eu, ft.
of air space), The odor was strong at first and wis
esiizated, from the tables of Katz and Talbert, op, cit,.
%0 serrespond to a concentration of about 1-5 parts per
=illion, After evacuating for about 10 minutes with the
Yol fan, no odor was detectadle,

so Analysis of hydrolysis products of Q-Agents,

™0 compounds were obtasined froam the Arsy Chenmical
azter, ideatical wich hydrolgsu produzts of G-Agents,
(=2 of thess coapounds was a 1iquid, with the forsula
|
:33- «Q

H(Cly)a, evidently identical with the hydrolysis

produst of U8,
—SECRET—

SONITY IrobUTIN

Thio docunent conteine informtion officting the astimal
defence of the hitad Sastan sithin the osaning of the
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sistios or the sevslstion of ite cantente {n a2y easiae
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Our work indicates, however, that GB rez:ts with two roles

of sodium hydroxide to form a dibasic acid, This cozpoindis
a viscous liquid, soluble in water and insoludle in petro-
leun echer. A soalm peroride fusion was performed on the
liquid, as in *he Analytical Scheze pp. Ti~A and the fusion
solution was tested for phosphorus as in the Scheae pp, ¢1-2,
beginning at line 12 in (3) Felizina:'v tests for arsenic and
p_hosghoms. The revised Analytical Scaexze clarify the
pre nary test for phosphorus in the absence ‘of iodire.

Yo further test was perforzel on this cozpound,

The other compourd from the Arzy ’hexical Jenter was a
light-tan, crystalline solid, sciudle ia water and ether
but insoluble in petroleum ether. 1o cther tests were per-
formed., The formula was given as - P,(Cg a

whesdy o= - »

D. Analysis of W toxic agents,

In order to test the procedures iz the Analytical Jchext

a complete analysis waa made on muste.d 8'“ (i) .ve zlay
aoil, 175 grazs, was contaninated wist 0,30 &l of crude

+ mustard gas froa the Arzy Chemical Cezzer, The soil was
then extracted with petroleum ether a-< the extract evaporated
as in Part I of the Analytical Schere, The residue was di. -
tilled in the nicro fractionating stil' as ca pp. 33-)7 of
the 3chene, About 60 larbda of disti.iate was obtained
{37 ox in a capillary tube 1.5 m» 4.d.). The distillation
tenperatire was deterained from a potes..oneter reading of
4.3 millivolts to be 100°C at 11 ra pressure., ~-o dis-
tillate was fused with sodfum pe: . ide an: *nal; .es for
chlorine and sulfur wmade as recorded ia Tabie v ‘unctiocaal
group analyses are included in Tablice ).

Analyses according to Parts Il and IV {n ithe Analyii-»'
Scheie were perforred on the mustisd sas 2'stil)~ce r pricien
asceve and also on the followlug apents oltained .re. one Arrv
shemical Jenter: CA, B, ethyl fluorcazetate, H¥1, lLewis:ic
and I-1217, 7Table z is a sumiary o the ui..mate wnalyso:,
as in Part III of the Analytical Sc.eze a4 Table 3 suzmtarizes
the functional group analyses as ia Far. 1V .Y %h. Sche-c. .
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This docwnt coctorns iaformstios efforting ¥ aa.iwai
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' ' ABLE 2 -
o . Refévences,
pages in the
Elemsnts found by Analytical
Agent . gualitative tests Schane
GA . Phosphorus (preliminary test) ' 81-82 -.
“  Phosphorus {detection) 83-84
Nitrogen 87-88 ‘
(1] PhouptoruS‘(preliminnry test)  61-82
Phoaphorus (detection) 83-84
Fluorine - 82
Ethyl fluoroacetate Fluorine _ 87
3441 Chlorine : . 7% T
' "Nitro,ten : » . 81-88
Lewisive {L) Chlerine 7%
Arzenic i 8a-83) .
_ Nustard gas (H) Shlorine (from halogem pre~ - |
& cipicate) 20-79
8:lfur (frox solution obtained
from precipitation of haiogen .
ground 85
IL-1217 Iodine (on fusion solution) 75
: Iodlne (frow halogen precipitate)7?-28
Hitrogen - A 87-88

In every case, all eleserts other than carbuon, hydroges
and oxy,en, indicated Ly the structural foraulas, were
detected by the gualitative terts, _ .

0
b:,-w—-m_ A TR N YA AT e e
. g

Lo . N PN .

‘ SILORITY IRHOMUTION

This dovusest camtsins (aformeison effsctiag the satiomel
dofoases of tha thite. Steten nithin the msentag of tha
copimige looe, tatle, 10 0.8.C, T9) end 195, Q0o trens-
sissiom ar the reveletim of 1o cententn 1o eby Gudaep
10 sa wasutberised paroan 16 prelabited by lea.
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L TABLE. 3 "{Cont'd) -
Analytical Scheme = = - e
Agent Test No, ~Pages RName of teit i Results
GB 3} - - lhS5~lhH Test for fluoride ien Positive- -
: - tormation with sodium : : :
. hrdroxide R
3b 1,6-147 Test for flugrids ion Positive
‘formation Lilth hydro- , .
. nid. .
36 14,8-149 Test for fluoride ion " Positive;
formation with sodium yellow color
38 151-452 Test for alkoxyphosphines Positive;
with acetic acid and HBr ?d-brovn‘ _ :
41 154L-155 Test for phvensric acid Kegative; no N SR~
formation with HBr precipitate rt.v Qw-vf!m-we’v!
£thyl 8 112-113 Test for hydroxamic acid Positive RO
fluoroe~ - formation with hydroxy-
acetate lamine . .
13 1lb-12< Test with UB3 reagent very weak or ) »
negative; faint r
pink color on Rty oy e
heatingy increased - .. LUl
on adding seccnd RN P A E VAN
portion of base; D A AN ORI
no initial eoior S Y RN NN
: or precipitate L AN
'y T22-I23  Soaiukm echoxide test ositive; lia- P
' mediate precipi- »‘ ' ‘ oh
- tate; no color
13 T23<I2L,  Silver perchlorate test Wegative; no
. recipitate on
- catin .
36 14o-1Ly riuoride ilon tesat with - Poaitive; yeilcw
: sodium iodide in acetone color
_HNY 1 103-105 Acidity or basisity leutral
E 2 105-100 nyarolysis to acidie Positive; weausiy
- cozpounds . acidic cn heatirz
A —I07-108  ICI test for raducing Positive
) C agents '
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. _ TABLE 3 (Zont'd) . )
o Analytical Scheme e R .
Azent Test No, - Pages Hame of testv' .. "Results
HN1l - s . 108 Todine test for reducing = Pasitivy
B i .__q&___s_.ents — _but wegk
o 13 1le-122 Test with DB3 reagent Positive;
' s strong final
D ' and 1nitial N
PR S - _ colors; pre- -
i . : - cipitate and E
disapgearance o
of color on . "
) ) heating
Lewisite 1 103-~105 Acidity ‘or basicicy Strongly .
{1y : ’ - acidicy im- o
coom T pediate deep .9,
' _ . a . _red color DN . AN
% JU7=IUE ICT test YTor reducing . Positiva; e et T e
agents - LT dark purple RN AR
: ' 5 colar A AN ANA N L
? 103 16dine LeSt 16t reducing - Poai:ive but RN A A NN,
agents weaky light - A OAOAA AT
__¥sllow colur . &
) 18122 Test with ub) rsagent . 'Iuiug.aw pre- e e e
' clpitate, which - ool
increased after =~ el
30 secondaj wo T T

changs on hestingy iy maisiinile

light rad golor MR
.00 _adding bagy [ N
37 - AbY=151 upUs test Tor prizary, Pomitive; dibasic e,
seconuary and fertiary scid forzed, e

arsenicals in3: sating : RRIROMIION

rimary arsensical . A

First end point,  Fooologniholonrsal e

. : 37 laxbda 1 M Bawng ettt ey

. . total, 57 lambda
1k Nalk)
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Results
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2 - no precipitate at
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: T7 T I35<ZF Rloroaur:z: acid test ?Sso%uhlc in

interest, For exa=;.e, .GB gave a jositir. test and M .a .
negative tast flor s.xcxyphosphilnes with the glacial acetic
socid-hydrogen broziZe reagen, {Tess Jo. 38}, BRoth G\ and
GB contain an alioxy gzooup attacked te phosphorus dub. differ
in the other groups atoun .the ;hos;torus »tos, 3oth have
the coordinate covalexz: phospherus-cxygen linkage but GA - .
has dicethylanino aod ryanc groups axd (B bas a =slhyl- :
grovp and & {luorine -ato= attached o phospherus, :vidently
the ease with whi:l uli.xy groups sre split L2 fron phos-
phorus depends on the zature of ciie- g.oups attached to

the phosphorug atoz, €z t.® other tanl, CA vas readi”™ )
split by heating wiih L8+ aquecus ZZr to give phosphorie
acid (Test Yo, fl

negative result wvith & I3 not sury-isiag, as the =thyl
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group should not readily be split off from the phosphégui-:;
atom, . . ST "

Test Yo. 33, far fluoride ion formation with sodium
hydroxide, is aisleading as written. The addition of the
alkaline reaction mixture of GB and NaOH solution to the
thorium-alizarin lake (see Analytical Scheme pp. lk5<5)
gave 8 ~ed color, This

“might be interpreted as a negative
test, since fluoride ion should deéstroy the lake and give
a colorless or light yellow solution. The red color, how-
ever, is due to the amount of sodium hydroxide introduced,
which turned the alizarin indicator red, Addition of acid
decolorized the solution and addition of excess thorium
nitrate to the acid solution restored the red lake.
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The reaction of GB and 6 M sodium hydroxide solution
was also cairied out on a larger scale, with measured
anounts of tiie reactants and standardised alkali solution,
After reacting for two minutes at 100°C as usual, the
nixture was titrated with standard acid solution. The
results showed that two moles of sodium hydroxide reacted
per mole of GB, indicating the formation of a dibasic acid. .
This would necessitate the splitting off.of both the
fluoride atom and the isopropoxy group,
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'II. REVISION OF THE ANALYTICAL SEDME

A. crrections and additions made in. Azendment lo. 1,'"
»3 Report 6A125, Septezder 2, 1952, .

. B. Further corrections and additions.

1. Revision of 2, Physical properties of toxic agents,
~ Analytical Scheme pp. 13-23. :

This list is to be transferr+d to the end of the first S
volume of the.Scheme and will be expanded to include newer t
agents, Information on the newer agents has been requested

from the Army Chemical lenter. ,

2. Classification of CW toxic agents.

In order to complete the Analytical Schexme and xzake
possible a systematic analysis ol field samples, we are
preparing a summary, which will zake possible {dentification
of field samples with a minimum of effort and time, The
system which we are using is believed to be an improvement e el
oh the "Tabular Summaries® in FLX 1-2-16 Revised, July 1944, RO
Our- system for the classification of toxic agents is similar C
to. that uaed by Mulliken and Kuntress in their work on the
identification of organic compounds., Cozpounds are first
classified according to elementary cozposition., Under each
class ‘are lisCed responses to the functional group tests
in Part IV of the Scheme for varicus a;enha and functional N
groups helonging to that class, The elezentary cozposition
of field sanmples would be determined by carrying out the
procedures in Part III of the Analytical Scheme, Zach sacple
would then be located in its proper class according to our
system, and identified by its responses to the tests,
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3. Quantitézive Analysis for Acidic and Basic Elements,

This subject {s to bhe covered in a s:parate zanual,
sinte thy quantitative procedures are to be perforzed in
the Base laboratory and not in the odbile ladboratory.

A draft of this :~anual has been gée;arad. using zaterial
from FLX l-2-4 Revised, August 1%4h. ‘ '
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3.
o < ssanTy wrowami 7o T
III..LIST OF MATERIALS AND EQUIPMENT R

e ;

7he final additions and corrections to the list of
materials and equiprent for the Mobile Laboratory have -
. been coxpleted and sent to the chemical Corps, Aramy
chemical Jenter, Marylind., . "

o © Respectfully Submitted,

S U Kookl
‘ W. wo Walton .o
. Project lesader.
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| " THE NATIONAL BUREAU OF STANDARDS
Functions and-Activities - -

The functions of the Nativnal Bureau of Stand irds ar set firth in the Aet
of Congresa, March 3, 1901, as amended by Congress in Public Law 619, 1930,
These include the develupuent and maintenanee of the natisnal standards ..{
measurement and the provision of means and: methods for making measurenents
comsistent with these stundords; the determination of phvsical constanis and
pruperties of materials; the development of methods and instrunents foe testing
materials, device, and structures; advieey services to Government Agencies un
scientific and techunical peoblews; invention and develupment of devices ti serve
special ueeds of the Governments and the develupement of standard peactioes,
coden, and specificationa.  The woek icdudes basic and applind cescarch, de-
velupent, enginecring. itistrumentation, testing. evaluation, caliliration services
and various consultation and information servicen A wmajur purtion of the
Bareau™ work s perlivad for other Government Agemciew, particularly the
Departiment of Defenve and the Atomic Easegy Commireiva.  The scope of ae-
tivities is suggested by the listing of dividons and sections on the invide of the
frout cover.

Reports and Publications

The resultr of the Bureau®s work: tukie the furm of elther sctual eqquipment and
devices or published papers and report. Reports are insued to the sponsoring
agency of a particular project or program.  Puldiched papers appear cither in the
Burean’s own series of publications or in the journals of prolevsional and scicntifie
rociction.  The Bureay itself publishes three monthly periadicads, availuble from
the Covernment Printing Office: The Journal of Resesrch, which presents com-
plete papes reporting technical investigationa; the Teehwical News Bullétin, which
peese, 18 summary and peeliminary reports on work in progress; and Basic Radio
Propogation Predictiona, which provides data b detessiining the hest frequencics
to use fowr radio conmunications theoughout the world.  There are ab five serics
of nonperiedical publications: The \pplied Mathemation Series, Circalars, Hand.
bensha, Building Materials und Structures Repuicia, and Miserilaneous Pobitications,

Information on the Bureau’s publications can be fownd in MBS Circuler $60,
Pullications of the Naticnal Bureau of Standarda ($1.00).  Informativn oo eali.
bration wervices and fees can be found in NBS Circylar 383, Tevtanng by the National
Bureuu of Standards (23 eont<). Both are available from the Governent Print.
ing Ofice.  Inquiries regurding the Bureau's repurts and publications should be
addres<ed to the Office of Scientitic Publivations, Nativnal thareau of Standarda,
Wadhington 25, 1. G
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